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Abstract: This research aims to apply Geographic Information Systems (GIS) to analyze the impacts of
benzene dispersion in Bangkok. The study collected benzene concentration data from four air quality
monitoring stations under the Pollution Control Department between 2019 and 2023. The data were
analyzed using spatial interpolation and overlay analysis techniques. The results revealed that high-risk
areas for benzene exposure were concentrated in industrial zones and high-traffic areas, particularly in
Bang Na, Lat Krabang, and Khlong Toei districts. Based on the findings, the study proposed three-tiered
spatial mitigation measures: urgent actions in high-risk zones, preventive measures in moderate-risk
areas, and monitoring protocols in low-risk zones. The research provides a preliminary framework for
developing air quality management policies in Bangkok, emphasizing spatially targeted interventions
based on benzene dispersion risks. However, further field implementation and efficacy assessments are

required to ensure the proposed measures align with real-world operational contexts.

Keywords: Geographic Information System; Benzene; Spatial Analysis
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Abstract: Producing hamburger buns that meet high-quality standards and are free from defects
remains a critical challenge in the food production industry. This research aims to apply the DMAIC
technique to systematically investigate and improve hamburger bun production processes, with the goal
of reducing manufacturing variability and enhancing product quality. An initial defect analysis identified
warpage (21%) as the most frequent defect, attributed to mold deterioration and resolved through mold
replacement. Therefore, efforts focused on reducing color variation (20%), the second most prevalent
defect, linked to process instability. Root cause analysis using a cause and effect diagram identified that
the volume of cooling water in the sponge process and the mixing velocity during the dough process
significantly influenced the occurrence of discoloration (p<0.05). Following process improvements, the
defect rate of hamburger buns with discoloration decreased by 77.29%. This study proposes a
structured framework to enhance operational efficiency, reduce product variability, and ensure quality
compliance, thereby offering a strategic approach for improving hamburger bun production and extend

its applicability to other food manufacturing processes.

Keywords: Process improvement; Defect; Hamburger Buns; DMAIC Technique
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Abstract: This paper presents the physical and mechanical properties of mortar mixed with marine
waste for product development. Marine debris was collected from coastal areas, and only plastic bottles
were selected and crushed using a grinding machine. The cement-to-stone dust ratio was fixed at 1:4 by
weight, with crushed plastic waste added at 3%, 6%, and 9% by total weight. The water-to-cement ratio
was maintained at 0.4. The unit weight, water absorption, porosity, compressive strength, and
microstructural analysis using a Scanning Electron Microscope (SEM) were tested. The most suitable
mixture ratio was then used to form a prototype product. The study found that the unit weight of cement
mortar decreased as the replacement level of crushed plastic waste increased. The incorporation of
crushed plastic waste also led to higher water absorption and porosity with increasing plastic content.
Using 6% crushed plastic waste by total weight in the cement mortar and stone dust mixture proved
suitable for producing plant pots. This utilization of marine plastic waste to develop sustainable products

promotes a circular economy and helps mitigate environmental impacts.

Keywords: Marine waste; Plastic; Microstructure; Circular economy
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CT 1000 4000 0 0.4
3MP 1000 4000 150 0.4
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Abstract: The COVID-19 pandemic has emphasized the critical need for effective diagnostic tools that
can assist medical personnel in evaluating patients more rapidly and accurately. This research presents
the development of a model for classifying COVID-19 from chest computed tomography (CT) scans
using ensemble learning methods. The study utilized the COVID-19 Radiography dataset containing
7,232 images, evenly divided between 3,616 COVID-19 positive images and 3,616 COVID-19 negative
images. The dataset was split data to a training set (70%, 2,531 images), a validation set (20%, 723
images), and a test set (10%, 362 images), with 5-fold cross-validation (K=5). The experimental
methodology was divided into three groups: Group 1 involved testing 38 popular deep learning models
and selecting the three highest-accuracy models for further experimentation. Group 2 combined these
models using bagging techniques across the five cross-validation data folds in three different
experimental configurations. Group 3 utilized bagging to combine the highest-performing versions of
each selected model in two experimental configurations. The results show that the experiment group 3
using MobileNet and DenseNet121 together achieved an accuracy of 99.30%, compared to the baseline

model in group 1 with an accuracy of 97.23%, which is 2.07% higher.

Keywords: Classification of COVID-19; Chest CT scan; Ensemble Techniques; Deep Learning
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Abstract: The objective of this research is to design and develop a standard calibrator for a horizontal spirit
level that is efficient and can be used to obtain the laboratory accreditation ISO/IEC17025: 2017 in the scope
of spirit level calibration. The research began with collecting needs for using the calibrator of 30 people in the
calibration laboratory by face-to-face interviews and questionnaires. Quality Function Deployment (QFD) was
then applied to translate these needs into technical requirements of the calibrator. The next step was to
generate 3 design concepts of the calibrator, and the most prominent one was then selected using the
concept scoring technique. Subsequently, the selected design concept was finally revised based on
recommendations from calibration and engineering experts before developing the prototype, which was called
the Precision Bar. A comparative test of performance between the previously used calibrator and the one
developed in this study showed the following results; (1) Calibration time has been reduced from 120 minutes
to 52 minutes, (2) Spirit levels can be calibrated according to the same JIS B 7510: 1993 standard, (3)The
weight of the calibrator has been reduced from 25 kg to only 2 kg, (4) The floor slope of the calibrator can be
adjusted as small as 0.02 mm/m per one scale, and (5) Profit from calibration service increased from 200
baht to 600 baht. Moreover, the new calibrator also has the same calibration capability as the standard

calibrator imported from abroad, and its cost was 110,000 baht lower, or 73% price reduction.

Keywords: Calibration; Horizontal spirit level; Quality Function Deployment (QFD); ISO/IEC 17025: 2017
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Development of Heat Resistance Properties of Geopolymer Bricks from
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Abstract: This research aimed to develop geopolymer bricks using fly ash blended with metakaolin and
bagasse ash to enhance thermal insulation properties. The study examined the effects of replacing fly
ash with bagasse ash at proportions of 0%, 10%, 20%, and 30% by weight on the physical and
mechanical properties, including compressive strength, density, porosity, water absorption, thermal
conductivity coefficient, and high-temperature resistance. The results showed that increasing the
bagasse ash content significantly reduced thermal conductivity, with the BA30 formulation achieving the
greatest reduction of 41.1% (0.277 W/m-K). Meanwhile, compressive strength tended to decrease with
increasing bagasse ash content. At 28 days, formulations BAO, BA10, BA20, and BA30 exhibited
average compressive strengths of 14.23, 13.29, 8.53, and 9.18 MPa, respectively. Overall, the BA10
formulation was found to be optimal, with compressive strength exceeding the TIS 77-2565 standard by
32.9%, thermal conductivity reduced by 12.8%, and maximum heat resistance, retaining 18.7% of its
strength at 1000°C. Cost analysis revealed that geopolymer bricks cost approximately 4 baht per unit. It
also exhibited thermal conductivity values over 40% lower than those of conventional clay and concrete
bricks, and withstood fire exposure for more than 4 hours, clearly demonstrating superior thermal

insulation performance.

Keywords: Geopolymer Bricks; Fly ash mixed with metakaolin; Bagasse ash; Sustainable construction

materials
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Abstract: This study aimed to utilize waste materials to identify suitable compositions for developing thermally
insulating hollow concrete blocks. The research incorporated palm oil clinker aggregates as the base material,
partially replaced by surgical face masks and KF94 masks at substitution rates of 0%, 2%, 4%, and 6% by
weight of the palm oil clinker. This study evaluated the compressive strength, density, water absorption,
electrical resistivity, and microstructure of cement mortar specimens. Additionally, the thermal insulation
performance was assessed using 70x190x390 millimeters hollow concrete blocks. The experimental results
indicated that incorporating the surgical face and KF94 masks reduced the compressive strength and density.
However, when tested in hollow concrete block form, palm oil clinker aggregate blocks demonstrated
significantly superior thermal insulation compared to commercially available hollow concrete blocks.
Furthermore, the inclusion of surgical face and KF94 masks slightly enhanced the thermal insulation
performance. In conclusion, hollow concrete blocks composed of palm oil clinker aggregates blended with
surgical face masks and KF94 masks present a viable approach for manufacturing nonloadbearing hollow

concrete blocks with enhanced thermal insulation properties.

Keywords: Palm oil clinker; Surgical face masks; KF94 masks; Hollow concrete blocks
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Abstract: This research aimed to improve the production efficiency of hot coil plates. The main problems
identified were production delays and deviation from the planned schedule. The study began with an analysis
of the hot coil plate production process, followed by brainstorming and the use of a cause-and-effect diagram
to identify the root causes. It was found that the deburring process caused significant delays. The ECRS
principle was applied, specifically by eliminating the deburring step through the adjustment of die clearance to
suit the thickness of the material type, in order to improve the edge folding process and reduce waste. After
the improvement, burr formation at the workpiece edge was eliminated, leading to the removal of
unnecessary steps and a reduction in processing time. The processing time for the fan frame component was
reduced from 2,630.58 seconds to 1,363.81 seconds, a reduction of 48.16 percent. For the left and right plate
components, the time was reduced from 3,769.96 seconds to 1,886.62 seconds, a reduction of 49.96
percent. Additionally, the average daily production of fan frame components increased from 170 to 295 units,
an increase of 73.53 percent, and the left and right plate components increased from 213 to 427 units per

day, an increase of 100.00 percent.

Keywords: Improving Efficiency in the Production Process; Hot Coil Plate Production Process;

Cause and Effect Diagram; ECRS, Die Clearance
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Abstract: This research aims to determine the optimal conditions for eliminating coliform bacteria in
surface water using a hydrodynamic cavitation reactor. The response surface methodology was
employed to analyze the influence of variables on the amount of total coliform bacteria. The studied
variables included the duration of coliform bacteria removal, the number of holes, and the diameter of
the holes on the orifice plate. The experimental results showed that the cavitation occurring within the
reactor effectively reduced the amount of total coliform bacteria. The key variables significantly affecting
the reduction of total coliform bacteria were the duration of removal, the number of holes, and the
diameter of the holes on the orifice plate. The developed mathematical model was found to predict the
amount of total coliform bacteria with high accuracy, with a coefficient of determination (R?) of 0.9462.
The optimal conditions for eliminating coliform bacteria were determined to be a removal duration of
89.33 minutes, an orifice plate with 5 holes, and a hole diameter of 3 mm. Under these conditions, the

amount of total coliform bacteria in surface water was reduced from 200 CFU/100 ml to 0 CFU/100 ml.

Keywords: Coliform bacteria; Response surface methodology; Multi-hole Orifice plates; Hydrodynamics

cavitation react
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(Analysis of Variance, ANOVA) la g #2131
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11 d1801M1TIRB9LE BULY Selective AdNNTLAY
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vnlilaladilaanasudndiag lagdounouluns
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3.1 AIUVUINABILATENNITAANDEY
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(Model Summary Statistic) asugaslilua1sef 3
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WINAL 0.9937 F89aINNNABAILULINREIINRIFE
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R ETE R Ttk ST R LT BE T PRI EPIE IR
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AANZFUAILTFAIAUFNNTN (4)

Y=15.20-6.92T -6.79N -3.04D-472T*  (4)
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myanzRaeuulsUnialsiiueny
WL D0 E DURZAILANNZRNYBILU IS8 DINT
A AAIFASAWA WL W (FUN1TA 4) TaT e
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\Basin 95% lagdnaniuaniluansnen 4 wan1s
"‘smi’]:ﬁwm']LLuuﬁwaaaﬁ"l@Tﬁmmé'ﬁmuasmﬁa
NIED6 lauian p-value WinAL 0.0012 Fa1i9%9n
FudsnlEAn w1 T8N nadanan1INA8 89959
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Normal Plot of Residuals
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AN Izl awinny 0.0002 L&z 0.0003 MNENL
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Coliform bacteria (CFU/100 ml.)

I

B: number of holes on the plate (holes)

C: Diameter of holes on the plate (mm.)

Coliform bacteria (CFU/100 ml.)

C: Diameter of holes on the plate (mm.)
!

T T T T

A duration of coliform removal (min)

M)

A: duration of coliform removal (min)

(2)

ﬁ

T e

B: number of holes on the plate (holes)

(?)
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Jaffasal8A1AuNInala (Desirability) 1inny
1.000 aamvlsﬁ@nuLﬁaqmﬂ@ha‘imauguazmm@
Lﬁumquﬂ‘nmwaaguul,muaa’%ﬂmﬂum‘nmﬁw
Folaimnansati Wl l6a5e Sedmsusuauialwing
damsdszyndlflunisUjuid Tasimuasnined
winnzaaludidu szeznanlunnsdidaladnes
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a a € a o o o a 6 a A & :’ a a
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Source Standard Derivative R? Adj. R? Pred. R? Remark
Linear 414 0.7874 0.7389 0.5977 Suggested
2FI 3.97 0.8495 0.7593 0.4049
Quadratic 2.84 0.9462 0.8761 0.2290 Suggested
Cubic 1.28 0.9937 0.9978 Aliased
M19199 4 HamFAATRANANNLUTLUTIN (ANOVA) mammuaﬁwaaamamﬁ@ma@i‘
Source Sum of square df Mean square F-value p-value
Model 992.23 9 110.25 13.67 0.0012
Residual 56.47 7 50.47
Lack of fit 49.90 3 16.63 0.0244
Pure error 6.58 4 1.64 10.12
Corrected total 1048.70 16
C.V. = 22.96%, R? = 0.9462, Adj. R? = 0.8769, Pred. R? = 0.229
4 = Q a QF
M990 5 Nammme:ﬁauﬂi:aﬂﬁmaaaumimnaﬂ
Source Coefficients Standard error p-value
intercept 15.20 1.27
T -6.92 1.00 0.0002
N -6.79 1.00 0.0003
D -3.04 1.00 0.0199
T? -4.72 1.38 0.0112
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Abstract: This article introduces a novel approach to wireless energy harvesting using a metasurface
antenna array and rectifier circuits, designed in a 4x4 array configuration consisting of 16 antennas and 32
rectifier circuits. The system is aimed at harvesting wireless energy from 5G base stations operating at a
frequency of 2.6 GHz. The antennas are designed with a suspended structure and circular radiating plate,
featuring dual-linear polarization to enhance signal reception and ensure compatibility with 5G systems. For
the superstate layer, unit cells are arranged in a 3x3 hexagonal ring pattern, enabling unidirectional
radiation and achieving a gain exceeding 9 dBi for both polarizations at the 2.6 GHz. The rectifier circuits
utilize SMS736 Schottky diodes, offering a conversion efficiency of 26.7% and generating a maximum DC
voltage of 1.53 V under an input power of 4 dBm with a load resistance of 3 kQ. Experimental evaluation
of the 4x4 metasurface antenna array revealed that series and parallel connections of the rectifier circuits
produced maximum DC voltages of 9.78 V and 0.42 V, respectively, at a distance of 3.5 meters from the
rear of the 5G antenna. This work demonstrates the potential of metasurface-based rectenna arrays for
efficient wireless energy harvesting in 5G applications, highlighting their high gain performance and

effective energy conversion capabilities.

Keywords: Energy harvesting; Metasurface antenna; Rectifying circuit and 5G communications
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Abstract: This research aims to reduce the waste of nitrogen tubes generated from testing for the
quantities of Nitrogen and crude protein in laboratory settings of a case study factory, using 2* Full
Factorial Design. The study aims to identify factors and their levels in adjusting the settings of the Block
Digestion machine appropriately. The experimental design comprises three main factors: temperature,
burning time, and cooling time. The experiments were repeated three times, totaling 24 trials. The
experimental results indicated that temperature, burning time, and cooling time had a statistically
significant effect on the occurrence of cracks in the test tubes at the 95% confidence level. Moreover,
significant interaction effects were observed between temperature and burning time, as well as between
temperature and cooling time and the appropriate factors and levels for adjusting the settings of the
Block Digestion machine are: temperature at 400 degrees celsius, burning time of 120 minutes, and
cooling time of 50 minutes. Subsequently, the appropriate factors and levels were used to collect data
for comparison before and after adjustment. It was found that before adjustment, there were 359
instances of tube damage, whereas after adjustment, the instances reduced to 7, resulting in a reduction
of waste by 98.05%. When comparing the expenses incurred, it was found that before adjustment, the
cost of the 359 damaged tubes amounted to 502,600 baht, with a unit cost of 1,400 baht per tube. After
adjustment, with only 7 damaged tubes, the cost amounted to 9,800 baht, resulting in a reduction in
expenses by 492,800 baht.

Keywords: Factorial design; reducing defect; digestion tube
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Abstract: The manufacturing process has been continuously improved in the industry. The 3D-printer
has become one of the most widely used new techniques for manufacturing. This study aims to
investigate how the mechanical characteristics of the test samples are affected by the 3D-printing
parameters. Types of plastic (ABS, PLA, PETG), printing speed, infill density, shell thickness, and layer
height are all printing parameters. In the test findings, the mechanical characteristics of samples made
using 3D-printers are compared. It was found that the printing parameters, which are plastic type, shell
thickness, layer height, printing speed, and Infill density, respectively had a significant effect on the
mechanical properties. The mechanical strength increases when the printing parameters are increased.
Furthermore, the findings indicate that the shell thickness 3 layers, printing speed 30 mm/s, Infill density
20%, and layer height 0.3 mm are the printing parameters that provide the best mechanical qualities for
all kinds of plastics. PLA is the plastic that exhibits the best mechanical qualities in this study which the

compressive, tensile, and bending strengths are 25.29, 20.84, and 63.44 MPa, respectively.

Keywords: Plastics filament; 3D-printer; Printing process parameters; Mechanical properties; Statistical analysis

The Journal of Industrial Technology (2025) volume 21, issue 2 http://ojs.kmutnb.ac.th/index.php/joindtech
167



1sa1s3vImanaluladana1unssy (The Journal of Industrial Technology)

’

UNAMNITY

1. NI
a o A X A o &4
wmamﬂma@mlﬂumﬂugﬂwamnmmwwu
wnlana I ludiadszdiu suinianudanedg
A A v ¥
ANIUNIHAAFUAIG9 9 Imni:mumimugﬂ
NAAAUMNAINWAFEAN FIN1TDVINIARaNAAILSD
(%] qu 1 s U l&l Qs
ANANBAULVDITUIIN LU MIBATERIUFY MDA
- X a S
303U TUNY nI0N15808aTUIUTHI [1,2]

A v Ay o v

2819130 AW NIELIRNIHEAWENREIT TN
AAEUIENT % m%ﬁmuazqﬂmfﬁ‘ﬁ'ﬁﬁmuwa
LLﬂ:ﬁﬂ%ﬁi’mﬁl%’Iuﬂ’l‘mamﬁ‘i’]ﬂ’]i;(d 173
Lﬂﬁlmuuﬂadgﬂuuuwamﬁmsﬁa:dmﬂﬁﬁunumi
wﬁmLﬁwgaifmgﬂumumaum’?aaé’m wsasdle nie
L3991 ﬁﬁ]ﬁ;ﬁuﬂizmumwﬁmNﬁmﬁmm‘mn
Wmaanvlei”gnw”wmashwimﬁaa Taoniolu
mzmumm5mﬁ"L@T%‘uﬂ'nuﬁwmﬂsLuﬂagﬁu Ao
mmﬁmmmﬁmﬁa (Additive Manufacturing)
WSaIRuN 1T @ (3D-printer) L wwitalu
Ln3a9s s m3lmafianssuaunmInaauuuLRy
Lf:m”a@! Tagrinnsdailanaadnidwdreudn
%auﬁ'uﬁ'muaanuuﬂu%mmmwgmmumﬁ
sanuuu i laverdunismingunInianiuszuy
wou@daas @8] awrndnlddszgndldldlu
WANWALATIANTIA LT qmm%mm%ud’mmu
HUG %udaui’aqmsﬁu 27IN¢ %udaui’a@;

a a

ALRNNIDW

TUITUN

NFLAZARIMNTINGY 9 [4,5] LT udu

NAAINLATBINUW A URALRIZNUMITFINS

e

FUNUGULUURBUAINNTHENDIY LHhaInTTuaan
ANTNRAN b TUT % FUNUAT BTN LAY
FUFauUaIlaTIRIIIR dT U un NIz unslE

Nu uazmunInAsuudasgy wuuledne i'aqﬁ‘l:ﬁ

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.08.012

X e - .
lumaliugtenauanenani 15w wanadn wiunia
R IS 2 fnd o
Tuud laodanslinanmylugusunu 3 dneds
WANMIIRIWTWIMT UTH o LTWALINY [6]
2UUMIR BT B TaIN NN Al nane
VoA ' % '
FTULUANWUUNIAA18 bd LA S2UY Fused
Deposition Modeling (FDM) % 38 Fused Filament
Fabrication (FFF) [7] \A3adRuW a8 @s=0y FFF
JwaT099n NN AT WIWINITLFUNAEEN
A A & Ada
(Filament) T3divainwarsdizinn nindaaw
= ~ ° v A A ' A
uwdausags e lwinle wieaabiangwniion
J U v v U a {
£19 IUALAMNGBINTTVBIN 1T LEUWARANTS
o @ o o A & Aa
mahanlgnunueIasRuwaufidscuy FFF an
ngadl 3 Uszinn ldun wara@nezailalulasd
Jamladualasn (Acrylonitrile Butadiene Styrene;
ABS) Wans@nwaduan@auada (Polylactic Acid;
PLA) LasNARANWORLEAAWNLINNLEA INaA D
(Polyethylene Terephthalate glycol; PETG) #anan
a < P Y A A € Aa
WAEANNI 3 THALA LAIINUNENUR Az FFF
gasansnldnununatadnnguimailanaiadn
L% WadlaLTasoLrash law (Polyether Ether ketone:
PEEK) Wad W3 Inau (Polypropylene; PP) 1 udn
[8,9]
A A o o A
wanINYsznnvaInagdnNid waaunani
FINAGORNLAVDITUINUUED TIVUNITHRA LT
AN UM IRNNT WU (Printing Speed) A4
WUIDBINTHIT I (Shell Thickness) ANURL LT
2IMTANTUIU (Infill Density) WIBANNFIVDIUG
8% (Layer Height) N udnaiud1ayNsinaes
FULR LOZA AN IWYDITUIIH LT AWAUIVDITH

71 0.2 TRLNATHAZLALAANTI NMTNUWATNLUILTI

The Journal of Industrial Technology (2025) volume 21, issue 2

168

http://ojs.kmutnb.ac.th/index.php/joindtech



1sa1s3vImanaluladana1unssy (The Journal of Industrial Technology)

’

UNAMNITY

fangrolwainuudsusedofmuaundn [10]
UL AU IANS I AN AR89
g dausrolwsusususedelddun
S uazanwalassaiamoludanumuisniy
wiadslalnddoanu [11] ﬂzﬂuﬁmmaﬁaqwawﬁﬁ
maiudalowsuuss Tasosuanaunsalumsnun
WU IAIRINALT WL BT % AUIRQWAEAN [12]
uaﬂmnﬂm‘fﬂmsﬁuﬁﬁdwa@iaauﬂ'ﬁ’i’a@! 23y
mi‘ﬁuﬁﬁ'@mmwaeiaqmmwmaa%mm L% AW
qwadl,wia:‘*ﬁgu"ﬁaﬂlﬁwﬁfd%mmﬁmmﬁﬂumﬂ
f995 (Surface and Roughness) A guania
Waia (Nozze) liinasmusaiinanusudan
Tassasnanoluuaznowanuosduiwle [13]

INMINUNIWITIBNTINT RN WL
mmﬂ,my'Lflumsﬁﬂmﬂﬁr{i'mLﬁ'mmaamsﬁmﬁfugﬂ
ARINAADMIHAATHIN UAEIIANMIANTS Y

INANTENUGABRNL®

a o

N’J@]q

374 (Two-way Interaction)

a

=
7
PDITUINY AIBWITWITLN

oY Usraannanlu
mMsanETas NS RUNEWINURIBNITNAREILE
wANNaFEaLUY 2 32aU (2) Hunslemzitoya
FruauFuNuFIFadunazd faunusaain i
FINAAORNTAITINa09T wiw TandTasnly
msdnun liun anuislunsRawduan (30,
90 ARG IUTN) ANMUAWITINTIT U A,
3 F) AMURWILUUDBINTLANT I (10, 20 %)
LREADIINFITAIUG arTw (01,03 UafLNAY)
uaﬂmnf:ﬂ'al,ﬁaﬂsl:ﬁi'a@gﬁw%%’umsﬁuﬁﬂfugwfumu
fuanednenn 3 viie laun Wunanadn (Filament)

ABS, PLA uaz PETG lagldmmasauantianiong
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w3 wwlunisIoudousuen leun nns
NAFOULIIOA NTNAFDUUIIAILALNITNAROL T
salumyiana laonansanuns 5 Tose axidn
LLmmaﬁa:mmsm:qﬂﬁwé’nmaamsﬁuﬁﬁﬁ@ia
suavostuinwldainstannuazmanzanleun
TRa

2. DANUBKINWIVY
sl,umiﬁﬂmmﬁfugﬂﬁamm%aaﬁwﬁ 3 9@ be
RsandonTasslunsRu WG wud awanaan
3 7%ia ldun ABS PLA uaz PETG UUIALEWHY
gluz](ﬂm\‘l 1.75 AaBLNGT @‘i’auamlugﬂ‘ﬁ' 13048
AMNUSENHIEFINLULST 31N (NIUNWURILAT)
BIN1T08NLLLNTNARBILEILNNNaLTuaLLY
2 3zau (24 Imﬁqﬂﬂaﬁ’mmiﬁwﬁ%mm 4 1338
T&uA AUARITBINEIB N Au5alunns
RURE U AURUIUUHDDINTLENT Y LA
mmgwmumzfu Uanza98i 3 T2AUAILEAY
Tuans19f 1 I@maaﬂLmun’ﬁmamu@ia:"g@ﬂwﬁb
ANTRUN T HINHE IR 2 Lﬁ'aifugﬂﬁw
3R Nauia 34 FLASHFORGE FINDER 3.0
(gﬂﬁ' 2) ﬁﬂ“ﬂ?ﬁ'mmuqumiéﬁa@hm%aaﬁuﬁ
wanmitaaniaseiladnen Idun vadaaua
0.4 UadLNAT qmwgﬁﬁaﬁ@ 245, 195 Lay 225
0IALTALTUR QNN I%Iad 110, 60 LAz 80
IANTALTUE F1IRTUNAIRAN ABS PLA UaS
PETG ¢nu&1aL ﬁwmiﬁw’ﬁugﬂﬂﬁmmuammaa‘u
suALEINamLIA30INaFaUaINUTZRIA (Instron
universal testing machine 5582) l@uA A214 LT

U990 ANMNULTILTIAILAZANNLTILIIAG
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M99 2 MINAaILTILNANaFIaLUL 2 320U (24)

Level Shell  Printing Infill Layer
Factors Formulation
Low Medium High Thickness Speed Density Height
Printing speed (mm/s) 30 60 90 Setting 1 1 30 10 0.1
Shell thickness (line) 1 2 3 Setting 2 1 30 10 0.3
Infill density (%) 10 15 20 Setting 3 1 30 20 0.1
Layer height (mm) 0.1 0.2 0.3 Setting 4 1 30 20 0.3
Setting 5 1 90 10 0.1
Setting 6 1 90 10 0.3
Setting 7 1 90 20 0.1
Setting 8 1 90 20 0.3
Setting 9 2 60 15 0.2
Setting 10 3 30 10 0.1
Setting 11 3 30 10 0.3
Setting 12 3 30 20 0.1
Setting 13 3 30 20 0.3
Setting 14 3 90 10 0.1
Setting 15 3 90 10 0.3
Setting 16 3 90 20 0.1
Setting 17 3 0 20 0.3

31 2 n3sRuNauda 1 FLASHFORGE

FINDER 3.0

311 3 FuNunazauwsd () 8a (2) A4 (A) aa

Tagvinmsnagey 3 s luudazmnasanana
WIATFTIUNINAROUAINUTILTIEA ASTM DE95-
15 BT WULUSTUIING 12.7x25.4x12.7 TAALNAT
(nF1axenaxga) @‘i’mamlugﬂﬁ 3(n) Manusalu
mM3I8a 5 AaAATAaMT [14] NINARBUUIIAIANN
¥10331% ASTM D638 0B uIulzIAN Type V
YUNA 9.53%63.5%4 FaALIAT @Tmamlugﬂﬁ 3() It
AN lunsae 5 Sadwasdauwf [15] uaznny
NAFAULIINAIBUUY 3 9@ AIWNIATZIH ASTM
D790 lau i Fusuuuia 127x12.7x4 Sasiuas
@Tmamlugﬂﬁ 3(0) 1N1INABAAILANNLI
10 Jaduasdamn [16]
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3. wan1Asuazanle
3.1 HANIINAFDUAMARDINITIOA
HANNINAFEUANNUTILTIsAUITUNATEL
IINWAFAN ABS PLA WAz PETG fifin130 96
TS RURTUI NS 17 70 éi'dl,l,amsl,ugﬂﬁ 4-6
W8za13797 3-4 WUANNLTIUsIBaTaIWaNEaN
ABS agj‘twﬁw 2.99-14.24 MPa Wang@n PLA ag
lug94 8.40-25.51 MPa wazwanadn PETG oy
Tug9 3.34-14.65 MPa lasfiwanadin PLA lyen
m’mmﬁaLm5’@f,;mz«;mluwﬁmwmaaﬂv‘i&ammﬁ@
AlFlun1Inagey HANIINATDOLTBIAIAITY
wisussaarbiiduuualitnantasolumsnaw
Fusn lagduaduanuudusssauaasliin
S UIBANUAWIY BINTEITUINWAND % Foralian
anuudusssarinunduawludre tilasann
ﬂ%mmmauﬁafmﬁﬁa%umuﬁﬁu HadausIf
m:ﬁwia%yumw,ﬁ'umﬂﬁuﬁﬂmﬁfafmﬁﬁ:a
FunuuazFunadunssuussfivunnd i
TeuiTa s AU ABILHUD B INTITLANT 1%
IEWUINT DA URUILUUAAY 10% TA1AINW
uwisusssainasnitanunwing 20% tiasann
USINIUANUAWILUBYBINNTLAN TN TLRNIN
Sugsnarinlwsunudviinanitasuluanduans
lude @”afu%“dLﬂumqwaﬁﬁﬂﬁmmwmuuu
POINTANTUINUTA 20% FUUTISARNINTYNG D
Fuawldaundn nassnsnfanuaeandesiv
NWITURHIMFINUIN NSRRI RV IR
WU DIMTANTUINY FIRalTFNFTALIaa
maa%umuw@aamﬁugqifu 114] luwmefiiass

ANNFIVDIUART T Ivnanmsnasauldluiianis
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SRR
T T

Compressive strength (Mpa)
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00.Imm B803mm
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51N 4 daNUUTILIIOATBINANEAN ABS

u

30
)
S5 &7
=2 B3] ., B
] ey ey it 45|
5 20 1551 it it 55|
@~ e e e 5
g 2 e e e s
2 P tos ks k& ates
2 b e et ot ates
@ 15 - [ s ks kel ket ke otes
% %% P kel kg k2 ke ks e
2 51 [sed 5] R kg ke osed kel B
7 2653 [ el ke k=g ke e kel ot
2 L ke o2 ki B 553 e et e ]
g 10 kel ks k=& fed 5% 1521 ey feesy &
g ket kssd ks e 5% i ey 0] Be
= ] [t satel ke ke o K K otes
& [ [x3d ke kel kg ke kel ks ot
g 23 %5 s kel e ezl roesl ket e
- 3% [ s Kl kg ke ket kel ates
Q i3 [ ks R e ks kel ot ate
it foodd foc) B b e et ot ates
0 %% fiescd feoc bed beed fs] ] el ates
10% 20% 10% 20% 15% 10% 20% 10% 20%
30mm's 90mm's 60mm's 30mm's 90mm's
Tmm 2mm 3mm

o0Imm B03mm

311 5 Aanuudsnigauaiwanadn PLA

=Y

S 5=
T T

Compressive strength (Mpa)

P ]
— T

00.Imm 203mm

311 6 AAnuudsuIgavaiwanadn PETG

asanndw iad1aanw §I28IUG AYTULA WA
danuudansssaRudu %ammﬁ@mﬂwqﬁmm
maa"i’a@lﬁmmm%uwnuﬁm I@mmmsné’amm’m
sauLmﬂﬁnmau%ummﬁLLa@aiugﬂﬁ 7 WUl
fimsuanwnuuLBUILENaanaINfin (Delamination
Failure) 1 0997NT20EWA9ITENI9T U T2 e
0.3 Ta8waT #9NalWTznINITUuUITUITwE oy

ANl LU VIreNIzozH9 0.1 Fadiuastioly
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sewituassunwdandanwlddaiaudwite
@i (Homogeneous) udtitasanansluduwud
dFurmanununsiunisluies vliiians
UANANLULLAIANZLANIZUAS (Local Buckling) M1k
lisnansnsuussldagnadiu @Tﬁﬂmmqﬁmﬂﬁﬂﬁ
mmmgwam@iazﬁeuﬁ 0.3 JaRLIATILWTIOA be
mﬂﬂ'j’]mmmga‘%guﬁ 0.1 fadwas luvmeiilass
e lum R dunulieum i lisaen
wnin Tasuwa liuffeduiunaadn ABS 1w
wwalBuitwd gt uiuwansdn PLA uaz PETG 11
wuindadraausalun1sR s ueuiinag
WKLY aI9sRINANTENUA 8AIANILT IUII8 R

WNELaNaE @”&Lm@ﬂugﬂﬁ 5 Uas 6

Delamination failure Local buckling failure
Setting 14 Setting 1
Printing Printing
Speed Speed
30 mmv/s 30 mmv's
Infill Infill
20 % 20 %
Shell Shell
3 time 3 time
Layer high Layer high
0.3 mm 0.1 mm

3N 7 ANBULMIUANKNVBITUINUIINULIIE
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Wernmyemzinamesaasssamnaudonse
50 WUITas UM IRN WU ANURIIVBINIES
w9 (A) A NIRRT U0 (B) AN
WL UHTBINITLANT U (C) WAZANNFIVDI
Wi aztu (D) fnasdof1AuLd susIsaasn9dl

WofAL (P-value < 0.05) AIUFAILUANTIN 3 uae 4

A15191 3 HANNINARBUAIANULTINITIDA

Compressive strength (MPa)

Formulation

ABS PLA PETG
Setting 1 2.99' 8.40° 3.34M
Setting 2 6.08FG" 14.06°  6.69"
Setting 3 457" 9.79' 5.36°
Setting 4 5.47GH 15.75F 8.64F
Setting 5 412" 9.02" 3.74"
Setting 6 8.05PFF 13.61°  6.14"¢
Setting 7 6.30"¢" 11.08" 5.62°
Setting 8 7.52EFC 15.24F 6.90°
Setting 9 8.29CPEF 18.42F 9.33F
Setting 10 10.045¢P 18.42F 10.68°
Setting 11 9.50°¢PE 23.438 13.678
Setting 12 12.24"8 20.22° 11.58C
Setting 13 13.62" 25.29* 14.65"
Setting 14 10.60°5¢ 18.41F 10.62°
Setting 15 12.34%8 24.07"8 11.60°
Setting 16 13.114 21.68° 11.85¢
Setting 17 14.24» 25.51A 13.6678
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M15191 4 MINATERANVLYIUTIUN9EDE (ANOVA) 2848 LANINaaswnagay

Compressive strength

Tensile strength

Flexural strength

Source DF P- Adj Adj F- P- F- P-

Adj SS AdjMS  F-Value Adj SS Adj MS

Value SS MS Value Value Value Value

Model 10 1550.35  155.04 543.91 0.000 509.41 50.94 69.0 0.000 441113 44111 35.35 0.000
Linear 4 1545.98  386.49 1355.93  0.000 498.94 124.73 169.0 0.000 4315.18 1078.79  86.44 0.000
A 1 1202.05 1202.05 4217.12  0.000 304.19 304.19 4122 0.000 687.43 687.43 55.08 0.000
B 1 1.98 1.98 6.95 0.012 20.01 20.01 271 0.000 0.01 0.01 0.00 0.978
C 1 42.98 42.98 150.79 0.000 1.28 1.28 1.7 0.195 129.92 129.92 10.41 0.003
D 1 298.96 298.96 1048.84 0.000 173.44 17344 2350 0.000 3497.81 3497.81 280.28 0.000
2-Way

4.38 0.73 2.56 0.036  10.47 1.746 23 0.049 9595 15.99 1.28 0.290
Interactions
AB 1 0.34 0.34 1.18 0.284  4.81 4.81 6.5 0.015  1.14 1.14 0.09 0.764
AC 1 0.49 0.49 1.71 0.199  0.19 0.19 0.2 0.609 0.76 0.76 0.06 0.806
AD 1 0.12 0.12 0.41 0.523  0.35 0.35 0.4 0.491  6.83 6.83 0.55 0.464
BC 1 0.51 0.51 1.78 0.191  0.18 0.18 0.2 0.622  24.35 24.35 1.95 0.171
BD 1 2.25 2.25 7.89 0.008  4.31 4.31 5.8 0.021  58.41 58.41 4.68 0.037
CcD 1 0.68 0.68 2.38 0.132  0.61 0.61 0.8 0.366  4.45 4.45 0.36 0.554
Error 37 1055 0.29 27.30 0.73 461.75 12.48
Lack-of-Fit 5 3.04 0.61 2.59 0.045 5.16 1.03 14 0.219  119.01 23.80 2.22 0.076
Pure Error 32 7.51 0.23 22.13 0.69 342.74 10.71
Total 47 1560.90 536.71 4872.88

*A RaANURIITBINITITUNY B AaanuiSlumsRuwTuwnu C Aaanunimuiuaainatduduiu uas D Aaanugindactu

wannitgimuinaninatinswineenusalu
msﬁuﬁuazmmgwauma:ﬁ?u (BD) Anadadn
ANULTILIID AT R RIA Y ALTUNY 8%
SniwatanvasTesviug lidsnadanuudousisa
sl Seadlahanuilunsfianiue:
mmgwauwia:%mﬂuﬂaﬁ'wé’nﬁﬁwa@iammw
i 9us98 02095 uen 1 avinnTIte sz AN
UUTUTIWN9RNE (ANOVA) I@ﬂmmﬂanéjmﬁ 830
Fisher LSD Method 7l 2@ U A7 WL 0 8% 95%
saugasluasefi 3 wuinmsasandassmsRaw

v

FUNUVBINMFANNI 3 TRAN AR NUUTILIIOA

ad

anga Ao ﬁaﬁ‘smi@fﬂ@hq@ﬁ 13 (Setting 13) lae
AMURUNVBINTIIT % 3 T% anuS LR
30 HaRLAIAaI T NANURWILERDBINTTLEY
F91% 20% LLa:mmgwam@ia:%guﬁ 0.3 IRALNGT
I@ﬂﬂﬁéﬂ@hﬂﬁ]ﬁ'ﬂmiﬁuﬁeﬁﬂdn?ﬁ'@ag;sl,umjma
@) %amwﬁqmﬁuﬁﬁmmmuﬁumg\iqﬂ uazlvien
ANNLTILTIDAFIFADNG I mmz‘ﬁ'mjmaﬂn ("1
@hmmﬁamaﬁaﬂﬁq@ Famwananlain Mg
@lz\?@i’lﬁﬂﬁ'ﬂﬂ’liﬁwﬁﬂg@]ﬁ 13 (Setting 13) AA214
mmmmiamsﬁﬂﬂ‘lﬁommﬂﬁq@
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3.2 HANIINARDUAMNUDINTIAY
NANNINAREUNANINARALANNLTILTIA 1B
ZuNAFOUINNWAINAN ABS PLA Laz PETG
éi’auamlugﬂ‘ﬁ' 8-10 UAZANTIIN 4 Uaz 5 WUINAA
AMVUTILTIAIVBINARAN ABS a;j’lwﬁu 5.81-
11.89 MPa Wan&@n PLA aglwﬁaa 9.91-20.84 MPa
WazWANEAn PETG atjluti9 6.38-15.23 MPa lag
WaR@nngu PLA lﬁ/ﬂ"]ﬂ’.}’mLL%OLLiOadiﬁdﬁqﬂiu

UFIWRRANNT 3 THON LT lmIInagay

Tensile strength (Mpa)
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3171 10 AaNULTIUTIAIVINANEEN PETG
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31 9 AANNLTILIIAIVBINAEEAN PLA

8

Co0lmm  @0.3mm

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.08.012

P 9 =y =
E‘].I‘YI 11 ?@]LL@]ﬂﬂﬂ"ﬂaﬂ“ﬁud’]uLL?dﬂx‘l

NANIINAROULEAI PR LA BB L uAIAY
udausatsvastuwnasaudwllluianiadonn
AUAIA VLT ILTION b3 DANMNAWIVBINIITUIN U
° A - oy = A
IR NNINURFINA A AN VLT IVBINTIR LAY

&/ L3 1 Qo 1 Qa; =
vnduanulddqs fuadnaugIvaINea Tl

a £ A A = PP
AT NTUINA 0.1 Faduas 1w 0.3 AaaLNas

' @ It a X . ' v
WUINAAIA N VLT ILTIA A ND T UAY fufad e
PYBIANS UNIINUW T UINULAL ATV ALY DI
MAANTWIN T T Had A1 NLTILIIFI NIt e
ANINTHIIINAVUINUNLAAAMNLRERIY WL

- - - N A P
YIS MAAANNLRIA DR NI N AT WA RITUINY
4 & & - - e
Paenusabanulusnu tnemMIaFarientay
71 I@lﬂmmmé’om@;mn%mm%ﬁ'@miﬂ@aau
WU NATELANVIAUT I UNBINHUINTUINY
' a & o @ A
mnmmsnmmmlumam@; muamiugﬂﬂ 11
=) A Ao a ' & [
W UNRINNAIIAROUNNIAADH19TIALSIFINA LA
i:ﬂmmLLa:ﬂ%mmLﬁai”aqﬁﬁ@aaﬂmﬂﬁhﬁuﬁ
o - o & o a o 2 A A o
fee LﬂuwalvxLuma@;mnmwua‘ﬁumummm
RN IUATE AN ITRINITUTULTI e a8ad LA
MIANTALRZLANRN LA ENITNTARIUNRIRAT

dl o va a s = a nl g
“/I'Y]’]SIM Vv wuaan OALRCHITHZLIRIRANINLIVY
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wanwitaanmslieeAum it uuazansmeny
LANKNVBITUIH NMIFIATIHANIFHA AIUFA
T4A15797 4 WU RWIVDINITIT U5 (A)
anuF lumsAuiEuau (8) UWBZANUFITEINARE
T4 (D) RINANTENUG 0ANANULTIUTIR IV BIT U
nagauagNlnuia (P-value < 0.05) snLIuaNw
WL BIN LA T U (&) #'lsigomanszny
PMNNANIINARBILAZNNTIATZANFD ALD Ul D
SuguTasumIRUN TR UA FINadanNuudde
w5t leun anunIIaINEITHNS auslumng
ﬁuﬁua:mwgwaumazfu Tanan1sansnd e
aa@m§aaﬁ’m’1u35’mﬁmumﬁa§ﬂ'jﬂ f1n1W
LL’}’]dLL‘Nﬁoa@maLﬁammﬁﬂuﬁuﬁéummﬁwgaifu
[16] lusnupesifadplfsunusgosnianudi Jads
fifnadadrnnuudusifsagradtodan laun
e lum R iU unINBINTEIF N (AB)
#i P-value = 0.015 wazanuSlumsALAN LAY
9% aaudaz i (BD) i P-value = 0.021 luiase
WanLe B uNd answadoA1n NN LT IuIIB Ve
Fuom leun eudlumsAusuns S9munsa
a;ﬂvl,ﬁ'jwmmL%'slumiﬁumﬂuﬂa{wé‘ﬂﬁﬁ
HANTENUABAIANNUTIUTIE 92095131 Taed
ﬁﬁ]ﬁ‘i‘ﬂm’]wmmaaNﬁfa%m'muazmwgwaamia:
Fwiudnswasas Lﬁaﬁﬁmmﬁamjwﬁm Fisher
LSD Method a3uaaslnarsnsfl 5 wuinnisesen
T8 M IRUN TR NUBINANEANTS 3 TRAT AN
mmuﬁmmﬁagaﬁq@ ﬁaﬂmﬁ“ﬂmimﬁmmsﬁuﬁm
71 13 (Setting 13) Fsfiwaa@n PLA uaz ABS 08¢

lunguia (") unzwana@n PETG aglunduiad (*°)
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M1351990 5 NANITNAFOUAIN LD ILTIAIVD I
WagAN ABS PLA waz PETG

Formulation Tensile strength (MPa)

ABS PLA PETG
Setting 1 6.29° 11.48% 7.97%
Setting 2 9.08PEF 14.66° 10.23°PE
Setting 3 6.83" 11.047¢ 7.097¢
Setting 4 7.85¢H! 15.19F 11.23°P
Setting 5 5.817 9.91°¢ 6.857¢
Setting 6 8.34FFCH 14.61F 9.66F
Setting 7 5.92 10.687¢ 6.38¢
Setting 8 7.54H 14.54F 10.00°F
Setting 9 9.31CPE 13.86F 11.26°P
Setting 10 10.138¢P 17.74°° 11.41¢
Setting 11 11.88% 19.42°8 14.98%
Setting 12 10.305¢ 17.04° 13.21B
Setting 13 11.77% 20.844 14.15%8
Setting 14 8.08 ¢! 14195 10.57CPE
Setting 15 10.81"8 18.938C 12.848
Setting 16 8.73EF¢ 14.96F 11.06°PE
Setting 17 11.70" 19.268 15.224

3.3 NANIINAFOLUDILIIAA
HANINAROLANANUUTILTIT BT UNAFE Y
PMWAFAN ABS PLA L PETG @"’unmmlugﬂﬁ 12-
14 uazaNT197 4 Use 6 WUINAIANNLT SUsIRaUDI
WaEGin ABS ag;sl,wﬁ'm 20.81-39.45 MPa Wa1&@N
PLA agﬂwﬁad 34.13-63.44 MPa LazWang@n PETG
ot luz19 21.23- 44.04 MPa I@ﬂﬁwmaﬁﬂmju PLA
Iﬁmmmﬁumﬁﬂgaﬁ zg@luussﬂwwawaaﬂ 3 Tha
AlFlunmasay nanagauaIaNLTIuIIa AT
whlinl luiemadenunuaanuud s las
WU D AR AT SR YT
srsnalieanuuTsussaaiunniwlide
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igth (Mpa)

Flexural strength

00.1mm B03mm
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Abstract: This experimental research has the objective of developing and evaluating the effectiveness
of the PLC practical set with the Arduino embedded system for electro-pneumatic device control. The
steps for carrying out the research are as follows: (1) Creation of the tools used in the study, which is
an Arduino embedded system practical set using a ladder for electro-pneumatic device control. (2) The
sampling groups used in the research were students in the Higher Vocational Certificate program in
Machine Tool Technology, Faculty of Technical Education, Rajamangala University of Technology Isan,
Khon Kaen Campus, 2nd year, 30 students, using the Purposive Sampling method. (3) Data collection
to determine the effectiveness of the practical set. Start by teaching the use of the practical set so that
the learners can understand and learn to use the practical set according to each practice test topic and
then test with the practice test again. Then, the scores obtained from the in-class practice test and the
post-test practice were used to calculate the effectiveness of the practice practical set. The results of the
research found that an Arduino-embedded system practical set using a ladder for electro-pneumatic

device control was effective, accounting for 93 percent.

Keywords: Practical set; Electro-pneumatic; Arduino; Embedded system
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Abstract: This research aims to enhance productivity and reduce handling costs in a warehouse storing
alcoholic beverages such as beer and spirits. The research applies Work Study concepts, including
Standard Time Analysis and Motion Study, across seven subprocesses: unloading, inbound checking,
put-away, picking, stamping, outbound checking, and loading. It also integrates ECRS principles
(Eliminate, Combine, Rearrange, Simplify) and the concept of the seven types of waste to eliminate
inefficiencies and improve labor productivity. The findings indicate that put-away and stamping were
identified as bottleneck activities with noticeably higher time consumption than other tasks. After
implementing improvements, the number of forklifts was reduced by four, and 17 personnel positions
were eliminated, resulting in annual cost savings of over 4.97 million baht—without compromising the
warehouse’s service capacity. These results demonstrate that effective standard time setting and
resource allocation can significantly improve warehouse operations. The proposed approach is practical
for warehouses facing budget constraints and seeking cost-effective, immediately applicable solutions

without relying on high-cost automation systems or advanced technologies.

Keywords: Standard Time; Motion Study; Productivity; Handling Cost; Warehouse Operations
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MU 1 vL@TﬂEélJ@T’]aii’]\iﬁL‘lT’]‘a"’msLuﬂ’]‘iLﬁ‘U“ﬁaHa
TIIIE 12 A% T3
e W NNUTUIALN 6 A1 YiwiT Unloading,
Put-Away, Picking, Loading
® NUNIIUATIIROLFUAT TGN BEN 3 At

O NUNINUAATIFWAT (Stamping) 3 A

2.31@5095an 1% lwn13798 %
6 ] a Qs di A
wuuWasueanag uazwmwmiIunaduedasdia

faglumaiutayameasua

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2025.08.014

242908l lun e

9 agaﬁaﬁ;ﬁu AIRAIUTINN 1, 2 uaz 3

A13191 1 nmmmgmuamammwmadmus;iaﬂ

Aandne Aele Utilization 100%

faufnu
N RANAIFIN HRANIW
Awdiian) (WLaN/TY.)
Unloading 53 67.92
Inbound Checking 60 60
Put-Away 854 42.15
Picking 127.5 28.24
Stamping 277.5 12.97
Outbound Checking 75 48
Loading 75 48

RULLAQ: Utilization = 100% Au18Hd N1TANENINURTE
—_—
NN mmgnlﬂ?\nuashuﬁuﬂs:ﬁw%mwlunnmﬁmaanm

Aawnirue [7,8]

M15197 2 a;ﬂﬁunumwuﬁwﬁuﬁﬁmw 84

ARIRWAINIHANEN LONANNUTLLANNINGINT

szannInenns WU AUNUTIN

(wn/l)
508N (Forklift) uazelBoIWds 22 e 20,671,204.31
WINUTLIDEN 22 Ak 12,590,438.66
Inbound Checker 5ah 3,484,407.38
Outbound Checker 8 Al 5,575,051.81
WHNBAAT 37 A 16,405,303.84
AUNUIRENDFWINTIY 58,726,406.00
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M15197 3 S amFUA VT ILA V108 NLRREY

Mot lusluasiguanItidnm

PN S EUAN USNmEAN

Ufudan 2190 188N
(WLan) (WLan)

07:00-08:00 260 n/a
08:01-09:00 208 92
09:01-10:00 104 56
10:01-11:00 102 224
11:01-12:00 80 176
12:01-13:00 79 120
13:01-14:00 78 113
14:01-15:00 78 112
15:01-16:00 76 112
16:01-17:00 52 88
17:01-18:00 26 56
TIUTIRUA 1,143 1,149

HadsAnmnTay s iusasnssmudInIdb AN
losA e T B s UUT8INs ANTINSWENNTU
A18FUA1IZRIINITUINMIV D WELVIBEN §9
ToazBoauaadlu mmef 1, A 2 wex omef 3

TINNIUHUMTIARTINTWENNTN 15D yjluﬂ 0 Ul

242 MIIOFZANTZLINMT WU Hepngnd
3 Nudas laun Unloading, Inbound Checking, W&
Put-Away §1%2188n4 4 9utay lawA Picking,
Stamping, Outbound Checking, L8z Loading wafaedl
ANNUANAINWEILATIRT UANIIARIINTNENNT
an LENBaNIINNHLA ﬂgm"fm (Silo Operations)
P1ANTULITUNTWEINT L% TNENRIBNHNI
aTagauFue vnlduatasnadmitafianise

UG LATIANTWENNT VRN DNHINNITWENNTLARD
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ki ﬁwvlﬂg%ﬁunuﬁvlaia‘i’nﬂuuaz HAANINEINT
ANuNINDTI {98171 Flow Process Chart i
WA HIWB I HNNTBTUIENITIARIININEINTT N
ATZUIBNIT FILRUBLWINTY Flexible Resource
Integration l@82aNLULITZUULIAITIANTNINENNT
WU Dynamic Aanasadsuldsnonuazusenudnm
dearndsumorulundazgisiaan i o a
ﬂs:%w%mwmﬂ%w%’wmn‘ma:aﬂmmgty wan
[9,10] @INW Flow Integration Diagram siavlﬂf‘:
anes 2 AANILRAINT AR DUVBINTWENNT
Lmuﬁwﬂ;umuﬁ'ﬂwm:muﬁ'ﬁmwmTaamigulu
LEARZTIIIAT 721 I1997% Inbound tLaz Outbound
wananit ;ﬁﬁ‘ﬂﬁﬂﬁmmﬂmamwmammﬁ@
ECRS W&z 7 Wastes 31n32@ UMz Anelu
N92UIHNT (micro-level) VLiJgji:@Tumiﬁ‘ﬂmi

NINLNIULUTZLY (system-level management) fa

[
(=]

TWINNTTLIRMT #I0TWNTZLIUMNS (gﬂﬁ 1) a3t

Flow Integration

|

Inbound ]
Outbound

Put-Awgy Checking

Forklift
Pool

Worker
Pool

31]“?] 12N ﬂ’]i‘lq.llim’]ﬂ'livl‘lﬁ NUDIIH
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ECRS

® Eliminate §NLANATAIABANITITINONUAL
WHNINUATINTARUMBNIZNTZLIUMS wazliTu
MIlTNINENNIAINET? Lﬁammﬁ@mju

® Combine MUMAIALLAZINUNDN Inbound WA
Outbound lﬁmmﬁnaﬁuagwfiaﬁuua:ﬁu

® Rearrange ﬂ%’ugﬂLmumsﬁwmummmnmzmu
m3 W unIu3vseny Demand-based Scheduling
® Simplify LA “Forklift Pool” L&z “Worker Pool”
FYTINNITIUN B IS NURZN B NIIHBIZTRI
2N-2198N WNWMIWENENBLLLLAN il aass
ﬂ%'wmn‘s"[@i’ﬁ@mjumuﬂ%mmmu AAANNTUT D
LLa:w’\fuﬂizﬁ‘n%mwlumsmuquw%’wmﬂﬂﬂmqu

7 Wastes (i DUNUUWIAAE ALUMINAMIILIL)

® Waiting lut191100nIU5un 01561 aaraan
J0ARHVBITDUNLAZWININUATITARUA V100N
lagaslugrovinauandn s Peak lunns
naufn hfaslgsriaen ieaanaisanas
® Motion aan1stadanlnifitAnarnusugs
LAaNMssamIninensf S Useansnw LLm
wdl aunnuuanswennsd nilsnaudnasn ﬂmmu
g1u3aud bu'ld @ 28unIN1g Cross-functional
Allocation ﬁLﬁummﬁwtjulumﬂ%w%’wmm‘iauﬁ'u
[11,12]

® Underutilized talent 4y ®ININIIURIBIM
andi il gomlugronmivwios Taglwlgae
ATANUMIN Peak

® Overproduction / Inventory:
TuARINTIAN©Y T29 7:00-9:00 1. VLTI WU
snsnuasninauedn line amadoanuunean
lidanfiau udsnonuazwiinaud “agiag” (119)
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TWwasin “nswensfiine 1w Inventory e as
Wy IpulEnuliiss 119uns Flow Integration 1%
308NN108NNITIBVNEITIAT1? YSUN39 @
A1314971191% RS Cross-Training Lﬁ alAwinan
ATIFOUFUAENINTOFALYINNUI T UAzNen lo

2.53unaiiasdn (N’) 299113111971
WWa'lden N vasussznud asuda i ludaomn
69 [13] ot
251 sunandasduvasnsviem lag
25118173 n 309U auduning awiaiy
120 Fuit W Lmnudagnivan 10 fn aail
Unloading: 29,35,31,29,35,35,31,34,35,32
Ib. Checking: 21,27,24,26,27,24,26,27,27,24
Put-Away: 48,58,53,56,50,50,49,54,49,49
Picking: 71,81,72,73,72,78,79,77,71,78
Ob. Checking: 11,14,11,12,14,11,13,14,12,14
Loading: 58,68,58,58,64,67,61,61,61,66

2512 fIInTUeNud aaeINgn 120 3w 193
NANREBETUAN 5 A1 AaH
Stamping: 123, 125, 125, 114, 124

252 WIAINEY (Range, R) Tadtaaiiiavan (N)

N R=H-L 1)

\fla H fie AANgIEa ez L Aa mnm@‘iwq@
NnFINT (1) e R VINNITUL DY il
Unloading: R=6, Ib. Checking: R=6, Put-Away:
R=10, Picking: R=10, Stamping: R=11, Ob.
Checking: R=3, Loading: R=10
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253 dwrmanady (X) 9n

X = (H+L) + 2 )

MNFNMT (2) W X vINNIULia Ievaait
Unloading:X=32,1b.Checking:X=24,Put-Away
:X=53,Picking:X=76,Stamping:X= 119.5,0b.
Checking:X=12.5, Loading: X=63

254 dwnnwnen RX aamnnudos st
Unloading:R/X=0.19,Ib.Checking:R/X=0.25, Put-
Away:R/X=0.19,Picking:R/X=0.13,Stamping:R/X=
0.09,0b.Checking:R/X= 0.24,Loading:R/X= 0.16
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nmatdanian N luansneh 4 ladn N aad
. . . ¥
winznudanninag uazdn N gega=11 Saladwmdu
@1 N=20 3 i usdnwinassnwnnzaa iy
VABINUEaY A1 N Banndad [13] uaziufin
fnaNaulaninaa 20 A1 (N=20) Vadudazutias
a

UeNTNN 6

2.6 MIAwanIIaUnG
waanfduldiais (Average Time, AT) g
AUANA2IULIY NITRIUBBININITH (Rating

Factor, RF) a4&3N"3 (3)

256 e RX vasudaznutas Widawd N 1 NT = AT x RF . ®)

—— MUt RF a9uaadlansnen 5

MR 4 SUASIluMITUNMAMINEEUR A UANNIT W 95% uasenuAMaLAAe 15% [13]

layaa NN layaaIn Taya

naa 27N

R R q R ngu
X 5 10 X 5 10 X 5 10
0.10 3 2 0.42 52 30 0.74 162 93
0.12 4 2 0.44 57 33 0.76 171 98
0.14 6 3 0.46 63 36 0.78 180 103
0.16 8 4 0.48 68 39 0.80 190 108
0.18 10 6 0.50 74 42 0.82 199 113
0.20 12 7 0.52 80 46 0.84 209 119
0.22 14 8 0.54 86 49 0.86 218 125
0.24 17 10 0.56 93 53 0.88 229 131
0.26 20 11 0.58 100 57 0.90 239 138
0.28 23 13 0.60 107 61 0.92 250 143
0.30 27 15 0.62 114 65 0.94 261 149
0.32 30 17 0.64 121 69 0.96 273 156
0.34 34 20 0.66 129 74 0.98 284 162
0.36 38 22 0.68 137 78 1.00 296 169
0.38 43 24 0.70 145 83 n/a n/a n/a
0.40 47 27 0.72 153 88 n/a n/a n/a
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A13197 5 MIdszliudn RF enaisnadaens [14]
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NNBLNIINN AMANLIEIN Sewlamsrien ANaFERLEND
ﬁtﬁmqﬂ nninly ALae Yok
A1=+0.15 A1=+0.13 A=+0.06 A= +0.04
A2=+0.13 A2=+0.12

@un aun aun @un
B1=+0.11 B1=+0.10 B=+0.04 B= +0.03
B2=+0.08 B2=+0.08

@ @ @ @
C1=+0.06 C1=+0.05 C=+0.02 C= +0.01
C2=+0.03 C2=+0.02

1nand U1unans 1unans 1nans
D=0.00 D=0.00 D=0.00 D= 0.00
wald wald wald wald
E1=-0.05 E1=-0.04 E=-0.03 E=-0.02
E2=-0.10 E2=-0.08

bhel 18] 18] 18]
F1=-0.16 F1=-0.12 F=-0.07 F=-0.04
F2=-0.22 F2=-0.17

RINEAR: WHITUTOEN RF = 1.08 LASWI.ATITFOURUMUAZNUL.AAT RF=1.10 aaLwINved [8,10]

Al Y a v o o 1
Waldamiandndwad i ludmwianidian
° a oA A

e laginnmund uazeiila (Allowance) 9
4 4 . ¥ v o
AHan NN aEANTINT agﬂvl,cﬂ M99

o WHNINUTUINUNLATATIIRAUFUAT 4
FIIIRNTANDY TIRRUA AF=9% TIROAARAINL
[8,10]

o FMIUNUNINWAATEUAT dalTnaruiite

1 =} 6 a a s 1 o v

gnnaaddosnin 6-8 ﬂIansunﬂﬂaaa Yinlv
ﬂé'f'ml,ﬁal,ﬁ@mmmﬁaﬂﬁwqa 391@mua AF=11%
uLwINe2a9 [8] Tdunuasluaunisn @)

2.7 msﬁ’m’amnmmmsg’m
IAWIAI3% (ST) = NTx100/(100-%AF) (4)

N ﬂa:LSsmu,amamiﬁ'}mmrammmgmm Al

LARZINWEDULRAI IUAITIN 7

2.8 MIANWIMAIS ATIRIRIUAZIIWINIALNN
WMaNzaN

BRI LA NI IUVBILARZIN UL DL AT
W& TNEIUI M8 AIANSILAZIIWINIALNT

LANNZRY GIEEUNTT (5), (6), haz (7) [10]
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A19191 6 HANIILIAT MIUsnduaaTANTIlUNIYNNY (RF) wazmsdwamianund [13]

lutusfinnissunan

NIZTUIBNT: VWENBFWA1DTT

(81911 1-3) wazp188an (§19U 4-7)

Uszan&ue: sf 620

e/ MTufin 3-26 Huenaw 2567

35my: deaun Usudse | Swudusidunian: 75 naad
— q

471 Unloading, Put-Away, Picking, Was Loading IFnan (Forklift)

uguniniwanlunisiafendrofudfiazwiian 1w ib_check,

ob_check Lilwsuariaiiadayaun PDA MuTayauwnianiiazu

| D) a . a o & = .
LA leﬂ@ﬂ“HLLidﬂ’]?.l&lﬂﬁuﬂ’l 9% Stamping gNIFUANVUNINRENADI

WWBRAT uundamnluﬁ'@um 75 NABY 6a WILAN NaIFUAA

finnnUszunn 6-8 Nn. da NaoY

v

THNBFIUBATNNU: LRIRIIANZRN

NMATNYNRZAIN

ey | e 1 2 3 4 5 6 7 8 9 10 | Avg. | Rating NT=

Time | Factor AT x

(AT) (RF) RF
29 | 35 | 31 29 | 35 | 35 | 31 34 | 35 | 32

1 Unloading 3220 | 108% | 34.78
34 | 32 | 29 | 35 | 35 | 34 | 29 | 29 | 29 | 32
Inbound | 21 | 27 | 24 | 26 | 27 | 24 | 26 | 27 | 27 | 24

2 ) 23.87 | 110% | 26.26
Checking | 22 | 25 | 22 | 23 | 21 20 | 23 | 20 | 23 | 25
48 | 58 | 53 | 56 | 50 | 50 | 49 | 54 | 49 | 49

3 Put-Away 53 108% | 57.24
58 | 56 | 50 | 58 | 56 | 58 | 55 | 53 | 52 | 48
71 | 81 72 | 73 | 72 | 78 | 79 | 77T | T1 78

4 Picking 75 108% 81
74 | 77 | 75 | 77 | 76 | 77 | 71 75 | 73 | 73
123 | 125 | 126 | 114 | 114 | 125 | 124 | 121 | 125 | 112

5 Stamping 120.5 | 110% | 132.55
108 | 126 | 107 | 122 | 126 | 124 | 125 | 124 | 124 | 115
Outbound | 11 14 | 11 12 | 14 | 11 13 | 14 | 12 | 14

6 ) 12.7 | 110% | 13.97
Checking | 13 | 11 13 | 13 | 12 | 13 | 1 14 | 14 | 14
58 | 68 | 58 | 58 | 64 | 67 | 61 | 61 | 61 | 66

7 Loading 63.25 | 108% | 68.31
50 | 65 | 67 | 62 | 63 | 65 | 61 | 67 | 67 | 67

RUNULAG:

. = o o v & . o 2w 9 Ao o & 4 99 o . o
RF 47nN731 1 By8n Wuﬂ\‘]']uﬂ']\ﬂuvlﬂ Li')ﬂ')’]w’]@]igr]uﬂ’ﬂﬂ ﬁ]ﬂ@laﬂﬂiﬂﬂaqﬂﬂuvlﬁﬂﬂﬁﬁmu LW a‘lﬁaz'ﬂa% FIRININIUAN

nasuvasaunia bl Idadug @ wia A1 RF annndh 1 MdResamsnsdinwinnwihnuldisndidieisinasgm welw

a 1% % o o @ a IR aa o A
naidn@ “nﬂ’]u’vaL(ﬂa:ﬂauit(ﬂUﬂ’J’lZJa’mWiﬂ“/]’Jvl‘ﬂ"lladwuﬂd’luﬂﬂ@] VL&JIquﬂG’]%wNﬂ’J’]N”ﬁ’]u’]fyLﬂuw LA [8]
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A19190 7 Namiﬁwmmnmmmgm (ST) v

uaARzIBE Y (M AWT/NILaN)

Unloading ST, 5a4ing = 34.78%100/(100-9)=38.22
Inbound

STinb check = 26.26x100/(100-9)=28.86
Checking -
Put-Away STput_away = 57.24x100/(100-9)=62.90
Picking STpick = 81%100/(100-9)=89
Stamping STstamp = 132.55%100/(100-11)=148.93
Outbound

STopb check = 13.97%100/(100-9)=15.35
Checking -
Loading SToaq = 68.31x100/(100-9)=75.07

1. BIINI9331U3IY (Total Standard Time) f
lF9an13nuYUSu I MINUAINTIT 8T N9

(2
o A

FUNTT (5) A

DNWIAPIU = 1 Fnarunesalas x neanesg (5)
T

2. v unidse@nsnn (Effective
Working Time) NI1683508n 1 % ®I0AaWHhnN%
1 A n3ade 1 fn leanaumsn 6)

o aa
FINNINIUNA

s RS 3,600 311 x % Utilization 6)
FCRNDNTN

3. WA IWIUNINYINING 9T 1T 1 WINIDLN
PIDTIWIUWINIG RIDT1WIUANNEN NN GBI LT

ldanaunsh (7)

FIRANAIAHIIA

FAIUNININY e Lt
NN Us=Rnsmw

")
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panNaantaa manyy lid1eziaundn 5

A ' 'y X & I A
w30k IATaduidus1uwint@uiaNe tHa991nn13
a8 FINANTTNULTINUAAINNRINITD IS

1RUSAT A9e8E1IMRAIITNITAMWI G tUh

A0 819 NITEIWIURIDAINBIRIVDIN NI W
PUIDUNUAZINWIBINEN NTTIUE B8 Unloading
Afmunasgu = 38.22 Jurfidewan anald
Utilization = 85% laalug241787 07:00-08:00 w.
(1 $alu9) Daudhagn 260 wan
351
DMANATTIUTIN = Banamarmetalug x ST
=260%38.22=9,937.2 TuN
a3z EnSa1w= 3,600 x % Utilization
=3,600 X0.85
= 3,060 5117 1w 1 72109
§ruusnsnfild = 9,937.2 = 3,060 = 3.25 Ais
Todin vl wnusnonils = 4 &

FIIUNBNIUTLIOEN =4 A

Ui nad@uIny F1N1TAIUIMAIBAINHNRT
LRZFIWINIDUNVDILARZINNL B NIARD llday
29987 LANANITIATIZH DA ILR 1IN

TOUNTANIZEN bARFAI LI IUANTIN 8 A9
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A1519N 8 MINANTNENNIURA U WMTVUENDFUA

muldlamanasgiuuas Utilization 85%'

iszian naw  Wa9 P Usznda
NIWEINT MT NI W fnliane
fnn @ N8AM gpadaw)
IngN 22 18 4
. . . 110,560.00
At At Al
NN 22 18 4
N 67,340.00
4UTREN AL AL an
Inbound 2
5 a1 3 au 41,000.00
Checker A
Outbound 7
8 Al 101 143,500.00
Checker A
NNIUG 37 33 4
52,172.00
a7 AL an aAu
TIUIN
. 72 55 17
NINIU n/a
o an an A%
YINNQ
Uszndadunuruirofudninue
414,572.00

(Uidaw)

wI1ULAa: N1ald Utilization 85% #N18D9 NT
—_—

MIBHBLIANTNEINT LB WHNIURIDTALN 11910
2591140037 85% WaILIAIMNINNG LauaAILIaILN
15% &IRIUNITANN N1358 mﬁmeﬁﬂuqﬂnsrﬁ
n3an1sFaa13n 8y Utilization 85% 1830
mm:amLLa:Lﬂwﬁﬂau%’ulumaq@mmsiu [10]
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wammw%’wmmuazﬁunuﬁuamlumswﬁ
8 unaanslasassannisdszandlduuida
ECRS WLag 7 Wastes 328N Flexible Resource
Integration § 988N UYL IS UL USHAIITANIS
NIWHINTUUY Dynamic WRERUUFUKAIDAIT
Mwua LIawIasgiuniele Utiization 85% i1
IRE 0TI UAZIATTT BATNANRIABULAS
WIInLNBEILIBET FaRARINUUTUIMNY
A59lUUARZTIIIAT NITAATIUIBANRNINTUAS
17 A% uazInon 4 au laglinsznudaqmnin
usnas luiWoagenanas ANANAINY
WIBIAIRAT (Madunule 414,572 vnidon
#w38n71 4.97 awun/d) uasIuaaslWiiud g
Ananwuasnasana lumsanindan wlnalas
Tigasianaluladsiaruws dadudsslomd
t9fsdmsuYsnafmaswaIm

waa”wff:ﬁquﬁmm”@ms “AU + LIAN +
NINBINT 88190TEUD Ao §1eUVEINITIRY
UszanSnndis st

Walwianladnodn ﬁaﬁw”ayjamnmmﬁ 8
naanuaaIRan Tl Endadununeidan
luuaasUIstAnNNINeININTUUAILEUA
(301 2) 1w g8 "Monthly Cost Saving by
Resource Type" 1 aliduniwsana DIAUN B
aasslunaszdszinnnsnenslataianuas

W lade
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Manthly Cost Saving by Resource Type
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31 2 ﬂi’]‘WLL&NN@ﬂ’Iiﬂit%ﬂhﬁ%ﬂ%i’]ﬂLﬁ AULULARLUTLNNNINENITMTUREND FUA

gﬂ'ﬁ' 2 \dunmuaaslfiiunadszndadunu
NULAIUIINMINNTIWIRITIENIWEINT UG RE
Uszinnadiaduzdsssa laslduuiniinis
AATZAININIAIZIH 3INNURAN ECRS wazn13
IanIaugaLlan 7 dezian HARWES LA
MITAFITUTIUUAZNIWENNTALNRAIZRY @D

£

8198931NAMURINITANITNINNINDII FINIIDRA

2

o ' o | A {
FUNlaNNNNIn 4.97 suunead Fadumaieni

9
v A

@j’mﬁLLaxﬂ'\iﬁuﬁm%'Uﬂé'{lﬁumﬂﬁﬂj”a'«ﬁwﬁ'@@i”’]u

JUUTZNNDH MIBATIWIUNTNNUSI 17 A% URIDUN
4 aw laglinsznus 2AININLINT Lo eamerian
9 anuduAaeTsgaai (aadunuld 414,572
INMAGaU W38N 4.97 SuunAl) uagsuandliian
149 ANUMNVBINRIRUAN M IFTIRRaN WL lag
v A A A € 1 A
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Abstract: Cracking of concrete bridge decks is a significant issue that leads to premature maintenance and
repair of bridges. The primary cause of this problem is the repeated loading applied to the bridge decks, which
induces fatigue and eventually results in cracking and damage. The use of finely ground recycled rubber
particles from waste tires as a concrete additive has been proven to be an effective method for reducing
cracking. This research aims to address the problem of fatigue-induced cracking in concrete bridge decks. The
experimental variables were designed to closely simulate real-life applications. The study compares the crack
reduction performance of concrete bridge decks with dimensions of 2.00 x 8.00 x 0.20 meters, constructed
using both conventional concrete and concrete incorporating finely ground recycled rubber particles, replacing
25% of the sand volume. A total of 8 specimens were tested under two-way slab loading conditions. The first
specimens of each concrete type were subjected to static loading tests to determine the maximum load-bearing
capacity (specimens 1 and 2). Subsequently, fatigue tests were conducted on specimens 3 through 8 by
applying loads at 40% 55% and 70% of the maximum load capacity to evaluate the fatigue resistance provided
by the rubberized concrete in reducing cracking. The fatigue performance was assessed by measuring the area
of cracking equivalent to 40% of the total slab surface, comparing the number of load cycles and the load ratio
relative to the ultimate load capacity of the slabs. The test results indicated that, in the range where the load
ratio to the ultimate load capacity was less than 0.5, the CRC slabs exhibited 93.08% higher fatigue resistance
compared to the NC slabs. In the range where the load ratio exceeded 0.5, the fatigue performance of CRC

slabs was comparable to that of NC slabs.

Keywords: Crumb rubber concrete; Fatigue performance; Fatigue Test; Concrete slab
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