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Abstract:

Background: Green concrete, as an innovation in the concrete industry, is an option in manufacturing precast
reinforced concrete beams (PRCB). The choice of material aims to reduce waste in nature and reduce the use of
cement. This study aims to determine the feasibility of using Rice Husk Ash (RHA) to manufacture precast
beams.

Materials and Methods: Experimental methods with three variations of RHA presentation and three curing
methods were applied to cylindrical and reinforced concrete beam samples. Testing the compressive strength
and flexural strength of concrete are two parameters that are indicators of mechanical propertiesS.

Results: The compressive strength of concrete at 7 and 28 days showed the best value at the RHA5%
composition. In contrast, the RHA composition of 2.5% and 7.5% by weight of cement produces low
performance. The results of the concrete flexural strength test on PRCB showed that the proportion of 5% RHA
was the best choice. Concrete treatment with Wet Hessian produces better mechanical properties than curing
air. Comparison of the flexural strength of PRCB in the Wet Hessian treatment equivalent to PRCB immersed
curing.

Conclusion: The results showed that green concrete could be applied as a base material for precast reinforced
concrete beams. Using a percentage of 5% produces concrete properties that are relatively the same as normal
concrete. Wet hessian is the best method for producing the precast reinforced green concrete beams
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I. Introduction

The construction industry is growing rapidly due to the increasing number of choices of materials. The
development of building materials as supporting construction materials is characterized by selecting precast
concrete types [1]. Substantial material is an attractive choice because the forming material is easy to obtain and
manufacture. Furthermore, the development of precast concrete materials has also developed in response to the
ease of work in the field and the effectiveness of using a professional workforce. On the other hand, using
precast concrete in the construction industry is also a choice for work effectiveness[2].

Various advantages of precast concrete are revealed in many papers. The developer can reduce the
material budget because they do not have to provide formwork material as in situ concrete work. In addition, the
developer chooses precast concrete for reasons of quality accuracy. The precision in size and quality is more
guaranteed in concrete printed at the printing location and not in the construction work area[3]-[5].

The reason for choosing precast concrete is also to shorten the processing time. For concrete that is
worked on construction sites, it takes a minimum of 28 days for the developer to reach the concrete with the
planned strength. Meanwhile, precast concrete work allows developers to work on construction elements with
the precast concrete material in a shorter time. Tayabji et al. (2013) outline four attributes that precast elements
must meet: constructability, durability, load transfer at the joint, and the condition of the panel supports [6]. The
ease of installation of a construction element depends on the technology and availability of equipment, as well
as the ease of installation.

Furthermore, the durability of concrete is designed based on the fabrication process, namely its strength
and durability. Transferring the load on the connection is achieved by an appropriate and economical working
mechanism [7]. Furthermore, the condition of the panel support needs adequate supporting element strength. It
has stability under the load received by the construction elements.

Reinforced concrete is widely used as a construction material for slab elements, walls, beams, columns,
foundations, and others. Beams as construction elements that carry vertical loads experience a risk of collapse
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due to lower flexural abilities than external loads. Precast concrete beams are designed with proper
characteristics to accept all external loads in the construction. Therefore, the accuracy of material quality is the
best guarantee in using precast beams. On the other hand, the choice of concrete materials has also developed
into the use of waste materials as part of implementing an environmentally friendly spirit in the construction
industry. The development of Green concrete is characterized by the use of fly ash, construction waste, or
agricultural waste [8]. In this article, researchers present green concrete using agricultural waste. Rice husk ash
is a green concrete material because of its pozzolanic properties with silica and CaOH content. It produces
strength similar to ordinary concrete [9], [10]. Rice husk ash has properties similar to fly ash because it
contributes to the power of concrete due to the pozzolanic reaction at the start of mixing. This pozzolanic
material can reduce the risk of cracking in concrete due to the response of the alkali — silica which forms a gel
and absorbs the mixing water. In another study, rice husk ash also affected the shrinkage properties of concrete
[11] . The fineness level of rice husk ash has an effect on drying shrinkage. If the fineness of rice husk ash is
higher than portland cement, then the shrinkage that occurs is also greater than that of concrete without RHA.
Therefore, there needs to be an effort to smooth the rice husk ash particles to the equivalent of cement.

This article presents an experimental study of the potential use of green concrete made from rice husk
ash to manufacture reinforced concrete beams. The beam of choice is sloof beam as a material for making
simple houses. The sloof element functions as a binder for columns and foundations so that subsidence in the
soil will not cause a decrease in the columns and floors.The development of the precast model for reinforced
concrete beams also adopts a work pattern that enables optimal compressive strength to be achieved. Several
studies describe that the curing method greatly influences reinforced concrete's compressive and flexural
strength. The curing process greatly affects the quality of the concrete. Treatment of concrete materials with
certain temperature and humidity conditions results in an optimal cement hydration process [12]. Concrete
quality can be predicted based on temperature and curing time. The treatment method is the determining factor
for the optimum hydration level of the cement. The concrete material's maturity level is achieved following the
cement material's increase in strength and hardening[6]. Wetting treatment of concrete attempts to prevent
cracking due to drying and shrinkage [13]. The method used is wet burlap, spraying, and soaking in water.
Another treatment is to use compounds that prevent water loss without applying an external moisture source.The
concrete curing method generally uses the wet jute method or covers it with plastic sheeting [14]. But in
practice, applying the immersion method to reinforced concrete beams is very difficult because it requires a
work area equipped with a soaking tub. Therefore, this study describes the effect of immersion on precast
reinforced concrete beam (PRCB) made from green concrete.

Il. Material And Methods

The experimental method on PRCB was carried out by making a cylindrical sample with a height of 30
cm and a diameter of 15 cm to find the compressive strength of concrete. The flexural strength parameter of
concrete uses reinforced concrete beam specimens with a size of 15 x 15 x 60 cm. Samples of reinforced beams
using plain steel with a diameter of 8 mm and brackets with a diameter of 6 mm and a distance of 15 cm.
Study Location: Sampling was carried out at the location of the Griya Antang Harapan housing complex, Jalan
Tamangapa, Gowa Regency. Sample testing was carried out at the Material Testing Laboratory of the
Ujungpandang State Polytechnic.sampel dilaksanakan di lokasi perumahan Griya Antang Harapan, Jalan
Tamangapa, Kabupaten Gowa. Pengujian sampel dilaksanakan di Laboratorium Pengujian Bahan Politeknik
Negeri Ujungpandang.
Study Duration: Juli 2022 to November 2022.
Sample size and Treatment :
Preparation of samples for test specimens refers to SNI 03-2834-2000 concerning procedures for making normal
concrete with a design concrete quality of 250 kgcm?. Table 1 describes the characteristics of the concrete
constituents.

Table 1. Characteristics of Concrete Composition Materials

Material Characteristic

Sand 0.075 mm —4.75 mm
Gravel Maximum 20 mm
Portland Cement Type |

Water pH=7

Rice Husk Ash (RHA) Max 0.9 mm

The composition of normal concrete constituents with weight and volume composition for 1 m3 of
normal concrete is presented in table 2. Furthermore, the composition of rice husk ash for the four types of
treatmentis shown in table 3.

DOI: 10.9790/1684-1906016977 www.iosrjournals.org 70 | Page



Effect of Curing Method on Mechanical Properties of Precast Reinforced Green Concrete Beams

Table 2. Material Composition, Weight,and Volume for 1 M°of Normal Concrete

Material Composition by weight Composition by volume
(Kg)
Sand 973.55 2.212
Gravel 839.81 2.470
Portland Cement 379.63 1
Water 205 0.540

Table 3. Composition of Rice Husk Ash (RHA) by Cement Portland
RHA (%) 0 25 5 7.5
RHA Weight 0 9.491 18.982 28.472

The curing treatment of concrete within 28 days is divided into three forms: water immersion, wet
hessian, and air curing. Water immersion is a method of immersing concrete samples on the condition that all
sample bodies are submerged in water. The requirement for immersion water is a temperature between 200C —
250C and pH = 7. Wet hessian is done by wrapping the sample body with a wet sack. Guaranteed wetting is
spraying water every four hours during the day at an air temperature of 280C — 300C. Meanwhile, air curing is
placing concrete samples in an open space.Concrete compressive strength and flexural strength tests were
carried out at 7 and 28 days of concrete with the number of samples presented in table 4.

Table 4. Number of Samples for Various Curing Methods

Sample Compressive Strength Flexural Strength
7 days 28 days 7 days 28 days

Cylinder (0% RHA) 10 10 3 3
Beam (0% RHA) 10 10 3 3
Cylinder (2.5% RHA) 10 10 3 3
Beam (2.5% RHA) 10 10 3 3
Cylinder (5% RHA) 10 10 3 3
Beam (5% RHA) 10 10 3 3
Cylinder (5% RHA) 10 10 3 3
Beam (5% RHA) 10 10 3 3

Analysis Method: Analysis of the compressive strength and flexural using equations 1 and 2.

The fc' value is the sample's compressive strength in kg/cm2 units. The P value is the maximum load the
Compressive Strength tool indicates when the test object is crushed. Furthermore, the value of A is the cross-
sectional area in cm?. The analysis of the flexural strength of the beam is calculated based on the maximum
load, length, and cross-sectional dimensions of the beam. The formula calculates the calculation of the flexural
strength of concrete:

I11. Result
The compressive strength test results for seven-day concrete age with various curing methods are
presented in figure 1. Furthermore, the same analysis for samples 28 days is shown in figure 2.
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Figure 1. The Concrete Compressive Strength Test at age 7
Based on Figure 1, it can be seen that the results of the concrete compressive strength test at 7 days old using 3

treatment methods. The immersed method shows the highest results, while the lowest marks use the air curing
method. Figure 2.
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Figure 2. Results of Concrete Compressive Strength Test at 28 days of age

Based on figure 2, it can be seen that the results of the concrete compressive strength test at 28 days old
using 3 treatment methods. The results of this compressive strength show the same results as the compressive
strength at the age of 7 days. The immersed method offers the highest results, while the lowest results use the air
curing method.

The results of the flexural strength test for seven days of concrete with various curing methods are presented in
Figure 3.
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Figure 3. Flexural Strength Test Results of Concrete at the age of 7 days

Based on Figure 3, it can be seen that the results of the concrete flexural strength test at 7 days using 3
treatment methods. The immersed method shows the highest results, while the lowest results use the air

method.The results of the flexural strength test for concrete aged 28 days with various curing methods are
presented in figure 4
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Figure 4. Flexural Strength Test Results of Concrete at 28 days of age

Figure 4 shows the results of the flexural strength test of concrete at 28 days old using 3 treatment methods. The
flexural strength results show the same results as the flexural strength at 7 days old the immersed method leads
the highest results while the lowest results are using the air curing method.
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1V. Discussion
Results of concrete compressive strength test at the age of 7 days in the various curing method
compared with the control group or the normal concrete
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Fig 5 The comparison of the compressive strength of the test object to the control test object at the age of 7 days.

Figure 5 compares the compressive strength of the test specimen to the control specimen at 7 days of
age in the three types of treatment. It can be seen that the test object using RHA cannot match the compressive
strength of the control test object. The compressive strength of concrete in the wet hessian and water method
only ranges from 0.79 to 0.87 times the compressive strength of concrete without RHA. However, the
immersion treatment of concrete with 5% RHA can reach 0.95 times the strength of concrete without RHA.

Results of concrete compressive strength test at the age of 28 days in the various curing method
compared with the control group or the normal concrete
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Fig 6 The comparison of the compressive strength of the test object to the control test object at the age of 28
Days
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Figure 6 compares the compressive strength of the test specimen against the control specimen at 28
days of age for the three types of treatment. It can be seen that the test object using RHA can match the
compressive strength of the control test object for each type of treatment. The compressive strength of the
immersion and wet hessian methods ranged from 0.88 to 1.05 times the compressive strength of concrete
without RHA. As for air treatment, it shows the lowest coefficient, which is below 0.9. A comparison of the
results of the concrete flexural strength test on green concrete with normal concrete for the 7-day age test is
presented in figure 7.
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Figure 7. Comparison of the flexural strength of green concrete with normal concrete at the age of seven days

Figure 7 compares the flexural strength of the test specimen against the control specimen at 7 days of
age in the three types of treatment. It can be seen that the flexural strength of the test object using RHA cannot
match the compressive strength of the control test object. However, the flexural strength of the wet hessian
method is almost the same as that of the immersion method. The coefficient values are relatively the same and
range from 0.52 to 0.82. Thus, the wet hessian method can be used in the field as a substitute for the immersion
method. In comparison, the water method shows the lowest coefficient, below 0.7. The results of the flexural
strength test of concrete at the age of 28 days were carried out by comparing the properties of green concrete
with normal concrete in various testing techniques
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Figure 8. Comparison of the flexural strength of green concrete with normal concrete at the age of 28 days
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Figure 8 compares the flexural strength of the test specimen against the control specimen at 28 days of
age for the three types of treatment. The resulting coefficient is greater than the 7-day age coefficient. The
coefficient of flexural strength on the specimens 2.5 RHA and 5% RHA ranged from 0.863 to 0.926 in the
immersion and wet hessian treatments. The data shows that the two curing methods can produce a higher
flexural strength than the air curing method.

Rice husk ash as a cement substitute can improve concrete's mechanical properties. The test results
found that using 5% RHA is suitable for use as green concrete. The resulting compressive and flexural strength
values were almost equivalent to normal concrete. Furthermore, the immersion method gives better concrete
characteristics than other curing techniques. However, the immersion method requires an investment of space
and other resources and will contribute to an increase in the selling price of the material.

Achieving good strength with the wet hessian method provides an opportunity to be applied due to the
relatively good characteristics of the concrete produced. The pozzolanic properties of RHA are capable of
absorbing water and causing a good potential for a hydraulic reaction. Some researchers have reported a
reduction in bleeding in fresh concrete due to its affinity properties of microporosity of RHA [15], [16].

The production of precast concrete blocks made from green concrete is the right choice for making simple
houses. Reducing work costs by applying precast concrete can be reduced by reducing the use of cement. On the
other hand, green concrete that utilizes waste is an effort to save the environment. The increasing volume of
agricultural waste causes soil pollution.

V. Conclusion
The use of green concrete as an innovation in the precast concrete industry allows it to be developed.
Using RHA of 5% portland cement substitution produces good compressive and flexural strength. The precast
concrete curing method using wet hessian also has properties equivalent to immersion curing. The development
of precast by utilizing agricultural waste materials can be developed in various patterns considering the
properties of the concrete produced.

References
[1]. K. S. Elliott, Precast concrete structures. Crc Press, 2019.
[2]. H. Wang, E. M. Marino, P. Pan, H. Liu, and X. Nie, ‘Experimental study of a novel precast prestressed reinforced concrete beam-
to-column joint’, Eng. Struct., vol. 156, pp. 68-81, 2018.
[3]. S. Reichenbach and B. Kromoser, ‘State of practice of automation in precast concrete production’, J. Build. Eng., vol. 43, p.

102527, 2021.

[4]. D. Soares, J. De Brito, J. Ferreira, and J. Pacheco, ‘In situ materials characterization of full-scale recycled aggregates concrete
structures’, Constr. Build. Mater., vol. 71, pp. 237-245, 2014.

[5]. H. A. Mohammed, ‘Variety of Precast Concrete’, Present. Present. to Al-Furat Al-Awsat Tech. Univ. Collage Al-Mussaib-Session
Present. Iraq, 2018.

[6]. S. Tayabji, D. Ye, and N. Buch, ‘Precast concrete pavements: Technology overview and technical considerations.’, PCI J., vol. 58,
no. 1, 2013.

DOI: 10.9790/1684-1906016977 www.iosrjournals.org 76 | Page



Effect of Curing Method on Mechanical Properties of Precast Reinforced Green Concrete Beams

7.
[8].
[9].

[10].

[11].
[12].

[13].
[14].
[15].

[16].

R. O’Hegarty and O. Kinnane, ‘Review of precast concrete sandwich panels and their innovations’, Constr. Build. Mater., vol. 233,
p. 117145, 2020.

K. H. Mo, U. J. Alengaram, M. Z. Jumaat, S. P. Yap, and S. C. Lee, ‘Green concrete partially comprised of farming waste residues:
areview’, J. Clean. Prod., vol. 117, pp. 122-138, 2016.

V. Vishwakarma and D. Ramachandran, ‘Green Concrete mix using solid waste and nanoparticles as alternatives—A review’,
Constr. Build. Mater., vol. 162, pp. 96-103, 2018.

M. Ibrahim, M. A. M. Johari, S. R. Hussaini, M. K. Rahman, and M. Maslehuddin, ‘Influence of pore structure on the properties of
green concrete derived from natural pozzolan and nanosilica’, J. Sustain. Cem. Mater., vol. 9, no. 4, pp. 233-257, 2020.

A. Meena and R. Singh, ‘Comparative study of waste glass powder as pozzolanic material in concrete’. 2012.

A. Rana, A. Sharma, and K. Jassal, ‘Design of Rigid Pavement by Self Cured Concrete Utilizing Coarse Fly Ash Aggregates and
Curing Admixture’, in IOP Conference Series: Earth and Environmental Science, 2021, vol. 889, no. 1, p. 12011.

D. P. Bentz and W. J. Weiss, Internal curing: a 2010 state-of-the-art review. US Department of Commerce, National Institute of
Standards and Technology ..., 2011.

N. Neithalath and N. Schwarz, ‘Properties of cast-in-place concrete and precast concrete blocks incorporating waste glass powder’,
Open Constr. Build. Technol. J., vol. 3, no. 1, 2009.

B. S. Thomas, ‘Green concrete partially comprised of rice husk ash as a supplementary cementitious material-A comprehensive
review’, Renew. Sustain. Energy Rev., vol. 82, pp. 3913-3923, 2018.

G. A. Habeeb and M. M. Fayyadh, ‘Rice husk ash concrete: the effect of RHA average particle size on mechanical properties and
drying shrinkage’, Aust. J. Basic Appl. Sci., vol. 3, no. 3, pp. 1616-1622, 2009.

i Nurlita Pertiwi, et. al. “Effect of Curing Method on Mechanical Properties of Precast Reinforced |
' Green Concrete Beams”. I0SR Journal of Mechanical and Civil Engineering (IOSR-JMCE), I
' 19(6), 2022, pp. 69-77. I

I

DOI: 10.9790/1684-1906016977 www.iosrjournals.org 77 | Page



