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Abstract. Cantilever beams are generally used in all infrastructures,
including precast concrete stuctures. In that type of structure, the
asvmmetric-section shape usage will be optimum and effective. However,
in precast concrete structures, it might be susceptible especially in beam-
to-connection parts due to its strength. In this research, the damage
mechanism of connections between cantilever beams and columns in
precast concrete will be analyzed. The asymmetric shape will be applied in
cantilever beams. Three samples were made with a length of 1500 mm
equipped with six 10 mm-diameter deformed rebar and stirrup with 6 mm-
diameter plain rebar. The results show that each of the three speciments has
its own effectiveness based on stress, strain, displacement, load, and other
related parameters.

1 Introduction

Beams are an important structural component, widely used for structural buildings, and
usually used to support main loads on buildings and bridges [1]. Beams are intended to
support majorly shear and flexural loads [2]. Beams can be made from various materials
such as steel, concrete, wood, bamboo, or others. In buildings, there are several types of
supports namely simple beams, continuous beams and cantilever beams. Cantilever beams
are beams that are supported with fixed support on one side only, while the other side of the
component is free supported. This type 1s very commonly used in the field, especially for
outdoor purposes. This beam is very susceptible to high deflection in cases of overload [3].
Also, cantilever beams can be made with a precast system.

Studies on cantilever beams have been done before, for example regarding deflection
and deformation [4-6], fracture and crack analysis [7-9], stress-strain relationship [10]. and
energy dissipation [11]. However, not all of these research results have been applied to the
cantilevered structure with precast concrete. Precast 1s a concrete-making system popular in
this century, and have often replaced conventional systems. Precast concrete 1s suitable for
continuous work such as beam and column work. Additionally, the manufacture of concrete
1s done in factories, making this product more reliable in its quality and maintenance.
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In construction, a precast system consists of several parts arranged and connected to the
whole structure, so that in this case there will be a weak point located at the connection
among those precast components.

In this research, three specimens of cantilevered beam-based blocks of reinforced
concrete of precast with three different shapes are discussed. It is hoped that from this
research, the stress-strain relationship, P-delta relationship, stiffness, ductility, energy
dissipation and the biggest point in receiving loads or damage, will be generated. Numerical
methods were performed through the application of Abaqus CAE v6.13. Static load point 1s
placed at the end of free-supported beam. This research 1s expected to increase the study of
the connection system with various types of cantilever beams made of precast concrete.

2 Samples and analysis method

This study will analyze the performance of the precast cantilever beam connections. Three
samples were numerically analyzed using Abaqus 6.13 software with data shown in Table
1. Each test object was converged first. The quality of concrete used /. = 28 MPa, and the
Young’s modulus of the reinforcing bar used is 200.000 MPa. From this numerical analysis
an output of the P-delta relationship. stress-strain relationship and crack pattern that
occurred, 1s generated.

Table 1. Detailed of sample variations used.

Dimension (mm Shear Reinforce
Samples ( }Free Length I}“[ain
Fix point - (mm) | Reinforce Mu Mu*
Point
BK-1 200x175 200x175 1500 6D 10 06 -~ 80 06 - 40
BK-2 250x175 170x170 1500 6D 10 06 — 80 06 — 40
BK-3 250x175 170x170 1500 6D 10 @6 - 80 Q6 - 40

Details of the test samples in this research can be seen in Figure 1 to Figure 3. The
given static point load is 30 kN in the free-support. Sample 1 (BK-1) 1s a beam with a
normal cross section where the fixed support and the free support have the same cross-
sectional dimension, while sample 2 (BK-2) and sample 3 (BK-3) are precast cantilever
beams that are not symmetrical in their cross-sectional size. Its cross-section dimension at
the fixed support is larger than the other. All test specimens use the same size and number
of rebar, while the material properties of steel and concrete are not field-tested. all data 1s
retrieved through prior research [ 12].

Fig. 1. Detail of Cantilever beam sample 1 (BK-1).
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Fig. 3. Detail of Cantilever beam sample 2 (BK-2).

3 Result and discussion

3.1 Convergence analysis

Before further analysis is done, samples that have been created should be tested with a
convergence test. This action aims to determine the exact number of mesh and reduce the
error percentage. Figure 4 shows the relationship between number of mesh and the
deflection that occurs; in this case, the mesh is stopped when the resulting deflection 1s
constant or fixed. The three models have different amounts of mesh according to the
condition of the specimen: for BK-1 the number of elements is 2746, while for BK-2 it is
2790 and BK-3 it 1s 2846.
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Fig. 4. Result of convergence for all specimens.

3.2 Load-deflection

The data obtained from this analysis is the result of the load and displacement relationship
shown in Figure 5 with a maximum load of 30 kN. The figure depicts that the maximum
absolute deflection in BK-2 is 18.03 mm while the BK-3 test object obtains a deflection
value of 22.78 mm. This shows the deflection value of BK-3 is 26.36% larger than the BK-
2 test specimen. The biggest deflection occurred in the BK-1 cantilever test object of 28.33
mm, as it is 57.13% greater compared to sample BK-2 (which has the smallest deflection).

Table 2 explains that loads capable of being received by BK-1 are 11.05 kN whereas
model BK-2 can hold a larger load of 13.15 kN and BK-3 cantilever beams are able to
receive a 13.95 kN load. From this data, BK-3 is capable to support the highest load
compared to others, even though the deflection is also big compared to BK-2.

This study also obtained the value of load and deflection the first time the beam was
cracking. Sample BK-1 cracked at 8203 kN with a deflection of 6.211 mm. The BK-2
cantilever beam cracked when a load of 5.68 kN was reached with a deflection of 2.63 mm.
BK-3 cracked at 6.48 kN with a deflection of 2.35 mm.

Table 2 Load — displacement result.

Yield Crack
Displacement Displacement
{mm) (mm)
BK-1 11058.15 28.3342 8203.14 6.21138

BK-2 | 13157.76 18.0315 5680.08 2.629
BK-3 | 1394646 22.7856 6481 2.3477

Beam
ple |Force (N)

Force (N)
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Fig. 5. Force displacement result.

Figure 6.a shows the stiffness of all beams in which BK-2 1s the highest rigid beam of
729.71 N/mm, whereas the BK-1 beam only obtains a stiffness value of 390.39 N/mm or
only 53.64% of the stiffness of the BK-2 beam. Beam BK-3 obtains a stiffness value of
612.07 N/mm, or only 83.88% of the stiffness of the BK-2 beam. From this stiffness value,
it can be concluded that the BK-2 beam has the best stiffness level while the BK-1 beam
has the smallest stiffness value.
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Fig. 6. (a) Stiffness result: (b) Energy dissipation result.

Energy dissipation is any lost energy when the samples are loaded. The amount of
energy lost in each model can be seen in Figure 6.b. The smallest loss of energy occurs in
BK-2 which i1s 21511.25 J, while test object BK-1 obtains an energy loss value of 24663.71
J, or 14.65% higher than BK-2. Sample BK-3 has an energy loss of 22919.15 . or 6.54%
higher than the BK-2 test specimen. Based on the analysis result, it 1s found that BK-2
model has the lowest energy loss value given the same load, so it can be concluded that
BK-2 1s the best model in accepting the load.

3.3 Stress-strain

The results of this study also obtained the value of stress and strain on each specimen.
Figure 7 shows the results of the stress relationship and strain of all specimens. From the
figure it can be seen that the largest stress value found on block BK-2 is 6.38 N/mm?, while
the BK-1 beams get an ultimate stress value of 3.53 N/mm? and the BK-3 model beam
obtained an ultimate stress value of 6.09 N/mm?.

The ultimate load is obtained when the largest strain value occurred in BK-1 which is
0.0239, while the strain value in BK-2 is 0.0158 and the strain value m BK-3 is 0.016.
Stress-strain relationship among those three samples are compared, and from that it can be
concluded that BK-2 is the best model because it has largest stress value and small strain.
However, the plasticity level of the BK-2 beam still needs to be analysed further. In Table
3, the value of stress and strain when the beam has reached the yield and ultimate stress can
be seen.

Table 3 shows the ductility value of all test specimens in which the beam with BK-1
obtained the highest ductility value of 47.8027 while BK-2 obtained a ductility value of
8.8452 and the brittle beam in BK-3 obtained a value of 7.1516.

Table 3. Stress and strain result,

Type Strength (N/mm?) Strain

. Ductility - — - —
st@gacture - Yield Ultimate Yield Ultimate

BK-1 47.8027 3.142 3.529 0.0005 | 0.0239

BK-2 8.8452 4.892 6.385 0.0017 | 0.0158

BK-3 7.1516 4.178 6.096 0.0022 | 0.0160

6
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Fig. 7. Stress and strain result.

3.4 Crack pattern

In sample BK-1. the first crack occurred near the beam-column connection as shown in
Figure 8. This crack occurs when the load reached 8,203 kN with a deformation of 6.21
mm. The first crack in the connector occurs within the load of 9,093 kN and displacement
of 13.61 mm.

In other hand. first crack of sample BK-2 happened near its connection with the load
reaching 5.68 kN with a deflection of 2.63 mm. Figure 9 illustrates the crack in the beam
connecting device when the load reaches 12,015 kN with a deflection of 15.03 mm.

Model BK-3 experienced the first crack when the load reached 6481 kN with a
deflection of 2.35 mm. Figure 10 illustrates that the crack in the connecting device occurred
when the load reached 5.28 kN with a deflection of 5.76 mm.
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Crack pattern on concrete precast connection of cantilever beam BK-1,

Crack pattern on concrete precast connection of cantilever beam BK-2.

Fig. 9.
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Fig. 10. Crack pattern on concrete precast connection of cantilever beam BK-3.

4 Conclusion

Based on the results of numerical analysis using software Abaqus 6.13, from the three
specimens it can be concluded that the sample with the smallest stress value 1s BK-1 (3.53
N/mm?), while the smallest strain is achieved by BK-2 (1.58%). Unlike with the stress and
strain, the smallest deflection is attained by BK-2 with 18.031 mm, with the maximum load
obtained by BK-3 at 13.946 kN. These results can provide a reference to related researches,
and considerations for engineers in the field who use beam-column connections using

precast concrete.
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