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Abstract: - In reinforced concrete building structures, the slab is the component with the largest volume of concrete of all
the superstructure components. Various innovations were carried out. Currently, the use of Hollow Core Slab (HCS) to
reduce the load on building superstructures is widely used in Indonesia. Another type of slab is Biaxial Hollow Slab (BHS)
as an alternative to reduce slab concrete volume. BHS is considered capable of reducing concrete consumption by up to
30% -50% of conventional concrete without reducing the performance of the slab itself. It could be reducing the load on
the working superstructure can reduce the influence of seismic loads on the foundation. Indonesia is a country with an
earthquake zone, so the use of BHS must be considered with seismic design categories that are appropriate to the
earthquake zones in Indonesia. This research is focused on giving information about the numerical study of application
BHS in 10th story building with design seismic category D. The thickness used in this study is equivalent thickness of
BHS to solid slab. The absence of beams in weak axis and the present of perimeter beam by utilization BHS, gives the
result BHS has sufficient capacity to carry the workload.
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1. INTRODUCTION

The slab is part of a building component that has the largest concrete volume when compared to other components
such as beams or columns. This causes innovation to be needed to optimize the volume of concrete in the slab
without reducing the performance of the slab (Teja et al., 2012). First of the innovation is the Hollow Core Slab
(HCS). The current HCS is a one-way slab system. For slabs with a 2 (two) way system, there is another alternative
that continues to be developed, namely Biaxial Hollow Slabs (BHS). BHS replaced concrete with bubbles in the
middle of the thickness slab (Figure 1). This type of slab can reduce concrete volume by 30% - 50% from
conventional slabs (Quraisyah et al., 2020).

Bottom reinforcement
mesh

Figure 1. Hlustration section of BHS (Ali and Kumar, 2017)

Biaxial hollow slabs consist of 3 (three) important components, namely concrete, reinforcement, and filler balls
(Tiwari and Zafar et al., 2016). The concrete used is standard concrete with a maximum aggregate size of 20 mm.
For reinforcement, 2 (two) layers of reinforcement are used to support the balls made from recycled polyethylene
or HDPE material. The concept is to fill the hollow part of the slab to reduce the weight using a spherical ball
made of recycled plastic material. This volume reduction is in line with the reduction in CO2 gas emissions from
concrete because 1 kg of recycled plastic can replace up to 100 kg of concrete and reduce the slab's weight by up
to 50% (Quraisyah et al., 2020).
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This structure, which has been applied abroad, uses a flat slab system. If this structure is used in a moderate or
high earthquake area, the flat slab system is very vulnerable to lateral loads so it must be combined with a lateral
force-resisting system (Dovich and Wight, 2015). The documentation of a diaphragm failure that occurred in the
parking structure at Northridge Fashion Centre during the Northridge earthquake In January 1994 (Figure 2).
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Figure 2. Diaphragm failure in the parking structure at the Northridge Fashion Centre during the January 1994
earthquake in Northridge, California (James, 2019)

The Northridge earthquake is a tragic example of the dangers of using hollow core precast slabs, which are poorly
designed even though they can reduce the weight of structures up to 40% less than conventional slabs, resulting
in catastrophic and even fatal damage when designed without comprehensive earthquake engineering analysis and
design (Fleischman et al., 1998). The structural response that occurred during the Northridge earthquake was
controlled by the diaphragm, this being the weakest link in the entire structural system, because it was not designed
and detailed properly (Wood et al., 2000).

Thus, further research is needed to increase understanding of the behaviour of this slab as a diaphragm capable of
distributing lateral loads due to earthquakes and how far the potential for utilization is using a flat slab system
with the addition of perimetric beams, especially for high earthquake areas.

This means that proper design and analysis must be ensured to measure the strength and influence of seismic
effects on the behaviour of BDS as diaphragms, especially in Indonesia for seismic categories D, E, and F which
require details for structural diaphragms. Although experimental testing is an ideal way to assess actual behaviour,
it is expensive and time-consuming and is often limited in the number of specimens that can be tested. Considering
this, to provide a more practical and accurate approach, the numerical method was used to evaluate the behaviour
of the BHS as a diaphragm.

2. LITERATURE REVIEW

BHS is a slab where part of the concrete is replaced by balls or bubbles which are generally made from recycled
HDPE (High-Density Polypropylene) material. This material is usually made from nonporous material that does
not react chemically with concrete or reinforcement. This type of material can support. This type of material can
support the load safely when pouring concrete because this type of material has sufficient strength and stiffness.
The shape of the balls or bubbles used can be spherical or ellipsoidal (Sethkar dan Hance, 2015).

The concrete used in BHS is made from Portland cement with a maximum aggregate dimension of 20 mm. The
concrete specifications used are not less than M30 (Ali and Kumar, 2017). The thickness of the slab will determine
the dimensions of the bubble that will be used. This bubble will be placed between 2 (two) layers of reinforcement.
The reinforcement provided is 2 (two) directions for both lateral and transverse.

BHS consists of 3 (three) production stages. The first stage is precast concrete which is produced in the factory
for bottom mould, namely concrete with a thickness of 60 mm - 80 mm, 2 (two) direction reinforcement in the
bottom layer, and 1/3 bubble embedded in the bottom layer of concrete is used to ensure the position of the bubble
does not change or remains in place (Bubbledeck UK, 2007). The second stage is placing the first stage of precast
concrete as the bottom formwork of the BHS which is then given additional reinforcement in the top layer and
other reinforcement for connections between the first stage of precast. The third stage is pouring concrete to the
BHS plan height (Bubbledeck UK, 2008).
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BHS was first studied in Denmark by Jorgen Bruenig regarding its structural behaviour (John and Varghese,
2015). Then research on BHS was developed by many experts using various types of cavity-filling materials.
Quite complete research was in 2012 examining the comparison of structural behaviour between BHS and
conventional plates. The comparison of dimension BHS and solid slab used in the research (Figure 3). The
properties studied were bending behaviour, shear, durability, deflection, sound insulation, vibration, and fire
resistance, then analysed using the finite element method using the SAP2000 program to obtain different responses
from the two types of slabs (Teja et al., 2012).
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Figure 3. Comparison dimensions of BHS and solid slab models

The results obtained for the bending stress value of bubble deck plates were 6.43% lower than conventional plates.
Due to the reduced stiffness of the bubble deck plate due to the bubble replacing the concrete in the middle of the
plate, the resulting deflection is 5.88% higher than conventional plates. The resulting shear resistance is 0.6 times
that of conventional plates with the same plate thickness. However, this can be overcome by providing vertical
reinforcement. This statement also states that due to the reduced concrete volume will also reduce the BHS’s shear
resistance (Churakov, 2014).

Experimental research in 2015, full-scale experiments in the laboratory to determine the behaviour of BHS, tests
were carried out on the same plate size, but using 2 different bubble dimensions with 2 different types of concrete
shown in Table 1 (Sethkar and Hance, 2015). From the modelling of this experimental setup (Figure 4), the results
obtained show that the B.BD.3 test object with the highest failure pattern is the flexural test object with the highest
ultimate loading value of all the test objects studied. Meanwhile, the smallest deflection value was obtained in test
object A.BD.2 where the bubble used was small with a concrete quality of 35 MPa.

Table 1. Dimension of specimens

Compression Dimension 1900x800x230 mm
strength BD 186 BD 240-180 | BD 240-280
(no links) (no links) (have link)
B25 A.BD.2 A.BD.3 ABD.4
B B35 B.BD.2 A.BD.3

—_— 425 428 425 425
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Figure 4. Set up experimental [8]

Analysis using the Finite Element Method (FEM) about BHS, that the materials used in the calculations are normal
concrete and HDPE material originating from India. Modeling was also carried out for conventional plates to
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obtain comparative values from the analysis results of the two. The results obtained were that the weight of the
bubble deck plate was 15% lighter than the conventional plate, while the deflection of the conventional plate was
18% better than the bubble deck plate because the conventional plate was stiffer (Pandey and Srivastava, 2016).

In another experiment, regarding the comparison between conventional slabs and BHS, for the BHS type, 2 (two)
types of spherical ball placement patterns were made, and one continuous bubble deck (completely equipped with
round balls). The results from the three test objects show that the placement of the spherical balls also influences
the performance of the plate itself. The bearing capacity obtained increased by 11% and 6% compared to
conventional plates but was smaller than the bearing capacity value of BHS (Fatma et al., 2018).

3. METHOD

The structural modelling used in this research is a preliminary geometric proposal by considering reasonable
column spacing with a slab thickness that is still possible. The tool used for structural modelling is SAP2000
software. The structural modelling of the building is shown in Figure 5. The dimension of a typical grid is 8 m x
6 m in length with no irregularity. The Panel of the slab is shown in Figure 6 for the detail of the side view with

the detailed join of BHS is presented in Figure 7.
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Figure 6. Detail joint of BHS
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The modelling of this structure is a 10th-story building with a shear wall with the absence of beams at the weak
axis. The dimension of each member of the structure components is described in Table 2. The BHS is converted
to the thickness of the solid slab. BHS is used in this model with 280mm thickness of slab with spherical ball
diameter 230mm for void former of the slab. The conversion of the dimension of BHS is 235 mm of solid slab.
The expected output from this step is to ensure that the slab dimensions meet the requirements of the structural
needs.

Table 2. Dimension of structure components

No. | Components Dimension

1. Column 1000 mm x 600 mm
2. Beam 400 mm x 800 mm
3. BHS thickness 225 mm

The planned earthquake loading can be reviewed using scaled response spectrum analysis with equivalent static
analysis. The earthquake area used is the Jakarta City area and the spectrum response graph for this city is obtained
from software that is available online at the website provided by the Minister for Public Works and Housing
(https://rsa.buatkarya.pu.go.id/2021/). The KDS planning determined in this research is shown in Table 3. Based
on the parameters mentioned in SNI 1726:2019, the values in the table show that the planning is at seismic design
category D (0.5 < SDS and 0.2 < SD1).

Table 3. Parameters for determining seismic design category in research

No. | Description Value
1. Building Type Apartment building

2. Risk Category 1l

3. Location DKI Jakarta
4. Type of Soil Medium (SD)
5. Spbs 0.62

4. RESULT

Dynamic earthquake load analysis control, the analysis is permitted to include a minimum number of variances
to achieve a combined variance mass of at least 90% of the actual mass in each orthogonal horizontal direction of
the response considered by the model. The result is 92% which meets the requirements.

If the combined response of the base shear force resulting from the analysis of variance is less than 100% of the
shear force calculated using the equivalent static method, then the force must be multiplied by V/Vt, where V is
the calculated equivalent static base shear force and Vt is the base shear force obtained from the results of a
combination analysis of variance (ASCE 7-16). The calculation of the requirement of base reaction is shown
below (Table 4).

Table 4. Base reaction calculation

Base | Dynamic | Static 85% Scale Note
Shear (Vo) (Vs) Static Factor
(kN) (kN) (Vs)
(kN)
Dir.x | 327451 | 3852 | 3274.51 1.00 OK
Dir.y | 327451 | 3852 | 3274.51 1.00 OK

For static earthquake load, inter-story drift result, this building still meets the requirements for the inter-story
limits (Figure 6).
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Figure 6. Inter-story drift result

Focused on earthquake load, the components slab itself, due to dynamic load, at the 7th story of the building, at
panel selected at typical dimension, shown in Table 5 for the axial and bending moment.

Table 5. Bending moment and shear result due to dynamic earthquake load

EQ M11 M22 V13 V23
kN.m/m kN.m/m KN/m KN/m
EQD-X 451 0.93 1.61 1.04
EQD-Y 2.91 11.75 1.20 4.19

The maximum result of the internal force that happens to the building is due to envelope combination, bending
moment, shear, and axial at the typical panel slab, shown in Table 6. Figure 7 and Figure 8, represent the bending
moment and shear that occurs at the slab (M22 and VV23). The reinforcement of the slab using wire mesh WM12-
150 mm. From the calculation, this reinforcement meets the requirement due to the moment ultimate in the slab.
It is shown in the calculation of the shear capacity, punching shear, and bending moment of the slab is shown in
Table 7, Table 8, and Table 9 sequentially.

Table 6. Bending moment and shear result due to maximum envelope combination

Envelope M11 M22 V13 V23
kN.m/m kKN.m/m kKN/m kN/m
Max 24.20 85.16 19.32 57.60

Min -12.76 -35.68 -19.44 | -56.43

‘Resultant M22 Diagram (ENVELOPE - Max) | - X

| H Force Diagram XT
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Area Element 93-21

=) N
i

85.156782 °

value 85.156782 KN-m/m &

Figure 7. M22 envelope combination
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Figure 8. V23 envelope combination

Table 7. Calculation checks of bending moment

Eff.
Dir. Zone (khlfllrfn) thickness (%I\,lv'n?) Note
(mm)
X dir. Max 24.20 249 85.94 | OK
Min 12.76 249 85.94 | OK
Y dir. Max 85.16 249 85.94 | OK
Min 21.58 249 85.94 | OK
Table 8. Calculation checks of shear force
Dir Zone d Vu Ve Ket.
(mm) (kN) (kN)
X dir. Max 204 19.32 189.95 OK
Min 204 -19.44 189.95 OK
Y dir. Max 204 57.60 189.95 OK
Min 204 -56.43 189.95 OK

The calculation of punching shear has to be calculated since the shear at the corner of the slab and column has a
critical issue (Schnellenbach-Held and Pfeffer, 2002). The calculation is based on the column dimensions 1000mm
X 800mm. The working loads applied are dead load 5.53 kKN/m, live load 4.79 kN/m, and the superimpose dead
load 1.19 kN/m (SNI 2847-2019). Table 7 shows that the capacity of BHS meets the requirement.

Table 9. Check of punching shear

Direction Vu @ Ve (kN)

(kN)
X Dir. 286.54 916.47 OK
Y Dir. 273.92 916.47 OK
Twoways | 648.58 | 1146 | 1031 [ 1042.7 | OK

5. DISCUSSION

The overall calculation results obtained, show that the use of BHS in a 10-story building structure that has no
primary beam in X direction (only perimeters beam exist) has sufficient capacity to carry the workload under
conditions of seismic design category type D. However, further research needs to be carried out regarding the
behaviour of BHS as a diaphragm to get an idea of the curvature and load deflection moments that occur in the
BHS panels below based on axial load effected to the slab due to seismic loads.
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6. CONCLUSION

From the result of calculation using numerical software, the absence of beams at the weak axis and the use of
BHS although it converted to modeling as a solid slab with thickness, at seismic design category D give us
information that this building with BHS as a slab has sufficient capacity to carry the workload.

Further research is needed to analyze the performance of BHS as a structural diaphragm in buildings, both in the
form of numerical and experimental studies to ensure its performance under the influence of seismic load.

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A A Dyg Siti Quraisyah, K Kartini, M S Hamidah and K Daiana. (2020). Bubble deck slab as an
Innovative Biaxial Hollow Slab — A Review. Journal of Physics: Conference Series ICMEST.
doi:10.1088/1742-6596/1711/1/012003.

American Society of Civil Engineers. (2017). Minimum Design Loads And Associated Criteria For
Buildings And Other Structures (7-16).

Churakov. (2014). Biaxial hollow slab with innovative types of voids. ISSN 2304-6295. 6 (21). pp 70-
88.

Badan Standarisasi Nasional Indonesia. (2019). Persyaratan Beton Struktural Untuk Bangunan Gedung,
BSN, Jakarta.

Badan Standarisasi Nasional Indonesia. (2019). Tata Cara Perencanaan Ketahanan Gempa Untuk
Struktur Bangunan Gedung dan Nongedung, BSN, Jakarta.

BubbleDeck UK. (2007). BubbleDeck Engineering Design & Properties Overview — Technical Manual
and Documents, Issue 3, BubbleDeck UK, White Lodge, Wellington Road, St Saviour,
JERSEY,C.1.,2007,Available: www.BubbleDeck-UK.com.

BubbleDeck UK. (2008). BubbleDeck voided Flat Slab Solutions- Technical Manual and
Documents,Version:5, Issue 1, BubbleDeck UK, White Lodge, Wellington Road, St Saviour, JERSEY,
C.1.,2008,Available: www.BubbleDeck-UK.com.

Dovich, L, dan Wight, J.K. (2015). Effective Slab Width Model for Seismic Analysis of Flat Slab Frames.
ACI Structural Journal. Vol.102 No.6.

Farrugia, James. (2019). Finite Element Analysis Of Spherically Voided Biaxial Slabs Subject To Static
And Seismic Loading. Dissertation. University of Surrey, Guildford, United Kingdom.

Fleischman, R.B., Sause, R., Pessiki, S., Rhodes, A.B. (1998). Seismic Behaviour of Precast Parking
Structure Diaphragms. PCI Journal, 43(1). pp. 38-53.

Minister for Public Works and Housing, Indonesia. (2021). Desain Spektra Indonesia. Available:
https://rsa.buatkarya.pu.go.id/2021/

Mrinank Pandey dan Manjesh Srivastava. (2016). Analysis of Biaxial hollow slab Design by Finite
Element Method. JSTE - International Journal of Science Technology & Engineering, Vol. 2, Issue 11.
Nagma Fatma dan Vinaysingh Chandrakar. (2018). Specification Comparative Analysis Between
Conventional and Bubble Deck. International Research Journal of Engineering and Technology
(IRJET).

N. Tiwari dan S. Zafar. (2016). Structural Behaviour of Biaxial hollow slabs and Its Application: Main
Paper. IJSRD -International J. Sci. Res. Dev., vol. 4, no. 02 online, pp. 2321-613.

P. Prabhu Teja, P. Vijay Kumar, S. Anusha, CH. Mounika, Purnachandra Saha. (2012). Structural
Behavior of Bubble deck slab. IEEE-International Conference On Advances In Engineering, Science
And Management (ICAESM -2012), Nagapattinam, Tamil Nadu, India., pp 383-388, Maret 30-21, 2012.
Rinku John dan Jobil VVarghese. (2015). A study on behavior of biaxial hollow slab using Ansys. IJISET
- International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11.

Sameer Ali and Manoj Kumar. (2017). Analytical Study of Conventional Slab and Bubble Deck Slab
Under Various Support and Loading Conditions Using Ansys Workbench 14.0. International Research
Journal of Engineering and Technology. Vol 4(5). pp 1467-1472.

Schnellenbach-Held M., and Pfeffer K. (2002). Punching Behavior Of Biaxial Hollow Slabs. Cement
and Concrete Composites. Vol. 24. Issue 6. Pp. 551-556.

Sethkar, A. dan Hance, N. (2015). An Experimental Study On Bubble Deck Slab System With Elliptical
Balls. Proceeding of NCRIET-2015 & Indian J.Sci.Res. 12(1):021-027.

Wood, S., Stanton, J., Hawkins, N. (2000). New seismic design provisions for diaphragms in precast
concrete parking structures. PCI Journal. 45(1). pp5065.

867


http://www.bubbledeck-uk.com/
http://www.bubbledeck-uk.com/
https://rsa.buatkarya.pu.go.id/2021/

