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Abstract

This study investigates the feasibility of producing interlocking paver blocks using a mixture of sand and 
dissolved foam binder at varying contents ranging from 10 to 50 wt%. The results indicate that paver 
blocks could be successfully formed without edge fractures when the foam binder content was 
within the range of 20 - 40 wt%. As the foam content increased, the samples exhibited improved 
densi  cation, while porosity and water absorption signi  cantly decreased due to the in  ltration of 
foam into the micropores. Consequently, the compressive strength of the paver blocks improved 
with higher foam content, reaching a maximum at 40 wt% foam binder. These  ndings con  rm that 
interlocking paver blocks produced with 20 - 40 wt% foam binder meet the required strength 
standards, demonstrating the potential of foam waste as an effective alternative binder in 
sustainable construction applications.

Keywords: Foam Binder; Paver Block; Waste; Environment
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Introduction

The increasing volume of waste aligns with the rapid population growth, presenting a critical environmental 
challenge that demands urgent attention (Ganivet, 2020). The escalating amount of waste arises 
from various factors, including consumption behaviors and inadequate waste separation at the source 
(Guven et al., 2023). Inef  cient waste management practices have resulted in environmental pollution. 
Additionally, there exists a lack of suf  cient knowledge and capability in reusing materials, further 
exacerbating environmental issues, such as the greenhouse effect caused by the incineration of waste 
and the consequent release of carbon dioxide (Mishra, 2024). These ongoing problems adversely 
affect the environment and living organisms, both terrestrial and aquatic. A signi  cant portion of this 
waste consists of materials that are resistant to decomposition, with foam or plastic waste being a 
prominent example (Hollerova et al., 2021).
 Foam is extensively utilized in contemporary society, especially as food packaging. Vendors 
selling ready-to-eat meals and various food products commonly use foam containers for their 
convenience and ef  ciency. On average, a Thai individual generates approximately 2.3 foam 
containers daily (Hu and Meng, 2024). Foam waste is recognized as a non-polar material, rendering it 
insoluble in polar solvents such as water. However, studies have indicated that foam can dissolve in 
non-polar solvents, including benzene, thinner, and alcohol, forming a viscous liquid that solidi  es 
upon solvent evaporation (Lozano et al., 2025). This property suggests the potential use of dissolved 
foam as a binding agent for sand particles, resulting in a solid product post-evaporation. Exploring 
methods to repurpose foam waste represents a promising strategy for reducing waste volume and 
creating value-added products.
 Interlocking pavers are widely used for both aesthetic and functional purposes, such as 
preventing water accumulation in residential areas. Conventionally, these pavers are manufactured 
using cement as the primary material, following stringent production standards and quality testing 
protocols (Sojobi et al., 2018). Interlocking pavers are available in various sizes and shapes, designed 
to meet speci  c standards of strength and durability. The diverse colors and forms facilitate different 
layout patterns, allowing for rapid construction and the option of relocation without the need for 
demolition (Chumprom et al., 2024; Palanikumar and Kumar, 2016). Color differentiation can also 
assist in de  ning boundaries and designating speci  c areas to prevent water pooling. Nevertheless, 
the cement industry signi  cantly contributes to carbon dioxide emissions, a leading factor in global 
warming. Additionally, the transportation of cement and emissions from factory stacks generate 
particulate matter, which adversely impacts both communities and the environment. Consequently, 
reducing cement usage is imperative, necessitating the exploration of alternative solutions.
 Addressing the dual issues of waste management and the reduction of cement consumption, 
this study proposes the production of interlocking pavers using foam waste as an alternative binder 
to cement. This approach aims to mitigate the volume of foam waste and decrease the reliance 
on cement in paver manufacturing. If the development of foam-based interlocking pavers ful  lls 
the intended objectives, it could provide an effective means to curtail greenhouse gas emissions 
while addressing the persistent problem of non-biodegradable waste. The research involves blending 
 ne sand with a dissolved foam solution to determine the optimal ratio that ensures adequate 
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strength, durability, and lightweight properties. Additionally, this method seeks to add new value 
to foam waste, contributing to the creation of high-quality building materials. Moreover, this study 
presents a novel approach to foam waste disposal, potentially alleviating environmental concerns.

Research Methodology

1. Materials preparation
  The foam solution (Figure 1) was prepared by dissolving foam in gasoline at a ratio of 30 wt%. 
Natural sand from the river with a speci  c gravity of 2.49 was applied in aggregate. Sand was 
transferred into a hot-air oven at 110 oC which all moisture in the aggregate is eliminated through 
oven drying until the aggregate attains a constant weight. The moisture content of dried sand was 
about 3.9 %. Figure 2 presents cumulative passing graph of sand particles that passes through a 
particular sieve size. The curve on the graph illustrates the distribution behaviour of sand particle 
sizes. A gradually sloping curve suggests a wider range of particle sizes (< 4 mm.).

Figure 1 Mixed foam solution from 30 wt% foam waste in gasoline.

Figure 2 Cumulative passing of sand particle in sieve analysis.

2. Samples preparation and Testing method
  Foam binder was prepared from mixed foam solid waste at 30 wt% in gasoline. Foam 
binder was then used as a bonding agent in the different ratio of 10, 20, 30, 40 and 50 wt% by mixed 
with sand. The mixtures were pressed in the cubic mold with the length of 5 cm. After molding, 
the workpieces are removed from the mold and left for 3 hours in a fume hood to eliminate gasoline 
in binder. Physical properties of the samples were measured by Archimedes method in accordance 
with ASTM C373-14a (ASTM C373-14a, 2014). This method was applied to determine the relationship 
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between bulk density (D), porosity (P) and water absorption (W) by calculated from dry weight (MD), 
wet weight (MW) and submerged weight (MS) as follows (Equation (1) - (3)): 

 (1)

 (2)

 (3)
  
 Compressive strength refers to ability of the samples to withstand axial loads without failing 
when subjected to compression. It is de  ned as the maximum compressive stress that can bear 
before failure. It is important mechanical property, which ensure to support expected loads safely. 
It was tested using the methods speci  ed in ASTM C140 (ASTM C773-88, 2011). All sample tests were 
repeated 10 times to ensure the accuracy of the results.

Results and Discussions

1. Forming samples
  In this study, sand was mixed with a saluted foam binder in varying proportions ranging 
from 10 to 50 wt%, as illustrated in Figure 3. The effect of binder content on the cohesion and 
formability of the sand mixture was clearly observable across this range. At lower binder concentrations 
speci  cally 10 wt%, the adhesion between sand particles was noticeably weak (Figure 3(a)). 
This insuf  cient binding resulted in a loosely structured mixture with poor integrity, making it 
unsuitable for effective molding or shaping. As the foam binder content increased to within the 
range of 20 to 40 wt%, a signi  cant improvement in particle cohesion was observed. The enhanced 
inter-particle bonding allowed the material to retain a well-de  ned cubic shape upon molding, 
as evidenced in Figure 3(b) through (d). This indicates that the foam binder at this concentration 
range successfully penetrated the interstitial spaces between sand grains, creating a stable internal 
matrix capable of maintaining form without collapse or cracking. However, when the foam binder 
concentration of 50 wt% (Figure 3(e)), the mixture became excessively  uid, leading to a slurry-like 
consistency. This over-saturation not only compromised the structural integrity of the molded 
specimen but also resulted in practical processing issues, such as poor demolding due to surface 
adhesion within the mold. The high moisture and binder content interfered with shape retention 
and signi  cantly hindered sample removal. Given these observations, binder concentrations of 20, 
30, and 40 wt% were identi  ed as the most promising for further investigation. Samples within this 
optimal range exhibited desirable forming behavior, with successful molding outcomes and no evidence 
of crack formation. Consequently, these compositions were selected for subsequent testing to 
evaluate their physical and mechanical properties, including density, compressive strength, and 
durability, to determine their suitability for construction or material applications. 
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 (a) 10 wt% (b) 20 wt% (c) 30 wt%

 (d) 40 wt% (e) 50 wt%
Figure 3 Interlocking pavers with a different foam binder.

2. SEM analysis
  SEM micrographs presented in Figure 4 provide valuable insights into the microstructural 
development of paver block samples fabricated with varying foam binder contents, ranging from 20 
to 40 wt%. These high-resolution images offer a deeper understanding of the interface characteristics 
and internal bonding behavior resulting from different binder concentrations. In the sample containing 
20 wt% foam binder (Figure 4(a)), the microstructure reveals distinct micro-cracks and loosely packed 
sand particles. These cracks are primarily located at the inter-particle interfaces, suggesting that the 
foam binder was insuf  cient to form a continuous and cohesive matrix. The limited binder content 
failed to effectively bridge the sand particles, leading to poor particle adhesion and internal stress 
concentrations, which could compromise the material's mechanical integrity during handling or under 
loading conditions. In contrast, with an increase to 30 wt% foam binder content (Figure 4(b)), a marked 
improvement in microstructural cohesion is observed. The binder uniformly coats the sand grains and 
thoroughly in  ltrates the interstitial voids between particles. This suggests a well-distributed foam 
network that enhances interparticle bonding and promotes densi  cation, thereby minimizing the 
formation of micro-cracks and discontinuities. At a 40 wt% binder content (Figure 4(c)), the microstructure 
shows an even more robust and homogeneous distribution of the foam matrix throughout the sand 
framework. The foam binder not only permeates the particle interfaces but also appears to partially 
 ll the micro-pores, contributing to a denser, more compact structure. The improved contact and 
cohesion at the microscopic level are expected to signi  cantly enhance the material's mechanical 
properties, such as compressive strength and resistance to water in  ltration, making this composition 
particularly suitable for structural and outdoor applications. These observations highlight the critical 
role of foam binder content in shaping the internal structure and performance of paver blocks. 
The progression from micro-cracked, under-bound structures to well-bonded, compact matrices 
demonstrates a clear correlation between binder dosage and material integrity at the micro level. 
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 (a) 20 wt% (b) 30 wt% (c) 40 wt%
Figure 4 SEM microstructures of fracture surfaces of interlocking paver samples with a different 
  foam binder.

3. Physical property
  To understand the in  uence of foam binder content on the microstructure and physical 
integrity of paving block samples, a systematic investigation was conducted, focusing on key parameters 
of apparent density, porosity, and water absorption. These physical properties are critical in determining 
the mechanical performance and long-term durability of construction materials, particularly those 
derived from unconventional or recycled inputs. Figure 5 illustrates the variation in apparent density 
of samples containing different proportions of foam binder (ranging from 20 to 40 wt%). It was 
observed that the apparent density of the sample incorporating 20 wt% foam binder was approximately 
1.41 g/cm3. At this concentration, the binder initiates bonding among sand particles, contributing to 
a moderately compact structure. However, the extent of pore  lling remains limited, and a signi  cant 
proportion of interstitial voids persists. An increase in foam binder content to 30 wt% resulted in a 
notable improvement in densi  cation, with the apparent density rising to 1.51 g/cm3. This enhancement 
can be attributed to more effective inter-particle bonding facilitated by the foam matrix, which acts 
as a bridging medium between sand grains. The increase in density at this stage indicates more 
ef  cient packing and reduced internal porosity, suggesting that the foam solution aids in closing 
micropores and enhancing particle cohesion. Interestingly, at 40 wt% foam binder, the apparent 
density increased further to 1.68 g/cm3. This result may appear counterintuitive at  rst, given the 
inherently low-density nature of foam; however, it implies that the binder extensively in  ltrated 
and occupied the void spaces within the granular matrix. The penetration of foam at this concentration 
appears to contribute to a more homogenized microstructure, effectively reducing large air voids 
and distributing the binder uniformly across particle surfaces. Despite the increase in apparent 
density, it is important to consider that excessive binder content may lead to over-saturation and 
a loss of granular skeleton integrity, which, in some cases, can manifest as higher porosity in the 
solidi  ed structure if not properly cured. Therefore, the relationship between foam content and 
densi  cation is not merely linear but depends heavily on the microstructural balance between 
binder in  ltration and aggregate skeleton preservation. These  ndings underscore the critical role 
of binder optimization in achieving the desired performance characteristics in foam-based construction 
composites. The observed trends suggest that a binder concentration of approximately 30 wt% 
may offer an optimal balance between density enhancement and structural stability, while higher 
concentrations should be evaluated cautiously due to potential changes in pore architecture and 
mechanical behavior.
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 Figure 6 presents the apparent porosity values measured in the interlocking paver specimens, 
providing insight into the microstructural evolution resulting from varying foam binder contents. 
The observed porosity levels were directly linked to the presence of open pore defects within the 
matrix. These defects are indicative of incomplete particle packing and insuf  cient binder in  ltration. 
Both are key determinants of the degree of densi  cation in the composite system. The reduction in 
apparent porosity with increasing foam binder content can be primarily attributed to the enhanced 
in  ltration capability of the liquid foam. The foam binder effectively penetrates the interstitial voids 
between sand particles, forming a continuous matrix that bridges and seals the open pore structures. 
As the foam content increases, it more thoroughly coats the sand grain surfaces and  lls micropores, 
resulting in a more compact and cohesive matrix. This microstructural re  nement minimizes un  lled 
spaces and signi  cantly reduces the occurrence of open pores, thereby promoting improved 
densi  cation. 
 Water absorption measurements, also shown in Figure 7, provide complementary evidence 
regarding the permeability and internal structure of the samples. The ability of water to penetrate 
the material is directly in  uenced by pore volume, pore interconnectivity, and surface adhesion 
characteristics. It was observed that water absorption consistently decreased as the foam binder 
content increased, further validating the role of the foam solution in reducing porosity and enhancing 
structural integrity. This trend was visually corroborated by the internal surface analysis in Figure 7, 
which displayed a notable reduction in visible voids commonly referred to as air pockets in specimens 
with higher foam content. As the foam solution in  ltrated the granular matrix, it effectively displaced 
entrapped air and  lled void regions, thereby limiting the ingress pathways for water. The depletion 
of these voids through foam in  ltration not only reduced water absorption but also contributed to 
the overall mechanical stability and moisture resistance of the hardened paver blocks. Moreover, 
the enhanced adhesion between sand particles, facilitated by the foam binder, further restricted 
water movement through the matrix by eliminating capillary channels and increasing surface contact 
among the grains. This synergistic effect of pore sealing and particle bonding demonstrates that foam 
binder content is a key variable in tailoring both porosity and water resistance in composite paving 
systems.

Figure 5 Densi  cation of the interlocking pavers with different foam binder contents.
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Figure 6 Porosity of the interlocking pavers with different foam binder contents.

Figure 7 Water absorption of the interlocking pavers with different foam binder contents.

 Compressive strength is a critical mechanical property used to evaluate the ability of interlocking 
paver blocks to resist compressive forces without failure. As these blocks are frequently employed 
in pavement and structural applications, where they are subjected to both static and dynamic loading 
conditions of compressive strength serves as a key indicator of their overall quality, durability, and 
structural suitability. Figure 8 illustrates the compressive strength of interlocking blocks fabricated 
with varying foam binder contents, ranging from 20 wt% to 40 wt%. The results demonstrate a clear 
correlation between binder content and the mechanical performance of the composite system. 
At 20 wt% foam binder, the blocks exhibited a compressive strength of approximately 23.68 MPa, 
which already exceeds the standard minimum threshold of 20 MPa commonly required for load-bearing 
paver applications (Oluwarotimi et al., 2021). As the foam binder content increased beyond 30 wt%, 
a progressive enhancement in compressive strength was observed. This improvement can be attributed 
to increased matrix densi  cation and enhanced microstructural cohesion resulting from more effective 
binder distribution. The foam binder, acting as both a  lling agent and an adhesive, promotes stronger 
interfacial bonding between sand particles, reduces internal porosity, and improves load-transfer 
ef  ciency throughout the granular skeleton. These factors collectively contribute to improved mechanical 
integrity and higher load-bearing capacity. The highest compressive strength was recorded in the 
samples containing 40 wt% foam binder, suggesting that this concentration may represent an optimal 
balance between particle packing and matrix continuity. This composition likely facilitated maximum 
particle encapsulation and void reduction, resulting in a reinforced and uniform structure capable 
of withstanding higher compressive loads without microcracking or brittle failure. It is important 
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to note, however, that while increasing foam content can enhance strength up to a point, excessive 
binder may lead to diminishing returns due to over-saturation and a potential reduction in rigidity. 
Nevertheless, within the investigated range of 20 - 40 wt%, all samples maintained compressive 
strength values above the standard engineering requirement, con  rming their structural viability for 
practical use in interlocking paver applications. In summary, the  ndings con  rm that foam binder 
content is a decisive factor in optimizing the compressive performance of interlocking pavers. 
The behavior observed in this study highlights the synergistic relationship between binder-induced 
densi  cation and microstructural integrity. These results support the use of optimized foam-binder 
formulations as a sustainable, high-performance alternative for the production of eco-friendly and 
structurally reliable paving blocks. The  ndings from this study suggest that the approach can be 
applied at the community level through the implementation of planned waste separation systems 
and the establishment of community groups to produce low-cost and environmentally friendly 
products.

Figure 8 Compressive strength of the interlocking pavers with different foam binder contents.

Conclusions

In this study, interlocking paver blocks were fabricated using mixtures of sand and dissolved foam 
binder at varying proportions from 10 to 50 wt%. The experimental results showed that paver blocks 
could be molded successfully without edge fractures when the foam binder content ranged between 
20 - 40 wt%. As the foam content increased, the samples demonstrated improved densi  cation, 
accompanied by a signi  cant reduction in porosity and water absorption. This improvement is attributed 
to the foam effectively  lling the micropores within the matrix. Furthermore, compressive strength 
values increased with higher foam content, reaching the maximum strength at 40 wt% binder. Notably, 
paver blocks produced with 20 - 40 wt% foam binder met the standard requirements for structural 
performance, con  rming the potential of foam waste as a viable alternative binder to cement in the 
production of sustainable interlocking pavers.

Acknowledgements

This research was supported by Sisaket Rajabhat University.



10 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e261384

References

ASTM C373-14a. (2014). Standard Test Method for Water Absorption, Bulk Density, Apparent Porosity, 
 and Apparent Speci  c Gravity of Fired Whiteware Products, Ceramic Tiles, and Glass Tiles. 
 West Conshohocken, PA, USA.
ASTM C773-88. (2011). Standard Test Method for Compressive (Crushing) Strength, of Fired Whiteware 
 Materials. West Conshohocken, PA, USA.
Chumprom, P., Charoennatkul, C., Boonrasi, P., Laksanakit, C., Swasdi, S., Sookmanee, P. and 
 Thongkun, T. (2024). The Feasibility of Using Rubberwood Bottom Ash in The Mixture of 
 Interlocking Block. Research on Modern science and Utilizing Technological Innovation 
 Journal (RMUTI Journal), 17(1), 15-26. https://ph01.tci-thaijo.org/index.php/rmutijo/article/
 view/254604/172132 (in Thai)
Ganivet, E. (2020). Growth in Human Population and Consumption Both Need to be Addressed to 
 Reach an Ecologically Sustainable Future. Environment, Development and Sustainability, 22, 
 4979-4998. https://doi.org/10.1007/S10668-019-00446-W
Guven, E.D., Akinci, G. and Temel, D. (2023). Driving Forces on Household Solid Waste Management 
 Behaviors: A Research for the City of Izmir, Türkiye. Industrial and Domestic Waste Management, 
 3(1), 1-16. https://doi.org/10.53623/idwm.v3i1.165
Hollerova, A., Hodkovicova, N., Blahova, J., Faldyna, M., Marsalek, P. and Svobodová, Z. (2021). 
 Microplastics as a Potential Risk for Aquatic Environment Organisms - A Review. Acta Veterinaria 
 Brno, 90(1), 99-107. https://doi.org/10.2754/AVB202190010099
Hu, X. and Meng, Z. (2024). An Overview of Edible Foams in Food and Modern Cuisine: Destabilization 
 and Stabilization Mechanisms and Applications. Comprehensive Reviews in Food Science and 
 Food Safety, 23(1), 1-30. https://doi.org/10.1111/1541-4337.13284
Lozano, P., Villa, R., Salas, R., Maciá, M., Velasco, F., Altava, B. and García-Verdugo, E. (2025). How to 
 Easily Depolymerize Polyurethane Foam Wastes by Superbase Catalysts in Ionic Liquids Below 
 100 °C. Angewandte Chemie, 137(5), 3-6. https://doi.org/10.1002/ange.202418034
Mishra, D.K. (2024). Sustainability in Solid Waste Management to Reduce Environmental Impact and 
 Improve Resource Ef  ciency. International Journal of Research and Review in Applied 
 Science, Humanities, and Technology, 1(2), 67-75. https://doi.org/10.71143/52raj174
Oluwarotimi, O., Ayoyinka, M., Oluwatomisin, O. and Boksun, K. (2021). Solid Waste Management in 
 Developing Countries: Reusing of Steel Slag Aggregate in Eco-Friendly Interlocking Concrete 
 Paving Blocks Production. Case Studies in Construction Materials, 14, https://doi.org/10.1016/
 j.cscm.2021.e00532
Palanikumar, E. and Kumar, P.U. (2016). Structural Design of Interlocking Concrete Paving Block. 

International Journal of Engineering Research and Technology, 5(12), 230-232. https://doi.org/
 10.17577/IJERTV5IS120162
Sojobi, A.O., Aladegboye, O.J. and Awolusi, T.F. (2018). Green Interlocking Paving Units. Construction 
 and Building Materials, 173, 600-614. https://doi.org/10.1016/j.conbuildmat.2018.04.061



11ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e258915

 3  
 : 

The Development of Building Information Modeling (BIM) with 3D 
Laser Scanner for Rong Kueak Shrine Conservation: A Case Study 

of Flood Impact Assessment

  1*  1

Parichart Chanthasaen1* and Thitirat Panbamrungkij1

Received: October 16, 2024; Revised: November 15, 2024; Accepted: November 26, 2024

    
   

  
 2.9   3 

 FGCC1989 
 (LOD.200)  

  5   0.1 0.3 0.5 0.8  
1  

  0.1   197.79 . .  0.3  
 477.43 . .  0.5 0.8  1   987.33 . . 

 0.1   44,502.75   0.3  0.5   0.1   
41.43 %  832.58 %  0.8   
902.78 %  1   

   
 

 : ; ; 

1  
1 Faculty of Arts, Chulalongkorn University
* Corresponding Author, Tel. 0 2218 4825, E - mail: thitirat.pa@chula.ac.th 



12 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e258915

Abstract

This research focused on the development of Building Information Modeling (BIM) with a 3D laser 
scanner for the conservation of Rong Kueak Shrine, focusing on a  ood impact assessment case study: 
The Rong Kueak Shrine, situated in Talat Noi, Samphanthawong District, Bangkok that had been 
experiencing deterioration exacerbated by recurrent  ooding. Thus, a BIM model was created by acquiring 
data through 3D laser scanning, which produced a highly accurate 3D point cloud, with a precision 
level of 2.9 mm. The data collected were subsequently utilized to construct a BIM model with a Level 
of Detail (LOD) of 200. Analysis was conducted in conjunction with Digital Elevation Model (DEM) data 
and  ood data provided by the Bangkok Metropolitan Drainage Department, simulating  ood levels 
of 0.1, 0.3, 0.5, 0.8, and 0.5 m., referencing the lowest elevation benchmarks within the study area to 
estimate potential damages. The assessment evaluated the extent of damage sustained by Rong 
Kueak Shrine to estimate the associated repair costs. Results revealed that at a  ood level of 0.1 m, 
the damaged area encompassed 197.79 sq.m. At 0.3 m., the damage expanded to 477.43 sq.m. 
For  ood levels of 0.5, 0.8, and 1 m., the damage affected totaling approximately 987.33 sq.m. 
The estimated damage cost at 0.1 m. was 44,502.75 THB, increasing by approximately 41.43 % and 
832.58 % at 0.3 and 0.5 m., respectively. The damage cost remained constant until the 0.8 m. level 
and increased by approximately 902.78 % at the 1 m. level due to the added cost of electrical system 
repairs. The calculated damage costs can be used to plan improvements, construction, or repairs by 
responsible authorities or related parties. Additionally, this information supports the development of 
preventive measures and strategies for the enhanced conservation of the heritage site.

Keywords: 3D Laser Scanning; Point Cloud; BIM
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  (3D Laser Scanning) 
  (Point Cloud)   

  
 

 (Building Information Modelling: BIM) 
  

 BIM  
 

 
  

   

  
 
    (Horizontal) 

 (Vertical)   
     

   
(Pulse Round Trip Time)  (Phase Shift Measurement)  
(Triangulation)   2

 2   (Peifer and Briese, 2007)

  
 (1) 

 (1)

   
    r     
    c    299,792,458 m/s 
    t    
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 1    

  

 
 

 
   

 
  

   
 

  
  

     
      

   
  

 

  RIEGL VZ1000  
 Noncontact Class 1    

   
  5  

   RIEGL VZ1000 
 GNSS   NIKON D700  12.1  

 2.5  1,400   360o  100o  
0.8   0.5  (RIEGL Laser Measurement Systems GmbH, 2012)  3

 3   RIEGL VZ1000 (RIEGL Laser Measurement Systems GmbH, 2012)
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  BIM  
   BIM 

 Point Cloud  
 BIM   (Building Model) 

  
   (Building Component)      -  

            BIM 
 (View)    

        Isometric 
      (The Association of Siamese 

Architects Under Royal Patronage, 2015)
   

 
 

  Autodesk Revit ArchiCAD  Tekla Structures 
 LOD  (Level of Development)  

 
    

 LOD 100 LOD 200 LOD 300    
 (Conceptual Design)  (Design Development) 

 BIM   
 LOD  200 

     

  
  

 
 

  
   

  
 (Lin et al., 2021)   

HEXINWU  Hakka  
 BIM  

   Terrestrial Laser Scan (TLS)  
(Unmanned Aerial Vehicle: UAV)      

  BIM  Point Cloud 
 

   
  

 (Lin et al., 2020) 
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    BIM 
          

 BIM   
 

 BIM 
  BIM 

 (Barazzetti et al., 2016)   
     

 

  
(Fix Wing)  Wingtra One  Post Processing Kinematic (PPK) 

  3  
  8  

 
 (Lokham et al., 2021) 

  
  

 ( . 8301)  (Sangchan and Punchana, 2018) 
 (Building Information Modeling: BIM) 

  
 

  
  

 
 

 (Janudom, 2017) 
     2  LEED (Leadership 
in Energy and Environmental Design)   TREES (Thai’s Rating of 
Energy and Environmental Sustainability) 

  (Environmental Impact Assessment: EIA) 
  (BIM) 

 Revit  Dynamo 
  

   
  Microsoft Excel  (SWMM, WinSLAMM, Autodesk 

Storm and Sanitary)  (BIM) 
  (Watcharamethakul and 

Sreshthaputra, 2020)
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 (BIM)  

 
 1.      (3D Laser 
Scanning)  (Point Cloud)   BIM (Building Information Modelling) 

 (3D Laser Scanning) 
 2.   

 GNSS 
 3.    
(3D Laser Scanning)
 4.   

  BIM (Building Information Modelling) 
 5.   (BIM) 
 6.  

1.    
   

   
2.  

 4  
  2.1   (Bench Mark) 

 
  

  2.2    
(GNSS)  

 (GNSS)   (Static Surveying) 
   1  

 Post Processing  (Geodetic Coordinates) 
 (Universal Transverse Mercator)  WGS 84 (World Geodetic 

System 1984)  (Elevation)  (Mean Sea Level) 

  2.3   (Easting  Northing)  
 417   23.96   49.75  

 1
  2.4     (Elevation)   

   
 118  118  480.06  

 12 K  K   0.15  
 8.314   2
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 1 

 2 

ERROR Of ANGLE 23.96 Sec. ERROR In NORTH 0.009 m. 
ALLOWABLE ERROR 49.75 Sec ERROR In EAST -0.004 m. 
Correction/Angle 2.27 Sec Closure Distance 0.0103 m. 
Precision Ratio 1 : 40677 Total Distance 417.202 

Station OBS.Angle Azimuth OBS. Dist Adj. North Adj. East Station 

203 
 

315 00 18.31 
   

203 

202 208 25 25.50 343 25 41.63 86.319 1518621.326 663640.086 202 

115 100 14 01.00 263 39 40.45 44.506 1518704.058 663615.467 115 

116 190 30 21.50 274 09 59.78 67.142 1518699.143 663571.234 116 

117 141 52 46.50 236 02 44.10 23.363 1518704.020 663504.270 117 

118 102 16 14.50 158 18 56.42 29.422 1518690.970 663484.891 118 

119 128 00 23.00 106 19 17.24 48.593 1518663.630 663495.763 119 

120 246 00 01.25 172 19 16.31 14.942 1518649.973 663542.398 120 

121 101 52 29.75 94 11 43.88 55.049 1518635.164 663544.395 121 

122 91 57 05.75 06 08 47.46 30.829 1518631.136 663599.297 122 

123 243 02 15.50 69 11 00.78 17.037 1518661.787 663602.598 123 

109 243 37 49.50 132 48 48.10 
 

1518667.841 663618.523 109 

201 
     

201 

Station 
Distance 

( M.) 

Cumulative 
Distance 

( M.) 

Differential 
in elevation 

( M.) 

Unadjusted 
Elevation 

( M.) 

Correction 
( M.) 

Adjusted 
Elevation 

( M.) 
118   1.57700   1.57700  
119 30.1 30.1 1.00122 2.57822 -0.00001 2.57823 
120 48.6 78.7 -0.49355 2.08467 -0.00002 2.08469 
121 20.2 98.9 -0.12566 1.95901 -0.00003 1.95904 
122 55.0 153.9 0.01079 1.96980 -0.00005 1.96985 
123 30.8 184.7 -0.07840 1.89140 -0.00006 1.89146 
109 19.0 203.8 -0.11962 1.77178 -0.00006 1.77184 
201 17.8 221.5 0.06083 1.83261 -0.00007 1.83268 
202 36.0 257.5 -0.16230 1.67031 -0.00008 1.67039 
203 36.0 293.6 0.16195 1.83226 -0.00009 1.83235 
115 51.3 344.8 0.00841 1.84067 -0.00011 1.84078 
116 44.5 389.4 -0.05200 1.78867 -0.00012 1.78879 
117 67.4 456.7 0.04520 1.83387 -0.00014 1.83401 

118-R 23.3 480.1 -0.25702 1.57685 -0.00015 1.57700 
 

Total 
distance 

480.06 m. 

Error 0.00015 m. 
Allovable 

Error 
8.314 mm. 
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 (Point Clouds)  (True Color)  4

 4  

   RiScan Pro 
  (Register)  Finescanned Re  ector 

 12      Multistation Adjustment (MSA) 
  

  Point Cloud 
  Point Cloud  

  124   136 
  2.9 

3.  (BIM)
    Point Cloud  

 Autodesk Revit 2023 
 (BIM)  (Architecture) 

 LOD  200 
      

 Autodesk Revit 2023 
   2   Autodesk Revit 2023 

 Elements  3    1) Model Elements  
  (Walls)  (Windows)  (Doors)  (Roofs)  (Column)   Model 

Elements   
 2) Datum Elements    

 (Grids)  (Levels)  (Reference Planes)  
 3) View - Speci  c Elements  

 Elements       (Dimensions) 
 (Tags)  2D Detail Components 

   3      
Isometric  Autodesk Drive  Autodesk Revit 

  3   
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4.  (BIM)
    

    
 (DEM) 

 0.1 x 0.1   5  
 5   0.1 0.3 0.5 0.8  1    

0.1   0.3   . . 2554 - 2564  0.5  
  . . 2554  0.8  1  

 
 

 
  (DEM)  

 5  (DEM) 

5. 
  

 
   

  (Scheduling the Building Model) 
    Excel 

  
  . . 2567 

  
 

   
   

 (BIM) 
   

 2 
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1.   (BIM) 
   BIM  

 2.9   3 
 

 LOD  200 
      

  LOD  
2   3   (Plan)  (Elevation)  (Section)   

    
 (Materials)  

  2   6  
3   7

 6  (Section)  (Elevation) 

 7   3 

2. 
  2.1   

  0.1  
  

 (DEM)   
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1.4 - 1.7  0.3  
  

0.5    
   

      
  (Switch) 

 1.2 - 1.5    0.8   1  
 0.5  

  8

 8 

  2.2    

     
(Scheduling the Building Model)   

  Excel  
  . . 2567 

 3 - 5

 3  0.1 

 4  0.3 

 

 

  
  

 
    

 197.79 . . 125 24,723.75 100 19,779 44,502.75 

 

 

  
  

 
    

 477.43 . . 125 59,678.75 100 47,743 107,421.75 
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 5  0.5 - 0.8 

   1.0  
  1.0   

 
 

  6

 6  1 

 

 

 

 

 

  
   

( )     

 477.43 . . 125 59,678.75 100 47,743 107,421.75 

 395.38 .  235 92,914.30 300 118,614 211,528.30 
   0.36 31.7 .  50 1,587.08 34 1,079.22 2,666.30 

 
0.3 x 0.3 m. 

12.96 .  50 648.00 34 440.64 1,088.64 

 
UPVC 

6  - 220.00 - - 220 

 2.05 .  50 102.50 34 69.70 172.20 
 

1.30 x 2.00 m. 5.2 .  50 260.00 34 176.80 436.80 

 
 3.00 x4.00 m. 24 .  50 1,200.00 34 816.00 2,016.00 

 
 3.30 x 2.4 m. 15.84 .  50 792.00 34 538.56 1,330.56 

 
 3.30 x 2.3 m. 15.18 .  50 759.00 34 516.12 1,275.12 

 641.89 .  36 23,108.04 30 19,256.70 40,364.74 
 370,521.41 

 
 

  
   

( )     
 477.43 . . 125 59,678.75 100 47,743 107,421.75 
 395.38 .  235 92,914.30 300 118,614 211,528.30 

   0.36  31.7 .  50 1,587.08 34 1,079.22 2,666.30 
 0.3 x 0.3 m. 12.96 .  50 648.00 34 440.64 1,088.64 

 UPVC 6  - 220.00 - - 220 
 2.05 .  50 102.50 34 69.70 172.20 

  
1.30 x 2.00 m. 5.2 .  50 260.00 34 176.80 436.80 
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 6  1  ( )

   0.1  
 44,502.75   0.3  

 41.43 %  2.4  0.1  
 0.5   370,521.41   832.58 %  

8.3  0.1   0.8  
 0.5   1  

 401,761.41   902.78 %  0.1  
 

 
    1.2  

 1   9

 9 

  
  

     

 
 

  
   

( )     
   

3.00 x4.00 m. 24 .  50 1,200.00 34 816.00 2,016.00 

   
3.30 x 2.4 m. 15.84 .  50 792.00 34 538.56 1,330.56 

   
3.30 x 2.3 m. 15.18 .  50 759.00 34 516.12 1,275.12 

 641.89 .  36 23,108.04 30 19,256.70 40,364.74 
 (Load Panel) 1  20,000 20,000.00 3,000 3,000.00 23,000.00 

 1  1  11  120 1,320.00 100 1,100.00 2,420.00 
 1  4  1  200 200.00 100 100.00 300.00 

 (Receptacle) 24  130 3,120.00 100 2,400.00 5,520.00 
 401,761.41 
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 BIM 
 

 
 (Kowczynska et al., 2016) 

 LOD 200  (AIA E202 BIM Protocol) 
  LOD 200   

  3D  BIM  2  
 3        BIM 

 
  Point Cloud 

   
  10   Point Cloud 

 BIM 
  BIM 

    Point Cloud 
     

  2 

 10  Point Cloud
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 Point Cloud 

  Point Cloud  3 
 

  Point Cloud 
     

   
   Point Cloud 

     
    

   
 

  
  Virtual Reality (VR)  

 
 

 DEM  BIM 
  DEM 

  BIM   
   

 
   

   BIM 
  

  BIM  DEM  2   
3  

 
 BIM   (Zlatanova et al., 2017)

  
   

 
  BIM  
Autodesk Revit    
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 1.  (BIM) 
    

 

 2.   
 

   
 

 3.    
 

 4.  BIM  
  

 5.     
     BIM 

 (BIM) 
   

.      
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 Cast in Place Beam-Column Joints (CCJ)  

Precast Beam-Column Joints with Plate and Tube (PCPT)  100 x 50 mm 
 4.5 mm  300 mm   150 x 150 mm 

 450 mm  150 x 250 mm  500 mm  2  
 40 60  80 

  1.0 - 5.0 Hz  CCJ  
PCPT  225.90  193.04 kN 

 PCPT  80 
 CCJ  5.0 Hz  200  

 CCJ 
 PCPT  234.86  205.90 kN 

 3.96  6.66 

 : ; ; ; 
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Abstract

This paper presents the behavior of precast concrete beam-column joints under dynamic loading, 
Compares two types of beam-column joints: cast in place beam-column joints (CCJ) and precast 
beam-column joints with plate and tube (PCPT). The experimental setup consists of square columns 
(150 × 150 mm, height 450 mm) and rectangular beams (150 × 250 mm, length 500 mm on both sides 
of the column). The PCPT joints incorporate a rectangular steel tube (100 × 50 mm, 4.5 mm thickness, 
300 mm length) at the joints. Static loading at the column's midspan and dynamic loading at 40 % 
60 % and 80 % of the static load, with frequencies of 1.0 - 5.0 Hz, were applied. The results reveal 
that the ultimate static load capacities of CCJ and PCPT were 225.90 kN and 193.04 kN, respectively. 
Under dynamic loading, cracking increased proportionally with load ratio and frequency. The PCPT 
joints demonstrated superior performance under 80 % load at a frequency of 5.0 Hz, sustaining 
200 cycles. Finite element analysis calibrated against experimental results showed maximum static 
load capacities of 234.86 kN for CCJ and 205.90 kN for PCPT, with deviations of 3.96 % and 6.66 % 
from the experimental results, respectively. The test results indicate that reinforcing beam-column 
joints of precast concrete with steel tube can be developed to enhance the performance of the 
joints in resisting dynamic loads over extended periods under service loading, compared to cast in 
place beam-column joints.

Keywords: Precast Beam-Column; Beam-Column Joints; Failure Behaviors; Dynamic Load

 

  
   

 (Ahn et al., 2020; Kim, S., Hwang and Son, 2022)  
   (Thumrongvut et al., 2013; Kongkaew 

et al., 2021)   

 

   
  

 DB 10 mm  1.5 
 (Hansapinyo et al., 2016) 

 
  

20 mm  DB 16 mm  0.5 1.0  1.5 m (Kongkaew et al., 2021) 
 L/240 
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 0.5  4.27  12.23 %   
  

 (Choi et al., 2013) 
 1.15  3.5 

 
 (Ketiyot, 2017)  2 

   1.25   
 (Zhang et al., 2020) 

 
 

 

   
 

   
   

 
 

 (Tejaswini et al., 2015; Atichat et al., 2017; Ketiyot, 2017) 

1. 
        

  (  1( ) - ( )) 
 ( .)  28  
 ASTM C39 (2018)  5  

 ASTM C109 (2021)  ASTM C190 (1985) 
 RB9 mm  . 20-2559 (Thai Industrial Standard, 2016a) 

 DB12 mm  . 24-2559 (Thai Industrial Standard, 2016b)  12 mm 
 . 1479-2558 (Thai Industrial Standard, 2015)  (H x B)  

100 x 50 mm  4.5 mm  65 x 65 mm  5 mm  . 107-2561 
(Thai Industrial Standard, 2018)  ASTM A500 (2018) 

 
( .)  1  2
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 ( )   ( )   ( ) 

 ( )   ( )   ( )  
 1 

 1 

  Material  fy  fy* fu fu* E E*
   (MPa ) (MPa) (MPa) (MPa) (GPa) (GPa)
 DB12 mm  566 390 662 560 206 210
 RB9 mm  431 235 559 385 221 210
 PL 100x200x12 mm 367 235 445 400 200 210
 L 65x65x5 mm 338 235 485 400 204 210
 T 100x50x20x4.5 mm 411 245 470 400 210* 210

 * 

  1 
 DB12 mm  (fy)  566 MPa 

 (fu) 662 MPa  RB9 mm  (fy)  
431 MPa  (fu)  662 MPa 

 12 mm (PL100 x 200 x 12 mm)  (L65 x 65 x 5 mm) 
 (T100 x 500 x 20 x 4.5 mm)  (fy)  367 338 

 411 MPa  (fu)  445 485  470 MPa   (E) 
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 2 

  Material f'c f't Ec
   (MPa) (MPa)  (GPa)
 Concrete 28d  28.99 2.61 25.31
 Mortar 5d  37.75 2.00 28.88

   28  (f'
c
) 

 28.99 MPa  28  (f'
t
) 

 2.61 MPa  5  
(f'

c
)  37.75 MPa  5  ((f'

t
) 

 2.00 MPa  (Ec)  ACI 318-19 (2019) 
 (1)

 (1)

 
 150 x 150 mm  450 mm  150 x 250 mm 

 500 mm  2   6   2   
 1 Cast in Place Beam-Column Joints (CCJ) 
 DB12 mm  5   3   2   DB12 mm 

 4   RB9 mm  65 mm  .1301/1302-61 
(Hansapinyo et al., 2016; DPT Committee 1301/1302-61, 2020)  

 2( )  2 Precast Beam-Column Joints with Plate and Tube (PCPT) 
 DB12 mm  

  100 x 50 mm 
 4.5 mm  300 mm  2   150 mm 

 65 x 65 mm  5.0 mm 
 100 x 200 mm  12 mm  

 2( ) 

 ( )  CCJ ( )  PCPT 
 2  
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  2( ) - ( )  
Universal Testing Machine  500 kN  12 mm 

 Laser Instrument Sensor 
 4   LVDT 
  Strain Gauge   3( ) - ( ) 

 2 mm/min 
  3( ) 

 
 CCJ  PCPT 

 40 60  80  1.0 - 5.0 Hz  200  
 3( )

 ( )  ( ) 

 ( )  ( ) 
 3 

 
  4 

  2  
 (Linear)  2   

CCJ  225.90 kN  PCPT  193.04 kN 
 14.54 %  (Nonlinear)  

CCJ     
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 PCPT  
 7 mm  9.55 mm 

 

 4 

( )  CCJ 

( )  PCPT
 5 

  5   CCJ 
 15   60 kN  

5 cm  15 cm  50 % 
 45   2   70 - 80 % 

  
225.90 kN  PCPT  40 kN 

  35 - 50 % 
 10 cm 

  75 - 85 % 
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 15 cm  45 
  193.40 kN 

 
 1.0 - 5.0 Hz  40 60  80  

 200  
   6( ) - ( ) 

 ( )  CCJ ( )  CCJ

 ( )  PCPT ( )  PCPT 
 6 

  80 
 2  

 CCJ  1.0 Hz 
  2.0 - 4.0 Hz  CCJ 

 80  4 Hz  200   PCPT 
 80   5.0 Hz 

 1.0 Hz 
 2.0 - 5.0 Hz 

  7( )   CCJ 
 45  
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 4.0 Hz  
 PCPT  5.0 Hz 

 1.0 2.0 3.0 4.0 Hz 

  7( )

( )  CCJ 

( )  PCPT
 7 

 -

 ( )  CCJ ( )  PCPT
 8  Strain Gauge 

  Strain Gauge 
 

 8( ) - ( ) 
  9( ) - ( )  CCJ 

 10 cm 
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PCPT 
  4.0 5.0 Hz 

  CCJ  
PCPT  9( ) - ( )

 ( )  CCJ  ( )  PCPT 

 ( )  CCJ  ( )  PCPT 
 9  

  2  ABAQUS 
(Dassault Systemes Simulia Corp, 2014)   C3D8R 

 T3D2 (Atichat et al., 2017) 
 S4A  Embedded Region 

 Tie 
 Interaction (Atichat et al., 2017)  20 - 30 mm 

 10( ) - ( )

 ( )  C3D8R ( )  T3D2
 10 
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 ( )  S4A ( )  C3D8R
 10  ( )

   CCJ 
 234.86 kN  225.90 kN 

 3.96  PCPT 
 205.90 kN  193.04 kN 

 11( )  6.66  2 
 (Tejaswini and Rama Raju, 2015; 

Atichat et al., 2017) 11( ) - ( ) 
 PCPT  

( ) 

 ( )  CCJ ( )  PCPT
 11 

 
 

 45   12( ) - ( )
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  ( )  CCJ ( )  PCPT
 12 

  CCJ  583.9 MPa 
  

 PCPT  482.9 MPa  
 

  13 ( ) - ( )

 ( )  CCJ ( )  PCPT
 13 

 
 CCJ  225.90 kN 

 PCPT  193.04 kN 
 14.54  1.0 - 5.0 Hz  

200   4.0 Hz 

 80  
 5.0 Hz  

 
 

 CCJ 
 PCPT  3.96  6.66 
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 10 % w/v  80 - 90 oC  2   

25 % v/v  1   50 oC  24  
  FTIR 
  

 0:30 (S0A30), 10:20 (S10A20), 20:30 (S20A10)  30:0 (S30A0)  

       
    

    
20   10  (S20A10)   

     
   

  6.36  3  
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Abstract

This research aims to study the preparation of fruit packaging made from sugarcane leaf  bers and 
asparagus residue for packaging Nam Dok Mai mangoes. It examines different ratios of sugarcane 
leaf  bers and asparagus residue. The sugarcane leaf  bers were prepared using 10 % w/v sodium 
hydroxide at a temperature of 80 - 90 oC for 2 hours. The  bers were then bleached with 25 % 
v/v hydrogen peroxide for 1 hour. Meanwhile, the asparagus residue was dried in a hot air oven 
at 50 oC for 24 hours to obtain asparagus residue powder. The functional groups of the bleached 
sugarcane leaf  bers were analyzed using FTIR to con  rm the presence of cellulose. Next, prepare 
the ratio for molding fruit packaging from sugarcane leaf  bers to asparagus powder, including 0:30 
(S0A30), 10:20 (S10A20), 20:30 (S20A10), and 30:0 (S30A0) in grams. The fruit packaging was then 
molded based on the average dimensions of ripe Nam Dok Mai mangoes using a plaster mold. 
The samples were analyzed for their physical, chemical, and mechanical properties, including 
thickness, water absorption, water solubility, moisture absorption, compression test, puncture 
resistance, shear resistance, and biodegradability. The results indicated that the optimal ratio for packaging 
preparation was 20 grams of sugarcane leaf  ber to 10 grams of asparagus residue powder (S20A10). 
This ratio yielded the best overall physical, chemical, and mechanical properties. The resulting packaging 
had a smooth and uniform surface, low water absorption, water solubility, and moisture uptake. 
Additionally, it exhibited good compressive strength, puncture resistance, and shear resistance. 
Biodegradability testing through soil burial showed a decomposition rate 6.36 % over a period of 
3 months. Therefore, the prototype fruit packaging made from asparagus residue and sugarcane leaf 
 bers can be used for packaging Nam Dok Mai mangoes and other related applications.

Keywords: Fruit Packaging; Sugarcane Leaf Fibers; Residue Asparagus; Degradation

   
 2  2  90  
   

(Ngamrabam et al., 2018)    
 

 (Sakorn, 2022)  
   

   (Suwannasre et al., 2017) 
 

   (Trirat, 2017) 
 2    
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  (Asparagus of  cinalis L.: green asparagus) (Guo et al., 2020) 
     

  
      5     

    (Fan et al., 2015)    
    (Jin et al., 

2021)  
    (Saccharum of  cinarum L.) 

   
  

     PM 2.5      
  (Mbise et al., 2021; Ratanamanee et al., 2022) 

  
 Lungnongkhun et al. (2017)  

 
 

  
   

   
  

      
   12    

   (Sodium Hydroxide)  10 % w/v 
 (Hydrogen Peroxide)  25 % v/v   

   

  50 oC  24  
 30   (  1( ))

  Hadthamard et al. (2024)  3 - 4  
 300    24   

 10 % w/v  80 - 90 oC  2  
 

 25 % v/v  1   3  
  40 oC  24  

 (  1( )) 



46 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e260996

 ( )  ( ) 
 1 

  
  

      
  

  
   2

 ( )  ( )    
 2  

  Trirat (2017)  
 1   1,000   30  

  22 x 30   
  

   2  
  3

 3 
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 1 

   
   ( ) ( ) ( )

 S0A30 0 30 1,000
 S10A20 10 20 1,000
 S20A10 20 10 1,000
 S30A0 30 0 1,000

 : S =  A =  

   
 
  
   Mitutoyo Scienti  ica  M110-25 

 4 x 4   3   3   
 (Water Absorption) 

  Tajvidi et al. (2005), Patricia et al. (2018)  4 x 4  
(  3 )  3   28 ± 2 oC 

 (Wi)  100   28 ± 2 oC  2  
 (Wa)  3    (1) 

                                   (1)

 (Water Solubility)
 

  Sanyang et al. (2016)  
2 x 2  (  3 )  105 oC  24  

 (Wi)  30   (Shaker) 
 1   105 oC  (W0)  

3    (2) 

                                  (2)

 (Moisture Absorption)
  Bergel et al. (2018), Begum et al. (2021)  5 x 5  
(  3 )  105 oC  1  

 (W0)  90  24   
28 + 2 oC   (W1)  3  

  (3) 

                            (3)
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   FTIR 
Spectrometer (Perkin Elmer, U.S.A.)  Attenuated Total Re  ectance (ATR) 

 4,000 - 400 cm-1

  (Texture Analyzer) (TA.XT.plus, U.S.A.) 
   (Flat Plate Compression Test) 

 75   3  (Schmidt and Laurindo, 2010; Bos et al., 
2002)   2 x 2  (  3 )  HDP/CFS 

 HDP/90 Heavy Duty Platform  8   
10 /   3  (Hu et al., 2021; Theamdee et al., 2024)  

  HDP/BS Blade Set  (Cross-Head Speed) 
 10   6  3  (Herrera-Franco 

and Valadez-Gonza´lez, 2004)

  (Simple Soil Burial Test) 
  4 x 4   (W0) 
  80 x 48 x 50  

 10   3    32+2 oC 
 80    

 60 oC   (W1) 
  (4) (Yussuf et al., 2010)

                                     (4)

  (ANOVA)  
Duncan’s Multiple Range Test  95 % (p 0.05)  SPSS® Version 12 
(SPSS Inc., )

  
 S0A30  S10A20 (  4( ) - ( )) -  

     S20A10 (  4( )) 
     S30A0 (  4( )) 

   
 

  (  1( ))  Mbise et al. (2021)
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 ( ) S0A30  ( ) S10A20  ( ) S20A10  ( ) S30A0 
 4   

  2 
   

2.11 - 3.23 mm  (p 0.05)  
    

  
 
 (Medronho et al., 2012)   

  Kiangkoo et al. (2017) 
 

  

 2  

    
  (mm) (%) (%) (%)

 S0A30 2.11±0.01d 391.67±17.61d 26.11±2.73c 32.70±1.10d

 S10A20 2.26±0.03c 322.73±25.31c 14.68±2.41b 18.60±0.43c

 S20A10 2.37±0.02b 257.54±26.88b 11.66±1.30b 12.28±0.87b

 S30A0 3.23±0.03a 171.41±47.54a 5.40±1.77a 9.29±0.97a

 : S =  A = ,  + 

  a, b, c, d  (p<0.05)

  5    
 FTIR 
 3,285 cm-1  O-H Stretching  2,917 cm-1  C-H Stretching 

 1,030 cm-1  C-OH   1654 cm-1

 C=O   1249 cm-1  C-O-C  
 

  Maduang et al. (2018) 
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 5  FTIR 

  3 
   

 (p 0.05)  
 (Soison and Pratumshat, 2017) 

  2   
Kawsuk and Somjai (2022)  

 
    

 3  

   
  (N/m2) (N/m2) (N/m2)

 S0A30 34.83±1.34d 3.25±0.53c 161.50±3.77d

 S10A20 46.56±1.46c 13.28±2.07b 172.94±5.93c

 S20A10 53.18±2.01b 19.39±2.62a 232.01±4.03b

 S30A0 60.56±2.25a 23.29±2.56a 272.40±6.24a

 : S =  A = ,  + 

  a, b, c, d  (p<0.05)
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 4  

      
     ( )   
  0  1  2 3 (%)

 S0A30     28.84

 S10A20     25.72

 S20A10    6.36

 S30A0     1.57

 
  4 x 4   3  

  4  1.57 - 28.84 
 S0A30  (  28.84) 

   
     

  
 (Wang et al., 2020; Liu et al., 2022)

   
  20   10    

    
   20   10  

(S20A10)   30 
 0  (S30A0)  S20A10  30  

    
  S20A10  
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  6

 6 

 
    

   20   
10  (S20A10)    

    
    S20A10 

  
 FTIR  

  6.36  3  
 

   
 

 -  
 

 -  

  2567 
 ( . .)   
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Abstract

Analyzing trends in carbon dioxide (CO2) emissions in the transportation sector is a critical issue that 
impacts both the environment and human health. This research focuses on the application of data 
mining techniques—namely clustering, linear regression analysis, and random forest—to group and 
predict future CO2 emission trends. Historical fuel consumption data was used as the primary input 
for analysis. The performance of each technique was evaluated using metrics such as Mean Absolute 
Error (MAE), Root Mean Square Error (RMSE), and the coef  cient of determination (R2). The results 
revealed that the random forest technique provided the highest accuracy, achieving an R2 of 97.14 %. 
In comparison, linear regression and clustering yielded R2 values of 86.58 % and 51.14 %. These  ndings 
highlight the potential of the random forest algorithm as an effective tool for forecasting carbon 
emissions to support greenhouse gas reduction planning efforts.

Keywords: CO2 Emissions; Data Mining; K-means; Linear Regression; Random Forest
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  K-means Clustering 
  Linear Regression 

 Random Forest  
  1

 1 

1.   (CO2)  
    
( .)  (Open Data)  

   (CO2) 
  37  9   2530  2567  740  

 https://catalog.eppo.go.th/dataset/dataset_11_63
2.  

   (Data Cleaning)   (Missing Value)  
(Data Transform) 

3.  
  3.1  K-means Clustering  
Machine Learning  Data Mining  Unsupervised Learning  
(Labels)   K-means  (K) 

 (Centroids)  
 Centroid   

Centroid     
Centroid   
     K-means Clustering  (Euclidean Distance) 

 (1)

 (1)
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   x , y    
   n    
   Centroid Ck  (2)

 (2)

   Nk      k

  3.2  Linear Regression ( )  Supervised Learning  
   (Linear Relationship)  

(Independent Variable, X)  (Dependent Variable, Y)  Simple Linear Regression 
(  1 )  (3)

 (3)

 
   Y   =    ( )
   X   =    (Feature)
   m   =    (Coef  cient) 
   b   =    (Intercept)
     (Multiple Linear Regression)  (4)

 (4)

   b0   b1, b2, … , bn

  Linear Regression
 1.   X  Y
 2.  Fit   Least Squares  Loss Function  (5) 

 (5)

 Loss Function Mean Squared Error (MSE)  Yi  
 3.   m  b  Gradient Descent  Ordinary Least Squares (OLS)
 4.   Loss  

  3.3  Random Forest  Machine Learning  Supervised Learning  
Regression ( )  Decision Trees  (Ensemble Learning) 

 Over  tting 
  Random Forest
 1.   (Bootstrapping) 
  1.1   Training Set  Decision Tree
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  1.2  
 2.   Decision Trees 
  2.1   Decision Tree  y 
  2.2  
 3. 
  3.1   Decision Tree 
  3.2  
  Random Forest  (6)

 (6)

 
     =  
   N   =    (Number of Trees)
   fi(X)  =    Decision Tree  i

   
  Machine Learning  Data 

Science
 1. Mean Absolute Error (MAE)  ( ) 

 (yi)  (Absolute)   (7)

 (7)

 2. Root Mean Squared Error (RMSE)  
  RMSE  

 (8)

 (8)

 3. R2 Score (Coef  cient of Determination) 
   9

 (9)

 1.  CO2  K-means Clustering 
 (CO2)  3    
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   3  ( )  ( )  
   

 (Natural Gas)   
 

 3.  (CO2)  Random 
Forest

 4  (CO2)  Random Forest

   4  Random Forest  MAE  RMSE  Random Forest 
  

  R-squared  0.990  Adjusted R-squared  0.989 
  Natural Gas  Random Forest 

   

 1  
  (Linear Regression, Random Forest, K-means)

 Metric Linear Regression Random Forest K-means

 MAE 140.44 11.12 -
 RMSE 160.22 18.91 -
 R-squared 29.00 % 99.02 % 51.14 %
 Adjusted R-squared 26.70 % 98.98 % -

   1 
  Linear Regression  

   MAE  RMSE  140.44  160.22 
 R-squared  29  

  Random Forest 
 Ensemble Learning  (Decision Trees) 

  
 MAE  11.12  RMSE  18.91  R-squared  99.02 

 



63ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e261169

 CO2   K-means   
 MAE  RMSE   R-squared  51.14 

 
 CO2  (Exploratory Analysis) 

 4.  (CO2)  
Linear Regression

 5   (CO2)  Linear Regression

   5  ( )  ( )   
 MAE  RMSE    

  R-squared  0.865  Adjusted R-squared  0.862 
 86  

   
 5.   (CO2)  
Random Forest

 6  (CO2)   Random Forest

   6  ( )  ( )  Random Forest 
  MAE  RMSE    R-squared  Adjusted R-squared 

 0.971  0.970  97 
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 2  (Linear Regression, Random Forest, K-means)

 Metric Linear Regression Random Forest K-means

 MAE 418.259 154.260 -
 RMSE 524.337 242.136 -
 R-squared 86.50 % 97.10 % 51.14 %
 Adjusted R-squared 86.20 % 97.00 % -

   2  Random Forest  Linear 
Regression  K-means  MAE  RMSE  (154.260  242.136) 

  (R-squared)  97.1 % 
  Linear Regression  R-squared  86.5 %  

MAE  RMSE  (418.259  524.337) 
  K-means Clustering 

  MAE  RMSE  CO2

  R-squared  51.14 %  
  

 Linear Regression, Random Forest  K-means 
  Random Forest   MAE  RMSE  Linear 

Regression   CO2   R-squared  Adjusted 
R-squared  Random Forest  99.02 %  98.98 % 

 Linear Regression  29.00 %  K-means  R-squared 
51.14 %  Linear Regression  Random Forest   Random Forest 

 CO2   Linear Regression   
K-means   Random Forest 

  Random Forest  Linear Regression  K-means 
  

 Linear Regression   Random Forest 
 Tree-Based Ensemble  

  K-means 
 

   Random 
Forest   CO2 

 (CO2)  
 (Data Mining Algorithms)  K-means Clustering, Linear Regression  Random Forest 
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Abstract

This study aims to evaluate the feasibility of using rubberwood bottom ash (RWBA) as an aggregate 
in the production of non-load-bearing hollow concrete blocks. The investigation involves replacing 
25 % and 50 % by weight of stone dust with rubberwood bottom ash. Five mixtures of hydraulic 
cement to aggregate by weight were tested: 1:6, 1:7, 1:8, 1:9, and 1:10. Each mixture was further 
analyzed at three different water-to-cement (W/C) ratios: 0.50, 0.60, and 0.70, resulting in a total of 
45 mixtures. Mixtures at 28-days curing age with average compressive strength exceeding 4.14 MPa 
were selected for the production of hollow concrete blocks. These blocks were subsequently tested 
for compliance with the Thai Industrial Standard TIS 58-2560, assessing density, water absorption, 
average compressive strength, and thermal conductivity. The results revealed that only  ve mixtures 
met the standard criteria: Mix ratio 1:6 with 75 % stone dust and 25 % RWBA at W/C ratios of 0.6 
and 0.7, Mix ratio 1:6 with equal proportions (50 %) of stone dust and RWBA at a W/C ratio of 0.7, 
and Mix ratio 1:7 with 75 % stone dust and 25 % RWBA at W/C ratios of 0.6 and 0.7. Among these, 
the optimal mixture was identi  ed as the mix ratio 1:6 with 50 % stone dust and 50 % RWBA at a 
W/C ratio of 0.7. This mixture not only allowed for the highest replacement rate of RWBA (50 %) but also 
exhibited the lowest thermal conductivity at 0.863 W/m·K. The  ndings indicate a high potential 
for utilizing rubberwood bottom ash as a partial replacement for  ne aggregates in the production 
of non-load-bearing hollow concrete blocks. This approach contributes to the development of 
environmentally friendly construction materials.

Keywords: Non-Load-Bearing Hollow Concrete Blocks; Rubberwood Bottom Ash; Stone Dust; Eco-Friendly 
  Construction Materials
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(Laksanakit et al., 2023) 

 (Kuasakul et al., 2017)  50 (Chumprom 
et al., 2024)  
(Dasaesamoh et al., 2011; Klathae et al., 2020)   

    150   30 
 70 

 (Saengarthit, 2013)  .58-2560 (Thai Industrial 
Standards Institute, 2017)  50 x 50 x 50 mm3 

 4.14 MPa  
    

  

 1.  
  1.1   (Hydraulic Cement - General Use: GU)  

.2594-2556 (Thai Industrial Standards Institute, 2013)  ASTM C1157-17 (American Society for 
Testing and Materials (ASTM), 2014)
  1.2   (Aggregate: A)  2   
    1)  (Rubberwood Bottom Ash: RWBA)  

   -     1  
4.75 mm.  1099.64 kg/m3  2.21  4.86 

 2 
    2)   (Stone Dust: SD)   

 1  4.75 mm.  1,944.22 kg/m3  2.73 
 1.34  2

  1.3   (Water) 

 ( )  ( ) 
 1 



70 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 18, No. 2 (May - August 2025)

e260303

 2 

2. 
  2.1   (  1)
    1)   (GU:A)  5   1:6 1:7 1:8 1:9  
1:10    

 1:6 1:7 1:8 1:9 1:10  1:11 
 (Saengarthit, 2013)

    2)   3   0.50 0.60  0.70  
    

  0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75  0.80 
(Tanpaiboonkul, 2017)
    3)    3    0 25 

 50     
  10 30  50 (Chumprom et al., 2024)

 1  

 :   (%)  
     0.50 0.60 0.70

   100  0 
 1:6 75  25 
   50  50 
   100  0 
 1:7 75  25 
   50  50 
   100  0 
 1:8 75  25 
   50  50 
   100  0 
  1:9 75  25 
   50  50 
   100  0 
  1:10 75  25 
   50  50 
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  2.2  
     45  

 50 x 50 x 50 mm3  3   28   (Thai 
Industrial Standards Institute, 2017; Thai Industrial Standards Institute, 1990) 

 4.14 MPa  .58-2560 (Thai Industrial 
Standards Institute, 2017)  

 
3.   

  3.1  
    1)   2.2 
    2)   70 x 190 x 390 mm 

    12 
  3.2  
     

 (Choosakul and Yongsata, 2022)  28 
  3.3  
    1)  5   

.58-2560 (Thai Industrial Standards Institute, 2017)  (1) 

 (1)

    
         (kg/m3)
     ms     (kg)
     mi      (kg)
     md     (kg)

    2)  
 110  115  24   24  

 .109-2517 (Thai Industrial Standards Institute, 1974) 
 (2)

                                                    (2)

      
    ms      (kg)
     md     (kg)

    3)   28   5  
 .109-2517 (Thai Industrial 

Standards Institute, 1974)  (Length-Wise)  Bearing 
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Plate  Universal Testing Machine (UTM)  .58-2560 (Thai Industrial Standards 
Institute, 2017)  (3)

 (3)

 
    P     (MPa)
     F     (N)
     An,avg    (mm2)
  
      

 5  
 (4)

 (4)

     
    An     (mm2)
     H     (mm)
     ms     (kg)
     mi     (kg)

    4)   
 50 x 50 mm2  2   3 

 Transient Plane Source Method  Thermal Constant Analyser  TPS 2500S 
  

 3 

1. 
   50 x 50 x 50 mm3  28   45  

 0.69 - 27.48 MPa  2 
 

 (Gupta et al., 2019)  
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 (C-S-H)  C-S-H 

 (Choosakul and Yongsata, 2018; Sukontasukkul, 2013) 
 

 
 

 (Choosakul and Yongsata, 2018; Sukontasukkul, 2013) 
 .58-2560 (Thai Industrial Standards Institute, 2017)  

 4.14 MPa  22  
 11  

 
  1)  1:6  

  2)  1:7  6   1:7-100:0-0.50 
1:7-100:0-0.60 1:7-100:0-0.70 1:7-75:25-0.50 1:7-75:25-0.60  1:7-75:25-0.70 

 50:50   6  
  3)  1:8  4   1:8-100:0-0.50 
1:8-100:0-0.60 1:8-100:0-0.70  1:8-75:25-0.70  2   1:8-100:0-0.70  
1:8-75:25-0.70 
  4)  1:9   3   1:9-100:0-0.60 
1:9-100:0-0.70  1:9-75:25-0.70  2   1:9-100:0-0.70  1:9-75:25-0.70 

  5)  1:10 

 2  50 x 50 x 50 mm3  28 

   
 (%)

  
:
     

 
    0.50 0.60 0.70

  100  0 16.42 26.62 27.48
 1:6 75  25 9.18 13.37 15.47
  50  50 6.70 7.11 7.79
  100  0 10.06 15.73 19.7
 1:7  75  25 5.63 5.88 8.98
  50  50 2.73 2.83 4.08
  100  0 5.36 11.45 15.22
 1:8 75  25 2.42 2.51 7.13
  50  50 1.20 1.73 2.70
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 2  50 x 50 x 50 mm3  28  ( )

   
 (%)

  
:
     

 
    0.50 0.60 0.70

  100  0 3.95 6.12 12.48
 1:9 75  25 1.57 3.10 5.44
  50  50 0.88 1.15 2.67
  100  0 2.05 3.31 3.64
 1:10 75  25 1.49 2.27 3.68
  50  50 0.78 0.69 1.17

2. 
   18   1:6-50:50-0.50 

   50 x 50 x 50 mm3

 24   
 (Chatveera et al., 2004) 

 
   . 58-2560 

   
25 mm     0.5 mm  25 %  

 28   9  . 58-2560 
 3  5   1:6-75:25-0.60 

1:6-75:25-0.70 1:6-50:50-0.70 1:7-75:25-0.60  1:7-75:25-0.70   
 9 .  

 0.60  0.70 
 0.50  0.60  

 3 

  1  2  3  

1:6-100:0-0.5 
   

 

1:6-100:0-0.6 
   

 

1:6-100:0-0.7 
   

 

1:6-75:25-0.5 
   

 

1:6-75:25-0.6 
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 3  ( )

3. 
   

 
 

 (Kroehong et al., 2016; Torkittikul et al., 2017) 
 4  2  . 58-2560 (Thai Industrial 

Standards Institute, 2017) 

  1  2  3  

1:6-75:25-0.7 
   

 

1:6-50:50-0.5 
   

 

1:6-50:50-0.6 
   

 

1:6-50:50-0.7 
   

 

1:7-100:0-0.5 
   

 

1:7-100:0-0.6 
   

 

1:7-100:0-0.7 
   

 

1:7-75:25-0.5 
   

 

1:7-75:25-0.6 
   

 

1:7-75:25-0.7 
   

 

1:8-100:0-0.7 
   

 

1:8-75:25-0.7 
   

 

1:9-100:0-0.7 
   

 

1:9-75:25-0.7 
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  1)  ( 2000)  6   1:6-100:0-0.50 
1:6-75:25-0.70 1:7-100:0-0.60 1:7-75:25-0.70 1:8-100:0-0.70  1:9-100:0-0.70 

 100:0  2  75:25  0.70 
  2)   (1680 2000)  3  1:6-75:25-0.60 
1:6-50:50-0.70  1:7-75:25-0.60  

 

 4  (kg/m3)   

4. 
   13.46 - 2.72 %  5 

 (Riaz et al., 2020; Vimuttasoongviriya, 2022; Phohirun et al., 2023) 
  1:7-75:25-0.60 

   1:6-50:50-0.70 1:6-75:250-0.70 1:7-75:25-0.60  
1:7-75:25-0.70   0.50  0.60 

 0.70  
  (Kroehong et al., 2016) 

 25 %  .58-2533 (Thai Industrial Standards 
Institute, 1990)  .58-2560 (Thai Industrial Standards Institute, 2017) 

  

5. 
   9   6  
4.14 MPa  .58-2560 (Thai Industrial Standards Institute, 2017)  
5.31 - 18.23 MPa  

 (Jarunvorakunvong et al., 2023; 
Khamput et al., 2024)  

 
 (Choosakul and Yongsata, 2018; Jarunvorakunvong et al., 2023)
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 5  (%)  

 6  

6. 
   9   7  
0.863 - 2.016 W/mK  

 
  (Kroehong 

et al., 2016; Khamput et al., 2024)  50:50 
 

 

 7  
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 1.  
 25  50 

 2.  . 58-2560 
 4.14 MPa 

 3.  

 4.  

  
 

 1.   
(ROI)  
 2.  Life Cycle Assessment (LCA)   

     

 3.    
  

 4.  
  

  

 

  
  . . 2565   
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Abstract

This research addresses issues in plastic injection molding, particularly the occurrence of short shot 
defects, which signi  cantly impact the quality of the produced parts. These defects arise from 
several critical factors, such as the material's properties used in the injection process, the complexity 
of the part design, and inadequate mold design. This study proposed a solution by designing an air 
vent system within the plastic injection mold, speci  cally for manufacturing coffee cups made from 
biodegradable materials. In this system design, two air vents were installed in the mold: the main 
air vent with a depth of 0.05 mm and a width of 2 mm, and the secondary air vent with a depth 
of 0.1 mm and a width of 10 mm, which help to vent the air generated at the  nal melt point of 
the plastic. The relevant parameters of the injection process were set as follows: injection pressure 
at 54 bar, injection speed rate at 40 cm3/s, clamping force at 100 Tons, melt temperature at 200 oC, 
and mold temperature at 90 oC. The experimental results showed that properly and ef  ciently 
designed air vent system design in the mold can signi  cantly reduce the occurrence of incomplete 
injection defects, resulting in high-quality parts and reducing production losses. Therefore, this research 
is an important guideline for the development and improvement of future plastic injection mold 
designs, focusing on air vent system in the mold to increase production ef  ciency.

Keywords: Short Shot Defect; Air Vent System Design; Plastic Injection Mold

    
     

(Short Shot Defect)  (Moayyedian et al., 
2017; Kanjanakarn et al., 2023)  

    (Biodegradable) 
 (Terroba-Delicado et al., 2021; Phongphattarawut et al., 2024) 

 
   

 (Limbore and Kale, 2019)
  (Air Vent System Design) 

 
 

 (Kimura et al., 2021)  
 

 (Miranda and Nogueira, 2019)  
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  (Air Vent System Design) 
  

  (Runner System)  (Air Vent System) 
 

 1. 
 2. 

 1.  (Short Shot Defect)
  

  (Short Shot) (Zhou et al., 2023)  
      

 (Air Vent) 
   (Melt Temperature)  (Injection Pressure)  

(Mawardi et al., 2019; Nithikarnjanatharn et al., 2018)  
 (Air Vent Design) (Zhang et al., 2018)

2.  (Biodegradable Material)
    (Polylactic 
Acid: PLA)  4043D  70 %  (30 %) 

  1

 1  (Polylactic Acid: PLA)  (Mawardi et al., 2019)

     

 1.   1.25 / .3

 2.  Tm 190 - 220 
 3.  Tw 90 - 100 
 4.   0.3  %

3.  (Air Vent Design)
  

 
 (Totalenergies-corbion, 2019)    
 (Air Traps)  (Weld Line)  (Short Shot) (Sorgato et al., 2017; 

Ganeshkar and Patil, 2014)  
 

 0.02 - 0.05 . 
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    (Burn Marks) (Wibowo et al., 2020) 
 

  
 

  1 

 1  (Li et al., 2021)

   (h)  
 3  (Misumi, 2024)

  - :    0.01 - 0.03 .
  - :   0.03 - 0.05 .
  - :    0.05 - 0.08 .
   (I)  2 - 5 .  (W)  
2 - 10 .  (H)  0.1 - 0.5 .

4.  (Plastic Injection Mould Parameters)
    

 (Plastic Injection Machine) (Jackie, 2019)  2 
 16   3  3  270 . 

 300 .  375 .  4  HYF-1000 
 (Clamping Force)  100  

 2  16 
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 3   3   16 

 4   HYF-1000

     
      2

 2 

     

 1.   m 148.88 
 2.  Tm 190 
 3.  Tw 90 
 4.   F 100 
 5.   P 54 
 6.  I 40 .3/

*  CAD

1.  16 
   16   92 . 

 60 .  102 .  1.5 .  
2 /   (Runner) 145 .  (Runner)  6 . 

 (Sprue) 70 .  (Pin Point Gate) 30 .  120 . 
 1.5 .  P20  5
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 5 

2. 
   HYF-1000  (Clamping) 

  6 
 (Short Shot)   7

 ( )  ( ) 
 6 

 ( )  1 ( )  2 ( )  3
 7    (Short shot)

   1  2 
 (Short Shot)   54   60  
 2  

 200   220  
 3   (Short Shot) 

 (Parting Line) (Sarac et al., 2021) 

 3. 
  

 (Short Shot)  
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 (Air Vent)   
 (Air Vent)   8

 ( )  Air Vent ( ) Air Vent 
 8  (Air Vent) 

   (Polylactic Acid: PLA) 
  (h)  0.05 . 

 2 .  (H)  0.1 .  10 .

  9 
 2   

  
   

 9 

  
  (Raj et al., 2021) 

  (Holding Pressure)  
20 30  40   (Injection Pressure) 45   (Holding Pressure) 
 40   (Melt Temperature)  200  

 (Aribowo and Dani, 2023) 
  (Short Shot)  (Burn Mark) 
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   (h)  0.05 .  2 . 
 (H)  0.1 .  10 .   

(Injection Pressure)  54   (Injection Speed Rate)  40 .3/   
(Clamping Force)  100   (Melt Temperature)  200  

 (Mould Temperature)  90  
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Abstract

This study aimed to analyze the characteristics of bio-extracts from discarded fresh aromatic coconut 
husk using different microbial seeds, super PD.2 and PD.7 for 30 days. The bio-extracts were analyzed 
for microbial community and the variation of pH, electrical conductivity, tannin, and nutrient composition. 
The results showed that the bio-extract using PD.2 predominantly contained Lactobacillales of 
80 %, while the bio-extract using PD.7 contained Bacillales of 53 % and Lactobacillales of 24 %. 
The bio-extract contained macro and micronutrients at levels comparable to soilless plant nutrient 
formulas, except for nitrogen content. Moreover, tannin was detected in both bio-extracts. Therefore, 
the bio-extracts from coconut husks may be used in agriculture to improve soil quality. In addition, 
it contains anti-microbial and bene  cial microorganisms.

Keywords: Aromatic Coconut; Bio-Extract; Microorganisms; Plant Nutrients
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 (Aroonrungsikul et al., 2004)   
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  190 - 200   
3 - 5   1   (Land 
Development Department, 2025)  .2  .7  60   1 

  
  -  . . 2565 

 1

 1 

 1 

       
  ( )  ( ) ( ) ( ) . 2 ( ) . 7 ( )

  .2 28 - 3.5 32 17.5 -

  .7 21 70 7 30 - 17.5

2. 
   7 14 21 27  30   GF/C 

  WTW, pH3210  
      761 Compact IC, 

Metrohm, column Metrosep C4-100/4.0  0.9 /     
   761 Compact IC, Metrohm, column Metrosep A 

Supp5-150/4.0  0.7 /   
  Folin-Ciocalteu  760  (Sirisangsawang 

and Phetyim, 2023)
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   (Metagenomics) 
 30   100   0.47  

 (DNA)  Dneasy Power Water Kit (Qiagen)  16S rRNA 
 Oxford Nanopore  16S Barcoding Kit (SQK-RAB204)  Flow cell  R9.4.1 

 MinKNOW Version 21.11.7  (Basecalling)  Guppy version 6.4.6 
 (Taxonomy)  EPI2ME Platform  Oxford Nanopore (ONT, 2022) 

 (% Relative Abundance) 

 

1. 
   .2  (Land Development Department, 2025)  

 (Pichia sp.)  (Lactobacillus sp.) 
 (Bacillus sp.)  (Burkholderia sp.)  .7 

  (Saccharomyces sp.)   (Gluconobacter sp.) 
    

 (Mineralization)  
     

   (Hydrolysis)   (Proteolysis) 
  (Christensen et al., 2022)  

Bacillus sp.   (Song et al., 
2023)  (Order)  30   2 

 (Relative Abundance)  .2  .7  .2 
 Lactobacillales  80  .7  Bacillales  53  

Lactobacillales  24  Weissella confusa 
 52.28  15.92  .2  .7  Genus  .2 

 .7  3   (Exopolysaccharides) 
   (Simionescu and Petrovici, 2024) 

 (Biopolymer)  
  (Costa et al., 2018) 

    
(Endophytic bacteria)   Weissela, Enterococcus, 
Lactococcus, Lactobacillus, Leuconostoc  Streptococcus (Yu et al., 2020) 

 ( )  .2 ( )  .7
 2  3   Order  

  .2  .7   30
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 ( )  .2 ( )  .7
 3  10   Family  

  .2  .7   30 

  Bacillus sp.   (Song et al., 2023) 
 Rigidoporus microporus  (Sungtong et al., 2021) 

 Bacillus subtilis   Fusarium oxysporum
 

   (Hussain et al., 2023) 
Bacillus subtilis  (Li et al., 2023)  

  (Grgas et al., 2023)  .2  .7 
   (Cellulase)   

(Lignin Peroxidase)   (Tannase)   (Antioxidant) 
   (Relative Abundance)  2 

 2  

 
    

.2 .7 
Bacillus sp.  (Hussain et al., 2023) 0.03620 0.50040 
  (Grgas et al., 2023)    

Bacillus subtilis  (Hussain et al., 2023)  (Li  
et al., 2023)  (Grgas et al., 2023)  0 0.00145 

Bacillus licheniformis  (Hussain et al., 2023) 0 0.00010 
Bacillus nakamurai  0 0.00151 
Bacillus tropicus  0 0.07931 
Oricola cellulosilytica  (Hameed et al., 2015)  0.00009 0 
Bacillus polymyxa   (Muhammad et al., 2017) 0 0.00019 
Lactobacillus acidophilus   (Aguilar-Zarate et al., 2014) 0.00018 0 
Lactobacillus plantarum   (Tomás-Cortázar et al., 2018) 0.00036 0 
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 2   ( )

  Klebsiella pneumoniae    
     (Siderophore) 

(Liu et al., 2018)  
  

 (Ji et al., 2014) 
 .2  .7  3   .2  .7 

 Escherichia coli, Salmonella Typhi  Serratia marcescens  .2  .7 
  

 3 

    
   .2 .7

Salmonella Typhi  0 0
Salmonella bongori 0.00027 0.00035
Salmonella enterica 0.00389 0.00347
Staphylococcus aureus 0 0.00010
Clostridium per  ngens 0 0.00002
Citrobacter freundii 0 0.00002
Escherichia coli  0 0
Serratia marcescens 0 0

 
    

.2 .7 
Klebsiella pneumoniae  (Muhammad et al., 2017)   

(Aguilar-Zarate et al., 2014)   2-3-
butanediol  (Kim et al., 2022) 

   
   (Liu et al., 

2018) 

0.02579 0.01664 

Cyanobacteria sp.   (Ji et al., 2014)  0.00153 0.00019 
Lactobacillus helveticus   

  (Tomás-Cortázar et al., 2018)  
0.00009 0.00002 

Weissella confusa    (Liu et al., 
2018)   

0.52285 0.15924 

Bacillus megaterium  (Aguilar-Zarate et al., 2014) 
 (Li et al., 2023)  (Rodr guez and 

Fraga, 1999) 
0 0.00017 
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2. 
    

     7 
 4( )  30   .2 .7  3.31  3.29 

   (  4( ))  .2 
 .7  

   7    4( ) 
  

(Polyphenolic Compound)    
    

(Hydrolysable Tannin)   (Gallic Acid)   
 (Phenol)  (Glucose) (Yang et al., 2023) 

  (Filamentous Fungi)   Penicillium sp.  Aspergillus sp. 
 (Gallotannin)   (Saxena et al., 1995) 

 (  2)  
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 (Adamczyk et al., 2008)   
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 (Jantassana and Maniin, 2024)
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  .7  
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 5( )  5( )  .7  

 .2  .7  .2  .7 
 2    Klebsiella pneumoniae  

Bacillus megaterium
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 5   
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  .7  .2 
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 50 (Saradhuldhat et al., 2014) 
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  * 
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 .2 
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 .7 
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Engineering and Microstructure Properties of Cellular Lightweight 

Mortar from Recycled Glass mixed with Alkali-activated Fly Ash
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 (RG) 
 (FA)  (by-product)  

 
 (NaOH)  1 3 5  7   (L/FA)  0.6 0.7  0.8 

 (Ac)  1 3  5  FA  
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Abstract

This research aimed to investigate the use of the ground recycled glass (RG), a by-product from glass 
bottle process and the coal  y ash (FA), a by-product of the electricity generation process through 
coal combustion. These materials were used to produce the cellular lightweight mortar from the 
ground glass waste mixed with alkali-activated FA. The effect of sodium hydroxide (NaOH) solution 
concentration of 1, 3, 5, and 7 M, liquid alkaline activator (L) content to FA ratio of 0.6, 0.7, and 0.8 
with the air foam content (Ac) of 1, 3, and 5 % by weight of FA on 7 days cured age to the engineering 
and microstructure properties were evaluated. The lowest unit weight of the samples was observed 
with a NaOH concentration of 1 molar, with L/FA ratio of 0.8 and the Ac content were 5 % by weight 
of FA. In contrast, the maximum compressive strength of the samples was 23.8 MPa with NaOH 
concentration of 7 molars, L/FA ratio of 0.6 and the Ac content was 0 %. When compared to 
Thai Industrial Standards (TIS), the optimal ratio for C10-type lightweight blocks was a NaOH 
concentration of 1 molar, L/FA ratio of 0.6 and the Ac content were 3 % by weight of FA. Meanwhile, 
the optimal ratio for C12-type lightweight blocks was a NaOH concentration of 1 molar, L/FA ratio 
of 0.6 and the Ac content was 1 % by weight of FA. The microstructure analysis revealed that increasing 
the NaOH solution concentration and L/FA ratio resulted in higher production of calcium aluminosilicate 
hydrate (C-A-S-H) coexisting with the geopolymer gel (NASH). However, the geopolymerization 
products decreased with the air foam content increased. This is attributed to the foam acting as a 
surfactant and plasticizer coating the particle surfaces.
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   Sika Poro 40 
 1:40 

 1 3  5  FA 
2. 

   
 (  1:40)  Foam 

Generator)  
 (Air Pump)  0.55±0.05 MPa 

  (RG)  (Coal Fly Ash, FA) 
 50:50   (Liquid Alkaline 

Activator, L)  L/FA  0.6 0.7  0.8   L 
 Na2SiO3  NaOH  70:30  NaOH  1 3 5  7  

 1 

 1  1 m3

Mix 
No. Na2SiO3:NaOH RG 

(kg) 
FA 
(kg) 

Air foam, 
Ac 

Liquid alkaline activator, L 
L/FA Na2SiO3 

(kg) 
NaOH Water 

(kg) (kg) % (kg) M (kg) 
1 70 : 30 870 870 0 0 45.3 1 19.4 457.3 522 0.6 
2 70 : 30 870 870 0 0 131.0 3 56.0 335.0 522 0.6 
3 70 : 30 870 870 0 0 210.0 5 90.0 222.0 522 0.6 
4 70 : 30 870 870 0 0 278.8 7 119.5 123.7 522 0.6 
5 70 : 30 870 870 1 8.7 45.3 1 19.4 448.6 522 0.6 
6 70 : 30 870 870 1 8.7 131.0 3 56.0 326.3 522 0.6 
7 70 : 30 870 870 1 8.7 210.0 5 90.0 213.3 522 0.6 
8 70 : 30 870 870 1 8.7 278.8 7 119.5 115.0 522 0.6 
9 70 : 30 870 870 3 26.1 45.3 1 19.4 431.2 522 0.6 
10 70 : 30 870 870 3 26.1 131.0 3 56.0 308.9 522 0.6 
11 70 : 30 870 870 3 26.1 210.0 5 90.0 195.9 522 0.6 
12 70 : 30 870 870 3 26.1 278.8 7 119.5 97.6 522 0.6 
13 70 : 30 870 870 5 43.5 45.3 1 19.4 413.8 522 0.6 
14 70 : 30 870 870 5 43.5 131.0 3 56.0 291.5 522 0.6 
15 70 : 30 870 870 5 43.5 210.0 5 90.0 178.5 522 0.6 
16 70 : 30 870 870 5 43.5 278.8 7 119.5 80.2 522 0.6 
17 70 : 30 870 870 0 0 52.8 1 22.6 533.6 609 0.7 
18 70 : 30 870 870 0 0 152.4 3 65.3 391.3 609 0.7 
19 70 : 30 870 870 0 0 245.0 5 105.0 259.0 609 0.7 
20 70 : 30 870 870 0 0 325.5 7 139.5 144.0 609 0.7 
21 70 : 30 870 870 1 8.7 52.8 1 22.6 524.9 609 0.7 
22 70 : 30 870 870 1 8.7 152.4 3 65.3 382.6 609 0.7 
23 70 : 30 870 870 1 8.7 245.0 5 105.0 250.3 609 0.7 
24 70 : 30 870 870 1 8.7 325.5 7 139.5 135.3 609 0.7 
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 2  1 m3 ( )

   (Air Foam, AC)  RG-FA-L  1 3  5  FA 
 

 10   50 × 50 × 50  
 

 7   
 ASTM C 109  

Scanning Electron Microscope (SEM)  2

Mix 
No. Na2SiO3:NaOH RG 

(kg) 
FA 
(kg) 

Air foam, 
Ac 

Liquid alkaline activator, L 
L/FA Na2SiO3 

(kg) 
NaOH Water 

(kg) (kg) % (kg) M (kg) 
25 70 : 30 870 870 3 26.1 52.8 1 22.6 507.5 609 0.7 
26 70 : 30 870 870 3 26.1 152.4 3 65.3 365.2 609 0.7 
27 70 : 30 870 870 3 26.1 245.0 5 105.0 232.9 609 0.7 
28 70 : 30 870 870 3 26.1 325.5 7 139.5 117.9 609 0.7 
29 70 : 30 870 870 5 43.5 52.8 1 22.6 490.1 609 0.7 
30 70 : 30 870 870 5 43.5 152.4 3 65.3 347.8 609 0.7 
31 70 : 30 870 870 5 43.5 245.0 5 105.0 215.5 609 0.7 
32 70 : 30 870 870 5 43.5 325.5 7 139.5 100.5 609 0.7 
33 70 : 30 870 870 0 0 60.4 1 25.9 609.7 696 0.8 
34 70 : 30 870 870 0 0 174.3 3 74.7 447.0 696 0.8 
35 70 : 30 870 870 0 0 280.2 5 120.1 295.7 696 0.8 
36 70 : 30 870 870 0 0 371.9 7 159.4 164.7 696 0.8 
37 70 : 30 870 870 1 8.7 60.4 1 25.9 601.0 696 0.8 
38 70 : 30 870 870 1 8.7 174.3 3 74.7 438.3 696 0.8 
39 70 : 30 870 870 1 8.7 280.2 5 120.1 287.0 696 0.8 
40 70 : 30 870 870 1 8.7 371.9 7 159.4 156.0 696 0.8 
41 70 : 30 870 870 3 26.1 60.4 1 25.9 583.6 696 0.8 
42 70 : 30 870 870 3 26.1 174.3 3 74.7 420.9 696 0.8 
43 70 : 30 870 870 3 26.1 280.2 5 120.1 269.6 696 0.8 
44 70 : 30 870 870 3 26.1 371.9 7 159.4 138.6 696 0.8 
45 70 : 30 870 870 5 43.5 60.4 1 25.9 566.2 696 0.8 
46 70 : 30 870 870 5 43.5 174.3 3 74.7 403.5 696 0.8 
47 70 : 30 870 870 5 43.5 280.2 5 120.1 252.2 696 0.8 
48 70 : 30 870 870 5 43.5 371.9 7 159.4 121.2 696 0.8 
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   (Dry Unit Weight)  (Dry Density) 

 0.05 × 0.05 × 0.05   24  
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5. 
   

 (Scanning Electron Microscopy) 
 10 × 10  

 5   Freeze-Dryer  -40 oC 
 0.5 Pascal  2  

 Scanning Electron Microscope (SEM)

1.  
   (Speci  c Gravity)  RG  ASTM C 128 

 RG  2.51  
 ASTM C 136  (Fineness Modulus, FM)  2.87 

 FM  FM   RG   FM 
 2.50 - 3.50  RG  (Percent Finer  Percent 

Passing)  D50  0.422 mm  RG  0.075 mm  2 mm 
 3

   FA  ASTM C 188 
 2.34  Laser Particle Size Analyzer 

 FA  (Percent Finer  Percent Passing)  50  D50  0.018 mm 
 FA  0.001 mm  3 mm  3

 3  RG  FA

   X-ray Fluorescence  XRF 
(RG)  (FA)  2  RG  (SiO2)  87.88 % 

 70 %  F  
 FA  (SiO2)  (Al2O3)  43.19 %  15.77 % 

 SiO2 + Al2O3 + Fe2O3  70 %  
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 F (Class F)  (CaO)  10 %   
(High-Calcium Fly Ash)  ASTM C 618  (Loss On Ignition, 
LOI)  RG  FA  0.41 %  0.84 %   RG  FA 

 6 %  ASTM C 618   (   
 )  (Si  Al) 
 RG  FA 

 2  RG  FA

Chemical Composition
 Ground Recycled Glass, RG Coal Fly Ash, FA

  (% by Weight) (% by Weight)

 SiO2 87.88 43.19
 Al2O3 N.D. 15.77
 Fe2O3 0.81 14.43
 CaO 8.35 19.55
 MgO 2.13 N.D.
 SO3 N.D. 3.86
 Na2O N.D. 0.91
 K2O 0.42 1.45
 LOI 0.41 0.84

 :  N.D. = Not Detected, LOI = Loss On Ignition

2. 
   4 

  RG  FA  50:50  Na2SiO3  NaOH  
70:30  NaOH  1 3 5  7   L/FA  0.6 0.7  0.8  Ac 

 0 1 3  5  FA  
 (Ac = 0 %) 

 17.5 kN/m3  NaOH  L/FA   
  NaOH  L/FA  Ac 

 
 NaOH  L/FA 

 (  1  7 )  NaOH  
(Suksiripattanapong et al., 2015)  Ac  

 Ac  (Yoosuk et al., 2021) 
 

NaOH  1   L/FA  0.8  Ac  5  FA
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3. 
   5 

  RG  FA  50:50  Na2SiO3  NaOH 
 70:30  NaOH  1 3 5  7   L/FA  0.6 0.7  0.8 

 Ac  0 1 3  5  FA  

 NaOH   23.8 MPa  Na2SiO3  NaOH 
 70:30  L/FA  0.6  Ac  0  L 

  L  L 
    Ac 

 Ac  Ac   
RG  
  

 . 2601-2556 (C10  C12)  
2.55 MPa  900 kg/m3  1,200 kg/m3  (  

  ) 
 C10  NaOH  1  

 L/FA  0.6  Ac  3  FA 
 9.8 kN/m3  2.8 MPa  (    ) 

 C12  NaOH  1   L/FA  0.6  Ac  1 
 FA  10.3 kN/m3  7.5 MPa
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4. 
   6 

 RG  FA  50:50  Na2SiO3  NaOH  70:30 
 L/FA  0.6  Ac  0  NaOH  1 3 5  7   

 NaOH  
  

 (Yoosuk et al., 2021)  NaOH 
   

 (C-S-H)  (C-A-H)  
  C-S-H  (Horpibulsuk et al., 2015) 

 

 6 
   Ac = 0 %, L/FA = 0.6  NaOH = 1 3 5  7  
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 6 
   Ac = 0 %, L/FA = 0.6  NaOH = 1 3 5  7  ( )

   7 
 RG  FA  50:50  Na2SiO3  NaOH  70:30 

 NaOH  5   L/FA  0.6  Ac  0 1 3  5 
 FA   (     

      ) 
  

  
 NaOH  

 

 7  
  Ac = 0 1 3  5 %, L/FA = 0.6  NaOH = 5 
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 NaOH  5   L/FA  0.6 0.7 0.8  Ac  3 
 FA  

 (C-S-H)  
(C-A-S-H)  (NASH)  (Posi et al., 2013)

 8 
   Ac = 3 %, L/FA = 0.6 0.7  0.8  NaOH = 5 

 
 (NaOH) 

  
 1. 

 NaOH  1   L/FA  0.8  Ac  5 
 FA

 2.  23.8 MPa  NaOH  7  
 L/FA  0.6  Ac  0

 3.  C10  NaOH 
 1   L/FA  0.6  Ac  3  FA 
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 4.  NaOH 
 

 
  

 5.  L/FA    
 (C-S-H) 
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Abstract

This study aims to design, construct, and evaluate the performance of a co-heating sedge thread 
rolling machine to support the development and improvement of sedge weaving handicrafts. 
The machine has dimensions of 450 mm in width, 850 mm in length, and 700 mm in height. It is 
powered by a 24 V, 350 W DC motor that drives pulleys connected to a belt, transmitting power 
to six sets of rollers designed for sedge compression. The rollers have a diameter of 76 mm, 
and the shafts have a diameter of 25 mm, with a total of 12 rollers. The heating system utilizes 
a 220 V, 650 W heating rod equipped with a temperature sensor to ensure precise control of the 
heat level. The experimental parameters included three rotational speeds: 10, 20, and 30 rpm, 
and three rolling temperatures: 50, 70, and 90 oC. The results demonstrated that the optimal 
operating conditions were achieved at a rotational speed of 10 rpm and a temperature of 90 oC. 
Under these conditions, there was no thread breakage, and the desired sedge thread thickness was 
consistently produced. The machine achieved a production rate of 6.9 kg/hr, which is twice the 
ef  ciency of manual labor 3.6 kg/hr. The average sedge thread thickness was measured at 0.31 mm.

Keywords: Basketry Handicrafts; Krajood; Rolling Machine; Hot Roller
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 (Treeamnuk and Treeamnuk, 2013) 
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 150   3    

 1   36   
  12.68  16.34  (%) 
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(Kaewjang et al., 2014)  459 x 1048 x 750  

 220   ½     2  
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  24   350   
   76  

 25    2  
  3 4 5  6  

 6   12    1 
 220   650  

  (Boonchouytan and Rangwangwong, 
2023)  1

 ( )  3  ( )  ( )  ( ) 
    

 1 

 1 

  1 2 3 4 5 6
  ( ) 2.5 2.0 1.5 1.0 0.7 0.3

   
  

   
  

   

2. 
    

 10 %  
 Wood Moisture Meter  MT10  0.5 %  +0.1 % 

 3 - 5   900 - 1000  
 200    

0.01   Mitutoyo 
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 2 

  
   1  2  3

  ( ) 10 20 30
  ( ) 50 70 90

   2  (Rotation Speed)  3   10 20  
30   (Temperature)  3   50 70  90  

  3   3  
 10  

 
 6  0.3  

 

 
3   10 20  30   3   50 70  90  

   3

 3 

       ( )  
 ( ) ( ) ( )  1  2  3  

 10  2.7 0.60 0.52 0.31 0.48 0.15
 20 50 1.9 0.63 0.55* 0.32 0.50 0.16
 30  1.2 0.61* 0.53 0.33 0.49 0.14

 10  2.8 0.52 0.32 - 0.42 0.14
 20 70 1.8 0.53 0.33 - 0.43 0.14
 30  1.1 0.54* 0.34 - 0.44 0.14

 10  2.6 0.31 - - 0.31 0.00
 20 90 1.9 0.33 - - 0.33 0.00

 30  1.3 0.35 - - 0.35 0.00

  *    -  

  3   50   3  
 10    0.31  

   10   2 
 20  30   3  50  

 3  
 0.30 - 0.35  
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 3 
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 4 
  

 Source  DF  Adj SS Adj MS F-Value P-Value
 Model  8 0.123852 0.015481 174.17 0.000
   Linear  4 0.122415 0.030604 344.29 0.000
    Rotation speed (rpm) 2 0.002496 0.001248 14.04 0.000
    Temperature (oC) 2 0.119919 0.059959 674.54 0.000
   2-Way Interactions 4 0.001437 0.000359 4.04 0.016
    Rotation speed (rpm) *  4 0.001437 0.000359 4.04 0.016
 Temperature (oC) 
 Error   18 0.001600 0.000089  
 Total   26 0.125452   
   S = 0.0094281 R-Sq = 98.72 %  R-Sq(adj) = 98.16 %  R-sq(pred) = 97.13 %

  4   
 R2  98.72 %    

 (Controllable)      98.72 % 
 1.28 %    (Uncontrollable) 

  R2  70 %
     

  P-Value  0.05  
  P-Value  0.05 

  
 3  10   90  

 
  0.31  

  
 5

 5 

     
   ( ) ( ) ( )

   6.9 0.31 2
   3.6 0.34 12

  5  
 6.9   

3.6   2  
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  0.31  0.34   
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   4

 4 
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 2   5  

 
 6.9   0.2  

 3    
  

 97.77  
(Boonrawd et al., 2017)
  

 ( )  
 0.03  

    
   

 
 (Inkai and Tungmee, 2007; Madtharak et al., 2013; Inthrayut and Phurahong, 2016; 

Phopha et al., 2024)
  

 40    
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 1   4  
 27.6   1,104     

 
  
30,000   5   8,500   
12,720   4   4 %  
0.33 %   60   (P/F, i%, n)  0.8227
    
  0 = PW
   = -P +A(P/A, i%, n) + F(P/F, i%, n)
   = -30,000 + 12,737 (P/A, 0.33%, n) + 8,500 (P/F, 0.33%, 60)
  n  0  
  n  1 
   
  0 =  -30,000 + 12,737 (P/A, 0.33%, 4) + 8,500 (P/F, 0.33%, 60)
  0 =  -30,000 + 12,737 (0.9967) + 8,500 (0.8227)
  0   -10,312.08
  n  2 
    
  0 =  -30,000 + 12,737 (P/A, 0.33%, 5) + 8,500 (P/F, 0.33%, 60)
  0 = -30,000 + 12,737 (1.9901) + 8,500 (0.8227)
  0   2,340.85 
  PW   Interpolate  n = 1   n = 2 
  "n -1" /"2 -1"  = "0 - (-10,312.08)" /"2,340.85 - (-10,312.08)" 
    n   = 1.82 
  1  25 

  
    60  

 
  6

 6 

     
 1  5.00 1
 2  4.30 6
 3  4.50 4
 4  4.45 5
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    (Srirattanamongkol et al., 2020)
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