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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
densification, while porosity and water absorption significantly decreased due to the infiltration 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 findings confirm 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.
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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). Inefficient waste management practices have resulted in environmental pollution.
Additionally, there exists a lack of sufficient 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 significant 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 efficiency. 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 solidifies
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 specific 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 defining boundaries and designating specific areas to prevent water pooling. Nevertheless,
the cement industry significantly 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 miticate the volume of foam waste and decrease the reliance
on cement in paver manufacturing. If the development of foam-based interlocking pavers fulfills
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

fine 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 specific gravity of 2.49 was applied in aggregate. Sand was
transferred into a hot-air oven at 110 °C 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.).

. e

Figure 1  Mixed foam solution from 30 wt% foam waste in gasoline.
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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 (M,),
wet weight (M,,) and submerged weight (M) as follows (Equation (1) - (3)):

P:szoo% (2)
(M, — M)

_My-Mp

w x 100% (3)

D
Compressive strength refers to ability of the samples to withstand axial loads without failing
when subjected to compression. It is defined 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 specified 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 wt9%, 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
specifically 10 wt%, the adhesion between sand particles was noticeably weak (Figure 3(a)).
This insufficient 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 significant improvement in particle cohesion was observed. The enhanced
inter-particle bonding allowed the material to retain a well-defined 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 fluid, 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 significantly hindered sample removal. Given these observations, binder concentrations of 20,
30, and 40 wt% were identified 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.

ISSN 3027-6756 (Online)

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




RMUTI Journal Vol. 18, No. 2 (May - August 2025) .
<4
2>e261384 ;.

RMUTI Journal

otk s>

(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 insufficient 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 infiltrates the interstitial voids between particles. This suggests a well-distributed foam
network that enhances interparticle bonding and promotes densification, 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
fill the micro-pores, contributing to a denser, more compact structure. The improved contact and
cohesion at the microscopic level are expected to significantly enhance the material's mechanical
properties, such as compressive strength and resistance to water infiltration, 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 influence 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/cm’. At this concentration, the binder initiates bonding among sand particles, contributing to
a moderately compact structure. However, the extent of pore filling remains limited, and a significant
proportion of interstitial voids persists. An increase in foam binder content to 30 wt% resulted in a
notable improvement in densification, with the apparent density rising to 1.51 g/cm”. 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
efficient 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/cm’. This result may appear counterintuitive at first, given the
inherently low-density nature of foam; however, it implies that the binder extensively infiltrated
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
solidified structure if not properly cured. Therefore, the relationship between foam content and
densification is not merely linear but depends heavily on the microstructural balance between
binder infiltration and aggregate skeleton preservation. These findings 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 insufficient binder infiltration.
Both are key determinants of the degree of densification in the composite system. The reduction in
apparent porosity with increasing foam binder content can be primarily attributed to the enhanced
infiltration 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 fills micropores,
resulting in @ more compact and cohesive matrix. This microstructural refinement minimizes unfilled
spaces and significantly reduces the occurrence of open pores, thereby promoting improved
densification.

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 influenced 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 infiltrated the granular matrix, it effectively displaced
entrapped air and filled void regions, thereby limiting the ingress pathways for water. The depletion
of these voids through foam infiltration 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.

Apparent density (g/cm?)

20 30 40
Foam binder content (%wt)

Figure 5 Densification 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.

16.00 4
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20 30 40
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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 densification and enhanced microstructural cohesion resulting from more effective
binder distribution. The foam binder, acting as both a filling agent and an adhesive, promotes stronger
interfacial bonding between sand particles, reduces internal porosity, and improves load-transfer
efficiency 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, confirming their structural viability for
practical use in interlocking paver applications. In summary, the findings confirm 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
densification 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 findings 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.

30.00
25.00 A

20.00 A

Compressive Strength (MPa)

15.00 4
20 30 40

Foam binder content (%wt)

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 densification,
accompanied by a significant reduction in porosity and water absorption. This improvement is attributed
to the foam effectively filling 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, confirming the potential of foam waste as a viable alternative binder to cement in the

production of sustainable interlocking pavers.
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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 flood impact assessment case study:
The Rong Kueak Shrine, situated in Talat Noi, Samphanthawong District, Bangkok that had been
experiencing deterioration exacerbated by recurrent flooding. 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 flood data provided by the Bangkok Metropolitan Drainage Department, simulating flood 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 flood level of 0.1 m,
the damaged area encompassed 197.79 sgq.m. At 0.3 m., the damage expanded to 477.43 sg.m.
For flood 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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vl sasesiUszneuTasay ULy NIt MusT T Tine g sEnouddneuielild BIM Tienugnies
AsafivanIwaEnIuase wuhdeya BIM awnsaliswasiBunldnsuiiunieuanuduiusvesinguastoua
Fenaudnuay (Barazzetti et al, 2016) dwdunmsthinallaBawnuingandifsnUszgndlismiuamsnbu o
Aduiteuguty desnuadnwiiilétienuandon gndosgs suviweannatlumsinu Wy Wisuidloy
Anuusniresns¥riaUinasiuksrduiluniiossisnglaglimsssindertenawe saununiaiuiy
FaduiBmsteindifianugniesguardnsivaeudiinasnisyavuiuiariuiiuveanileaninngluilagdy
Wuidlsuiums¥eiaseemasildauiu Alivdnnsussinaranmeeniseiniaaine nireuuulnga
(Fix Wing) '§;u Wingtra One Ussuiawawuu Post Processing Kinematic (PPK) W%E]umgmmuqumwdw
oA asnavesnaisuiiuduanimesmsisinuinasluiuiishesns 3 fuil Uinueeveiniies
wiing wuhtinesiiseinldmsfemneiuiuensatulussiulify 8 wufes sanansnalilue
YefmfuneanBeniilifesnisauandongndesgunnld neussudanainmsinumaauisuasiiuiud
Ms¥eialundas Yuldneanndedu (Lokham et al, 2021)
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SnamAdeldsuiiufnyiiniunsussandlduiuiiaesansaumaenas (Building Information Modeling: BIM)
fidunszuunsteansaruaunsyian Tnensaseanudilesufuresimeny  lunssuiunisesnuuy
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asaumanAslunsiidunulazdentenzeinweins  Taeilinguszasdiiiednniondoyasians
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AenszUILNITeRNLULLazNSTeale Hretfinanudauluniseuuuuisaiiswazminnuaislignses
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niwzvsnugnndelulssmelve Tinawinmsdssdiuven 9 ﬁﬁwagﬂ] 2 \nauiAe LEED (Leadership
in Energy and Environmental Design) s?imi‘]uﬁaam%’uﬁﬂaﬂmnam%’gauﬁm wae TREES (Thai’s Rating of
Energy and Environmental Sustainability) si3einaminsuseiiumnudedumamdanuuasdunndalng
nan1tuIAslisnlng ‘smﬁ’qmiﬂizLﬁuwaﬂigm%umé’au (Environmental Impact Assessment: EIA)
dewAdymnssruiethidedraiuhiiuarliimhvhudduiui Tnensihuuusessensaumeoms BIM)
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nsAuInile Nsldn1se Microsoft Excel w3on1slalusunsuiamznis (SWMM, WinSLAMM, Autodesk
Storm and Sanitary) 91nMsAnYITeNUIMUUSIARsENsAUMADIANS (BIM) WuiAdesileiiranudly
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Sreshthaputra, 2020)
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Scanning) WeEviAa1IA (Point Cloud) WUUADIENTAUNADIATS 138 BIM (Building Information Modelling)
uazdTsUNTINTUsEendliaTesaunuawefaiid (3D Laser Scanning) (udu

2. myamsendngluiuilasnisdelilunisédwhumidisameuiasmsis feeiesiu
Fryay e ien GNSS Wagn157ia930UkaZ sy AU OMARTANINSIULAZ NSRS
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(3D Laser Scanning)

4. madrdeyaiildainnisiiudisenyssinanauasiinsideya  edmindunuudiass
AN5EUMABIAS %30 BIM (Building Information Modelling)

5. M3nageUMIUsEuNanIEVUveennieanteyaiuuiaeansaumaeas (BIM) vesmailsuien

6. asunan1sAn
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anudisy (GNSS) Ad¥ainnubonnd TagliRssetauuuain (Static Surveying) luSavaandngrun1asile
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warefidnefidun3n (Universal Transverse Mercator) Uuﬁwé’ﬂgmmﬂa WGS 84 (World Geodetic
System 1984) wagAszau (Elevation) ﬁuwﬁﬂgmé’wéamﬂﬁuaaizoﬁ’umLamuﬂaN (Mean Sea Level)
Tngnansinsesidoyaildwsd

23 yssoustudsmaiitinn1asu (Easting waz Northing) v8ayaensds lnediszezni
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A9 1 S19NTATUINNTOU

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 31500 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

A5199 2 SIENISANUIUSTAU

. Cumulative Differential Unadjusted . Adjusted
Station Distance Distance in elevation Elevation Correction Elevation
(M) (M)
(M) (M) (M) (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 480.06 m.

distance
Error 0.00015 m.
Allovable 8.314 mm.
Error
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msdsrafudeyadisaunuawesaniii nsdnuiueasidendnuazdeyanisnmenin
vinumailsafion sameusnuazmeluotesiiovan dielimsuianmenns dnwarguin sunswns 4
y03077s  Tnsnsnaaiesaunuaiwesaufiinsrassoviiuiivinumadlsuion  ielWlideyagniifin
audld (Point Clouds) wagnw@ladiouass (True Color) Hagudl 4

nsUszananadeyafinagaaudddielusunsy Riscan Pro audunisifensesiusiudoya
aunusanaTaiLe Whaeiu | (Register) Ima‘[,%%%mmzuﬂm,uu Finescanned Reflector lngldviyaniunu
Tufuiiideiounsiun 12 el og7au fiufl warl¥33 Multistation Adjustment (MSA) Tuudnauddly
prmseadilsaion waruinuiuiiuauiasdrin Sesnsiiiuisfesnuuumndmiuuidamnlufiudid
Fosrtaluntsiat aldnsduiniuiinves Point Cloud vesteyaaunuiinsiuiumisiidauiuoudy
81989 uazAInYdeyadumis Point Cloud mﬂsuauaal,mwmhmwwnmmmaﬂu len3dn
neutoyaiidnuariuinedetu andeyefidnaiuteysndnny 124 aft wnsaskaedBuhty 136 Al
”Lumimwaagammu Tnenadnsilldanmssaaslusunsunuirimumaaedeurinu 2.9 fadums

3. N3UsENIANATILALUUTIABIATAUWNARIATS (BIM)

dmdumsuszananadeyauuudiassansaumaenas axlideya Point Cloud ilsaind1sie
Tnglunsnwiidagldwenduas Autodesk Revit 2023 Fadulusunsudniunmisinusiutunisadis
LuuSaesansaumeeIs (BIM) wazidonUszavvesinuduguuuunuanilnenssy (Architecture) {33
wfmuanAsIUTEazBenUe UL AR saUmARIAS LOD Wiy 200 Buduesduszneuvesuuuinaes
Agnaraduuuuiily Taefivsinn vum 5Us19 dumds wasfiamauuudszana lunsasrauvudnaes
Tu Autodesk Revit 2023

ATUNTATINUUTNA0ETAUMNADIANT 2 UA lureandwls Autodesk Revit 2023 azuUa
msad1angu Elements oonifiu 3 ndumdn 9 il 1) Model Elements ussduszneuussinninganuiia
Wi Wi (Walls) wideing (Windows) Uszg) (Doors) ma3a (Roofs) wazkan (Column) 1Wusiu Ing Model
Elements sxfoeaireduariv omndnsasvstermsmadlsadonidnvasiians Lifisduvuwmilou
U915l 2) Datum Elements uasdusenovdmiuldlunisivunaninwindeusng q vedlusian
IngagUsznoudmedunuinin (Grids) Wuuensgiu (Levels) uagssunuenida (Reference Planes) s
uay 3) View - Specific Elements (ussAUsznouesingiiiudesuisuasingussiananaiia Tnsazuand
naiamelusanesd Elements H 1 gnldadlunazasliidemaruyuuesdy 9 wu Wiuenszey (Dimensions)
drydnwalusynaunuu (Tags) Lag 2D Detail Components LHu@w

WUUTIRRIETAUWARIA1S 3 TR ansauaninalavainvateyutes Wy Juviatienin sukuy
isometric vi3eanansndulnandoyalilu Autodesk Drive Faduilsdtuiaiuiifllusenliuag Autodesk Revit
Tngazuanwmateyauuusiaesasaunaemsfiissazdoansudiu filugluuu 3 §7 wuuwdauiiy
wUaue1A1s JUA warguinuang
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4. MIUTHEUNANTZNUYB@NNABINTaYALUUTIABIE1TEUNARIANT (BIM)

TuduroumsiangitoyanisUssifiunanssmuvesgnnifofiiatu  nomssusmadofidortes
Fun Foyathvinuds wansanmihvhussiuaugeaniu Smhodusuioms  wasdeyauuuiaesngs
Faay (DEM) filsdarnmsdimamaauuigiadssaunuaesauiifuardeyaseius9dsanvyniaseu
TuiiuillasanslaesimuaenuasBenidsiuil 0.1 x 0.1 wes MU 5 Wegnansznufionvasiniu dwsy
ﬂﬁiﬁﬂ@ﬁiuﬂ%ﬂﬁﬁiﬁaaxﬁwaaﬁzﬁuﬁwmwﬁ’qL‘f]u 5 361U A9 0.1 0.3 0.5 0.8 Uz 1 11AT MUAIAU lagseau
0.1 w3 snandeyavhardivhanssiu 03 wms snaneadtwnuddluiad® na. 2554 - 2564 s¥U 05 Wi
wandeyatvhndigeaniifnisdudin 1l we. 2550 vesuinumadlsuionuazseiu 08 way 1 wns
Duseduivniigitenianisaiimaiionnagided uieseidiuanudsmeiivivedsazidon
wardiengiunliunnudemeiionnfeiunuiwanssuiiiatuivesddsznevresormsmadilsuien
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JUN 5 wuudaesrnugaudaay (DEM) uinumadilsuien

5. MIUTLUIUIIAINAMNEENY

msﬂ'ﬁsmmﬁmfmﬂmwmﬁwwmnLLUUﬁi’ﬂaaq‘izé’ummgwmﬁwmuémﬁ’uLLUUﬁ‘ham
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simannsuodnats ¥ we. 2567 Tunismuiauszinasiavesmasisaienduiisinisussanasian
foaadosiuninidy  osmnmsusznamaesemsiunuanuazginimsUssnasmauteaiaily
Faiinszuaumsifinnududeutazunnsisainmsyszinanmdmsulassnsieaiienly  idesaineians
Tusaaanuilgauryadsefimans Aavs uazTausssy nsvurumsdsnandindesedodideimganzmg
uazteyaiiaziBoniieniulassaiafu Jan wavmadaildluedn danisimundunuvesaianany
919geninianyily

NANISAN®

PNMIANMIIRVUUTRDENIAUWMADIA1S (BIM) Meltesaunuawesauifieniseyinylusuaniu
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1. msUszananauuUinassEsaumAeIAns (BIM) andeyainiasaunuiawasanuiia
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UNANED

nuAeillEAnymeRnssuvessesetud L umAaun IS asUmel RSN uuUTaeans Wisuifey
sgwhssessemuenviavaslufl Cast in Place Beam-Column Joints (CCJ) fusessemuinaounindizagy
Precast Beam-Column Joints with Plate and Tube (PCPT) fliefiumdnnaesdviesiiughzma 100 x 50 mm
i 4.5 mm &M 300 mm BmelugesosUuuniunumadeutssnausne inAwaeuiniauun 150 x 150 mm
29 450 mm AMAMEBLALEYLIA 150 x 250 mm 87T 500 mm INYBULEIR 2 Fu aaeulagliusinseih
wuvadafiiuisfananamuazliussnszyhuuunamanslusasdusosas 40 60 uaz 80 YoaUsINTZIN
wuvaln MNA 10 - 5.0 Hz MnmsnaaeUNUNseYsaMUENABUNSA CCJ UazseeseAUEARUrIndE
PCPT anansniuusanszvhuuuadnld 22590 way 193.04 kN Mntunaaeumelfusnssyiuuunamans
wuisesronuaiisUuuunsuani fisluusfunsiluaudnsduiifistureoseuiuagisnsei
TnegasopunaounindISagy PCPT fimnuannsaduusnsyyiuuunamansisnsdiudosas 80 énd
reATmaAsunin CCJ Tnsanunsniuusansgyiiiaamd 5.0 Hz $1wau 200 sou ntuviinsaouifiey
nanmvegeuluioslfiRnisiunuuiasnludiodwuinuinseseauainounsn CCJ warIauRoAIULE
AourIRdISagU PCPT annsniuusansyyuuUafingeanlsl 234.86 way 205.90 kN Fslimumaaindieudntios
funaneaeuluiosUfiRmsiidevay 396 uas 666 INHAMIMIAGBUNUINMSERUMANNAeslugasiBRTLLEN
Aeunind1aguamnsathuniaunlunsifinuszansamliiugasedunssuusinssyiuvunanmans
Huszoznaereduannldauldfilaioutugareniuansinvaslui
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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 x 150 mm, height 450 mm) and rectangular beams (150 x 250 mm, length 500 mm on both sides
of the column). The PCPT joints incorporate a rectangular steel tube (100 x 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
o
UNUI

Hagtumsreainsormsneundniaiumanlnedlvgidulassaassuuauasianasluil - F938nsnoains
TugUuuudananliszesnailumsieainsreuinaunBnidmummiiananalussienisreatsUssnouy
nsneasaluszuuiinanseddusanududununn  fdlanudndulunisanszeznan  anmulianain
wazgURve Tnedansnsaeuauamnld Bnmsuitymiliuanuieniutuie mateasdasaiieinns
wuudideguannlsanurieneuenanuiinieains (Ahn et al, 2020; Kim, S., Hwang and Son, 2022) 1%
AuppunsIdNSIU lEnounmd sy ﬁumua’%mﬁwﬁagmﬂué’u (Thumrongvut et al., 2013; Kongkaew
et al, 2021) Fazmmnzg g‘di’NLLazgﬂLLUUﬁgmiaﬁLLﬁuaumﬂamu‘ﬁw?ﬂmfﬁauﬁﬂmamé’amaiuamuﬁfiaa%ﬁq
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selassadnandn Mol uimginssumessossousasUssnvdsmsmsinwnginssuvessossonau
MsUfulagarenuaaounind3agUinsaumandedos DB 10 mm aelugadeiinuen 1.5 wih
yosmNEnUsEAvBnareInIu (Hansapinyo et al, 2016) Wulnsismdniaumuumnenissfunans
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wuuwielftuetnsdany maasumindedesnglugededdimsfnuifufalasmsfafefuusuimdnmn
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PuaasunIndfaguiiiedneganyunanadin (Choi et al, 2013) wudnisAassunuimdnaslugade
fitdssuussosgadonntu 115 winflsufugareuuuvdslufisnisnsnsaiiuszesmausuilédosas 35
finsAnwmginssunsiuussnssiiuuipinmosarenumasunindiios  Tasmsfnsandnguid
nelugesie (Ketiyot, 2017) mansnageunuinmsdsumanuindagusiiidmnu 2 yanielugasedmaln
Amdsiuussiagegauesmhinnuuinamianddinnuenviidueudnussansuavesuiianmuinnin
Undu q uiiu 1.25 wih esnmsiiegavunanaiineonannviiia uenainiiinisfnuiiiuiy
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sUsuUgaRmUIEmABUNInAautien uinsAnwmgAnssuvesyasdeauareunind1Sagusionising
wEnsunssusiadabususumdnuiududiliduiumemas ouideddsddiuminsunssariaindu
i dindsuiufiAadanilugadessninsauiazianeunindisagiioAnwingfnssudunisiy
usansEIUUUNAMAnS FansvaaeusuuuLvessessoviaig 9 deswdinsmaaeuluesufinisiitelsl
A uaslianuiidefeusimavnaeuenaiifeisnarsldiiannsdivesTanydotunouvesnisufifnu
Brslwludedwuiadnfiunumiiotsnussgnduasieneidgmiing q Ssaglidneuuszneusie
ANUDIRILUIANALNUNANS 9 TasfanTandiaziofuud  ad1vaunisliulsaziofiuununUsznaudime i
liAnszuvaumsTILiionsaaeuyyiuvisie MiundinsussgndldiBnsinludiedundlunsnsageu
aruindedevesnsvagounndy  laewuiiwadildanuuuiiasssufidrlndidssiuinniunaaey
TuneaUfjUAnIs (Tejaswini et al,, 2015; Atichat et al., 2017; Ketiyot, 2017)

A5 UUN15IY

wva o

UFUUAER

_
€ oD

aniltdmiunmsideusznouse aounin weding wandunauiaFeu windunavin Yedes
WAAN WAL LmﬁﬂﬂéaqgﬂﬁLwﬁamﬁuﬁﬂLLazméﬂmﬂmmmmLﬁﬁu (gﬂﬁ 1(n) - (1) Ineruaniininaduluny
Wy unERfsigravnssilng (en) nadeunsurIRgUNSIgNUIAiTIeny 28 Tu Tnenagouidsiuussda
LALUSIRIYBIABUNTAAINIIATEIU ASTM C39 (2018) vedeuLesinsgUnsIgnuAATiony 5 u maunasgu
MIMMAewasig ASTM C109 (2021) UagmulInTgIUNIMIAIMERaIm IR ASTM C190 (1985)
WIANEUNANRISEYU RBY mm MAaauniyl 1Uan. 20-2559 (Thai Industrial Standard, 2016a) wanwdunay
Avfedey DB12 mm m1u wen. 24-2559 (Thai Industrial Standard, 2016b) widnuaumun 12 mm
VAABUAL 18N, 1479-2558 (Thai Industrial Standard, 2015) wdnnaesgUdmassiiudhaun (H x B) Wity
100 x 50 mm %W1 4.5 mm 4azRaNINVIIIAUYLIA 65 x 65 mm U1 5 mm A8 wen. 107-2561
(Thai Industrial Standard, 2018) MAAEUMAITULIIFURANNAIAISUBUAINLIATFIL ASTM A500 (2018)
Fanaiildannimeaevaenadestugmantinianafildimualiniumnsgiunde Susigraivnssulne

(18N.) IR 1 LATANTIN 2

o)
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(M) NAADUNNSITAUDIAS (4) NAABUMAIPNLBIANS  (2) NAFBUAIAIRIADUNITA
sUN 1 Januazinsesilenaaeu

A1390 1 ravindeunaLUAvNINaveunanduLasangUNT I

. J, o £, Sur E E*
Material

(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 a11 245 a70 400 210% 210

* AIRNNINTFIUNEAS TTRAIMNTTY

NAenTed 1 azildimsnasournaimsnaveandndulazimansunssaedlumidulun
wasgrlaewdndunauiadedes DB12 mm fiAnfdiiuusadsiignnsin (f) winfu 566 MPa uasenindy
fuussfaUseds (F) 662 MPa widnidunauviafiaFeu RB9 mm a1indsfunssdafigansin (,) denviniu
431 MPa Fimassunsaialsede (f) wiriu 662 MPa mﬂﬁwﬁav‘hmﬁwmaaw‘jmauiﬂ’ammamaﬂmﬁagﬂwam
wuiAldanmsmaaeuwmANLELIUT 12 mm (PL100 x 200 x 12 mm) widna1nuiiniu (L65 x 65 x 5 mm)
uazwdnndesdmasiiudn (TL00 x 500 x 20 x 4.5 mm) flA&duusisiignasin (f) wirfu 367 338
ey 411 MPa uarA1MasiuusefsUseds (f) wiriu 445 485 uay 470 MPa muaau Alugdatinngu (£)
filsnnsmeaeueglurisannnsgugnamnssulneivunly
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M99 2 HanAdeUAMALTRNIINAYRIABUNIALALLDIANS

U d E
Material fc ff ¢
(MPa) (MPa) (GPa)
Concrete 28, 28.99 2.61 25.31
Mortar 5, 37.75 2.00 28.88

Mawdnuasiasresnounsnuasuesisfililunisidonsstl damawnussdon 28 u (f) ves

(%

WwispaunIaMsIgnuIAAYINAY 28.99 MPa uazAftdsislsedeil 28 Fu (f) vesuwvisnounIANSINsTUDN

a o &

Wiy 261 MPa laguasssnlddmiumiusesseseninauaasuninduiasuiidmawaussden 5 Ju
(f) vewviaesiinsgnuirfviiy 37.75 MPa uazidsiuussiadseden 5 Tu () vowvimsausian
Wiy 2.00 MPa Alugdadinueu (£) vesnauninuazuasfmsmuinmy AC 318-19 (2019) Wulunu

AunIsi (1)

Ec=4700,f"c (1)

f29819YIAdDU

fegnammeaeuilugasomuaasuninasuminsiavasluiiuasmuianviinnouninaduiman
didagunthdnanamaendniavunm 150 x 150 mm g4 450 mm wthdneuamaesRunmng 150 x 250 mm
677 500 mm VUL 2 Fu FegnuaAeunIns I 6 Mg wiadu 2 Juuuy Tdud
g‘LJLL‘U‘Uﬁ 1 Cast in Place Beam-Column Joints (CCJ) L‘fJu’EULL‘U'Uﬂ’luLmﬂauﬁmLﬁ%mmﬁﬂﬂjﬁﬂwdﬂuﬁﬁﬂmi
@Suwmdn DB12 mm angluaudiuiu 5 1@y wiaduduans 3 @ anuuu 2 1dY Lazesuwan DB12 mm
meluansiuiy 4 @y wanUasniomualdi@umdn RBY mm Szegaing 65 mm Ay uer.1301/1302-61
(Hansapinyo et al, 2016; DPT Committee 1301/1302-61, 2020) niiumasundnmuanduduietu
ﬁagﬂ‘ﬁ 2(n) gﬂLLUUﬁ 2 Precast Beam-Column Joints with Plate and Tube (PCPT) 1duguiuuaiuia
pouninvindBaguvhnsidiumén DB12 mm melumusasiwiieufugiuuuslavasiul Tnefimaniady
Tuaunenesnanfuldrnmdndrneluan anduinisilandnnassdmasuiufauia 100 x 50 mm
W1 45 mm 8712 300 mm lupupeunIats 2 f1u masundaAulneiussszaInveUAIL 150 mm
FmsiteuBamsnnassiumdnainunfuawn 65 x 65 mm W 5.0 mm WeuRefumdnuruBinaeuiiuin
1A 100 x 200 mm %1 12 mm fiRassneluaneunin Mntunueiiitusesrosswitsauamiu
Fuieatusagui 2()

Tube 100450445 mm.
L= 150 mm. , 300 .

sodiniisevo

PL 12 mm/( 100 mm. x 200 mm. )

A inliimn

L 500mm. |, 150mm. |, 500mm. L |
/I /I /I /I 500mm. LISOmm. L 500mm. "
. AN 2-DB12mm. .
{ S - [
& RB9MM. @65mm. H e
«a s} 3-DB12mm. 30812mm.
A-A A-A
(n) gusuumIuLEn CCJ (v) gusuumIuLE PCPT

UM 2 JULUUIAsEAIULENABUNTA
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Bnmageu

ynsaadunueuariavdelufinageuaviaduagudaguil 20) - (@) ﬁ’um%wmaau
Universal Testing Machine 11101 500 kN Imammuwumawm 12 mm Ummmu‘um‘wammima
Lmﬂsvmmﬂmsmwmaa‘ummﬂummmﬂuummsmm Laser Instrument Sensor mmmummumaﬂmmm
$11u 4 0 uarindegUnaal LVDT fiusnamanarmesaeounindiievhnafuteyadmmmaindeusamy
wafs Ainke Strain Gauge meluminuasinaounimiftonsiaeuanuieionfiiaty SUT 300 - @) Nt
ynmadeulaglussnssyhuuuainfivsnaduurestumilasifiuusnasoidesiidns 2 mm/min
unsgisdunuAanATAllansafusnsgyiild fgui ) Welvinsuiatdgegaiiannauld
YadusagULUY Lﬁamwﬁﬂé’aqﬂqmmLwiasgﬂl,w‘uLLé’ﬁﬁ‘v‘iﬂmiaﬂ&gq?gmm%uimjﬁ”’q%mmmuLm%ﬁwéa
Tuil Q) uardudumuansiind$agy PCPT antunnaeutunilagliusnssyhuuunamansihimdn
wsenseiinsesar 40 60 uaz 80 suaqﬁfmﬁ'ﬂLLiaﬂizﬁﬁqnqﬂL,Luuaamﬁmm?{ 1.0 - 5.0 Hz 973U 200 s8U
Faguit 3(9)

[ L fATIc 63‘1 '

1 1 anv | TIAT: K“
(n) sUwUUMIARASTUY () WAAINTITAAFITUIU

100.00 - T / 100.00 mmmmmmmm T TTT ‘i

=7 o e

0 // 80.00

70.00 ! 70.00 :
§ o000 — 8 w00
?E 50.00 ! ; — x'gg 5000 T : === —
3 000 ! t | E oo EEEEEHE

30.00 : : * 3000 JHHH |

2000 —— S ees 2000 J{fiHAHAHHAIE it

1000 = 1000 HHHHTY 1 ‘=,5 j

0.00 e 000 EEEEEEEE | B .Cyc.le (n.)

(A) sUBUUUSINSEYILUUEDR () JUBUUSINTEYIUUUNGATENS

v
a o

Ui 3 suuuumsindauasnsliusanseyhiuihegemadoy
NaN1sNAdauLazanUs1eana

WHANTIUNTFULTIVRRAraAUEINE AL INTETILUUERA

UM 4 uanaunun eI nududsE e slissnssiuuaisTiuUuveanusE s sUB LN
ffananaian MnuNuAINUIareR U AsuNIRTngAnssuMsTuLsInszihutady 2 9 Taglugiausn
noAnssluuuBady (Linear) qosotia 2 sUkuufinuansalunsiussanssyinfuanisiu wavessegng
CCJ dMdssuusenseingagauiniu 225.90 kN feee PCPT fimassuusinsevigeaaviniu 193.04 kN
Fetentihetnwnuey 1454 % TintudedhdlutsiiremginssunuuliBudu (Nonlinear) fhoghmngau
CO fanuannsalunisfuusanseiiney 9 anad mmiLLéuéhﬁam?ﬁﬂmumﬁmLﬁmsﬁuﬁawﬁﬂmﬁﬂ’a
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GD’EJEJ’NVW]E‘IE]U PCPT LNEJR]G]G]E]?ULlﬁﬂﬂiuﬁmﬂﬂﬂﬂ’ﬁﬂﬁﬂ ‘\]G]GIE]&JF]’]@\‘I?ULL?Qﬂiu‘l/ﬂa@a\‘iLaﬂ‘LJE]EJLLmJﬂ’]ﬂ']‘iLLEJuWJ
LW@J‘U‘UW@LU@QQWﬂ 7 mm lUauie 9.55 mm ﬁlﬁﬂ‘u‘uq}ﬂmaLLEJ‘L!G]’JLWM‘UULLUUWUWWHI@?]’]ﬂﬂ'ﬁ’J‘UWUENL‘Viaﬂﬂa@ﬂ
roeNNNWANLELMETUEN ‘UQL‘UUﬂ’]i’]‘UG}‘D"IﬂiaEJL‘U@Miu‘wﬂﬂL‘ViaﬂLLNUV]L“U’?JMEI@ﬂUL%ﬁﬂﬂa@ﬂ‘u’]fﬂa@ﬂ%’mﬂu

250 +
225
200
2175
<150
S 125
[}
%100
75
50 -
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Middle Column Displacement (mm)

225.90kN

SSama
N

~So

[ 193.04kN |

--=-CCJ
——PCPT

JUN 4 anuduiusseninausinseyiiuszeen1sue s

ANWULNTIUAYDIARDATULEIABUNTA

(v) IAfioATULEN PCPT
JUN 5 dnvaugmsiviveadeaiuansunsnneliusanseiuuuada

U 5 uamsdnuwaizmsitAtarsULuuNsUANE aademulmaeuninviavastuil CCJ Mg
e UEIAnTossnluLLIAWLIUsEINM 15 83m Tlusenseyh 60 kN Tapsei1vnanneuiayszan
5 cm uagilewem 15 cm wdnfsminusIngziauds 50 % vesusinIzTgeEanuiisesLiudy
nveuEuiuueszinm 45 aen Tinveualugqasesiui 2 fu wasithvinusnssi 70 - 80 %
yosusensEvhaansesiniinsUiuanednadnmuiivinagasesiulas US A UULIIAILIINNSEALAN
yosmgRnsaumsuussdavasaounin  Tnsqeronuamaouniniavaslufiamnsafuiminusanseyingeaeld
22590 kN qesonTuaAouniddagy PCPT Wavhnslihutinusnsgyiluia 40 kN qareBufisesunnim
yosmpuninidunwifsiivinavouanounin niudlerinisifiudatinusnseyilud 35 - 50 %
YBILTINTLYINGIGANUABUNIAUIIUAUNAGBUNINANUUITEEFABYBULAUSEIN 10 cm 588UAN3 17
dunueuuazuundsdasdfiansludmansessu uasdofumiminusinsevinluauds 75 - 85 %
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wusEBUANSTIRBUNIARLTWIINTaUIET 15 cm Huuumueam 45 ssmlufigasasiuasidioiiy
thytinusanseyluauirith andenmuaannsotusnszyingaald 193.40 kN Tasmdnndesfidendiousy
serhasiumdnneluenuaeendadunsitinnsesdenssnamdnusiuiidesBafuminndesnmeenandiu
neANIIUNTTTULTvRRAdamuEINEldLsInSTIuUUNaATEnS
Lﬁ'amwﬁwé’ﬁumﬂmzﬁﬂqaqmaqLwiazfgwiaLLé’amﬂﬁ?uﬁwmwmau‘lmlﬁmqﬂsz‘v'h
wuuwamARSTIANE 1.0 - 5.0 Hz Triwmiinussnssvhdnaudonay 40 60 uaw 80 VRIMNATULTINTINESER
Frunusounsliusinszyi 200 e ileAnwmgAnssuvesgerelusnuvesnNUdITUS ST T UM ILE SN
fudnuseutayeuinsliusinsyiin sufisdnvasmitiveseasie dagui 6n) - (9

CCJ 80% 3

50 6
4
= ol 3 , , :
g 19 50 100 150 200 [P S S S N NS S N S
T 24 1 Hz (y=-0.0112x-5.4132| |3 Hz (y=-0.0025x-8.263 . S ] O] S O LA CO] R 1 :
S 231 R’=0.188) R? = 0.0096) g_é s ple 2ls ol ofe o18 218 fle oS et ¢
3. LA NSNS
g = [erz 6=0.0037x7.5372] - [a iz y-—0.0042xc8.7837 2 NI G N NN GGG G TH
- ! 3) R? = 0.0243) S TNEING ” ﬁ ﬁ‘ o “ TN ﬁ 2 5 i
g s 1 Hz 5 h i W WY
COEVALY VY4 VAR AL S
_g 77; 2Hz § 9 NMIDYIDYAEVIE VIR Y |“v r K A ==<4H]
g o PR AR ARV ARY ARV AR ARV ARV ARV ARY
% 91 Z (LR U \J Viviv]ivw]|wv ‘\,
5 1% aH 11
= 15 4 z
-12 12
Cycle (n) Cycle (n)
! ]
(n) gaeeAIULET CCJ (v) v8189an0AIULET CCJ
PCPT 80% 3
50 60
0 -35 4
E 4)_"? 0 100 150 200 B
é 15 J1Hz y—00049x 49939 3 Hz (y=-0.0006x-5.9969 5 Hz (y=-0.0002x-6.3136 .
= 2 R’ - 0.0403) R’ = 0.0005) R’ = 6£-05) g4s
£ 2 4sz 0,000 6.1516 1 Hz ;% 5
8 - = 0.0003) 5 o5
) — 2Hz R
& 8
= $a:
5 E 3 Hg B8-65
k?) . 4 Hz .
B ' [PEEEESISEE SR, | 5 Hz 75 +
= 8
Cycle (n) i
! ]
(A) IanaAIULET PCPT (1) venuganoAIULET PCPT

UM 6 AuduiussenIneseeM e uiInuITLIUTEULAEAUANT RSN TSI

nmaveaeuileliusanseyhuuunamansTtutnusnsshdnsainiosar 80 vesAuAILT
Sudhwiingaanaadien 2 JuuvudAnsuBuuistumuswuseuTesnslusInsshuae el
Tneggasio CCJ Midusegumunuileliiminusnsgyiiianud 1.0 Hz nuingededinisususufintuna
FuausevveusInsyyinniian WewSsudisuiuludisauiusinsgyidl 2.0 - 4.0 Hz uazgasio CCJ
annsafuminnsshiidnsdiutesay 80 AruAksinszyin 4 Hz S1uau 200 SeU qasie PCPT wudn
ansnfuusnszyhiisasdnesar 80 LiAign annsafumnuiusenseih 5.0 Hz Taganuduiudues
msususiderSsuifisuiuanud 1.0 Hz ﬁ;msiaﬁﬂ"]msLLa'uéT'JLﬁ'w‘ﬁmﬁﬂﬁaammﬁ?wmusammLLsaﬂizﬁfl
wagfiamad 20 - 5.0 Hz Snsusuiilndifestudiosnmaduminndesmeluiliasedinumilo et

ANEAEN15IUAYD9YARBATULEIABUNIANE TALIINIEVINLUUNAATHAS

SUR 7(n) uansdnvarmsITRkazsULuUNSUIANE Y esenmuanyiavaeluil CCJ SisUuuumsuanim
Wuwumussiu 45 ssmanveuialudnesesty Tassesdmiausuusanndudofiuaudves
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usaNTEIi 4.0 Hz ARUR3RUINgATEsUIARNsUTUAnIde BB 19guLsdliaansaiinaAsnsevinle
wremuapeunInd3agU PCPT WaifiuAnuiusensshlufl 50 Hz qasieamnsaduusansyvildnubu
lidfienuidsmefisiuainauiusnss 1.0 2.0 3.0 4.0 Hz Tasguuuunsuand1find uduuuiis
U3nasesseTeIATULATTB U@ ANEUNUToE LT U N UL UL UL IMLeslUSgaseasy
Imiaa%ﬁaé’ﬂzjLﬁﬂmmLﬁww%y’uqumq@m@iaé’qmmia%ﬁfmﬁﬂLLsaﬂiszﬂLﬁvaﬁ Faguit 7(v)

(v) YARBAUEN PCPT
JUN 7 dnvaugmiviveadeauansunianeliusinsyinuuunamans

(%

nsnsyteAUesenelugaRanIL-aAeuUNIe

SG3 G5
SGIL SGIR
: 565 l ‘ £ PGSR sGaL  SGaL GIR  SG3R
JITHTHE THITT IR T
“ /_— = = - s R -
sGzL SGClL‘ ,@, SGClR—\GZR scil sG2l SGCIL SGCIR SGZR SGIR
sGh
[100mm.|, [soomm,, 100mm. il
i £ ﬂL /||/ WBOO /ll/
(n) 9AriaAULEN CCJ (¥) 9ArioATULEN PCPT

JUN 8 dunlafinfs Strain Gauge

mnmnageuldvhmsiinkn Strain Gauge Bimelumdnidduasineuninfievhnsdinymginss
youndniadunaraounInluvnziuusnssuuUaRaLazusINsTs ULIamans TassuntsnisAngg
Faguit 8 - ()

gﬂﬁ 9(n) - (V) W‘UdﬂwqﬁﬂiﬁummLﬂ‘%ﬂﬂsuaamﬁﬂLa%maqwiaﬂmmmm‘%mﬁwdﬂuﬁ ca
SeFuusnsevhuuuaianuhmeinssuvesminidiundnduwesemusuvinninveua 10 cm AR IN
wﬁamﬂﬁ?uL%’ﬂajamazvl,ajlﬂm%ﬂLé’uﬁaugmammmﬂauﬂ%mLﬁﬂmﬁﬁ’a semuEnAeunsnvdndusagy
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pCPT  ifielthimdnusanssshmuiumdnndesinuneluafaennuasdndanmybifudadutoudn
mtRvewade fidlerhnsvaseulngliusnssiuuunamansiinnud 4.0 50 Hz wuimgfnssuves
widniasudseglutiamginssudadudslifisgaasn Tnegasie CCJ wudnmdnasuiianuaseauinningane
PCPT 53U 9(@) - ()

7.00 T 8.00

6.00 7.00 —==5
= 500 ~ 600 = T
£ £ 500 I
& 900 £ 200 P O i
£ 300 £ P
E 555 £ 300 P i e e i e
. 200 ot
= £ - & B e —— N
§ 100 g 100 I M P S . [ \ei:o
& 000 3 000 e e P L (e
1.00 J { : s -1.00 e R
2,00 I SGal| -2.00
050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 0 75 150 225 300 375 450 525 600 675 750 825 900 975
Times (s) Times (s)
[ SG1 = = 562 ----563 ——SGd(Fal) — -SG5 ----SGC1 | [ SGL -=--562 — -SG3 - =G4 — - SG5 —--SGC1 |
a 1 a al 1 a
(n) ﬂ??MLﬂiﬁJﬂﬂﬂﬁlsLu@ﬂ@@ CCJ wh33da6 (@) ﬂ’J’]ﬂJLﬂ‘iﬁJﬂﬂWEﬂu%}@mE} PCPT w33@86
4.00 150
3.00 1.00
E E
£ 2.00 £ 050
1.00
£ £ o0
2 000 2
£ 100 4 § 050
& &a
-2.00 -1.00 ‘
-3.00 -150
20 30 40 50 60 70 20 30 40 50 60
Times (s) Times (s)
[---- 561 o SG2 eneme SG3 —enemn 64 ——5G5 —— SGC1(Fal) | [ —sciFai) 562 ——5G3 ——SG4 - 565 —— SGC1 |
a 1 s a U L4
(@) mmmsa@mqumma CCJ w3namIang () ﬂ’J']lILﬂiEJﬂﬂ']EJI‘LJQ@W@ PCPT L33na1ang

JUN 9 ununmwansnaeseaneluafenLLEIABUNTA

nanswSeuiisunuudraasinludiedwud

fregregarea 2 sUuuurhnIsTaenarafesndeuislnludiedundlaglusunsy ABAQUS
(Dassault Systemes Simulia Corp, 2014) fuuaulineduusinounsn wianuuwasmanguainituaiin C3D8R
Avunvdaedwuimanasudurila T3D2 (Atichat et al,, 2017) uazfivuavdaedwudwannaesdu
¥l SAA fnunnsBamieaseninaviniaiuwazaeundainualiiduuuy Embedded Region fmun
nMsBawilerseninandnndeauazasuninduiuy Tie AuunvoulnsEninsneunInIBLUUINTEIIY
LU Interaction (Atichat et al., 2017) MnTurMsuULeAusuiard udrueonduruin 20 - 30 mm
Fasuit 10(n) - (9

(n) sUnuuLeGLILg C3D8R (9) JULUULDRIIUA T3D2
JUT 10 vilaedudvesiuudnaasadenuLEIABuNTn
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(A) JULUULEELILA SAA (1) sUuuuLedlaug C3D8R
JUN 10 ¥llaedluAveILUUTIABIARDAUAIADUNSA ()

nansaszinuutaasliludieduudiunanageuluiesujianis

MmamsAsziuUiaesiiludedud remumasuniaviandoluil CCJ Tfdsuusenszsh
asaai 234.86 kN \flewFeuiisuiunanaaeuluiiesufinisiidvitiu 22590 kN Tagdineuain
wuudaesdimanimavegeuluiesljuinisludnsdniosas 3.96 {asermuanounsisindusagy PCPT
fifdssuusenszringeanil 205.90 kN illeFeuiisuiunanaaeuluriesufjinisdiavitdy 193.04 kN
SU 11(n) FeuarnuuuaesdimasinanaaeuluiesufiRnisludnadulesas 6.66 nafléiia 2 JUuuy
ThdssuusenseihseniwuuinessiunavaaeuluresufuRnsindlAesiu (Tejaswini and Rama Raju, 2015;
Atichat et al, 2017) unnsnafudndeslutimginssunisususiluraziuusenserindaguil11) - (a)
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Abstract

This research aims to study the preparation of fruit packaging made from sugarcane leaf fibers and
asparagus residue for packaging Nam Dok Mai mangoes. It examines different ratios of sugarcane
leaf fibers and asparagus residue. The sugarcane leaf fibers were prepared using 10 % w/v sodium
hydroxide at a temperature of 80 - 90 °C for 2 hours. The fibers 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 °C for 24 hours to obtain asparagus residue powder. The functional groups of the bleached
sugarcane leaf fibers were analyzed using FTIR to confirm the presence of cellulose. Next, prepare
the ratio for molding fruit packaging from sugarcane leaf fibers to asparagus powder, including 0:30
(SOA30), 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 fiber 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

fibers can be used for packaging Nam Dok Mai mangoes and other related applications.

Keywords: Fruit Packaging; Sugarcane Leaf Fibers; Residue Asparagus; Degradation
o
Unun
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Anszinaanianiuai

vinsinsvivyfladdulagnsavaouiondnualveanyileidu deindesiiaszvmada FTIR
Spectrometer (Perkin Elmer, USA) lagld Attenuated Total Reflectance (ATR) frnaavaaulunMs A1z
Wiy 4,000 - 400 cm*

AnseianauUAning

MsAnEnaNtEnenameIAIesiaTERdN v odula (Texture Analyzer) (TAXT.plus, U.S.A)
dunpaeuNsiuuLsIng thiegndildluneaay Tngliiauuuwsiuwun (Flat Plate Compression Test)
SPEYNINASOLAY 75 YIATINGWNREN YmMsnadeuTILIY 3 4 (Schmidt and Laurindo, 2010; Bos et al,
2002) MAFBUNSFLTILLSAY Fntunulitiiug 2 x 2 wuiues Srsduar 3 Tw) 1% HDP/CFS
wag HDP/90 Heavy Duty Platform syeglunisvadeu 8 Jaamns mmL%’gﬁumLﬁuﬁm?{auﬁaagﬂéﬁgﬂfﬁhﬁﬁ
10 fedums/and vhmsaomn 3 91 (Hu et al, 2021; Theamdee et al, 2024) MAgUMSIUTTULS LY
tsheenfildlunaaeu 149hia HOP/BS Blade Set ANNISIVBITING (Cross- Head Speed) ) g lunsneaay
mmmhm 10 fedwnsdeiund wazszeriinnasinets 6 fadwnsvhnisinaan 3 81 (Herrera-Franco
and Valadez-Gonzalez, 2004)

Anwnansinstovaany

ms‘mmaa‘uam'}miaaaamEJmLuumﬂmamﬁ‘éﬂmaﬁlumul,wmw (Simple Soil Burial Test) Wiedhaes
ASYUIUMIEUAANERUETILIR FnTunuawin 4 x 4 wuRung Fahmintununeunsnageu (W,)
Fununnsnsdugniiaduiuiiu vssgiuadufanizsiuun 80 x 48 x 50 wuRiuns waskleduaulis
AuAnUszana 10 wufnes Wunan 3 deu nalilufisy ﬁﬁqmmrﬁméaﬂ%mm 3242 °C PTG
Yovar 80 warvlifinissain wdwwinAsunamadeu ﬁaaﬂﬂqﬁgﬂﬁmaugﬂﬁﬁmmwﬁuaaﬂmﬂﬁuﬁ’a
nduihluevuisiigumgli 60 °C uniidedisiimiinesd SufinmaAsuuasimindua (W)
TufinHanIMAaBILAL AN DL A8 YRIT U FaaunsT (4) (Yussuf et al,, 2010)

Sewayn1syauaany :MXIOO (4)

N15ATIANANIIEDA
AATETeYan19aliAfIEN1TIATIEIANNLUTUTIU (ANOVA) uazluSeuliisuAman1eniels
Duncan’s Multiple Range Test #15¢AUAMNTDIU 95 % (p<0.05) Iaelslusunsu SPSS® Version 12

(SPSS Inc., an3gawsni)
NANISIRYBATNITISUIYNE

dnwazmenenmyssussaiasinaldiiminaniduleludesuasninmis g5

Mnnsinwussyiusiandileludeuaznmmislibismndandn wuhusseiusinalifvihan
Guleludosuazninmisliiudsdnaiu S0A30 uay S10A20 (3Uil 4(n) - () Sdnuvasduiivdestina
\Anandueaninnielsiigs fvgusey WU uanuassy UsTYteiNalSRdI S20A10 (SUT 4()
fdnunugindou Seumunannty whuss lduanuarlisshe wasussausialiidnedn S30A0 U 4()
fidnwagAivgvszdos wls Aoud1UININNIINERTIEIN  INENUULNINIBANVDIUTTYA ausinald]l
defuinanduleludosnntuilifiamumuuasdfumniy  desnduleludesndinnnisend
fdnwazdulofiiudun Uil 1) aenndesiunuideves Mbise et al. (2021)
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(1) SOA30 (V) S10A20 (m) S20A10 (1) S30A0
JUN 4 dnwasussadunidmsvasiinhnenldanndulelugesuasninvielinssngnadiusing 1

9517 2 wanmanI Tz aEnTRTInn mesuTTSusidmiuszaasimenlian
Lé’uslsﬂué’asL,Lawmmﬁalﬁcl%"qﬁé“mwﬁawm 7 2INNSANYINUIIAIAIUNUIVEIUTI T E lu
2.11 - 323 mm ﬁmummmummeuasmwuaa’mmwmam (p<0.05) muamwmwmmLauiﬁiuaaﬂmuﬂﬂ%u
mammnwmwaﬂa mimmmm Yovavnisavarsun waviesay mmm%mwmu memmimmmm
Mnsazaeth LLaummi@mwmﬂmuuLLqumamaﬂL@J@Uimmamwmmaﬂuaaammu Lummﬂmaqiaa
Jussruszneumdnmaniiveadulaludes ?z'iaLeuaaiaammsna%ﬁﬂmm%ﬁmﬁﬂaamzmﬁﬂ%ﬁwé’mu%mzﬁﬂ
mﬂwamuvmaﬂmaqL%aa‘laaavawmlmmﬂ (Medronho et al.,, 2012) ﬁﬂﬁﬂ'ﬂmim@%mﬁﬂ Amsaraneii
LLaymm'ﬁmmumm%uamaqLuaﬂ'ﬁmmaﬂﬂuaamwmu AOAAADINUIIUITBVDY Kiangkoo et al. (2017)
mmsﬂﬂmmsmamLLmuﬂumflmaumﬂmwaammamaﬂamuaaa Wm']mmmﬂawmwsa@m%uuﬂlmawaﬂm
Gllsruden iesnwaglaasssuriluduleviudesiimumie aduraduddagaduilddosn

A9 2 auUAnanenmvesussyiaeinalianduleludesuasninmisldnsangnsdiusing q

A AUKRUN ﬂﬂi@ﬂ%uﬁﬂ ﬂ’]iaza’]ﬂﬁﬂ msgﬂ%’ummsﬁu
(mm) (%) (%) (%)
SO0A30 2.11+0.01° 391.67+17.61° 26.11+2.73° 32.70+1.10°
S10A20 2.26+0.03° 322.73+25.31° 14.68+2.41° 18.60+0.43¢
S20A10 2.37+0.02° 257.504+26.88" 11.66+1.30° 12.28+0.87°
S30A0 3.23+0.03° 171.41+47 54° 5.40+1.77° 9.29+0.97°

wnewmn ;S = wulgludes A = mamieliingy, Anade + dudesuuinnsgu

ab,cd 2N

FIONYT funnsnsfuianuuandnaiuessdifodfyn1eadn (p<0.05)

U 5 masfinwmgilsiduveadilonnmiolsils ulelusesreunend wazidilsludosndseond
frawndes FTIR nuidnvarawnaduvenduleninvueliiwanduleludesnourendnudyaioiavndy
Fidumis 3,285 cm uanamy O-H Stretching dyanaiauaauiisumia 2,917 cm* uansuy C-H Stretching
Fuanavadudidumia 1,030 cm® wanavy C-OH veuwaglad Fuanavadudidunis 1654 cm®
wamany C=O veusfiwaglaa waznudyganauaduidiumis 1249 cm® uamamy C-O-C vosaniu
Pnduanasuduleludesndmenddyyrnvewiuniusiivaglaauasiniuanas FaudunisBusuin
nswendduleludesiinasenisiiegveasiiwaglaauarfnilu @ennnesiuawidy Maduang et al. (2018)
ezmmsuaaﬁuaaLa’mLﬁ?jaaiaauuwﬂwLauiﬂuﬂawulqmaﬂmmum m"l,w,aﬂam%uma mum'ﬁmaaﬁumaﬂuuuu
fvoddniunusssuvndniidimaduioh mﬂmamm%mlmmaﬂaﬂmmsm:u
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mnvualiing

wulelusesnouviend

%Transmittance

wulelusesndaiend

4000 3500 3000 2500 2000 1500 1000 550
Wavenumbers (cm™)

Ul 5 awnn3u FTIR veadule

3NAN5199 3 wanaNan1TIR e anUANanaveussyiueinalianduleludeswazninmioldia
HNTIEIULANFAAY WUIIAINITATUNIULTING ATAUATUNIULSHANE  BAZAIAIIUATUNIULSHROUVDS

e ).

v‘imﬁwﬁﬁ]uama’%mwﬁﬂhaLﬁummLLSTNLmLLasmmmumuﬁuaﬁaq (Soison and Pratumshat, 2017) 8nw4
A0AARDINUIUITLVDS

USRI eINA lIEANNUINNINTY AINTN 2 dwaliaudfdnavesianuinauy

Kawsuk and Somjai (2022) vinnsfnenauitfvesnszawainildonuieinauudentnlng Weliuusunu
dulewdantmlnavinlvaudfiwenandy  Wesanduleildandiinadlaudf lun1siiuanumnieiway

MegadlAiudy (p<0.05) WeUTinanduleludesunniu iesnivsinuwaglaanelusiuduleludey

wulendeliifivualug v wazen mswauuduloiidostuivautRidnaldfuintu

M15199 3 antAnenavesussydaeinalianduleludesuasninuislikSangnsidiusng 9

, AUAIUNIUKTING AMUATUNIULTIDNG AUATUNIUKTILR DY
0819 , , )
(N/m?) (N/m?) (N/m?)
SOA30 34.83+1.34¢ 3.25+0.53° 161.50+3.77°
S10A20 46.56+1.46° 13.28+2.07° 172.94+5.93°
S20A10 53.18+2.01° 19.39+2.62° 232.01+4.03°
S30A0 60.56+2.25° 23.29+2.56° 272.40+6.24°

e« S = @uleludes A = nnvilaldilsy, Aade + dnulvauuinsgu

abcdd o o

FONYT AwpnaneAudauLanAeAueELTud AN 9Ens (p<0.05)

ISSN 3027-6756 (Online)

50

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)



RMUTI Journal Vol. 18, No. 2 (May - August 2025)
22 e260996

RMUTI Journal

M19199 4 nsgesaaneveuTIiaeinalinnduleludesuasnmnmieliNSNgnsdILea 9

ANWUSNINITATI NS89y
A0819 szezinan (hauw) dane
0 1 2 3 (%)

SOA30 28.84
S10A20 25.72
S20A10 6.36

S30A0 1.57

MNNMsANSRTINssesamevesusTyAusinalifiviianiduleludesuaznnviielsiSsisnsam
funnsaty Tasfunuiiouin 4 x 4 wuiiues gilluudusseznm 3 Weu Tasfinnsanmsdesaany
f\nﬂﬂ'ﬂmiamLﬁaﬁﬂwﬁﬂLaﬁamaq%uﬂﬂu ‘TjQLLaﬂﬂﬁQM’]SNﬁ 4 ‘W‘U’jﬁaaazms&iaaaawaﬂiumq 1.57 - 28.84
mmsf\mmmmalmmﬁmu SOA30 mmiaaaamsmﬂmam ($ovaz 28.84) \dpsanAnumveIUTIITUS!
naldfiitios TauiRdenatiosuararuaiiosrorudush ﬁmLﬂmmiaasaawmammwasnmaal,ﬂuﬂasﬂ,ﬂ
Selammdnnnnartuwasyaunisitedluiu dmalitunudos q amefuduiubn q uideiiy
Usinauduleludersnntu Sevarnsdenamediranasdsdianunuesussyfaeinalifiunn Saui@idnaun
LLazﬁmmLaﬁasm'amm?guﬁgjﬂﬂdﬁﬂﬁﬂﬁlﬁﬁmisjaaaawlﬁ%ﬂﬁqﬂ (Wang et al., 2020; Liu et al., 2022)

Anwniseanuuuuazairesfunuuussaiusiuziasthaenlinnidulslugasuazninmmioldings

et lasT v tuIsAESITId WU vnealumsasiuuuussytrials
fio Snmdudileludos 20 nfu deramnmisliigs 10 ndu Tneussyfasiiievaiiaue magaduh
nsagaen warnsgaduAId dauanutsalun1sFuLLEINg FLULSIATY AUy
usadeuldd Bnvanunsngesamenmatnamld fuhdnmduludes 20 n dersmnuusling 10 nu
(S20A10) gnasuiwnzauiaslumsviussgdue uiillenSouiisuiusnadndudes 30 nfusenanin
violii$s 0 n$u (530A0) BeflmuaniARninvesdmndiu S20A10 wishsidwludes 30 n3u ieseeafen
vilussgsnaiilafidedudadiuds vt weevuannAuly dwaldidansuai uandeussnududiu
vosusTyfasidndeiuiainderissswidunu fidu S20a10 Fedsnadudndifvansaudian Tl
AnuanRavlusuAATRLAALALY SiResgUTIUTIYe Smnsaudmiusnadeuuuuusasie
uzshainenldl Taevhluiunzahaheenlifvnauasdudnundsiululusgfumeiusuazaninunden
Tun1sugn fsfunsesnuuuussafasidesdavegudevuaiivarnvany wu nmsldmvussydasinalifivie
MnnsdaveudmsuLzhaheenlififuatsnusstsifoannsuiuneluusatoe Jestuusanszunn
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annsalaeheenlifiaviuannsduialaenseiinalll uazussyfaeinaldilulnsivdundon dedfiuyan
wazas1agavelviiuaua dagui 6

JUN 6 ussadnauzindwenldiuwuuniduleludesuazninmialde
dyunan1Inaass

AR MRS uLzhaheeninmnduleludesuasmnuisliktte Teefnunshsdiu
vouduleludosuazninmislsfisafiunnseiy nuinanmsnwandnisenm maed wagvnana
Sandwivnzanigalunmanienussgie fe sandwseninaduleludes 20 n3u denaninymioliiis
10 Ny (520A10) \ilesndiegaanifinienienn nduagynanalaesaumanzauiian 1iun vssqdusi
fifnSevasiiane frn1sgadud Anisazanedn wazAnsgaduaTsuRoudisi daunnuansg
Tumsdumuusang fumuusaag waedumuisadeuldd ddudamdiu s20a10 Ssaadudadan
fimnzauiiagn TnelimuaunaviluduanantRuasanuaiysaiesgUieussafas  nanisdnymygiladiu
fewses FTIR iWieBudunsiegueswaglasuaznsanasonsiivaglaauasaniuveaduleluseendemnisrend
warINNIsAnYISeravn1stosaaelauMsileiy nuitsevarnisdesaaneiiin 6.36 lusseziian 3 eu
afiarunzaulumstusuiduussydasiuasanuneniluussendldtunaliould. Snisdshefugamliity
Tanwdeld ananudemiesenitanisvuds annsldaisinivisondndueisinung anuaien1eenia
NN TanSes JedmanrelsugRivlazdsnadenvesUszime

darauauuglumsiaunnuidelusuian

- esinwaudulldlunsiussydasinduntds ssfamsfnmauansolunmsiaiEes
Fourturetussging evszliuiwautuiiaunsadeuwiulflaglivhldussysusidenes

- Anvifududssninmesussfasilunstreemauhidevesehainenls Weusuiu
anuwizadlun1siinuaisnunsBaogmsiiuinenands

AnRNssuUsznA

MAFpilaTusulsEaEivayun sAvaAdIINuIINedevigunans UssdnUaulsvann 2567
LazUevRUANAINIYIATl (A.U) a1vlvinermansuasinalulagnise s uazAudingrmans
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Abstract

Analyzing trends in carbon dioxide (CO,) 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 CO, 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 coefficient of determination (R?). The results
revealed that the random forest technique provided the highest accuracy, achieving an R* of 97.14 %.
In comparison, linear regression and clustering yielded R values of 86.58 % and 51.14 %. These findings
highlight the potential of the random forest algorithm as an effective tool for forecasting carbon

emissions to support greenhouse gas reduction planning efforts.

Keywords: CO, Emissions; Data Mining; K-means; Linear Regression; Random Forest
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T 3 X <
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MSE=£Z?:1( _ﬁ)z (5)
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AuduiusBeanivg venaniidlonnaeusedoyanistidiuiianufisnulios nadnsduansh Random
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duna
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iensvaounwiliunisudes CO, uavmanmsalluewian sauaUSsuiisulsyavsnmuessaneiufild
nISNENSEIAY Linear Regression WUUS1AB4 Linear Regression teuanauuiliiinmsiisuvesnsudes O,
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iluldlunsUssduansveuaniwianinfanssuouds  aaensunsnagnsanmsli@emdmleada iy
mMsUduAeuduvnansiiusn viensidenidoummusAliussavsnmiunden ieduaiumsdiiiuan
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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 five 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 identified 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 findings indicate a high potential
for utilizing rubberwood bottom ash as a partial replacement for fine 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
o
UNUI

ﬂauﬂ%uﬁaﬂﬂmﬂﬂ%’uﬁmﬁﬂLﬂufaqﬂsxmwﬁa*ﬁl‘ﬁﬁm%’umsﬂ'aa%fwﬁwﬁa warltiuiungvane  fesan
ansodaldhelimgn  msteasdildisinidgueniesaniivuedouilvaniuasiimnsthauieu
finindguen uwifidigenineuninnai asuninudenituiagusstnymilsitlidmiunisneadravims
warlfiduiunsnansundunaduudesmniduianiindnldieignansiummn waeaseunqulyniiug
msneassinhlimainhlirouninudendaduiitenfnuegluliagiishonamesaeuninudeniignnin
ABUNImInALUMANBI (Thammasri et al,, 2022) Tnednvagiuasnduuioniiiznaadutesermamsly
Fadunuaniifdvesnisifuauiu (Hendry, 2001) Tasnsnanlfinasunauduyudiuudldiiazoinly
Umnaniimngalumadondsray vhmsdadudousieniosdandniuilinouninudenudei
Fanasilddnlngnenieldazidudmaniulu Aldannsdesiudsfoniateninginssssuni
Tnsmssudaguidiodulifuduendunneie 9 Aeduazesdusnedmansenusieioshuintonin
LAz IdIHaNTENURDAMAINDINAMY (Kumlom and Nanthabut, 2020)
ndgmsanandeivuadnlunsidusslevianvendefiinnnnszuauniswalisnanis
delifudowadulssny  uarlsswihdanaluiuiorianm  lasnndoyanuinddmdslinsinaveda
sunemalng Srindwa uwimbivinandminlienmnsundeiannnin 10 Suseieu Ak
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2.2 NTVAGBUANNATUNIULIIOAUDILAALERTIEIY
MNNMsEENLUUALHALTIIUd NI ILA 45 Sy SeldvhmsvadeuNsEuNIY
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1599URERABUNSAUADNNADT BNBMIALAY 9IRSV T1UIU 12 NoURsnIIEdIU
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¥8415997U (Choosakul and Yongsata, 2022) 7191 28 Ju
3.3 msvadeuApunIAUaRN
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191.58-2560 (Thai Industrial Standards Institute, 2017) AUAUANANUVUILULE8ENNT (1)

p- o w
iilo
p A9 AVURUILUUINATNUSHIRS (kg/m°)
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m, e watunaseuiledilu (ke
m, #e  watunaseuilosuwi (ko)

2) nadeuMAINIgATINTeIRBUNIAUAeN ManasuLilasthneunInUSNoULs
flgaungfi 110 fv 115 1Hune 24 $2lus uassanadusdeidensugihaudududunm 2a $ala
INANTNAADUAIAIIUAUILUULIAIUIUAIY 1BN.109-2517 (Thai Industrial Standards Institute, 1974)
fheaunsi (2)

1 ~ o m,—m
ANNIYATHUN _m=ma). 1o, (2)
my
Y5
m. fo  watuvedeullodudimei (ke)
m, fo  WATUVAARULDBULIY (ke)

3) MeFRUANLFMULSISRaVBURRRUNRUADN TN SUN 28 Tu SnsduNaLay 5 FBg
TijulaawesnauharutUamuuuiasmuasasneusmegndisuuiaiafiuny 1en.109-2517 (Thai Industrial
Standards Institute, 1974) neuNlUNAABUMAITULTIOALUINIATULUIET (Length-Wise) 1nei5 Bearing
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Plate #1304 Universal Testing Machine (UTM) AIUUINTZIU UBN.58-2560 (Thai Industrial Standards
Institute, 2017) AMUIUAIAISITULSBAMEANNTTN (3)

F
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An,avg
il
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N LA v oo a 9
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MEaunIsn (4)

4, = )0 (@)
H
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UonnasILIA 50 x 50 mm’ S 2 Fufeetesnsidiunan dunddumsdadesui 3 Tngldnada
AMsMAdau Transient Plane Source Method #981A384 Thermal Constant Analyser sq'u TPS 2500S w94
drniedesdieinenmansuaznisnadou unIveduaatuaiuns Sainasan

At

Ul 3 fednsunimnasdmiuneaevantinisihmuieu
HaN153ELazN15AUTY
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o
aAa v

A gUvaifeuslallgmnisdawanain Tasaniznmafndeunnsesiituruialiifin (Short Shot
Defect) %aLfluﬂiymmé’ﬂﬁﬁamaﬁi@@mmwmwﬁmmﬁNam {]iymﬁﬁmmﬂmawﬂﬁaﬁﬁzy WU AEIUR
vosTanildlunsyurunisin gﬂLLUUﬁ%’U%@W@ﬁumu wayNsRNLUULIRNTT ey Tnenuddel
IonhauednmsunladymlpemssenuuuszuuseuigeInia (Air Vent System Design) Tuwsiiun@ananasin
dlilunssdauimunivhainfaawanaiindinw (Biodegradable Material) MseeALUUTEUUTZUIEDINA
Tunfailgvinsinddosssuieernmeasiuin 2 dodduwifind Inegesszurserniandndnil 0.05 wa.
AN 2 1. LasTessEUIsINATeseLEn 0.1 . Anuniedl 10 1. SegssuiseInauIamge
fvmanadnluaniussauiy Tnefmundimsilwesiietedunszuiunsia aedl Aeuiuda
(Injection Pressure) 7 54 113 §m31AuEI8A (Injection Speed Rate) 7 40 w13/ wsaDauafium
(Clamping Force) 7i 100 #u qmmﬁlumsmaammm (MeltTemperature) 7l 200 oerwalded uaz
gaumnTusifiani (Mould Temperature) 71 90 BsFNITATIA NANTNARBINUTN MIBBNIUUTLUUTEUIBDINA
Tunsifuifigniesuasdivssdvinmi  aunsnannisindounnsedunsdnludulfosaiitoddn il
Junuiifiaunmguazananugydelunszuiuniswdn nuideitaduwmehdglumestauuasiuuss
nseenuUULiRIEanatafntuewian Inaiuiinsszuneonalusdfinsiiiefinyseansnnnnsudn

AdAsy :  Teunwsesdaliifiy; N1509NLUUTEULTDISEUIBDINA; Wifiundawatain
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Abstract

This research addresses issues in plastic injection molding, particularly the occurrence of short shot
defects, which significantly 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, specifically 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 final 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 cm’/s, clamping force at 100 Tons, melt temperature at 200 °C,
and mold temperature at 90 °C. The experimental results showed that properly and efficiently
designed air vent system design in the mold can significantly 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 efficiency.

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

Pagtunisudnenszurunisianaradnfundsdumaluladnisndaiifinnudifylugnainnssy
venmvaeUssan 01fity nqunAntudaugamnTsueusud geavnssuBidnvsedind uazgmamnTIy
usspfnt ufy egdlsfn Jymiindnvesnszuiumsiananainde madedeunniedunuialaiiy
(Short Shot Defect) adutlymiliinainasiimanafinlvasdinguifissilsianysal (Moayyedian et al,
2017; Kanjanakarn et al, 2023) d@walizunuiniymiingn Tnoemzogddunsdvesdunuiil
sUtiidudou videlitanfilinnmAfieay Wy wanafnanw (Biodegradable) fldsunufenfiuniy
Tunswannansusiduinsiuasnndoy (Terroba-Delicado et al, 2021 Phongphattarawut et al., 2024)
Hapmnsdalsidusindnannsiafeesernmanieluuifn  Jeenefidndnsazduglassadensiaves
WaaAn aiqmalﬁﬁ@%ymmﬁlﬁauyiaﬁ gohliAanaguydelunszuiunsudn nsuilutmiadudedhdty
émﬁ"‘umiﬂ%’wqqmzam%mwmmamLLazaﬂL’Jmmmqu,t,?laﬁl,ﬁﬂ%u (Limbore and Kale, 2019)
NN90BNLUUTZUUYITEUNBRINTA (Air Vent System Desien) Tundfiunaananafniduiznisad
Usgansamlunsaniyminisdelidiy  Tnevesszursennmezaiglienniafiindseglunsifissianunsa
gnuaegeanuliegisiniuaziiussdniam vilvnarafnnasumadaiunsaluadilufuduudRuila
ogvauysal (Kimura et al, 2021) anlomaniaiadounniaslutiumy uenaniiniseenuuutesszuiseaInA
Amnzaudiannsatioanussundndulunisdonanain - Feamsaannislindsnunaziinuszansam
Y9INTTUIUNISHAALABNGIEY (Miranda and Nogueira, 2019) dmsunswanuiiniunainiannatafindanin
Hapmsdalidudutagmmin esnnagnaainnniinaaudRnuandsainnanadniily ﬁfamﬁmﬁ
fnasdinavadanntulunssuiunisia ilvinsivavesmanafinvasuivaslunsifuiondy  nseeniuu
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v 1 a ' =

YosszvisanafidussansamisfinnudiAyodiedadenisnantunuiilaunngeuazannisgyde
fAntulunszsurunsuan

mu%’aﬁﬁaaguﬁuiﬂﬁmﬁﬂmLLazﬁ@ummiaaﬂquszwﬁdmizmammﬂ (Air Vent System Design)
Tuwifusidananafndvunfnunantaananaindanm  Euannsfnemguiiieades nsnsiumia
Fua N159NLUUTFULINGEY (Runner System) N1598NWULIZUUSEUIBEINTA (Air Vent System)
nsUSuaatuny Wewdlatymvssmsanldduiiietuls

TnUIzaIRNUITY

1. Wfi9eenuuUsTUUITUIEINM AT I @ananafiniian sl

2. ieudludounnsesvesnsalsifiuvesdunuuanu

wurRangufiiiendas

1. daunwiaan1s@aliitia (Short Shot Defect)

sudawarafindrulvgndsninnisdatusuiuanunudgmiinainuareuisludunuym

msdalaiifiu sideniafinsesunis (Short Shot) (Zhou et al, 2023) WullymiAndudulsedn awveman
vosmainivansdede wu vlntan auauiRinislvaseestan msnehuddunu JUSdun wey
nseenuUURLNTlsiTYesszUEaInIA (Ar Vent) msudlatmdinanannsarilélnonisusumsifiees
Y9491UdN 07U gaunivaeumaiIvedian (Melt Temperature) AUALEA (Injection Pressure) 1Uusiu
(Mawardi et al., 2019; Nithikarnjanatharn et al., 2018) LAZNISHAINITERNLUULLRLN 18N1508NWUY
F2UVLDITZUIBDINTA (Air Vent Design) (Zhang et al., 2018)

2. AnENURYAIIHAWANEANTINN (Biodegradable Material)

Yarlumamaaesihiutanfianunsndesameld  fduusznautesiagweduaninueda  (Polylactic

Acid: PLA) 1n3@ 4043D USiad 70 % waglagudeldainninniunusing (30 %) laeinsidlinesvednis
Uudn finsedi 1

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

378013 28D AN Y
1. AUNUILUY P 1.25 ns/an.’
2. gUUINABUMAY m 190 - 220 BIAAT YA
3. gaunQ ALy Tw 90 - 100 BIAAT Y
4. 9NIINITNAG 0.3 %

3. NN5PRNUUUYDITZTUINDINIAYDIUNNUNAANAERAN (Air Vent Design)

Foesvursenimiussrusenevddgiitisanymainuiueinianielusdfiniluszwing
nszuIuMsaananain  laevesssuigenmminnihitudesemeafigninegaelulnsausifsidonatafinman
gniadnly (Totalenergies- -corbion, 2019) nseenuuuiilimnganasilugdameing 4 wu meide
Ne81ne (Air Traps) soudousu (Weld Line) w3an1sdaluifiu (Short Shot) (Sorgato et al.,, 2017,
Ganeshkar and Patil, 2014) Vilunudems msaamwm}aaiumammﬂuumiummamaswmw
nssruEoMATiiusEAvB A muarnsteatillianafnmannasenanndesssuisene Fesszungeinia
fhazgneonuuulivnadninnuszana 0.02 - 005 . tielszuisernaldmusdlalmanadnsudilule
sumiumamm@mﬂammml,muﬂuwummﬂwamaqwmamﬂiwaﬁmaww U USIMAULAYTOUTES
Tnsusd s L‘WEﬂwmﬁumammﬂaummmmmwﬂawumu UeNIININIITUIBEMIATIIT B ARSI
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meluwifud annsidesiiasAadounndadutusy wu sesludl Bum Marks) (Wibowo et al, 2020)
FuAnnnisavaosuieulasussiuiigaiululugniienndliannsooentd  Snianslidesssuseinia
Adudsdndu  Welidesszuisenniaiinsviuegefiussansam  nsvissdnwuifinsfidud e
Limsuesdin  msgAsanusniiazaveglutesszuisernmaeiaviilviszuunisszuisenmmiaulalsii
Uszansnn Taggusrevestesszungeniadagui 1

eIz UIBOINA
(Air vent)

v |
Funu i
3 3 * munistessyuIaInIAvan ()
w * AnunistesszuIeeINIAses (W)
lh
z * ArwdndesszuieeInAnan (h)
Funu
H * AN NYRITEUIEEINATEN (H)

JUN 1 anundnalazaudnvesosszuge1nia (Li et al, 2021)

ANNENYBIYRITEUIBRIMANAN (h) YusdiuAmuaudRvetianvein1sinian lnuaudnaiuse
wUgeanlu 3 graneraluil (Misumi, 2024)

- Jannianuniagi: 0.01 - 0.03 wl.
- Jasndeunialiunats: 003 - 0.05 Uy,
- Tanidenuviags: 0.05 - 0.08 313l.

12

AUNINNYRITEUIERINIANAN (1) AD 2 - 5 NN, ANNATISVOIURITEUIUDINIATES (W) AD

2 - 10 1. WAEANANUDITBITTUIUDINIATES (H) Ap 0.1 - 0.5 1.
4. wisndiwmasusudananain (Plastlc Injectlon Mould Parameters)

mimmﬂwwﬁmLmasﬂsuamawmmmuaaﬂmﬂLLUqu aam‘wLaaﬂ‘[fumﬁaamwmmwmw
LaTAMANNSIvBNASsBANAERN (Plastic Injection Machine) (Jackie, 2019) mgthn 2 LEAMUUINUDY
uNUNYWIR 16 eoud LLangﬁ 3 LWAANTUIALUULLRLNLUU 3 WAUBILAINIUNAINATIE 270 L.
AU 300 1. WAZANEY 375 Ui, LLasgﬂﬁ 4 LLamm‘%'aqamwmaﬁﬂju HYF-1000 WAL IUALLURLN
gean (Clamping Force) #i 100 §fu nud1su

Y t=1.50 1.

260
SECT ION A-A

U 2 vwawimnun 16 oaud
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375 .

Ul 4 1pTeadamanafin fu HYF-1000

lnuanantAreInIsUTuantunuwiinunainiagnaraindanmididy taun dmtnduaiu
gaumniiviaeuwiavesTan aamaluifiun wslauwifind audude waednsAudida dim1snad 2

M1319% 2 AuandEnsuTuanvewiinurniagwanaindinn

378N19 AL AN AVl
1. thwein m 148.88 n3u
2. QUUIVRRUVAY T 190 NGAKAIEIEE
3. QaUnQ AL T, 90 NG BT
4. usaUALLUALN F 100 fiu
5. AUALAN p 54 U5
6. 9NTIMINUEIN / 40 31.° /AU

* yindunuldinannsduwadulusunsy CAD
A5N15AIUNISIY

1. nMereduiisdunuuiivun 16 saud
nsooNUUUTUILLAINMUNTUA 16 poud Truadukiiugunatssestinufanium 92 .
Gurugudnansduuta 60 U, g9 102 1. WaEATMVL 15 Wi, Warn1santunukianiuasodald
2 Fw/e%y Anuenwewn$i (Runner) 145 s mumﬁumu@uéﬂmqmﬁa (Runner) vdn 6 33l WAZAINES
YouNuFUana (Sprue) 70 1y, AINFWBIMINTLUUEY (Pin Point Gate) 30 wl. isazmqazﬂfﬁl 120 w.
YUIALFURIUAUENAN 1.5 3. uazviaTandudsn P20 igui 5
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«— Pin point gate —»!

120 uy.

sUN 5 nisneumasianiwnluisifiuiaanaiain

2. Jgynvasnisanliu
msBaufnumhusRuiRadiiueiosdamanainu HYF-1000 TnensliiduBausiiant (Camping)
warnsUantunuie sy UL uUanUInaYe TRt LY MsUfl 6 naveamsEamuiitunuAadam
uinuiliiiaveiAnsesunis (Short Shot) Aufanvl faguit 7

Cd

2UN3IAVD AU

o~
T )

wuAuUan

7R

¥

b

\

L4

(N) NSAARIWLRUN (@) NMSUARTUITUDDNINLUNUN
JUN 6 NshnAsuliniuazssUvUantuny

I | ‘
N 4
g Iep— [

(n) N132AATIN 1 (¥) NM5AAATIN 2 () N132AATIN 3
JUN 7 winuAndamnis@aliiin vise seaunda (Short shot)

nsvaapsdandsdl 1 Amnsifwesusuannmsned 2 wuhdunuutnmuildedaymninie
FOEUR (Short Shot) Uakaswautesuinui FeldiinisuFuanududnen 56 v i 60 v vesmsvaaes
3nndedl 2 nsiAnenawiurLANMUNEldduauysal SeldTmsusudmanfivosvosmaiivgangd
vapuimaaresianan 200 esmuwadea \Hu 220 ssmiwadua ietiglumslvasvesimanainves
mnasesdandsdl 3 wudtunuufinuFeuduanysal nefigndunguesnisiinsesunis (Short Shot)
fanwaregmilanuiugnvesidliiud (Parting Line) (Sarac et al., 2021) Rt uuLAIN U nain
Jymnanan?

3. nsUSuUaiRan@anarainuianuniigvesszuigaInia

mMeTgamauinuifeonaazauilidmanainliausaeenanuinmuiiindgm

MsiAnsosunis (Short Shot) thlugnisusuusimsesniuuwifianidanatadn lnonisifiunisesnuuy
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PosszUngeIMA (Air Vent) Ushaimmhwanainlvanussauiu fafuuinamfedymdnsiu Jevhnsesnuuy
JLUUYDI5EUI80INTA (Air Vent) USHIMvUNUiuUan Aagun 8

e —_ o ()
O@ K\ @v
a \ e

N/

(n) Mse@NLUY Air Vent (¥) Air Vent unueusuUan
UM 8 N1980NLUUTEUUYRITEUIERINA (Air Vent) UuuRusuUan

@

Tanwanaininmiddrunanvesianneduanfnuedn (Polylactic Acid: PLA) uavianuadels

Nl Ineglunguuesiagiaumvilagiraiunisesniuumdnvestesssungeaniamvan (h) 7 0.05 .
ANUNTINT 2 LY. WaEANENYRYBITEUIBDINIATEY (H) 91 0.1 1y, A31UNT1991 10 Uy,

Nan1TNAaslaranuIIeNa

NAN1TBNLUUTTULTBITE VBN AYDIWRiNsiEanarafinuiinunanTaqnaiaindinm dsguil 9
Tngemsimesveinisududamunsieil 2 waglifinnsuSudernsg o %umuummuﬂammuauum
aufioanwuull JwandliiuiernudfyreiniseenuuudesssuisanialussuuvesdRuiEnnatadin
rlidamavedeuiunsuudauifun TneanunseannaueanIsusuandsnuildsng o veursosdnnaannls

JUN 9 nan1sadunuuiinuniiissuudesssuigenia

[ '

NEaNKULTEUUTEUIER N Al IuinaafinldudfnronunmTuny  wssdigannsasas

o

omantavamsaalifuifan uazufavesnsvasumavesian (Raj et al, 2021) namfanisaniam
nsaaturunanannlifiuniensiinsesunda Ieuddyvesnsiiuussiugn (Holding Pressure) 71
20 30 way 40 U15 Wsenudn (njection Pressure) 45 u1$ FeldAvosuseug (Holding Pressure)
7l 40 u1§ gruupTluniavaeuwan (Melt Temperature) 7 200 asmwadsa aunsaraelvidunulaiitym
nsanldfunsesesunia (Arbowo and Dani, 2023) KagnaN3fanN15eaNkUUSEUULBITEUIEDINAM
wifiEemanadin Fudlulamnsiinsesunia (Short Shot) waznisiinsesluns (Burn Mark) ydeiindrin
Tuansdmaudludgmiununmeedununanain aunsaUiulsieiinisufusmnimesveansia
warn1sUTuUTINseanuuuLliLd asnsadilugnisudlalammuraunineig 7 Tuudatusunanadin
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d3UuNan1INaass

nsuAludgymdalifuiisniseeniuutesssuigeiniavasuifiuidanaiafnuiiniunainianwaiadin
Fanm vhnIseenuULIEUUSEUIBR AN Simnadn (h) 7 0.05 am. ATwnedl 2w wagAdadEn
YaepIsEUIEeIMIATes (H) 71 0.1 1. Anuniefl 10w duvesrmsifiwesvesnsusudn meannuduin
(Injection Pressure) 7i 54 U1§ 8M51AMEIEA (Injection Speed Rate) 71 40 ww./Aundl useUnuaifum
(Clamping Force) 71 100 ¢ gumgilunsvaeuvad (Melt Temperature) 7l 200 armwaLdya uaz ULl
wilfiast (Mould Temperature) 7 90 ssmigadd wandlidiuiinisesnuuussuTessyuIge N FtIELilY
PammsiieaniiiiuvSesesunis Sniaieanarlunsuiudrmimesvesmsusudnldnmasemuiu

ARnNssuUsENA

VOUDUAMVANGATIAMINTIULINLLAIATENED @1 IMINTTUENAMNNT ANLIMNTINAEANT UNTINEIRY
walulagsvusnasue Wealud dvsunisiumsedile 1AS99NT @NNSUNNTERNRUULATES 19U NUN
Aananannlunsal
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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 beneficial microorganisms.

Keywords: Aromatic Coconut; Bio-Extract; Microorganisms; Plant Nutrients
o
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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 fly 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.

Keywords: Recycled Glass; Cellular Lightweight Mortar; Lightweight Block
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Wnaswa Ui (Coal Fly Ash; FA) Wunanaseliainnsyuiunmsuannseualvifinlnenisiwnanudiu
Fallonm Si uag Al lutBinags Palomo et al. (1999) wuiwdnassadiasna o Mignnssduseansasanelaiien
lensenlesi (NaOH) mudiudu 8 Tuand fa 12 Tuand uazunigauvndl 85 °C Wuauu 24 Falug
annsavildidaesilelndiuesAdmasusdnlseutas 35 MPa 9 40 MPa wazUszanas 90 MPa
wndulfenTang (Na,Si0,) asluasazany NaOH @ Xie and Yunping (2001) wuinszuiunsudeh
voudnaeeilolndiesfignnseduse Na,Sio, famamdnunanuansaeiiiisefifdnvazediona
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Feedneymaidiiassiideiy nsmAdeluefin Arulajah et al (2012) ld@nwimdsiuusdauay
Tassaisgamavoaawiinauiaseilolndwe fdmiuTanteaisasueui nuidnadn Na,sio, se
NaOH Wi 70:30 uazdnsiduvesnsnsydusioinaeswinty 0625 Wudusaniliinmasiuusdagean
Uszaad 17 MPa %’ﬁm’mmwﬁmmgwﬂumiwémuﬁaﬂﬂ'aa%’m Suksiripattanapong et al. (2015) lawmun
vdeninalnszuuagaanazneulszll ihaos Jlelndmes  nansAnwmudiunaNfivizanfe
dn31dU Na,SiO, #im NaOH i1y 80:20 wagdnsidiu LiFA wihiudadidiawmas (Liquid Limit) wafdmsu
nngamninaysreznay Ggumniil 65 °C \uguvpiimunzaulunisnanilelndmesiivinanazneu
Usgtmauidnase Tnsvudunaiu 72 $ilus

IUILEIATBINITANY

mAfeliinquirasdiofnwamnudululdlumsiienasuiBadunanaosld By Product)
nlssugeamnssunualiazidenrindumenunauiuiiassduiudadunanassldainniman
nszualnihuvindunesnsuiauiwagainseduiienis NaOH laefAnwidviznamnududuves NaOH
Samdmansnsedudeidiassauiiu  wazUiinameseinanifniiludoauifinidmnssunagiaseaing
mRanevesiauiietaNesmalImaga T nsLiURas B sNaLIas s uRunsE AU
NaOH flengsl 7 u

35AUUN15IY

1. @0
wiwiia (Recycled Glass) Alflumsdnmiifuasuidulduanuien whngilne e
faguit 1) (gnes?) nswdeuiegaauiwinldlasiludailiaroinudmnuanauuris andutiluue
TifaniBundneirias Los Angeles Tnalunmsuatszanm 10 wiit aintuhluusshumsunsanasgm ASTM
wWes 16 thaufiaensunsunsdlunagey wwnifEunsunassenudn (Ground Recycled Glass, RG)
fidnwazdiguil 1)

(n) NeALAYLT (%) LA INUARZIBE AL
JUN 1 LA IMaeiNaINNIEUIUNMINENTIALT

Llaaeen1uiiu (Coal Fly Ash, FA) Alun1sAnwldunannlsslifmgssuaudounsiuny
Sunawinng dwdndn dhassdmsuliiutagdeiuigninlunautuimsuiusesden (RG) Tushandu
50:50

asnsefuilflunmeaeudulfondang (Na,si0,) dufagusiiadunsagnainnssy @ndu
At SI0, = 30 % #ie Na,O = 9 %) uazluifeslensenled (NaOH) vlandnnsARAMNTTNANLIAYD
98 % lneniniin dmsuszavans (Leaching) Autandadu (RG + FA) lagldnduluiendainadeluiou
lansonlus (Na,SiO:NaOH) i1y 70:30 aududuued NaOH Wiy 1 3 5 uag 7 lians
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ansifiuesiililunisvaaeudundnsasiansanussdsindu§agudonisnisdn Sika Poro 40
Tnethlu@ensiurhnduludnsduansiunestethndusniu 140 Aeudadurenielnunauasuuosmian
TudSinadesay 13 uaz 5 Tnemdnues FA

2. UJMAEIUNENLAZNITHEANDIAITUIBLUAGHT

nswAsue fnfinasagannALiURas BaRaLd et uAuNTERuEANY. Tunsuusn
Buanmsdesnasiiurenssenl’ @sifiunoseiindu 1:40) TnemaslUlupiesadralesennia Foam
Generator) wioufuwedntoaiiiolhindunazasiiunesararedidetu snduilusoditunies
Sao1nel (Air Pump) fimausy 0.55+0.05 MPa wiledneenunagldidonesenniadnuasadionesniu
TUSunannn Sunsuiideadunmswienmuuiiunaziden (RG) naufuidassduiiu (Coal Fly Ash, FA)
Tudmsndau 50:50 sewRemaaiaudNanT I Tuoieiy mﬁu@umsnszﬁu (Liquid Alkaline
Activator, L) lusnsidiu L/FA wihdu 0.6 0.7 wag 0.8 wausolusnaudrunaududsifiondu Tned L
udndiuszning Na,Sio, sie NaOH winfiu 70:30 wazanududues NaOH widu 1 3 5 uaz 7 luais
auUfnAduNaNTei 1

M13199 1 UfmadunatieinauwagsnmwMUaszduaLainasgduiuNTumese 1 m’

Air foam, Liquid alkaline activator, L
Mix . RG FA :
No. Na,SiO3:NaOH (ke) ko) Ac Na,SiO3 NaOH Water (k) L/FA
%  (kg) (kg) M (kg) (kg)
1 70 : 30 870 870 0 0 453 1 194 457.3 522 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 2100 5 90.0 222.0 522 0.6
il 70 : 30 870 870 0 0 2788 7 119.5 123.7 522 0.6
5 70 : 30 870 870 1 8.7 453 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 2100 5 90.0 2133 522 0.6
8 70 : 30 870 870 1 8.7 2788 7 119.5 115.0 522 0.6
9 70 : 30 870 870 3 26.1 453 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 2100 5 90.0 195.9 522 0.6
12 70 : 30 870 870 3 261 2788 7 119.5 97.6 522 0.6
13 70: 30 870 870 5 435 453 1 19.4 413.8 522 0.6
14 70 : 30 870 870 5 435 1310 3 56.0 291.5 522 0.6
15 70 : 30 870 870 5 435 2100 5 90.0 178.5 522 0.6
16 70 : 30 870 870 5 435 2788 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 1524 3 65.3 391.3 609 0.7
19 70 : 30 870 870 0 0 2450 5 105.0 259.0 609 0.7
20 70 : 30 870 870 0 0 3255 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 1524 3 65.3 382.6 609 0.7
23 70 : 30 870 870 1 8.7 2450 5 105.0 250.3 609 0.7
24 70 : 30 870 870 1 8.7 3255 7 139.5 135.3 609 0.7
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M 2 UimedunauieininaluIwagsINEvLMUnasBunLaRINAR MUIN SERUMEMmSTE 1 m’ (i)

Air foam, Liquid alkaline activator, L
Mix RG FA
Na,SiO3:NaOH Ac Na,SiOs NaOH Water L/FA
No. (kg) (ke ————— e — (kg)
%  (kg) (kg) M (kg) (kg)

25 70: 30 870 870 3 261 528 1 22.6 507.5 609 0.7
26 70:30 870 870 3 261 1524 3 65.3 365.2 609 0.7
27 70: 30 870 870 3 261 2450 5 105.0 232.9 609 0.7
28 70: 30 870 870 3 261 3255 7 139.5 117.9 609 0.7
29 70: 30 870 870 5 435 528 1 22.6 490.1 609 0.7
30 70: 30 870 870 5 435 1524 3 65.3 347.8 609 0.7
31 70: 30 870 870 5 435 2450 5 105.0 215.5 609 0.7
32 70: 30 870 870 5 435 3255 7 139.5 100.5 609 0.7
33 70: 30 870 870 0 0 604 1 259 609.7 696 0.8
34 70: 30 870 870 0 0 1743 3 74.7 447.0 696 0.8
35 70: 30 870 870 0 0 2802 5 120.1 295.7 696 0.8
36 70: 30 870 870 0 0 3719 7 159.4 164.7 696 0.8
37 70:30 870 870 1 8.7 604 1 259 601.0 696 0.8
38 70: 30 870 870 1 8.7 1743 3 4.7 438.3 696 0.8
39 70:30 870 870 1 8.7 2802 5 120.1 287.0 696 0.8
a0 70: 30 870 870 1 8.7 3719 7 159.4 156.0 696 0.8
a1 70: 30 870 870 3 261 604 1 259 583.6 696 0.8
a2 70: 30 870 870 3 261 1743 3 4.7 420.9 696 0.8
43 70: 30 870 870 3 261 2802 5 120.1 269.6 696 0.8
a4 70: 30 870 870 3 261 3719 7 159.4 138.6 696 0.8
a5 70: 30 870 870 5 435 604 1 259 566.2 696 0.8
a6 70: 30 870 870 5 435 1743 3 4.7 403.5 696 0.8
ar 70: 30 870 870 5 435 2802 5 120.1 252.2 696 0.8
a8 70: 30 870 870 5 435 3719 7 159.4 121.2 696 0.8

Tnihidnlia (A Foam, AC) aauusogns RG-FA-L Tutinasdesas 1 3 uay 5 Tnethwinues FA
vhmanawsieluBnaunsyitidunauiue s iuidefioriuiddueiminaivagaan fatuneuiiaes
Wnaszana 10 w7t Mnthummesinanadunuurdensgnuiaduun 50 x 50 x 50 Taduns weuskvie
ﬁ’sEJLLN'uwmaﬁﬂiﬁ:ﬁm%ﬂLﬁaf]aqﬁ'um'ﬁqul,ﬁaﬁmshmmL%’Jé’m‘ﬁummamaamwméﬁamwwmaaﬂ
mﬂﬁuﬁﬂﬂﬂﬂuﬁaaﬂﬁﬁﬁmiﬁqmmﬁﬁawauma'm'm 7 %u feuvhmsvaaeumiethuiin neaouidsy
u398ARILIINTEIU ASTM C 109 uazthfudunnnasiousosdlunagoulassadionaganiademaia
Scanning Electron Microscope (SEM) mmmuﬁﬂﬁagﬂﬁ 2
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Washing

@
Drying
Sift with the ASTM Mae Moh Mine

No.16 Sieve

Ground recycled

olass, RG - Coal fly ash, FA

<“3 Mae Moh Power Plant

Sieve analysis, particle size,
specific gravity, and XRF

ey CIMD T -
<:3 70{:}-'30 @ v @

Liquid Alkaline activator, L

@{F @ Mixing ‘

agent & Cast and curing
o 9D D
Unit weight ~ 4am % = image

Compressive strength

JUM 2 WU SNERNEIMSUIAUEARE N NLAYLATUNAZL DL ALAZLO AR TUAUN TE AU AN

3. managaumideyiutin
nsnegeummritudnue (Dry Unit Weight) wioaaumuiuuusa (Ory Density) vild
TnethAousethsesmiunaiunmagaizun 0.05 x 0.05 x 0.05 lns Tunseuuiaudnduna 24 $lu
Tudabmdn (Weight, W) Swheduindy (N) msseUsans (Volume, V) vosdeuiiodrsiimiedu
anuIAfiams (m?) whetminudsdmheduiafudegnuiatams (Vm?) faunisi (1)

Unit weight (N/m3): w
14
4. ANSNAFBUNIAITULIIDN

B/NINAFRUMAITULIIBATDINBIATUIAUIYAREIINIUNINTFIU ASTM C 109M vibeitagti
uwisnageulunaifiemaAussnageanveusadnuszds (Ultimate) Aeun1sitd lasfldnsinisliusene
SUUWYINAFOUBYTEWIN 900 Tdu/Awi fe 1,800 Tudu/Awdl Mmdssuwssdaiiviaelu N/m? vi3e Pa
fmunildaneusidausds (Ultimate Force, P) Aoums3tisimbediuiiafu (N) msshefuiintdnuna
(Cross Section Area, A) fivteidun1siausns (m?) Feaunsi (2)

Compressive strength (N / m2)=

SN o+
S
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5. MaaaulaTeEienIegania
NAIIINNTNAFDUANITULTION ﬁ??uﬁ’auumﬂsuaaﬁauﬁ’aashwas‘m%mamezjaqmmmﬂwf’f’a
unazlBenNaLaRuIuAUNIEAumemsgminiUienmueneeynAMAsEs (Scanning Electron Microscopy)
et e Tianginanswiousosnaildlamiuduwnlniufounnadnuszanm 10 x 10 Taduns
A 5 fiadluas nduihduiiedisluiliuisneiaies Freeze-Dryer figamgii -40 °C aeld
Ay 05 Pascal LWunamwiu 2 Yu anduihduiiediluedeufinienesdudFuiluneasy
ﬂ’l'ﬁd'lEJmW‘UEJ’IEJEJigmﬂﬁ’laQ'aq\iéf’JEJm%d Scanning Electron Microscope (SEM)

NANISNAFAUKAZIRITAING

1. AENURYDITHN

NANSVAFBUMNAIANNENTUNE (Specific Gravity) ¥Bd RG yanusnsgiu ASTM C 128 wuh
AAmENIInzYes RG Wiy 251 elunegeumuuiarazvesnasanden Inaaouria
WMsgI ASTM C 136 wudrdianlugdaniuaziden (Fineness Modulus, FM) whifu 2.87 waziileifiou
A1 FM asaviiaunazdondiual FM gawmsisusidniil wudh RG eglutiamaene1u gt FM
oejswing 2.50 - 3.50 uenaniivIAAETeteyMA RG flanAk1uAzUNTY (Percent Finer 3 Percent
Passing) %58 D,, &1fiU 0.422 mm N15NTEILVUIAARLVDIBUNA RG fivunedaud 0.075 mm 84 2 mm
Fagui 3

KamsnadouanaLTRbowuTes FA MadumAInAtTINEANNIRSEIL ASTM C 188
IGaanuas sty 2.34 dethluneaeudenies Laser Particle Size Analyzer WuuuIAw@AY
Y930UMA FA TaeAruAzINSs (Percent Finer 3 Percent Passing) $o8az 50 %38 D,, AU 0.018 mm
MINSEABILIRARLYBIEYMA FA Sutiaeus 0.001 mm &¢ 3 mm feguil 3

100

.Y |
.‘&. ‘ -~ FA
90 i i * ‘
° ® ©-RG
80 | , 58 1
; 3

70 + NI '6 1
3 \
< 60 % : ;"q.
7} \ [ %
tE 50 hekhiadedecterdl ot ,._._._._._._._..._._,_._.‘.._...
- | [ 13} | -’x
5 | s A
O 40 i R o
& i R

30 - ] e

! Q .
20 ¢ T
5 \ LI
10 ‘ i ! —H %,
D= 01422 W | iD= 0018 Tog,
0 P : LA P0cass
10 1 0.1 0.01 0.001

Sieve opening (mm)

E‘Uﬁ 3 N13N5ENYVUINAFLVDN RG Lag FA

HanTiaTziesrlsznoumnaailnewnies Xray Fluorescence 138 XRF waafiwuinunaziden
(RG) waziinaeusiufiu (FA) fam15197 2 wud1 RG fSuadaneulaeenled (SI0,) windu 87.88 %
Fannnt 70 % FedmdutanUedlvarurieduasgidy F idesnasuiriunsuniigungiganud
d FA fUSunad@aneulaeenlud (Si0,) wavegiiieulaseenlen (ALO,) Winfu 43.19 % wag 15.77 %
Fanasu3inaines SO, + ALO, + Fe,0, finnnin 70 % laetwiin Ssindutanvedlvauriadane
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u F (Class F) uazdfeiivinanna@oueenlen (Ca0) gafiundr 10 % Taenhwiin videfuiinaosueaifesgs
(High-Calcium Fly Ash) @nuunssgiu ASTM C 618 daumsgagtﬁaﬁmﬁﬂLﬁaqmﬂmﬂm (Loss On lIgnition,
LON wui1 RG uay FA Wiy 0.41 % wag 0.84 % lnevidn vis RG waw FA denisaaudetmin
esannsunliiy 6 % auiinsgiu ASTM C 618 fmuald Gauansdansiiansuaiiu (9u mfueu
msuan wavihlulaseadne) FevluviinashiuenvileanansUssnoundn i uay A SSinafifeme
Fedutan RG uay FA fidnwnilfeianumngadlummaseuilelndwes

M1319% 2 asAUsEnaumuAiiluzUansuseneveenlenvet RG uay FA

. . Ground Recycled Glass, RG Coal Fly Ash, FA
Chemical Composition
(% by Weight) (% by Weight)
SiO, 87.88 43.19
ALO, N.D. 15.77
Fe,O, 0.81 14.43
Cao 8.35 19.55
MgO 2.13 N.D.
SO, N.D. 3.86
Na,O N.D. 0.91
K,O 0.42 1.45
LOI 0.41 0.84

AR : N.D. = Not Detected, LOI = Loss On lgnition

2. vhetihwuiin

gﬂﬁ q LLammhaﬁmﬁﬂmméffgaéwaua%m%mal,mL%agé'mﬂmmﬁwmasL?Jammaw,é’waaadmﬁu
NIEAUMEAY Inefog1maaeulisnsndiu RG de FA Wiy 50:50 8n31du Na,SiO, sie NaOH wirfiu
70:30 ANNILNYUYBY NaOH Wihifu 1 3 5 wag 7 luans onsidiu L/FA wihiu 0.6 0.7 wag 0.8 wazU3una Ac
Zouaz 0 1 3 uay 5 lnethuinues FA audsu HANSNAFBUNUITYNAIBE LD TN TIAUILAA1RN
wvufunazeanauiassiuiunseduiemaililfifumeseiniadily (Ac = 0 %) Suthedmdnus
Uszanas 17.5 kN/m’ wildlewfiuwesenniaidnlunagnsedusesne NaOH Tudndru L/FA sa 9 wudi
wissheghsiimiethuinanas tunandiiiuiimududures NaOH §nsiduves L/FA uas Ac didnsna
sdevtistminvesueinifutaluwagainnasuiiuaagidennaudiaesaiuiiunsedudiong
wheiminvesteusiegrafiududniosnunnududuves NaOH uazdnsidives LFA esain
aududuiiiududondntdos (90 1 89 7 Tuand) dwalvmiiedimines NaOH WnTwisadniios
(Suksiripattanapong et al., 2015) Tuvariimbedminvestousiogrsanasmudsuna Ac fiiiudu
dlosan Ac Mitugurinlidesindlusnegnaiiudy (Yoosuk et al,, 2021) wmaﬁmﬁﬂﬁ?ﬂﬁqmmﬁaaﬂw
uefnnsulalUIwagaInAvLiunazideanauLdtassduiunseduiieatnuiiaududuves
NaOH wihifu 1 Tuand nsaauves L/FA whitu 0.8 uasUsina Ac fovas 5 Tnethuinves FA
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Unit weight Na,SiO, : NaOH= 70:30
—m— Ac=0% —A— Ac=3%
—o— Ac=1% —v— Ac=5%
T T T T
20 -
- -
15 e e
& A ——A
10F A 5
5 i
o
g 0 T T T T
Z L| wrA=07 4
EARE
F 20} E
o ——
Q 15¢ e E
= >
2 10+ v/v/v,’/' ]
=]
> 5F i
©
-,g 0 T T T T
25 | [uma-o7 ] ;
20 -
15 - e
10 -
5 2

Concentration of NaOH (mol)

UM 4 g mtinueaainTalUIgAgA1INIAYLAIUARLLBEANALLIABY A TUAUN TEAUAIEANS

3. Maefunsedn

UM 5 uamshdssuusssnvesioushagnauemiuausagananiawuiunazBenuauinass
guiunseAumena lngfiegamaaeulansid RG e FA Wiy 50:50 8n51du Na,SiO, e NaOH
Wiy 70:30 Anaduduues NaOH wihiu 1 3 5 wag 7 Tuais 8ns1d L/FA windu 0.6 0.7 wag 0.8
uazUTun Ac $opar 0 1 3 uar 5 lneruiinues FA muddu wansnasouwandffiuinfdssuusedn
yoshegsmeimanawaga AL URaz BuARaLIEAe LN s ema R AL
499 NaOH ity Adsfuusadngagauesiiognalidviniy 238 MPa fisasidu Na,Sio, e NaOH
WU 70:30 8wsidiu L/FA Wity 0.6 wavUTuia Ac Sewaz 0 USunau L dwadeiidesuusesn
sthadiulddn Mdstuusidavesogaiimanamiunsfisturesiinn L ifesinyiina L funduly
yliAnmsgui uaziinsesunnim demegaudsamtiu Wuietudunsfistuves Ac Mdssuussn
yoahegeidnanamuniafintues Ac tesan Ac vhl¥esnsdiarumsu deshwnumdniiogsesing
RG $uauan Jevhlimdasunsednanas

LﬁaLU'%EJULﬁswu"ssﬁmﬁ’ﬂLLazﬁ’Ié’a%’ULmé’maaﬁaaéwua%m%maLU']Lsanehmm%l,Lﬁa
unazideanduiitaesauiunszAuaiea19iunInsgIuRdnSudana1nnIsuABUNIAUaDNNIALUN
Furlesennia wen. 2601-2556 (C10 wag C12) Aszynamimdsiumuusssamumasglilidosnia
2.55 MPa LLaS%ﬁiﬁlﬁ’mﬁﬂLLﬁQ@jS%ﬁ’jﬂﬂ 900 kg/m’® 13 1,200 kg/m’ WUIERTIEIU (LABLAIUAAZLEYN
Aoy Umnmansnssdu uavasifiuves) Ammngadlunineieudiediaielvlduinsgiunan s
9RAMNIIUABUNIAVADNIIALLILUURUNIRINIAYEA C10 AaAnududuves NaOH wirdu 1 Tuais
Snsndhu L/FA 0ty 0.6 uastinm Ac $owaz 3 lastwiinues FA Sdlimietutinuasidsiuussdn
WU 9.8 KN/m® gz 2.8 MPa uagdnadnu (ewumunazidon ihaos USnaensnsziu uazansiiamos)
Avsnzaulunanisuiied1adielilinnsgiundndusignainisunouninudoniialuuuuiismos
p1mAviln C12 Aowuduved NaOH winiu 1 luans dnsndiuves L/FA whiu 0.6 wastSina Ac Segay 1
Tnetimiinges FA Sdlinthedntinuasidaiuusedaritu 103 kN/m® uag 7.5 MPa
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Compressive strength  Na,SiO,:NaOH=70:30

—m— Ac=0% A Ac=3%
—e—Ac=1% —v—Ac=5%
T T T T
20 - .
15 | N
e
10 F e -
s . & ]
e S
/‘E 0 T T T T
S5 — 1
2
<20 | /,/4——~ i
£
&
13 15 | e e T
e 3|
; 0 o Y
© & . A
X 5r A 4'/,4//' ]
g
0 T T T T
ol ././.’//4 1
15 | -
e
10 | e o
poge
A A
5 =
i A

|

Concentration of NaOH (mol)

SUN 5 MasSuLTIgnveineg e insuIauIwaga N AN IUAASLB YR IADE A UALNTEAUMILANI

4. Tasea31am199anIA

Ul 6 wandlassaiimneganiavesiieg e snnaluIeagaaNAvLATUAGLIB ANEN
\dhasumufiunsydusneaafisnsnd RG fe FA Wiy 50:50 §a3du Na,Si0, sie NaOH Winifu 70:30
gnTdIU L/FA Wiy 0.6 USinal Ac Sewae 0 uagAudutuuas NaOH winfu 13 5 uag 7 Tuans mudsu
NUIANULUTUYDIATATaY NaOH ﬁLﬁmﬁu%%%ﬁﬂauLLazaqﬁLﬁwu%nmﬁwmLﬁﬂaawqmaaﬂ
Aalwssvwelng wazverelnsdilnady dhasssumsnsasdiluluinsaiandndusinanngluay
meuenihvendiaey (Yoosuk et al, 2021) uavansazaty NaOH fiderududuinntuazyhuiasedu
unaBendawn vilrAnueadeslensenled Jauradulansonlusaryinufiteviofiudan uazegiiunan
daseiinfunna@udainalamsn (C-5-H) uazunadonezgiiunlainsn (C-A-H) wiefiFenin UiAsen
Voalwaniin Wloansuszneu CSH unTu (Horpibulsuk et al., 2015) anstaziumnuu antosing
vounadaenadesiummsuusSafiiiuiy
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Uiisouesfioymeaidiaosilogludefagideuusrau
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Wity 1 Twand Sasdau L/FA wihifu 0.6 wasUSina Ac Sosas 3 lasthudnues FA Tuvausfishandu
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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 °C. The results demonstrated that the optimal
operating conditions were achieved at a rotational speed of 10 rpm and a temperature of 90 °C.
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

efficiency 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
o
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nMsnAdpUALTINLEMTIndUNTEgaveades Inefmuailadensnaaes famsiei 2
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" JTAUNINAHDU
Uady - ” -
50U 1 5TAU 2 5TV 3
AVINEMYUGNNAT (SeURBUIT) 10 20 30
RaunQil (eFwaLgea) 50 70 90

et 2 Amwsiliiausiseuesgnnas (Rotation Speed) il 3 sedfu e 10 20 was
30 seusau? uavfmualigamgiinisin (Temperature) i 3 sgdu e 50 70 uay 90 B waLTed
Mndusfiunsianaeumudunsegedinunsie uanieudleuts 3 arudiseu wae 3 gumgd
Tnonaildidudindoveinsindunszgadau 10 afa iednanimadeunisindunszgnnnuiou
fgampifnzannisudiouiunsiadunssgameousanunuiell  Telasimuassesiuesngnnas
gl 6 Widlvueszezsing 0.3 fadwms esnduruinrimunvesnsegeiinguinanssuthlundney
Snanuld ndfusidumsiierzhiasgmandiiotiesosuuuululnlunsuindeld

a ¢
NANT1INAADILLAS IV
HAIINNITNAFOUANTIOULNITIALEUNTLIAVBUATOIALFUNTEALULGNNEITINAINTBUTIAIUSITOU
3 56U A 10 20 wag 30 sRUSBUY Uavamumvainissn 3 s¥AU Ao 50 70 uaz 90 BuMmwaLdyd N

UIANINUNVBAHUNTZIANEININNTIA YIINSTUANNENITVAGEY AIRNT19N 3

M990 3 HAN1INAARUUTEENSAINNNTIAEUNTEIARILLATEISALEUNTEIALUUNNAITINAIITOU

anuEwmyuden  gamgdl vanlumsia AnuvuInsgn (adwns)  Auede Andbauy
(soudiawni)  (esAnwales)  (Juad) afifi1 afaiiz  addiis WINTFIY

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 13 0.35 - - 0.35 0.00

1

foyanual * Ao LHUNTEIANVIANARINNTIA Lazdydnual - Ao lEUNT¥IANANUMUIAILTFBINTS

KANSYIARBINTINEUNTEINTINANTIT 3 nuh Tlgamgdl 50 ssmiwaea i 3 Auaseunuh
Aoy 10 sousiowd agldvunarunuvesnssgatiosiian Ao 0.31 afums uenaniidiedung
Snwaszynanmeammnu @unszgalimmEey lisesunnveadunszaadimuiisey 10 seuseund fegui 2
uarNUIDBMANTRNALNTEATAILIEATEU 20 uay 30 Souseundl Uit 3 vallidlelgamnfi 50 esmwaFea
lunisSatdunsegnvzdesnniiunsiadunsegndiuin 3 seu Fesililivuinanuvuiveadunsyya
ffleAumun 0.30 - 0.35 faduins Anfesnilundnduinonssudnsauseld
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M sindunszgadnnu 2 seu Jasilrlduemmmunvesidunsygariimanumun 030 - 0.35 fadlms
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10 seusieundl azldvuinmnuvuveanszgatiosdian Ao 0.31 dadwns uenaniidedunndnume
mamenmnut dunsegadianudey werlinusesuanveadunsygat 3 AnuiSaseu Taddleldgungd
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39150JHANITNAABIAINANTIT 3 WU mmL%’Jiamaqqﬂﬂgaﬁmasiami%Lé’uﬂizgﬂ Na1IAD
ij@Lﬁmﬂ’s’mL%’JiEJUiJ’Iﬂﬁu%uﬁﬂiﬁ%u’lﬂﬂﬁ’m%uwmﬂ‘éﬁ]@ﬂ’lﬂ%ﬂﬁ]’]ﬂﬂﬁ?ﬂ wagluvagieniuanldnusou
iumsmLauﬂs“'«mmumﬂmmuawvmmamamsmeamumvw Felsinanisveasaldlufiamadieniu
fio ﬂ’]ﬁi@mﬂWU?I’N‘V!@Jﬂ’J”IlI“ZIUVIﬁQlINEIG]@ﬂ’J’]@JLiEJ‘U LLaummmmidumiimaamﬂmmm (Kaewjang et al.,
2014; Treeamnuk et al, 2017) Fslinanisvaaadllufieniudeatu fe mqmmamumvgmmam
mis[fz’j’l,ﬂ?aw%’wumLé’uﬂizgmﬂuas}’mmm mmsﬁﬁqqdmasﬁammﬁw Audl WaZAITLANYDY
Lﬁuﬂ’ﬁzgﬂ (Treeamnuk and Treeamnuk, 2013)

NANSNAABUNNTILATIENANLUTUTIU (ANOVA) ‘UENL?]%EN%@Léﬁmiz@@LLUUQﬂﬂgﬂ‘ﬁﬁﬁJﬂ’J’lu%’au
deFouifisunavosnnuidsevtesgnnasuasgamgiinisiadenumvendunsygaiisald  laeidad
AruiEisouTesgnnas 3 SedU fio 10 20 uay 30 seusdeud wargamglinisin 3 sedu Ae 50 70 waw
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M50 4 N1TIATIENANNRUTUTINYRUSEANEAINNSIALTUNSERARIELATETALAUNSERALUURNNEY

FWANUTOU
Source DF Adj SS Adj MS F-Value P-Value
Model 8 0.123852 0.015481 174.17 0.000
Linear a4 0.122415 0.030604 344.29 0.000
Rotation speed (rpm) 2 0.002496 0.001248 14.04 0.000
Temperature (°C) 2 0.119919 0.059959 674.54 0.000
2-Way Interactions 4 0.001437 0.000359 4.04 0.016
Rotation speed (rpm) * a4 0.001437 0.000359 4.04 0.016
Temperature (°C)
Error 18 0.001600 0.000089
Total 26 0.125452
S = 0.0094281 R-Sq = 98.72 % RSqad)) = 98.16 %  R-sq(pred) = 97.13 %

9nmseil 4 awnsaaguliinanmsissiteyavesnmundunsegaisaldnatiadusiig o
Ihenduuszansnisdnaule R Wiy 98.72 % muneAudn Anufuudsene q vesnisvaaesiiananse
murlél (Controllable) Wu iesile gunsalFethadsng q fifuuslinslumsnaaesiauindu 98.72 %
dufmdeuszainm 1.28 % LAnaniadesins o Aldannsarunuld (Uncontrollable) Fatfunsoonuuy
msnaaesniall feegluseduiisensuldidlosandr R wnndn 70 %

Pafrtianstad Ao muSiseuvesgnnie wargumnimsin dwaegisdiduddydenumn
Gunseaiidald 1esaindlen P-value found1 0.05 Fudeldhdmalasnsaiensindunsygn wenani
Hafuimesiaesaivdmantfitbdrennununidunsyaaiald oswndem P-value tiaend1 0.05
Fadeliindmalagnssdensinidunszgaituiy

HANIVAABUANTIILE TR LNTEgATRAAT DI AdUNTEgALUUgNNAITIALseu  Taonisin
NAN1INARDIIINANTIST 3 TiAuiEITeU 10 sousewndl uargamnil 90 ssmwallea mdiiunismaaes
manssourmsIadunszgarenaissindunszgauuugnnasieufou iesnlifidnsinisuanues
Hunszgn uazdiAinnamunvesdunsegawindy 031 fladums deinavesrimnumuilndiAssiuauia
Tvnzaudmivnuinonssuinany  warlihmstunamsiadunszgameniosinauiouiisuiuusauny
NANNTNAGDIFINST 5

M990 5 HansIadunsEnilaIeuLiguTEninaATeeIns iU

- BNTINTHEAR AUNUIVDINTEAN  NITRNVINVBINTTIN
SUKUUNITIANTLIN ~ e & - - N . v
U Y

(Alansusiagqlug) (Tadwuns) (véw)
LA5899N5 6.9 0.31 2
BIIUAL 3.6 0.34 12
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wRodadunszgauuUgN AT AL Souli Eimadn 6.9 Alantudedalig annndussueuiitimidiniauds
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sUN 4 nswSeuifigunan1sAinuiUssaninmnisiansean

Jsaian1svAneanmIed 5 wut edesdaidunsrguuugnnAsTaLdou ffdnmsnan
fannndaudis 2 wh uazfianveadefiinanmsiansygeasnnni 5 wh TeedleWeuiuussnuiifnveade
NnMTEAduNsEgATIiY  Bsiniineiieiuulunssdndunsygeindnldaniadednidunszge
lnguszana 6.9 Alandu azilidunszgademediuiu 0.2 udedlaniy uagazliidunszyademearnnisia
seussnuaudnay 3 Wusieflansu wufy deidnsidemevesnszgnanmsiatesnitdisusanuau
Filinanismeaedlulufiemaientu fe mavaassindenndemelrsesindenndewuinduuesidus
voududlivnanmanysaindouiiaziludnaulsesidnedvey 97.77 Juduimnwesiazensuld
(Boonrawd et al., 2017)

nsnUsEAE A mANITuveadunsEailivdanmsianui  dunseeitaldanniadesin
unszgauuugnnassamenudeudimumuniidosndt (Ui @unsegaiialdanusanuay Gedvas
arwmuvinsdulsinndnifies 0.03 fafwns Meilidesnnnsiadunsegadeussnunuieldnaiuy
anuannsalumslifdaweaussnuauiiazaniosas inmnuilos mnudn wazanudewing silv
anuashiauslunsimidunszgnaniosadlumudidu ddvinanismaaedlulufirmadeiu fie amnuaansa
youadosinsfinnnissiuay Sniussrunudainmudosdaranidmaronuamussnuiianio
ANuU198 (Inkai and Tungmee, 2007; Madtharak et al.,, 2013; Inthrayut and Phurahong, 2016;
Phopha et al., 2024)
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aglel
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WAUAT N VAU 2 Lhou
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0 # 2,340.85

g PW Huruanuasenau sty Interpolate 71 n = 1 iilew wae n = 2 iiou
"'n-1"/'2-1" = "0-(-10,312.08)" /"2,340.85 - (-10,312.08)"

azla n = 1.82Lhou
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