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INTRODUCTION

Dugctile structure is an absolute requirement for the earthquake resistant structures design, especially for areas
with high earthquake zones [1]. Howewver, to obtain a ductile structure must be supported by structural elements
that are also ductile. This is because structural elements with high ductility will be able to maintain their strength
after undergoing considerable inelastic deformation without having to collapse. The ductile structural elements will
be able to larger rotation, and maintain their energy dissipation capability and also will absorb more energy to
ensure the ongoing mechanism of plastic joints in predetermined places [2].

Plastic hinge regions of beam needs special attention, especially in column face while receiving sizeable negative
moment by both gravity and the added due to earthquake load. When an earthquake, the compression zone of
beam’s must hold the enough large negative moment and shear while usually compression concrete area is very
small so prone to collapse. This research it intended a more ductile structure elements in the plastic hinge region of beam
by providing confinement in compression zone of beam’s section.

Past research on the confinement especially regarding confinement in the compression zone of beam’s
have shown that the existence of confinement in compression zone of beam’s be able to improve ductility of beam
[3] and hoops-shaped confinements provide good results in increasing ductility of the beam when given
monotonic loading [4] on specimens depicting the plastic hinge on beam region.

The continuation of the study was developed by reviewing similar specimen models with cyelic loading.
Beam specimen behavior which is a simplification of the plastic hinge area of the beam in front of the column
with.
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additional confinement hoops in the compression zone will be subjected to cyclic loading that represents the
earthquake load received by the structure element.

The beam is designed with a tensile and compressive reinforcement equal ratio then compared to the beam
without confinement in the compression zone. The loading of a centralized load in the center of the beam span is
intended to allow the specimen to receive the largest moment and shear as well as the area of the plastic hinge in the
face of the column. This research is important because research on the confinement in the compression zone of
beam’s especially in the plastic hinge region very limited, whereas in designed structures of resistant earthquake,
plastic hinge precisely localized in beam at column face and the bottom of the columns leg in 1st floor with the
intention that the structure can able to dissipate seismic energy very well.

EXPERIMENTAL DETAILS

The experimental study is aimed to simulate plastic hinges of beam at column face, where the beam has
remained to have enough ductility in bending though shear exist. In this research use two 150 mm x 300 mm x 4000
mm reinforced concrete (RC) beams with enlargement at the mid-span to represent column in structure has been
tested. These beams supported by simply support with 3600 mm span and loaded by reversal single point loading at
midspan, so that the beam subjected to bending moment and also shear at the column face. To avoid eccentricity, the
both supports joint and roller located in line to the beam axis with cylindrical and oval hole inserted by 50 mm
diameter rod bar.

The beam subjected to incremental loading trough hydraulic actuator, and displacement in the mid span 18
measured by using Linear Variable Displacement Transducer (LVDT) that record displacement of every increment
loading. LVDT is also installed horizontally on the top and bottom of the column face to measure the curvature that
occurs between them.

Reinforcement Detail

Both of the specimens have the same tension and compression longitudinal steel bars i.e. 2D22. These have done
because the beam section would receive a tensile and compressive loads alternately. The specimens can be
distinguished in RC beam without confinement named BNS as a control beam and RC beam with extra confinement
shaped ofhoops D10-70 in the compression zone named BCS with confinement reinforcement ratio (o) = 5.38%.

Longitudinal bars are continued along the beam and bent 907 with minimum hook length 12dy [5], as well
stirrups and confining bars were bent 1357 with length of hook 6dy, (d, was the diameter of the bar). In addition to
the main longitudinal reinforcement D22 was also installed longitudinal reinforcement ¢6 as the confinement
holder. On both specimens the first stirrup to prevent shear failure was located at 50 mm from column face. The
dimension of enlargement was 250 mm x 400 mm at mid-span that called stub to simulate column, with the stiffness
more large compared the beam. The reinforcement in stub was used 14D 16 providing a reinforcement ratio of 2.81%
the gross section of the stub and used stirrup D10-50. Thus as a result of the imposition, maximum moment of beam
was localized at column face to form plastic hinge and observation be focused in this area. Whereas confinement
hoops will be installed on the top and bottom of the beam because both sides of beam will be compression area
alternately due to cyclic loading.

Confinement hoops measuring 110 x 90 mm that made of reinforcement deform D10 with 70 mm spacing
between confinements. Confinement hoops mounted alternating with stirrup for shear was also within 70 mm. The
first position of the confinement hoops at a distance of 85 mm from the face of the stub and the following next
distance was 70 mm from the first confinement.

In the hole support area of joint or roller were given a layer of steel pipe with the thickness £ 3 mm with
diameter hole of 2 in (50.8 mm) corresponding with holes made on the concrete and strengthened by cross
reinforcement. It was intended to avoid direct contact between solid steel and concrete, as well as to prevented
possible things from causing damage to the area. Detail of reinforcement for the specimen BCS and BNS shown in
Fig 1.

Properties of Materials

The longitudinal and shear reinforcement in this study used deformed-bars except additional longitudinal steel
bar ¢ 6 in BCS use plain bars to embed confinement reinforcement. The result tensile test of bars D22, D16 and
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D10 were 476 MPa, 402 MPa and 444 MPa respectively, while the tensile strength of plain bar ¢¢6 was 430 MPa. In
this study, the specimen using normal strength concrete with the composition of concrete mix / m® was shown in
Table 1. The concrete mix with a slump value of 100 mm was used Ordinary Portland Cement Type [, which used
for general usability, while the sand and coarse aggregate used local products.

BCS " ’“ﬁ

Stirrup D10.70_| 70] 70/ 70 | |

Section C - C

HOOPS DETAIL

o) o

Confimemant D107

FIGURE 1. Details of specimen reinforcement at BCS and BNS

Concrete mix also used fly ash type F which is a waste of burning bituminous coal with CaO content of less than
10%. It was intended to reducing the amount of cement and replace with fly ash of 25% by weight of cement. To
improving the workability at the time of casting, was used superplasticizer Plastiment V50 type with a dose of
0.25% by weight of cement. Coarse aggregate use the maximum grain size of 9.5 mm with the intention that the
aggregate coarse grain can through between reinforcement in order to avoid the porous of the concrete.

TABLE 1. Proportion of concrete materials

Material Weight {I{gfm)) Volume (%a)

Cement Type [ 331 13.76
Fly Ash Type F 83 3.45
Coarse Aggregate 982 40.83
Fine Aggregate 787 32.73
Superplasticiser Plastiment 0.84 0.03
V50 221 9.19
Water

Totl Weight/m3 2405 100
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Set up and Instrumentation

The beam specimens are placed on the test frame which is strongly crossed on the rigid floor. The specimen
beam support on the center to obtain the same neutral axis between the tensile and compressive the concrete cross
section. Steel plate measuring 350 x 400 mm with a thickness of 20 mm is placed attached not only to the top side of
the stub but also on the underside. Both of plates united with the specimens and connected with eight pieces of steel
bars with a diameter of 25 mm as a binder.

Hydraulic actuator and load cell of similar capacity 500 kN are used to provide centralized cyclic-loading at
center of the beam span. Some LVDTs were used to measure vertical displacement of beam at midspan and near
both supports to inclination control that were fixed vertically, and the other LVDTs were fixed horizontally at the
both side column on top and bottom of beam to measure curvature of beam at the column face. Both the load cell or
LVDT and also strain gauge are connected to the data logger as the data recorder. The experimental setup shows in
Fig 2. To measuring strain of steel bar and concrete, some strain gauges were attached on surface of bars and
concrete. Fig 3 shows the location of strain gauges on the concrete and reinforcement in specimens.

Strain gauge for comcrete \M"‘

FIGURE 3. Strain gauge location

The cyclic loading on the BNS and BCS provided by the displacement control system with the model of quasi
static cyclic loading which is a technique loading that was applied gradually and slowly enough, so that the
influence of dynamic inertia and the effect of strain rate on the material is negligible. Standard tests conducted by
the ACI 374.1-05 {Acceptance Criteria for Moment Frames Based on Structural Testing and Commentary)[ 6] with a
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load sequence consisting of three cycles for each level drift ratio (DR) starts from DR 0.2% and so on until they
reached ultimate conditions such as shown in Fig 4.

Drift ratio x10-*

FIGURE 4. Loading cycles based ACI 374.1-05[6]
RESULT AND DISCUSSION

Test results in both specimens at the end of the test showed that the specimen has a behavior with hysteresis
curve shape was good. Hysteresis curve showed that the beam’s failure of the dominant bending and the plastic
hinge formation at the site of the planned in front of the stub. At every drift level for three cycles provided no strong
degradation strength or stiffness. This shows that the detailing of specimens in accordance with the given standards.

Hysteresis curve from the results of the LVDT wvertical readings at mid-span showed that up to its collapse BNS
were able to experience 36 cycles of testing at DR= 5% and BCS able to experience 40 cycles of testing at DR 6%.
The relationship graph of load-drift ratio of the test resulis is shown in Fig 5.
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FIGURE 5. (a) Hysteresis curve of BN S (b) Hysteresis curve of BCS

The specimens BNS was designed as beam without additional confinement in compression zone has good
resistance to cyclic loading cycles up to 33rd in the drift ratio of 4%, but then began to occur degradation stiffness
when entering a cycle of 34th both tensile loading or compression which is then followed by a load drop
significantly. While the BCS curve which is a beam with confinement hoops in compression zone is shown that the
specimen was able to maintain its strength stably until the 38th cycle of drift ratio of 5% both on tensile loading and
the compression, but when entering 3%th cycle started strength and stiffness degradation occurs both on tensile
loading or compressive exceed 20% of maximum force that occurs. At BCS test is discontinued after a rapid
decrease in the load on the 40th cycle. The milestone of BNS and BCS testing experimental shown at Table 2.

The depiction of the moment-curvature curve obtained from the readings of horizontal LVDT were placed on top
and bottom of the beam at z distance from each other so far. The hysteresis curve generated from the horizontal
LVDT was then converted into the average envelope curve of two-direction loading to determine the value of the
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yield as well as ultimate value. The magnitude of plastic hinge moment for the area searched by M = (@ / 2% L),
where L, i1s the distance between support to face of stub. The curvature found using horizontal displacement data
LVDT on top (A.) and bottom (A.) which is divided by length in the first instance to get the value of strain &,
ande,. Then from the strain distribution above and below, curvature be sought by @ = (&, + &)/ z. Fig 6 shows the
moment vs. curvature relationship graph. To determine the value of ductility displacement (ps) and curvature
ductility (p,) in this study refers to the method used by Bayrak and Sheikh [7], while Table 3 shows the summary of
test results.

TABLE 2. History loading at BNS and BCS

History BNS (at kN) BCS (at kN)
Spalling of top cover -115.3 1205
Spalling of bottom cover -26.5 -123.1
Yielding of top bars -101.2 -101.2
Yielding of bottom bars 96.9 103
Buckling of top bars -40.1 Not happen
Buckling of bottom bars 327 Not happen
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FIGURE 6. Moment-curvature graph on - (a) BNS (b) BCS

The graph in Fig 6(a) and Fig 6(b) shows that the curvature ductility value (p) which is obtained from the ratio of
the ultimate curvature (¢-) and the yield curvature (¢, ), BCS was greater than BNS of 13.00 and 7.87. The graph
also shows when the maximum moment between the two specimens 15 not much different that 15 94.32 and 96.26
kN-m for BNS and BCS respectively.

Table 3 shows an increase ductility displacement and ductility curvature reach 50 up to 65% and the cumulative
displacement (Ns) which aims to see the value cumulative inelastic displacement that occurs in the test object
increase 79% at BCS compared BNS. To demonstrate the energy dissipation characteristics of the beam was also
caleulated the value of W (Index cumulative energy dissipation), where from the test results increased more than
two times.

TABLE 3. Summary of test result

Result BNSSP“'"'E;CS Increase BCS to BNS (%)
Qmax (kN) 117.9 120.33 2.06
Mmax (kN-m) 94,32 9626 206
A 3.01 4.52 50.4
ud 7.87 13 65.1
NA 358 64.11 79.08
Wix108) 862 2836 229
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CONCLUSION

Based on the experimental results of cyc lic tests, the specimen beam added with confinement in the compression
zone 1s capable of behaving more ductile than the beam without additional confinement in the compression zone.
Beams are still capable of developing displacement and curvatures even though there has been no increase in the
capacity nor the moment. The existence of a confinement in the beam cross section of the beam can extend the load
cycle experienced by the specimen due to cyclic loading. The extent of the hysteresis curve due to cyclic loading on
the beam with the confinement in the compression zone shows a more stable curve than a beam without
confinement.

The presence of confinement in the compression zone of beam 15 able to significantly increase the ductility of the
beam that is 50 up to 63, but is less significant at the increase in the moment and load capacity that is 2.06 %. To
cyclic loading, the presence of confinement in the compression zone of the beam also increases the ability of the
beam in terms of energy dissipation. This can be seen from the increase of cumulative energy dissipation index
value (W) which increased more than 200%.
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