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The FHexura Strength of Concrete Panels with

Crystalline Ceramic Waste Aggregates
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Abstract: I ncreased development has an impact on increasing
material requirements and environmental pollution due to
waste. Material needs must consider the energy-saving aspects
and the thought of useless material to be useful, one of whichisa
crystalline ceramic waste. The crystalline ceramic waste is very
sharp and hard. The utilization of crystalline ceramic waste as a
concrete panel material is wvery important to reduce
environmental pollution. The purpose of this research was to
utilize crystalline ceramic waste as a concrete panel material and
test its flexural capacity. Panel testing was carried out on
specimens measuring 30 mm x 400 mm x 800 mm assuming the
panel as a deep beam on simple support. Testing is done by a
three-point bending flexural test method. Loading is carried out
monotonically until the panel collapses. From the results of the
ceramic concrete panel test showed that the flexural strength
increased by 31.89% compared to theflexural strength of normal
concrete panels.

Keywords: Ceramic concrete panel (CCP), waste aggregate,
flexural strength.

. INTRODUCTION

Crystalline ceramic waste is an environmental problem

that we must pay attention to because, in addition to being
dangerous environmental pollution, it is aso increasingly
increasing. Thereforeit is necessary to have a solution to use
it as useful material, including concrete material. Given the
large negative impact of crystaline ceramic waste on
humans and the environment, the use and utilization of waste
as huilding materials is a must. Utilization and use of
renewable energy has been widdly studied by researchers to
reduce environmental pollution, for example, bamboo as
reinforced concrete [1], [2], [3], [4], [17] and the use of
crystalline ceramic waste as concrete materia [5], [6], [7],
(81, [9].

The development of building materials must be energy
efficient and think of the use of aternative materials such as
crystalline ceramic waste materials. Crystalline ceramic
waste is difficult to recycle. The material for making
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crystalline ceramics consists of several basicingredients such
assdilica (S02), feldspar (Kal308), kaolin, clay, and others.
All theforming el ements are processed starting from mixing
the ingredients, processing, printing, until burning with a
certain temperature. Fragments of crystalline ceramics are
very sharp on the sides, difficult to react with the soil, and
can carry out radiation. This is very dangerous for humans
and the environment.

The utilization of waste of building materials that are
harmful to the environment has been widely done, such as
powder from grinding stone waste as a substitute for cement
[10] and crystalline ceramic waste powder as a substitute for
cement [11], [12], [13], and [14]. Lasseuguette et al. (2019)
[11] conclude mortar of results of partial cement replacement
with ceramic powder can increase CSH concentration, high
CSH content shows an increase in mechanical performance
such as compressive strength.
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Fig. 1. Thecrack pattern and flexural stressof deep beam
[15]

The concrete compressive strength is linear with a
percentage of the amount of ceramic waste aggregate in
concrete but has an optimum value both from the availability
of material and from its mechanical properties. The optimum
proportion of replacing conventional aggregates with
ceramic waste aggregates of 30% is the best proportion [6].
Thedurability of concrete with aggregate crystalline ceramic
wasteis proven to be more durable [7]. Accurate and control
of material properties are very important to improve the
mechanical properties of concrete such as concrete
compressive strength [8]. The substitution of normal
aggregate with CWA aggregate of 55% obtained the most
optimal results[5].
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Siddique et al. (2019) [9] concluded that for structural
concrete the replacement of fine aggregate by 40% with
ceramic waste aggregate provides a characteristic
compressive strength and considerable durability. Rashid et
al. (2017) [6] the highest compressive strength can be
achieved by replacing conventional aggregates with ceramic
waste aggregates of 30%. In this study, it wastried to seethe
potential of ceramicwasteto replace a portion of the concrete
pane aggregate material. Here it will be observed how
flexural strength of the panel when using the aggregate of
ceramic waste.

The pand flexural stress distribution is assumed to be a
deep beam bending stress distribution based on the ratio of
the net span to height ratio (L/h) [15]. Based on the size of
ceramic concrete panels for L/h = 700/400 = 1.75 and h =
350, the flexural stress of ceramic concrete panels can be
included asin Fig. 1. Theflexural stressequationisshownin
Eqg. (1) and Eg. (2). The benefit of this research isto provide
hazardous waste utilization solutions without overriding the
strength aspects and economic aspects.

a=$(N/mm2) 1)
o-:l'szL(N/m“nz) 2

Il. MATERIAL AND METHODS

A. Ceramic Waste Aggregate (CWA)

Crystal ceramic waste is taken from industrial waste that
cannot be reprocessed. Crystalline ceramic waste has a
thicknessthat varies between 5 mmto 15 mm. The types and
forms of crystaline ceramic waste used in this study are
shown in Fig. 2. Then, crystalline ceramic waste is broken
down according to the aggregate size of the plan with a stone
grinding machine. The planned size of crystalline ceramic
waste aggregate is a maximum of 5 mm for fine aggregate
and for the coarse aggregate of the maximum of 10 mm.

Fig. 2. Thetypesand forms of crystalline ceramic waste

B. Testing Methods
Theresearch method used is True Experimental Research.
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Tests consist of testing of ceramic concrete and testing of
ceramic concrete panels (CCP). The size of the concrete
panel specimen is 800 mm x 400 mm x 30 mm. The ceramic
concrete panels (CCP) are made as many as 29 pieces,
consisting of 5 variations. The variation of normal partia
aggregate replacement with crystalline ceramic waste
aggregate is 0%, 25%, 50%, 75%, and 100%.

The pand bending test is done by a three-point bending
flexural test method base on ASTM-D790 [16]. Theload isa
centralized load spaced %2L from the support. The deflection
that occursin thetest block isdetected using Linear Variable
Displacement Transducers (LVDT) at ¥4l distance from the
support. The loading on the pane is provided using a
hydraulicjack and 200 kN capacity |oad-cell connected to the
load indicator tool. The load readings on the load indicator
are used as deflection reading controllersand hydraulic jacks
according to the planned loading stage. After the test object
reaches its ultimate load the deflection readings become the
controller of the load reading. The arrangement of panels
testing and load scheme applied are shown in Fig. 3. The
process of making panel test specimensis shown in Fig. 4.

V.
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® 400 mum
D
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Information:
A, B, C=LYDT (Linear Varihle Disphcement Transd ucers)
D = Support from sieel
P = Ceniralized load

Fig. 3. Arrangement of testing of panels

Fig. 4. Manufactur e of panel test specimens
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[1l. RESULTSAND DISCUSSION

A. Panel Flexural Strength

Panel flexural strength testing was carried out on five
variations of ceramic concrete panels (CCP) with athickness
of 30 mm, awidth of 400 mm, and alength of 800 mm. The
number of paned test items is 29 pieces consisting of 10
panels 0% CWA, 10 panels 75% CWA, 3 panels 25% CWA,
3 panels 50% CWA, and 3 panels 100% CWA. Panels 0%
CWA and panéels 75% CWA more than other variations,
intended to obtain accurate data, because from CWA
concretetest data showsthat concretewith avariation of 75%
CWA is higher in compressive strength.

From the test results show that the flexural strength of
ceramic concrete panelsis greater than the flexural strength
of normal concrete panels, the more variations in the
distribution of CWA aggregates, the greater the flexural
strength. The flexural strength of ceramic concrete panelsis
higher in a row of 9.25%, 14.45%, 31.89%, 23.47% of the
flexural strength of normal concrete panels.

25

[~
o

—
o
|

Load (kN)
2

(=4}
|

5 3 1 -2 4 -6
Deflection (mm)
e | iNear (Above - 0% CWA) — | inear (Middle - 0% CWA)
Linear (Edge - 0% CWA) e | NN (ADOVE - 75% CWA)
s | inear (Middle - 75% CWA) — | inear (Edge - 75% CWA)

Fig. 5. Therelationship of load-displacement of ceramic
concrete panels (CCP)
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Fig. 6. Theregression of load-displacement relations of
ceramic concr ete panels (CCP)

Fig. 5 and Fig. 6 shows that the displacement of ceramic
concrete panels is smaller than the displacement of normal
concrete panels, while crack and failure patterns are caused
by flexural, however, interval the failure occurs of ceramic
concrete panels 75% CWA longer than normal concrete
panels 0% CWA, this is caused by the CWA aggregate
propertiesthat are harder and uniformity of CWA aggregate
with normal aggregates, so that the density is better. The
spread of theload is better, so the cracks are more diffuse and
the ability to accept greater loads. This is evidenced by the
crack pattern of the laboratory test results as shown in Fig. 7
and Fig. 8 and the deflection of the results of the finite
element method simulation as shown in Fig. 9 and Fig. 10 of
the 0% CWA normal concrete panel and the 75% CWA
ceramic concrete panel. The crack pattern of the 75% CWA
ceramic concrete is more overspread and approaching the
crack pattern of Park and Paulay (1975) [15] asshown in Fig.
1, whilethe normal concrete panel crack pattern of 0% CWA
shows a straight line down as shown in Fig. 7.

B. The Verification with Finite Element M ethod (FEM)

Thenumerical verification isdoneto control the suitability
of the crack pattern of CCP panels with the stress contour
that occurs. The program developed in the FEM analysiswas
written with the Fortran PowerStation 4.0 program. The
analysis of theoretical to calculate the load that causes the
initial crack using eastic theory with the section of
transformation.

For linear analysis, the material data included are the
Poisson ratio (») and the dastic modulus (E). The
congtitutive relationship of finite element method (FEM)
analysis, the problem-solving method has used the theory of
plane-stress.

Thequadrilateral elementsare used to model plane-stress
dements with two-way primary displacement at each point
so that the element has eight degrees of freedom. The
stress-strain relationship for plane-stress problems has the
form of an equation like Eq. (3).

o, 1 v 0 ||& 3
=——v 1 0 &

O'y (1+ V2) 1-v v

Tyy 00 - 7y

where E is the dasticity modulus and v is Poisson's ratio.
And the principa stressin two dimensions is be calculated
with Eq. (4).
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Fig. 7. The crack pattern of normal concrete panels (0%
CWA)

Fig. 8. The crack pattern of ceramic concr ete panels (75%
CWA)

Fig. 11 shows the stress and stress contours at the center
point of the panel 0% CWA and 75% CWA from the finite
element method simulation. As the performance control of
the 0% CWA normal concrete panels and the 75% CWA
ceramic concrete panels, shown the stress at the center point
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of the panel is as shown in Fig. 11. The stress 64; and the
stress 62, Of ceramic concrete panels are larger than normal
concrete panels, this proves that ceramic concrete panels
have better performance and capacity.
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Fig. 9. The deflection contour of normal concrete panels
from the FEM simulation (50% CWA)
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Fig. 10. The deflection contour of ceramic concr ete panels
from the FEM simulation (75% CWA)
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Fig. 11. Thestress contour on the center point of the panel of
0% CWA and 75% CWA of the FEM simulation results
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V. CONCLUSIONS
From the testing results of the performance of ceramic

concrete panels (CCP) obtained several conclusions:

From the results of flexural testing and the finite element
methods (FEM) simulation show that ceramic concrete
panels have better performance and greater flexural
capacity of up to 31.89% of the flexural strength of normal
concrete panels with 0% CWA.

Based on theimage of theload and deflection relationship,
ceramic concrete panels have a greater stiffness than the
normal concrete panel stiffness.
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