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Abstract

This research investigates and analyzes the process of preparing preliminary input
data, which is essential for ensuring the accuracy of structural analysis of reinforced
concrete buildings using SAP2000 software. The study compares the analytical results
obtained from simulations of a case-study building structure under different
configuration conditions. The findings reveal that strict adherence to material
properties and boundary conditions in accordance with the standards of the
Engineering Institute of Thailand (EIT) significantly reduces displacement errors. In
particular, the consideration of fixed supports instead of pinned supports in foundation
structures was found to improve the accuracy of structural behavior predictions.
Furthermore, the research identified important findings regarding the establishment of
load combinations based on ASCE and EIT standards. A lack of understanding of load
path principles may lead to inaccurate internal force analysis results. The knowledge
obtained from this research not only helps reduce technical errors in software
application, but also provides a standardized guideline for preparing input data to
enhance safety and cost-effectiveness in civil engineering structural design.
Keywords: Input data preparation, Finite element method, Structural analysis,

Boundary conditions, SAP2000 software

1. Ui
‘LuﬂwﬁumﬁaamwuLLaﬁLﬂ31w%saa%ﬁqa1maﬁmm%’u%’amﬁwﬁuashwiaLﬁaamu
Wannnsnmsaatnenssy Smnsloseiunldvenduisreufiuneslunisiuiniiioia
AuTIASILaziiug Tnaanglusunsy SAP2000 dudurenduisildndnmsinszsiaae
351 lusi 108 1us (Finite element method) 71 ba Suarufieslussauaina agrslsfniy

mAdeluednnunaueielavenadng (Output) UuTueyiuAugnABIveIAMAIN

'
v aou a [y

pansiniseniuluniepeuiimesin "Garbage

[

Joyaundi (Quality of input data) 1udesy

[ s
<

In, Garbage Out"

2813l3AR N ANUYNABIVBINATNEINNNTIATILI (Output) TuegiuaUgNFABITe
Joyarlaaiu (Input data) MImnsdeudgszuuluddy wnnszuiumsdamisudoya

Wy MsivuaaandRian N15919a099A5095Y MTON1SANUIMENUITINNAIUYBIADIA1TH

AIUARIALAG DU Houdwnalian13ItATIEYiLsIn 18l (Interal forces) kagn15idu3y
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(Displacement) Aawan se1atludanulivsendalunisneasis viennulivasnduse

FInwarNTNeaU

[
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nndsznulygmdingn uidedisjadulinszivnarenssuiunisiaviitoya

& Y Ao a 1% d‘ g ! < & J ¥
Weasunilsenginssulaseaiie Aunuduneusgraduszuu dwsnisdeudeyaasly
Wsunsuaulldsmsihdeyasenluly Jaduddnduiioadauinsgiunisvinnu anay
deaananuRanaiavesywd Faglinszuiumsiwneilasaiiaduldegagndeuay
5357 wagasdmuidandusingiudrrglunisenseauninsgiunisinseilasaddill

ANUYNADY uiugh uazUsendn aamanimnssules

2. 9QUszaAvaNIUITY

2.1 \fiodavi Afieunsgiu (Standard manual) Tun1steudeyaid sadudmiunis
AnzilasiadniernsaeunsaEsLmandelusunsy SAP2000

2.2 \iterementunounisiiaediinaa (Modeling) uazmsfvuntimiinussynanu
Wn5gu vam. idrladgluguwuu Step-by-Step

2.3 Wenageulseansnamvesniiolnenisinlldiveasnsddnwinaznsivaeu

AINUYNABIVDIHATNG

3. 25A11HUUIY (Research methodology)
Wieliussginguszasdlumsiiasesidvinavesdoyayndffserugniosana
melneilassaing anedideldtuatunountsdiiiuenuiselised -
3.1 M99IUTMLDYALALINAINNINTFIU
Anwnazsusiunguf fudedomnuaniadmnssad oldiduus svagiu
(Benchmark) Tun1siUSeuiiunadns Ussnoume:
o guflviludiafiuud (FEM): Anuvinginssunisdnionsuagn1sAuisay
WY (Stiffness matrix) lugavldwas SAP2000
o UINTFIUATTOBNUUY: 91989 MTFIAMNTTUANUWIUsEINAlNY (3a9.) way
ASCE 7-22 IumsﬁmumﬁmﬁﬂmmﬂLLazmﬁ’smm (Load combinations)
3.2 MsArUAALUSILazaIA1snsalAnen (Case study specification)

a [

H3deAndaneInsAeunIaEsumaninodege [seudiuiudy W 2 4u] WJu
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I IS o v ~ a € a ) ) v dy
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e AUUSAU (Independent variables): miLL‘tJicTuLf{aubL‘Umﬁﬁf’laaﬂﬂﬁﬂa%ﬁﬂ
laun:
1. U521113A59935U (Boundary conditions): W38 UL BUTEWINAMUY
gau (Fixed Support) wazhuulAryu (Pinned Support)
2. auazdenvaslung (Meshing): ns5uyad udussrenaslussdu
AaBenTianaiy
3. n1ssamtminussvn (Load combinations): t3sulfisunassning
m'ﬂﬁﬁmﬁfﬂmmgmzm’mLLazmmgm ASCE
« fuUsnu (Dependent variables): A1 TuAinann1sUsERIaNa Tl W
\Raugean (Max shear), luiuudan (Bending moment) 750860 LAYAINIT
\Aeufvnedng (Lateral displacement)
3.3 tunsumieTeiuazasagauaIugnias (Verification process)
Fufuneneifioioudisunadnsansendusiunarimamnud Inefituneudsdl:
1. Modeling phase: @319uvudiasslaseasiemunvunlavanitnenssu Loy
Muuavag (Units) wagiinalassielvigniesmiuass
2. Verification phase: n533a0uAI ANy salvaaluinan 1 e du "Check
Model" T SAP2000 vt o¥asiutl gniniasvincin (Geometric error) wae
MIIABUAUAAVDILTILIIUNATE (Global force balance) 3157uw59UATeE
Ahiuiutnusyniiteudngssuunielsl
3. Comparative analysis: #1Lfun153A51¥na (Run analysis) neldiauussui
AMUuUAlIlude 3.2 Lard1A1AuUININLIaIn1519US 8 UL B U (Sensitivity
analysis) 1l 07 Wi iudosazvesnunannAa euilint udlefn1sdedn Input

data NkANANaNU

4. NaN1538Y
mnmsduiunuideideansdaidoyadesiulunsiinneilasadiseinisdie
Tusunsu SAP2000 fiduanunsoasunanisiniuauldwsd:
4.1 wamsé’aLﬂsﬂzﬁummqmmg’mn'ﬁﬁ'ﬂnﬁ%'ayjmﬁaﬂﬁu (Standardized input

data framework)
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vssingulunsiaseilassadnediaduszuy Insuddassasndoyasondu 5 ey
ndnfididvEnaronugniesuamanmsliaTest il
1) NMINNUATTUURUIBULALINNALIVIANE (Units & Grid systems)
FiTewuingaisuduiiddgiiaafensidenldmise Tnflaenadosiuitufuuusians

[
[

wwaeiiuualildnuae Sl Units (kN-m) Wusnsgiuvdn eananuaaiaadeulunis
AUIUAINITITNBSLTINADUY LU AMUIEUIMTN (Unit weight) kagA1A1uLAY (Stress)
= o & A o % v 6 dll IS LY 1
Fadinduganvilinaansaanpiouniniinisaduniigliun

2) MmstlpuauaudRiaguazAanvaenifa (Material & Section definitions)

HANIIANYITUAINEIAYVBINITIEUAT Modulus of elasticity (SES) Tdusiusiu
AAI9AVBIABUNTA AIULIATFIU 289, TIN5 1Tmes HanalaenIeaaIAULg NI
(Stiffness) Y@983ADIANT NSANUANINGR (Frame sections) gnAesazyiglinsdannguss

1 a [ 1 ¢ a

sevinanBnidulleganysalnung el

3) N1sd1aeIngAnssuaulavauls (Boundary conditions)

H3Tulamuuanaeinisidenynsassuliaenad oafungfnIsun1InIenInagzaved

e

TAsaa3a Town:
o Fixed support: duSUIATRNFRFIUIINTADINITNITEATIVIINTARBUTLAZNTUYY
s Pinned/Roller support: dusugaseieedliinsvyuiiladasy
° S ' [ | 1Y . .
n13AvualunuIndiinaeg1euInAe3UI 19V ILNUA NI (Bending moment diagram)
Y99LATIAS9EIUAS
4) M3vanauuaznsaiimvtinussyn (Load patterns & Combinations)

FWulasrusinkazIwunUssaniIninussNug1u (Dead load uas Live load)

e o300

[

WIPUMIMMUATULUUNITTINLTS (Load combinations) AMNNMSEIU ek, UWag ASCE Livelv
Aa A:{I . PN a ‘g LY b
ATOUARUNTAIINGMNER (Critical case) NieaLinduiulAsas
5) N5¥UIUNNTATIVAOUANINANY IR UUTIE (Model check)
AIUANTNEVBIUUINNUIATFIUABT UADUNITATIFABUAUABLLBY (Connectivity)
Yo9AfawAraNnTN WeduduiniminusmnaunsaaenasgInsessuldnsuiiu (Load
path continuity) nouaLiun15UszNlIanadTe Gevrwanlaniaintdgun Error TuLds

ANAANENTVULTUTDNALS
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Fle ft View Defne O Sdec A P % 2

OV EE /@lr@t . 2 cinfittnel- i I-@-
Joint Reactions (DL+LL+W-5LD) DL+ LLW-SLE ment 3-3 Diagram (DL+LL+W-SLD)

1y ‘ -

AN 2 F9819N15ATIZRLILAULA8TUSENTY SAP2000

H Element Forces - Frames

File View Edit Format-Filter-Sort Select  Options

Units: As Noted

Filter: j-—--- —I - - = :

Frame Station OutputCase CaseType P 1 v2 1 v3 T M2 | M3 frameElem ElemStation
Text m Text Kgf |  Kof . Kgf Kgf-m Kgfi-m | Kgf-m L Text

» “ 0 | DL+LL+W+S. Combination -15490.8p -96.81 1 -20.34 -0.44 -35.64 178.64 | | 1001 0
100 0.45 | DL+LL+W+S. Combination 154422k -96.81 | -20.34 -0.44 -26 E‘ -135.07| 1 1001 0.45
100 0.9 | DL+LL+W=S. Combination -15393 SlS -96.81 |1 -20.34 -0.44 -17. 24% 9151|1001 09
100 1.35 | DL+LL+W+S. Combination -15345 013 -96.81 : -20.34 -0.44 AS% -47.94 : 100-1 1.35
100 1.8 | DL+LL+W+S. Combination -15296. & 4 -96.81 ' -20.34 -0.44 0.93 -438 1 100-1 18
100 2.25 | DL+LL+W+S Combination -15247.8p -96.81 1 -20.34 -0.44 101 39.19 1 100-1 225
100 2.7 | DL+LL+W+S. Combination 1519928 -96.81 ) -20.34 -0.44 19, 2‘é 8275 1 100-1 27
100 3.15 | DL+LL+W+S. Combination -15150 65 -96.81 |1 -20.34 -0.44 28. -5% 126.31 1 100-1 3.15
100 3.6 | DL+LL+W+S. Combination -15102. ﬂ'F -96.81 : -20.34 -0.44 37 Ei 169.88 : 100-1 36

AN 3 F9E19R1519NNINAAATIZAATIAS1991A5 LA TUSHASU SAP2000
#V2 = ausadeudivh Uiy

#M3 = Ausatuuusnun Ul
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5. @unauazn1saaUsena

5.1 d@gUwa

91A5eelUsuNIL SAP2000 ansaasuussinuddaladsil:
1.

¥
=
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(Load combinations) AUNATFIWIAINTTY
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MSDDNUUUNINTY LT NMINTIAADULNUNTNLTINA (Bending moment Diagram)
Lavusdeu (Shear force diagram) Afiesieiiies a 9asie (Nodes) Faidus
et hmstvuneudiniusyesiudin (Connectivity) wagnisdietutinussyn
(Load path) gnABImamanivIng

[ '
°o v W =

UsgdnsamnisiTeus: msiialeddutuneundaau liiesusyliganniny
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Yo A
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ledumala Moment diagram flafigusiauiiy dudunisnsivaeuainy
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a
bAE7

v v
a o

o N15AAAMUAANAIN: $UTTET TUTUTINTATUADUATIVABUY AGIE
(Connectivity check) wazn1snsavaauniae Lugaingaivietdesiuaiy
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Abstract

This research aimed to (1) design and develop an information system for
managing personnel attendance at Phitsanulok University and (2) evaluate the
system’s performance and user satisfaction. The system was developed as a web-
based application with key functions including authentication using personnel
identification codes, photographic verification of attendance records, data storage and
retrieval, and real-time reporting. The sample comprised 65 personnel from
Phitsanulok University selected through purposive sampling. The research instruments
consisted of the developed information system, a system performance evaluation
form, and a user satisfaction questionnaire. The data were analyzed using the mean
and standard deviation. The results showed that the system fulfilled the specified
functional requirements and was suitable for practical use. Overall system
performance was rated at a high level (X = 4.42, S.D. = 0.57). Response speed received
the highest mean score, followed by accuracy, reporting capability, and data security,
respectively. Overall user satisfaction was also rated at a high level (X = 4.37, S.D. =
0.60). These findings demonstrate that the developed information system can support
attendance recording, data storage and retrieval, and real-time reporting, thereby
improving the efficiency of personnel attendance management at Phitsanulok
University.
Keywords: Information system, Attendance management, Identity verification,

Photographic technology

1. UNUI

3 1%

lugAreINsTuLAdoueIAnsaamaluladasauwme n1SUIMISIANITNINEINTUYYE

'
o w a

Tiuseansamioldutaded Ayfdmaneanudnsavesesnns laglengnsusmsinng
[ a wva = I v glj g v a a wa
nand1ufdRnuvesyaains Faduteyaiugiunldlunisussdunanisuoneay s
AUIUAINBULINY KATNTTINLNILTINAENEVRIRIANT N1TTANUToyanI1TasIaTgnees
wazanunsansiaaeuladnduesdusenaud1Agrenisuimsauuaea ag13lsiniy aedns
Tununnlulsmalnediaddszuutufinnalluuniiy Wi Msadnatseaieile wienis

IfdnsUsednsn Baldedninsuaiugnies ANNAEAIN wazANLLToliovedtaya TIUA

Aadgmearuianainainuywd (Human error) Wy AMsUuindayana1nafow N1sauad

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 129

nan warmsnsadeuteyaiildinaruu dwalinisasuseauuaznsuinsinnisdoya
yaansvIalsEAnEnm el mathsruvasauanldlunisuimsnuyeeadinadumi
vihyegvemangesdns iesnmsdaiuteyailiidussuudmasdoussansamansuims
Fan1suagnsaduayunisiadulavesiuims (dgywanl uazadassa, 2562) Snftanis
UszgndldinaluladAdsiaii onisuimsninensuywd fadutadvddyidenanie
Uszammwmsﬂgummmamﬂmﬂﬂuaﬂﬂﬂi (WUwWs, 2567)
nnsAnwnuddeluvsundssmalng wuinssuuduiinuaznisinnistayawuy
FadudsmaliAnnnuailunsUssananateys feyedanusideu vnanuidonlss way
ligansnhdeyaluldaivayunisdadulavesuimsidognsduszansam (e ins wavi
un, 2567) uanani srvuindlng eluamunsananmadeyaiuuisealng vilving
Anpuan uen1sUfUTRNULazN3InsIeUlEIaIuIY deasaUsEaNEAnUBINIsUIIIg
Famsnineinsyana Felmnusndulunsimunssvuansaumnafiaransafisnugndes
AUTINGY ALUaeadY waysessunsdnnisteyaldediaduszuy (ven uazae, 2567)
Taqiu mhesnunasguazniaenvurestssnalnelalinuddgyiunisussendld

a

meluladddvaii ot udsz@ndaimnisuimsdanisesdns Tnslaniznsimunssuy
asaumaiiannsadaiveyalugudeyadiunans Wenlsadoyasewinsiisau uas
uanawatoyauvuFealnl eatuayunsuImsnukarnmsdaaulavesiuins @idnau
uIANTTULAR [eadnaummul, 2565) Bnsntsiannszuuasaumaiiinishvundnd
nsiinAsdeyauaziunnsmsinwiausiunsasndvesdoya Saduuuimadifgluns
pnsrAuUsEaNsaImnsUSIMIInnIsteyaunains (@unsuimungnssunadidnnseiind
[29ANITUMNVU], 2566)

agalsiany uwiiwangesinsaziinisissuvasaunanildlunmsudmsnuyana ua
Fanudadraluiuniseenuuussuuitlidaenadostunszuriunsujdfeuate nsdauiu
Foyadidsliifuszuy msuanamadeyadilianunsadamulduvuibalng saudanissnu

= |

mnuiunsUaenievesteya dedenarennuidedevesteyauaruszansamlunisuims
Fanns (@ednauimusguaidia [esdnisumvul, 2565) uenaind nsaLITEUY
asaumAlugaRdviadedesiilaiinsdunsesdeyadiuynnanungunefiisades el
n1sdaiukasnisidnudeyaiduluesgralasndenazmunzan (@inauanenssunis
AUATBITRYAAILUAAR, 2566)

IINNITANIANINNTANTUINUYBINMINGIFERWLAN NUTITEUUNITUTINTIANTT

[

wadUjuRnuretyaainsdilvedndnsiunmsdaiudeya nsduAudeya wagn1sInvi
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891U Fedmalinisnsivaeuteyauaznisinmunansujuiauilaliasan Snvsdeya

0
fildannsndnausluginuuiiadvayunsdnaulavesfuimslfesaiussaniam day
miTelustanssuuansaumaiionsuimsianisnandWisinuresyeains Ine
ponuuUTzuUgdoyaiiugudnans fimsimuadnimadndadeya amsatuiin dudu
uaziansuatoyanuuiealnl wieusatuayunistavimenudieldlunsuimsdans
waznsanaulaveduIms

midediunsiassuuasaumadysannsmsdaiudoya nisusnsdanis
Tayaynang Mstuiinnand1uifau nswanmatayawuuisealng wagn1sasuseay
Woauayunsdadulalinelussuuden laesjatunseonuuuliaenndosiunszuiums
UftRnuateesaminerdofivalan dauandsanszuuiduiinisdaiutoyauendiu ve
mnuidenles warhiaunsoaduayunsuimsianisidognsasudou

Fatu nsideaded TeiiTngUszasdiil owamuasUssdussAni nmaesssuy
asaumeliion1suimsianisnandujdinuvesyrains Tnedssiduuszaninimues
sruvlunuaugndes MNTINET AuUaenievestoya wazaufisnelavosldau
Werdunuamslunsensefunsuimsinnisteyayaainsvesesdnslyiduszansamann

1%

a =
[ANKIND/

2. 9QUsLAIAYaINUITY

2.1 WieeenuuunariaunsruuasaumadmiunsuImsinnisnaniujifnuves
yAaINShunInede

2.2 \iloussifiuszAvs nmvessruuasaumaiianty Tuduanugndes A

73057 Anulaendevestoya wazUszdiunufiswelavesyldau

3. Waniuauiae

3.1 Anwlgymnazanudanis

N

[y

Welemuiunsfinwaninnisvihauresssuutuiinnandinuildegludagdu

e>°

veaumIngrdeiivailan lneld3snsiivsivsindeyadinunin Usenauaienisdang
(Observation) kagn138uA18alLT98n (In-depth interview) AuyAaINTT LA 83T 0lU

nszuumstuiiniauaznsuImsdanisteya

v

i lvideyalunis@nwianmdymi Yseneuaie yaaInsaeivInig yAaInsany

Y

)
'
U yaa

advayw wag SulaveudtunsuImsuyana dadugniivssaunisallunisidaussuy
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Y

Juinnanlidesnin 1 U wazlidiuieta9nunszuIUNSTUNN M51989U K3USIISIANIS

a

1% 1% a wa yaa A . . Al [
Toyanandiuianu lngldisnisideniuuiatvas (Purposive sampling) iialvildtaya

Y

donndeInUIngUsrasArainsivey

Han1sAn¥INUIT seuuduiinialutagudiasddednianaieusens Jedanase

a

Uszansanlunisuimsdamsuazanuindediovesdoya tnvansoaguuseinudymin

[y

RGN

De

LR
1. mstuiindeyanigisnisuuuldienans (Manual system) duualduneliiin
AmNuAaRLAA puYeItaya suilesnanamianaInvesyYd (Human error) 19y 13
Weudeyaianainvselinsuiiu
2. YAaINIUNE LN ANTIUNITANANIAINITT1-00n9 U danalitvayald
auysaliaznIznusiomNgNAeweIN sUTEiua U URNY
3. AszUIunsnTIRaeUdeyadouvdslanugsennuatldszernauiu Wesen
Foyagnimivluguuuuienals vilimsfumuasmsiaseidoyauinaunaads
4. szuulagiuldansnsovanaadeyaludnuauziivalnil (Real-time) la duwa
Tigusmsldannsatteyaluldlunisdndulaldegnsiuig
5. ﬁmmLﬁls;lm'aminﬁmiuﬂﬁaﬂnaumuﬁ’u (Buddy punching) ¥ 4dsua
nsznusorulUsslawazaugRsssuluedns
ndgmsananasieuliduiwnusidulunmstanssuuduiinnandrnuid
UsgAnsamundaiu Tnsmsdussuuiiamsaandefinnain tiuaiugndesvesdoya
5935UNIIRTIRAR TR UNAT AR 19aEAIN waraTuayUNITUSISTANMITeLalusULuUATTA
pg19ilUsEANSAm
N15IATIENAINABINTVRIK LT (User requirements)
fAfefuiunsiesginnudoinisveslinunudidutiunou il
1) Anw1dgyminasnszuIunITYINUYBITEUULAL
2) iusaurdeyalaglduuuaounuuaznisdunival
3) AATILVUAZIANGUANNADINITVDIITIU
4) dmanisitasgiluldnnuaaiuaiuise (Functional requirements)
LAzt oriMUATEITIUY (System requirements) vl 814 TuN150BNULULLATHAUITEUY
ansaume
InerfAdelaiuniusiudeyaninudeinisvesdldnuszuu Inelduvuaeuniy

(Questionnaire) WagNsdUNYOLTIAN (In-depth interview) fungudIvge lakn yaaing
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[

anelvINskagangativayy SIDWALATEUY Nan1TIATEvnUIEldnuiiaudesniman
Lo

o spuvfiannsatuiinnaldeisinifiazazain

. szuviifianugndeuazanteiinnain

e szuLTiannsanTeaeuteyadeundsls

o SzuUTIENUNaluULUUSEalng

. spuviifianuaeniovesteya

3.2 AATIENUAZDINUUUTEUY
3.2.1 Taseadegrudaya

I‘Uﬂ’]i’ﬂaﬂLLUUEWU%@Ha“UB\ﬁ%UUﬁUﬁﬂL’Ja’]L‘i’Jj’]\i’]usﬂﬁJQQﬂa’]ﬂi ANSANMUARITIS

véndesteluil
employees
admin string | employee_id | PK
string admin_id PK string | prefix
string username string | f_name
string password string | |_name
string full_name string | department
datetime | created_at string | role

string | password

T

has

R

attendance
string record_id PK
string employee_id FK

datetime | check_in_time

string status
date date
string photo

AN 1 MIBaniuUIUYeaYeIsEUUTUTINIaINUTeIYAINT

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 133

A15199 1 A185u1es18astduakannIUaAve9gIuToyavessuuTuinIa i 1uYes

UARINT
ATNERUATEUY ANTNNLNGUY As1UUAnIaN19IY
(Admin) (Employees) (Attendance)

- admin_id : sWagguaszuy
- username : Jofldanu

- password : $9gHIU

- full_name: %a-umaqa

-~ created at : Yufiuaziaandi

1%

AS9VBUALRNLATEUY
Y AU

- employee_id : S9aYAAINT
~ prefix : fmthde

-f name: %o

- L_name : Wu@na

- department : fLRUNU
- role : wHuNTIdsTR

- password : IgNIUYDY

- record_id : dwiutayanis
Juinian

- employee id : sawtinauilld
lun1se1eBedayaymains

- check_in_time : Juuagsianii
nwinuduiinnangu

- status : @0IUYAITINY LU
MFIIA1 Y30 LAY

- date : Juiitiufindoyanisidn
N

- photo : mweneiildusznaunis

JuinIaNg9u

3.2.2 Context diagram dwsuszuuluiinandreanvasynaing

U
HAKRTSLUL UARINT
= = 2
- fenauidgszuy - 21eUAIULARRA
g
-uffladayayaanns - dayanarandi-ganau
- FungeeauEne] AR
|
dayanisadnan - Hanfuddgrzan
. 4 0 I - nrandeyasuynna
- dayavagimesunisadann v .
9 - aaiandn-aenany
- dayayAans L
- Gangdayagiuyana
TLUURAIIN
UNUARING

o J

A 2 Context diagram sruUTUINLIANI10RNVBIUAAINT
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3.2.3 Workflow A159191U98958UU

P
LEH

o
L
¥

silafanwangszuy \

vhgsuy

ATIAdAUSHALAAINTUAL

sWaru igneas

aneag

¥

uaasiINAnuassEUY

{ udstdautiinnaszuy s

sia’lyl

¥

danufuinaandieu

T ¥
|

Wdanuy

¥

fuinfusaznarfaaiudatwlid I
; "higndad

ATIRADY

amAdavdananautuin

andas

-

f Faifudayaasgiutaya MysaL |

Turinua
P’

udgRdHANITasIAILLY Real-
time

ataya

¥

Ijﬂlﬂi:‘uﬂﬂ'ﬂﬂ'] ATIRADL HATAANTIHITH ‘

AU

duanniniieu

AN 3 Workflow ANSYN9IU8952UU
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3.3 Yszynsuasnguiiegng
Uszrnnsildlunside 1éun yrannsvesminedefivalan
nguda0g19 e yaainsiildauszuu lngldisnsidentuuianzas (Purposive
sampling) 97U 65 AU
3.4 \p3asiiefllunnside
3.4.1 Hardware 1) ABUWILABS LUUNANT (Laptop) AI131L5 2 2.80 GHz 2)
WheANIIman (RAM) 16 GB 3) nithieAnudndises (SSD) 250 GB
3.4.2 Software 1) Python Tdluniswanszuuiiiesansasssumswauiuuey
walnty flausn3fivainvats uazaunsad eusegiudeyaldegraduszdns am
2) JavaScript ldWaundruinsegldauliaiuisaldneuiuszuulauuuiud (Interactive)

v [

3) MysSQL 1 duszuudanisgiudeya ilesandiafiosnin sesfuteyadiuiuain uay
Z‘ﬂll'1iﬂﬁ@]ﬂ’]iﬁﬂéﬂﬁﬁﬂﬁﬂ%@ﬂﬂﬁlﬁ 4) HTML uag €SS Tdluniseeniuudiudadenldali
TFudenazminzausunsldnuriuiuusiwes 5) ER diagram w3asdodinserinas
DONUUUIZUU

3.4.3 1a3 0eflef 19N MARBUTEUY NSNARDUTEUUETALNAT WaIuIT U
suflumsiiteUssifiumnugniesaruszansnmvesszuuneuthlunaeddauais Taeld
WAInageulamnAlla (Technical testing) Usynausie Black-box testing \ensiadouns
vihsuveausazilsidu Input validation testing 1l ansIaaeuaugniBsvestay a1
Authentication and Authorization testing 1l 8n529@0UN15EUSUFIAULAZANS N151E
Gng'EJanJa L Response time testing LﬁlaﬂizLﬁmzEJznmmimaiJauawaﬂizUU NanN19
nagaugniulduszneunsUssiiulssavinmuesssuunaunsussiiulaegldanu

3.4.4 wuudspiuUsyavsnmuesssuvansaumATiiun Ty Wuuuudeuanuunas
UszunauAn 5 50U (5-point Likert scale) lddmsuussifiupnufaiurosldauniends
nsnnaedldszuy lngAsaunguesAUsENauAUUTEANEANYRITEUU 4 A1 Laln (1) Ay
gNABITBITTU (2) ANUTINEIVDITZUU (3) ANuUaenievestoya wax (4) N133189UNE

3.4.5 wuuUszfiuanuianelavesdu Wuwuudeunuunnsussuiaa 5 sz
(5-point Likert scale) AToUARNUIZALATUAMUAZAINTUNITITINY AINTINGT AUGNFBY

AuUaenievestaya wazauianelalagsiuseseuy
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3.5 aAadldlun1sideuaznsiineidaya
foyafildanmsideuszneumenanisusziliulszdvsnmnuesssuuansaumnanay
wansUsziiuaaianelaveslism Fafvnunlaglduuvaoununasssuan 5
520U (5-point Likert scale)
FAdesndunisiinszideyalasliaffidanssaun (Descriptive statistics) Lilo
aduwanuazveayaLaraiUIzAuANUAAIUYeINgUMBE Usznaume

1. dade (Mean: X) l9dmsuinsizdszauanudniuisdfuussans amees
szuuwazanufiselavesldnuluuiasdnu sutanmsnvesszuy
2. drudeauuunnsgu (Standard deviation: S.0.) 1@ msuiiaseginisnszanes
YDIAMUANIUVDINGUAIDENS Lﬁaﬁmimmmaamé’awwﬁauﬂaﬁiﬁmﬂmsﬂimﬁu
nsudanaradsveuulssiduldinasinisudananiuunnsussaiani 5 seeu
Fawansluasied 2

a ¢ 1 a ¢ a a =
MA1919N 2 mm%mmaau%uuummLﬂm%UizaWSmwmmiwuLLazmammmWﬂﬂ

AaAY (X) 3TAU
4.51 -5.00 mmﬁqm
351 -4.50 un
2.51-350 Junang
1.51 - 2.50 oy
1.00 - 1.50 Yiouiian

HaN1INAae Ui unAAveITEUY LAUWn N1SNAFBULUY Black-box testing N3
ATIRdeUAINYNABIYEITRLA (Input validation testing) NMInAdBUNSHUSUAIAULAYNNT
fuadn3nisTéen (Authentication and Authorization testing) LasnISNAEUITEZLIA
N13MBUAUBIVBITEUU (Response time testing) W taualudNuuen15ILATIEMBINT TN
(Descriptive analysis) Wngsigaunanisnaaaulusiuuuniu/liniu (Pass/Fail) wagnanis
ROUAUIBITEUUMANAITTI ML [laeBunesyfulsEanBamussssuulaysEfUANLile

wolavaeyldanu
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4. Nan1538

a va

4.1 HANIIWAIUITEUUEITAUMAFIMTUN1TUTNISTANIsIa N1 URIuYas

YARINT UM INende
st g (N NS P | o

saniuiinnsasnm

AN 4 ANTTUUUUTN

wngssuuwiinau

sWamilnam:

s

whgseuy

névldwiwmén

AR 6 A mmTiiingsruundnau

AT 8 MNUARIMTINANTBEUARTUY

wladuaivineu
[ ———

Ao (nianteday

AN 5 AMNUTNDLTAB U9

Ausicausy,
- <) [

FUWAWSUT: [nn/dd/ yyyy ] AUMIBIENILY: [Eananus

ainyadua

sawiinen_J
la: 1
weun: 1

aumia; i

afagjanisinaanisusa

+ sk v Jamue
« s e Jamus
N e

« Fuit: e 'lmus:
- s pmwai [ e

paATINTIY

=|' A o < a < o
AINN 7 ATNLUDNINTADNDULATUILLA

AN 9 nmmthann1sTeyantn

NAINA 4 A nszuuTudin Lansiitenislutileninge Ysenounae Juiiniaidd

U FARATEUU kar WiINL A 5 ammtiaadadudiny aunsatuiinaandieen
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LanINaadL Y INTTaIaNtNUYemInOY (UAAINT) Nevua 2wl 6 Mwvidngsyuy

o =i

wifnau (yaang) egdeyanisasian amil 7 ailleviinisdenduiadauds seuvas
uansteyadIud uay Yeyanisacial il 8 MwuanIntinFNveIARART UL ILUANS
misenadnduionme aunsadundeyadivinisasiaioaldanudesiandnay
WU FUTUS wazduil amsogIresunNaEaugile Uszneudie sieauseduan
ENUTFoU War T1o0uTed nwd 9 aehdanisteyaniin awnsauiy au uily
Toyavasninaula

4.2 Han1IMAFIUITANATAYaLTTUY

va o

ER AR IUNISNAADUTLUUATAUMNANNAILITUALATANSNAZRUTUNATAN

Y
1%

fvualiluduneunside Usenaume nsmAsaun1sYauYesssuy (Black-box testing)
NM3NTIIAOUANNYNFBIVBITBYA (Input validation testing) NsnadeUNMIEUEUMALLAY
NSMUUAGVENISITNU (Authentication and Authorization testing) Wagn1snAgoU

3¥HZIAINIINOUAUDIIDITZUU (Response time testing) IAUHANIITNAADULAAIAINITINT 3

A151991 3 HANISNAFDULTUNATIATBITZUY

518N NAFDY HAN1NAFEY

Black-box testing ynilsituanmsavianldgndesnuiiosnuuyly

Input validation testing szuvansanIaeuteyatiligndesuazudaiion
Aldaule

Authentication and sruvansanTaeudldiuLay fmuadvinisdngs

Authorization Toyalagnaes

Response time testing iz‘uumauauawiaﬂﬂsﬁuﬁﬂﬁﬁa;ﬂaLLazmiLLammaLa?{ﬂ
aiifiu 2 Jundl

INNaNIsNAdeuLTImATaNUIT sruvausavinuldasudiunudeiivuai
gonuuuld Tnennileiduwihauldgndes aunsansivaeumugniedvesteys MuUAdng

A5 TE9UY kaERRUALRIRDNISITUla RN LN EY
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4.3 Nan15USSUUSZANSATNVDITZUU

[y

AMEndINsNeaaultunade Bidelaaiun1sussliuUsEaNSAINYRIsEUUN

Y

AuAniuvesldnulu 4 A1 leun AugnABIvedsTuL AMNTINEIVBITEUY AL

Uaenfuvestaya kavn1sTeuna Ingran15UssIlulanInem1s1ei 4

d' = a a
$135199 4 Nan15UTLLUUUTLANTAINYDITTUU

AuN1sUTEIEY ALade daueauu S2AUUTZANS AN
NINTFIU
1. AUAUYNABIVDITEUY 4.45 0.55 170
2. AUAMUTINLSIVBITEUY 4.48 0.52 un
3. muAuUasadevesleya | 4.33 0.61 1N
4. AIUNNTIIEUHE 4.41 0.58 110
574 4.42 0.57 11

d' 1 A o -Qy I a a £ [
INRITNN 4 WU ig‘UUa’]iﬁuLWﬁWWWUW‘UUNUiSﬂWﬁﬂ’]WI@El53M@§1H53@U dun

(X = 4.42, SD. = 0.57) lngsnuiifidedegiian

= %

AD ATUAIUTIALIIVOITEUU (X = 4.48)

898931 A9 FUAIUYNABIVEITLUU (X = 4.45) Uag AUN1TIILNUNE (X = 4.41) KANIS

Uszilluagviouliduingldaulianudamiuitssuvauisalssananadeyaldog 195157

uwazatuayunIsuTmMsIanisteyalaegailusedansain vall wadenanddennaediunanis

Nega U WA ANLandlmiuINsTUUaINNsavneulaasuaumud et uaeanwuuly

4.4 Nan15US8UIgUTSUURNNUTSUUNNAIUITY

A1519% 5 LUSIUMIBUSEUULANAUTEUUNWAUNTU

Usziu JEUULAY STUUTIRRIUN

nstuiindeya JuninAelenans UUTINRIUSEUUENSAUNA
nsAuMYeaya AUYEn Tdnatuy | AU layiug

N1T5189IUNE IRV 1899USALULR

NSUARIKE 3 Ju Real-time Real-time

ANLUADANY 31119 fnsiingssuuuaginnunans
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MnNsIsufisunudn ssuuiivand uaansoaaduneuntsian un
agmanlumsdumdeya uazatvayunisdavhsenunuuisealmilddnitszuuiiy g
donndeInuIngUsrasArainsivey

4.5 wamsusziiuanuiswelavasgldaussuy
msUssidumafielavesliiuszvuarsaumaiionsuimsdanisnaidd

a o

UfuRnuvesyransluaninedeivadlan dndunisiaelduuugeunuuinsdiudssunu

A1 (Likert scale) 5 5¥AU IINNAUAIDE19TIUIY 65 AU IASHANITIATIEVRAAIFINITIN 6

a a e v
M13199 6 Nan1sUsTuAUTenelavew L

19n15U TSI Anade | dowdeauu STAUAMUAALITL
1. Anugzanlunsldausyuy 4.35 0.62 110
2. anusIasalunistuiinian 4.42 0.58 110
3. ANUYNABIVDITBYA 4.38 0.60 Wl
4. anuaensiuvestoya 4.30 0.65 110
5. aAnuianelalagsiunesyuy 4.40 0.57 10
574 4.37 0.60 1N

a ' v ~ ~ ! | 1Y) _
9115199 6 WU f Y ulinuianelaseszuulagsinedluseiu wn (X =
4.37, S.D. = 0.60) Wesiensndanedegeiian fe anusiasalunisduiinaa) (X = 4.42)
589831 Ao ANuitnelalagTiudeTEuL (X = 4.40) Uay MINNABIveIlaya (X = 4.38)
AUEU wandliiuinssuuRTRuTua N sanUaUDIANRBIN1SVRI UM D uaEns
a 1% < v = & v o w 1% C=3
7 lnsamnzlusuanusinsiiazaiugnaes dadutadeddglunisidnussuuiuinna

N9

5. dgunauasn1seausena
5.1 @3UNan15IvY

MsideFes “maianszuUasaumAiiansUImMsianisnat i fiRnuves
yaanslusminerdefivalan” $inguszasdiiie (1) senuuulaziamNIz VUM TAUINA
dmsumsuimsdnnsa iU iRnuvesyaans wae (2) Useiliuussaninmuasssuuly
ATUAILYNADY AUTINSY A NUaBAiEvadoya N139189UNE wazANTanelIves
Aldau
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HANTIENUI SPUUasaUMANimuNaIunsasessunstuiinnandu iR
msdaLivdeya nsAundeya waznseenTenuriuszuugIuloyalied1siusz@nsam
Tnganunsauaniadoyawuuissalny wagatuayunisusmdanisteyayaainsiaasain

'
a

Stuidewisuifeufunszuiunmsiiiiunuuuuia
nansnageuidanadauandyifiuinssuvamsaiauldasuiumudorivund
ponuuuly edunmsvinuresilsi®u nmansaaoudoya nsBuduimuastmuaininis
T ufinsnevaussvesszuueglussduiinzausonisldony
Han1sUsTiuUsEAnSnmvesseuungldau wudi Usedansamlaesiuegly

SEAUNN (X = 4.42, S.D. = 0.57) uagran1sUsziuaNuienalavesdldausgluseduin (

X = 4.37, S.D. = 0.60) ax¥iouliiiuITUUAINITONDUAUBIAIINABINITVDIY LTI LAz
atvayunsuImsIansaniiufiRnuresypainslaegamungay
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Abstract

This research, entitled “Development of a Web Application to Support Student
Activity Management at Phitsanulok University,” aimed to (1) develop a web
application for managing student activities and (2) evaluate users’ satisfaction with the
system’s performance. This study employed a research and development (R&D)
approach based on an information system development process. A key feature of the
research was the development of a web application capable of managing student
activity data in real time to enhance efficiency, reduce data redundancy, and facilitate
data monitoring by users. The sample consisted of 104 students from Phitsanulok
University who were selected through purposive sampling. The research instrument
was a user satisfaction questionnaire. The data were analyzed using the mean and
standard deviation. The results showed that the developed web application effectively
supported student activity management. It reduced data redundancy, improved data
accuracy, and facilitated the recording, verification, and monitoring of activity data by
students and system administrators. The system performed its core functions correctly
and enabled the rapid display of information for management purposes. The overall
level of user satisfaction was high (X = 4.20, SD = 0.58). Data accuracy received the
highest mean score (X = 4.25), followed by overall satisfaction (X = 4.22) and ease of
use (X = 4.20), respectively. These findings indicate that the developed system is
suitable for practical use, meets users’ needs, and systematically enhances the
efficiency of student activity management.
Keywords: Web application, Student activity management, Information system,

User satisfaction, Google apps script
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Ya o
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M19197 3 Toyaluvesnaukuuaauny
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Indnetudi 1 33 31.73
Indnetudi 20 19.23
Sinfnunutf 39 37.50
hdn i o 10 9.62
a’lﬁl’liéﬁﬂéﬂw’ﬁﬁmiim 2 1.92
7% 104 100.00

19397 1 nud ngusedsdulngduindnududil 3 S1uau 39 au dn
Hudesay 34.88 sesasundudndnwidudd 1 91uau 33 au Andufosar 30.23 uay
fnfnududil 2 $1uru 20 au Andudosas 20.93 Auddy vueftndnwdudd 4 8
$1uu 10 au Aadusosas 12.40 uaversdiivsnwAanssulidnnu 2 au Andufesay
1.55 nduaungusiognaiomn 104 Ay

poufl 2 nansusziiuauiewelavesdfld

NANTIATIZRTTAUAUTINelareldneriueund ndutuiinnisidn sy

Aanssutin@nw sninendefivallan lngldadfidanssaun ldun dnade (Mean) wazdiu

esuunsg1u (Standard deviation) kanafan1s1adl 4

M19197 4 Aledskard U e RuNNINTEINTeIANURINe IRl TTE UL

s1en15Useiiu (X) S.D. SLAUAUNIND TR
1. guandaelunislday 4.20 0.58 11N
2. AIUAMUTINLSIVDITEUY 4.15 0.62 un
3. MUANNYNABIVEITRYA 4.25 0.55 11N
4. gumsiintadeya 4.18 0.60 uN
5. auaNUianelalne s 4.22 0.57 170
3734 4.20 0.58 4n

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569




Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 158

518 2 wudn gldnusinaianeladeszuulaesmeglusedu un (X =
4.20, SD. = 0.58) IneduiifiAadegsgn Ao sunmgniesuesdeya (X = 4.25) 5%
Ao muAuianelalagsin (X = 4.22) wag suanudielunisidau (X = 4.20) audey
namslaszagviouliiui ssuufiianntuansadafuasuanmadeya
Igagsgndes nanmsuszfiunansiiuingldnuiienuiiswelasemnugnsissvesdeyasglu
sefUIN (X = 4.25) wasifwenuinidefiovesdeyalussuu uonani anudelunisldan
wazmsiindsteyadseglusziuivimela uandliifiuinszuvansanouaussse Jldaui
anufsnelasenslisuszutluszduin lusuanusiasivesszuu wuirdidiedsedly
spiuINARLAY (X = 4.15) Fauansliifuinszuvanansaysvananauazuanimadoyaldosis
9037 deralvigldauaansoldauszudlfessaileslnglifnnnuani
Tneagy svuufuneundinduiiimunduannsoatiuayunisuimsdanishianssu

Y a

= ¥ 1 = a %4 = b4 1 ¥ % nd! ¥ %
unAnwliegreliusednsam uazaiuanufianelaliungldauluseduinn Geaenadasiu

[

nUsrasAvreINsIde

5. dyunauasn1sanusena

5.1 d@5UNan15IvY

MsidoiFes mafauivweundietuileaiuayunmsuimsdansfanssutndne,

Tusminendofinaglan Finqusrasdiiie (1) aunfuueundinduiieatuayunisuims
dan1sianssudnAnwluamingrdeiivalan uaz (2) Ussiduainuianelavesldse
Useandnmueesyuy

uandenuin uweundiaduiiiauiuamsaldauldmuveuiaiisinun las
se5UNsTuAntayananssy N13IAN15TBLANINTIN N1TATIAARUTRYaNITUTINAINTTY
nsuanssadeya waznsiaiseauiuszuvesulal dudulumuinguszasdvosnis
faunszuy wenand nsaninsuifsunisdudunusenineszuufufuszuui
ity wuissuulmldaligldnuaansatuiin dum waennasoudoyaldazaindsty
safsatuayunisdnhsseulusuuuusnlugd Vel dedunudananngisdaainuanis
Wauazn segeuszuy Wlagedanransussiuanuianelavesyldiiesogasien

Han15Usiiuauianelavesdldauduig 104 au wudn gldnuiinnuinelase
szuulaeameglusefuunn (X = 4.20, SD. = 0.58) lasduiifidedsgeanie suniugn
Aosvasteya sevasnAamuauisnalalagsin warsuaudelunsldau auseiu a

fr’ﬁ’ménazﬁaﬂﬁtﬁudw@flﬂﬁmu:ﬁmmﬁ@LﬁuL%qmﬂGiamﬂ%muFmLLaﬂwamﬁuﬁﬁwuﬁu

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 159

5.2 afiuT9HaN133Y

MnuaMTIeNUD ukeundieduiiiauntuansasidunuldmuinguszasdues
N15398 lagseeiun1suimsdanisteyananssudnAny) nsnisaeudeys wazn153nim
senushuszuvesulal Shwandurounsdiiunu fuauazainlunisdaiuuasd
Audoya wazauayumsuimstansdeyaliiiussansamanniu aonedosfuuuifnues
Tenna 188A39A (2560) o511 szuvasaumaionsinnsiduaiosdlefivaelunis
U9 daufiu Usvanana uagiiaueansaumne ieatuayunsaiuaiuiaznsdadula
yosafnsoguluszuy

Han1sUssLiiuauianelaveslldauegluseduunn lnglanizauainugnaesves
foua Heazviouingldnuianudetiudenslinussuulusunsdaiu msUszanana uay
nsuansratayananssuinAne nadIna1IdenAd eIt ULLIANLUUTIABIAIINE 1S IVEY
FTUVANTAUNAVDY DelLone & MclLean (2003) ﬁigqi’] AMAINYBITLUU (System quality)
LAZAANYBIATAUMA (Information quality) luiadeddnidenasdennuiianelaves
Al nuuazaudi§ivesszuvaisauma uenini Siaenndasiuuideues uanfon
wavUsaiuyt (2552) inuin nsiawissuvasaumnasuueeulatdngusurnewam
tnAnudrsiinysansnmlunisdnnisdeya andediinvesssuununuuiiy wazyael

Aldeuaunsadnfsdeyaldasninuiniu

(%
[ = J

deFeuisuiunuideinium swidedfanuunndiidusunisimunivuey
waduiiuTLnsrUumIuIsianisionssudnAnulinglussuuien daudnstudin
foya mInsrvaeuteya msdnsunanisidiisuAanssy laufnsdeiseny dediean
msadultsumaneindesile waziiiuanuazmnlunsuimsianisteyavesfitauilodiou
fuszuuiisesiulemzsunnszuaunsmuiiunglunyidenounii Taefinuaenndeaiu
sATeves ufaunil (2560) fiwmunszuvasaumeluguuuuivieundiady wuin seuy
ansaumAaInIaTIsantunounsUfIRNU uauazenlumsiansdeya uazaiuayy
nsasiuuvesldnulaegrdiuseansamn
uena1nil anudelunsldmuuaznisndrfedoyafiogluseduinn azvioudanis
poNUUUsEUUTiaonndostundnnissuuszaunsalild (User experience) dsilnasiants
poNsUTTULYRI Ty denndeafuiuifnues Nielsen (1994) fiausin Aatmansalunis
T4a1u (Usability) ifussduszneudifgesnunmszuy lngszuuiidmsiaudesons

d a a

Seus duszaniamlunisldou uagdelvdldarunsadiiunulaegeazain sauns

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 160

aonAdesiulANYBITEUVASaUmANRMSHANLELAIN TIE wazaansaitddlanad
NNLIAY

agslsfiny wingldnuazdanuiianelasessuulusedunnn udrianuianela
funsIEwesszuLiiaedsiniviududndos doraiinandedidinsuiaiedi
I ldnunsauiu wioUssaninmaeaunanosuiildWamn Teuwn Goosle apps script
uay Google sheets agnafifosindunisussananaidieduiundoyafintu fedu Tunns
fimunszuulusmanmsinnsanuiulslassaisgiudeya wWasulldszuudansguteya
ﬁiaﬁuﬁagammﬂwwjﬁu vieifiuUszAns nndunsUszinanaiiiosesiuduaugldamd

< &
bNUYU

6. LONE381989

Anfien 91wnfia, uargdan 1598, (2559). anudisnalavew lseuvaisaume Inende
NYIUIAUTUIIYBUT a5UN3. 51910805 Inendeneruiaususrveull §3uns, 6(1),
20-30.

unsun uasdenie. (2564). Msvsudumiufisnelavesgliszuuasaumadianisuims
JANNT09ANT. MIETIMEIAERsuazinaluladansaume, 9(1), 85-96.

wdatdund yggu1aded. (2560). MIiausEuUaSAUNAaniIAnYl. 3sarsimalulag
QNSMNTIU UM INYIABINVANQUATIV5E, 7(2), 96-116.

WSANg fuay. (2563). MswmLNIEUUAsAUMATUTUeatuayunsuImsiansteya.
13ENTIYUASHAIUNTEUUATEUNA, 6(2), 112-124.

Lo wituseay, wazUsyeyiun dagu. (2552). MsaussuvasaumaLuusaulal
e inAnwresmIne1desuys. Msasmalulagasaumea, 5(1), 1-10.
ofirl Un3edim. (2559). MsuImsdanisszuvasaumeiiofinyszavsamansiiuanuves

83ANT. AFAITANWIAENT UINBFBYINT, 27(3), 1-15.

[ o

93 gy ?Tuﬂwm%g, LazsANg Fuden. (2558). SxUUANTAUNALTBAITIANITEINTUATS
U%Mwsaaﬁﬁ’uqmmﬁﬂmﬁLﬂuﬂwsﬁﬂmﬁlﬁﬂmaﬁﬂﬁ. MnsansUayyridaing, 7(2), 253-
260.

Tonna Besdined. (2560). szUUMsEUmMANBNISIANTS. namnm: Sidneuadu.

Sva WAUNUSTY, wazrilng 11, (2569). NNSWAUNTEUUANTAUMALTA BN1STANTS
AANTTUNMUIUNANET AMLINYIANERS UWINYIFUFIVAIUATUNS. Mahidol R2R e-

Journal, 13(1), 111-123. D0i:10.14456/jmu.2026.9

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 161

DelLone, W. H., & McLean, E. R. (2003). The DeLone and McLean model of information
systems success: A ten-year update. Journal of Management Information
Systems, 19(4), 9-30. Doi:10.1080/07421222.2003.11045748

Nielsen, J. (1994). Usability engineering. San Francisco, CA: Morgan Kaufmann.

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 162

nsUszgnAldB vz igauuuaifenisiGous
nnsaaulumsuitdyninisiaidunisnisuuss
APPLYING TEACHING-LEARNING-BASED OPTIMIZATION
TO SOLVE THE VEHICLE ROUTING PROBLEM

1Ans vade’, aneduius uiasy’, ndn 1n3ving!
Nitikorn Leechai', Saisampan Soonchareon?, Kla Wareepitak""

Baggdmnssuenans unninendemalulagsvusnadiuun fivalan o.des a.fvalan Usznelng 65000
ZAUgIFNIINAENS UNINEIRBULSAT B.8184 A.waylan Useinelng 65000
Y*Faculty of Engineering, Rajamangala University of Technology Lanna Phitsanulok,
Muang, Phitsanulok, Thailand, 65000
2Faculty of Engineering, Naresuan University, Muang, Phitsanulok, Thailand, 65000
*Corresponding author e-mail: kla.wa@rmutl.ac.th

Fudrszuu 13 fiquisu 2569
i’uﬁufﬂwwmw 30 nINgIAN 2569

UNAREYD Suftnousuuneom 4 Baneu 2569

unAuiliinguszasdifie 1) WanuueundindulasussgndldiBnsmanninsiian
LUUBIAENTISITEUS AINNITARUAMTUNTUATYMINSTTALEUNIINITVUEAS wag 2) dum
sUsvumsneAdadefivmnzauredimamaunngfiaauuuodeniafouiannisaon
dmsunisuntdaminisdadunienisuuds sy amddlinisudledgynivitanuldegied
Usgansnmsnenisimuaadadefivinzan nszuaunsideizuannmsimuweUnaiadui
Uszgndldi5nsIBmanaumne igauuuendenisidoudanmsasudmiundiyvinisda
Guynansauds ndusiduniseenuuunmanasedlagliyedaynuiagiudium 5 g
aseunqulangymidsudrundnfivasdsuelng fuunsedudads 3 sefu uazvhnig
naaestnsEAUaz 30 s0U itothnadwsulianginsadfuaziuunddadefimnzaues
35113 wanTisenuImeUnBduTiWa TuansaUssendldiEs fandrlunisudtlamn
msdadunensvudsld Tngldnalunsuszananadumidumanisuudsiiussansanle

Tngldiantagnin 2 wi Imﬂg‘uLLUUmaéfwﬁﬁ]ﬁaﬁuaﬂwémmmLﬁﬂﬂmwmﬁmumﬁmu

o a

U5891n39 100 wagduiusaun1sauman 25 dmsulanddymyatayaduaisiivun

Y

uulszrInNsh 25 IuseUMIAUMmEIi 100 Wislildnaaaadedidfian wandliiiy

a

J1ATNImANINgNaauuUeIAun1siTEUI NN AU AN TARATYNINTIALEUNINTT

Judaslsognadiusyansaw
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AdAgy: Uynin1sdmdunianisuuds, J8NsAumAIna Ui aLuuugIuNITaa LAY

NSSEU3, LengsaRng

Abstract

This study aimed to (1) develop an application employing the Teaching-Learning-
Based Optimization (TLBO) algorithm to solve the Vehicle Routing Problem (VRP) and
(2) determine appropriate TLBO parameter settings for different problem sizes to
enhance solution efficiency. The application was first developed by integrating the
TLBO algorithm for vehicle route optimization. Experiments were subsequently
conducted using five benchmark instances ranging from extra-small to large. The
experimental factors were evaluated at three levels, with 30 independent runs
performed for each setting. The results were statistically analyzed to identify the most
appropriate parameter configuration for each problem size. The results showed that
the developed application successfully applied the TLBO algorithm to the VRP and
identified efficient vehicle routes in less than two minutes. For the extra-small problem
instance, a population size of 100 and 25 iterations constituted the most appropriate
parameter configuration. For the remaining benchmark instances, a population size of
25 and 100 iterations yielded the lowest mean objective value. These findings
demonstrate that the TLBO algorithm can effectively solve the VRP when its
parameters are appropriately configured for the size of the problem.

Keywords: Vehicle routing problem, Teaching-learning-based optimization,

Metaheuristics

1. unidn

Paymnsdadunianisuuds (Vehicle routing problem: VRP) iundsluiamddy
fusiniuladafnduaznisvudsioandnlutiagtu (Konstantakopoulos et al., 2022) lag
HapmsdadumsmsvudsiiingussasdiiednassgnAlviningueun mugUssinnentu
uagimualdunansAusafivnzandmiungueunvue Wiledsweududliungné
melddeuledeadiinsngg (Chakraa et al., 2023) Yaymmsdadumenisvudsanuisanuls

lurannvaneuIun AseuAqUALANISIUdaEnIEeduA1 n1svudalagans autanis
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Aususimerangaiissy (Mohammed et al., 2017) maufilgmmsdadunianisvuds
Fafuieadestumasatumsssnuuuidunisuuds idedummamsidusofiduiianananud
nildluganguuasaniufivine finszarvognugfimans iy Afswesgnén des uinede
ASIAUAT 1591581 51UAN (Konstantakopoulos et al., 2022) 1agn1SATUUALEUNINALA B9
firsaniadouastesiiafiinduaidumsiiiiuny Wy 9asnadweuiudn anugues
guNMLE 1UIUgNAN wazszozmslunsvuds Ssdsralinsfumidunsivsnzauiiged
AMUYINLATTUT DU (Konstantakopoulos et al., 2022)
Hoymnsdadunsmsvudaduligmiifienuenuazdudeugs Inegninlieglunga
vasileymuin NP-Hard (Stamadianos et al., 2024) Fsdasldnsnenslunisduiunaiiie
uilatlamgs Wesnnduudeeufifululfifisduuuuisndiuuudeanumuinvosdym
dsnalinsfumnouiimnzaneindueganndlediuiemiegadweudiuiu Tae
mnmsmsuilvdaynsdadumanisvudaiitngnussgnaldlaun Tiua FBasuvuusiunss
(Exact methods) & sanansamimeviiafianls uidedddiiatlunsduings wazenaly
witnzaudwsutlymunalng wardsniswuuiudndidaind (Metaheuristic methods)
ansnsaliimmeuiifissiununmanansosensuld nelusssznaiiduniuasdaubangu
TumsUszgndldfuiymiidudou (Valdez et al., 2014) fegavasiBnmsuuuimig iannd
fanunsoudledgmiisinududouldogisiiuszansam wu Bmsaunauvesaan (Shark
smell optimization: SSO) (Wareepitak et al., 2026) '3'§msmﬂ'wmmzﬁqﬂﬁaaﬁlﬁaﬂmﬂﬁu
waztUaalil (Moth-flame optimization: MFO) (Kuntasup et al., 2025) 4 unau3s i wios

¥

(Firefly algorithm: FA) (Thepphakorn & Pongcharoen, 2023) ﬁmwm'mnmzﬁ'qmma
nu1U1ELM7 (Grey wolf optimizer: GWO) (Sooncharoen et al., 2020) Funeauisnismen
mmzﬁqmuuﬁugm%aqﬁmam% (Biogeography-based optimization: BBO) (Vitayasak &
Pongcharoen, 2020) wazdumeu3sdisana (Bat algorithm: BA) (Chansombat et al., 2019)
TnssAdodlfidenld3snmamefigauvuendonisiousannisasy (Teaching-
learning-based optimization: TLBO) il auflatgniluruidoifewiniisenunisided
wansliiiundse annsolinadnsidussansan wagluuiensalfaussauzimiloninians
wpndasafndnane3slunisuidamnisvuds fafiseeuluanuideves Sun et al. (2022)
wag Trachanatzi et al. (2024)
Fasmamnzfigauuuedenisieuannisaeugninauslag Rao et al. (2011)
fuunAnunannszuunmsdsumsaenluioniou deUsznoudiesdostunoundn teud

TupBUNITADY (Teacher phase) Wagdunaun1siiouisenineiseu (Learner phase) 35013
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aanangneaniuuiveldlunsaummneuivialudymnismainuizian (Rao et

q

al., 2011) IngAgnsasnanilagniunUssendldlunsunlgmnlianududounainaiegy

a a

WUURYINTaNY wanslansuszansnmlunisAumAIneuna (Rao, 2016) lavausal
v sda = a a % ° 4' a

Haansnlnunngaziivseaniamlunisaumaineuivinzaulussugiaimunvay
WiaU3suiieuiuIBuangisannddus) (Rao, 2016)

laga1nn1snunIuIssaunssuluyel a.a. 2022 fs A 2026 lugudeya Scopus

I A vas i A o = o P o a
wuiniinsussendliisnsAnvangnanuuuedensiseuiannisasuliiowndymidenis
4% (Combinatorial optimization problems) Tunainualgaiv e17u Jeynin15a19kuY
1A339713 (Lakkamraju et al., 2026) Jgyn1sdninauasMmunvunimssauvesgunsadly
syuuTmngldin (Mehroliya & Arya, 2024) Jaynin153nassninennsuagnisisunelu
\w3evud0a1515@18 (Djihane et al., 2026) Ynin199AIN9AILAUILAEAUUAIUIAT
winnzanluszuunasau (Krishnamurthy et al., 2023) Jgyninisinnis1sniswan (Ullah et
al., 2024) wazdgyninisiatdunisnisvudsndudoulunainuaisusun tawn Jgywinisdn
U UNUE AN UsTRUsUEsInaeu (Green vehicle routing problem) tiiean
nslddendiuazannisuassuaiie (Sun et al., 2022) Ygywnisindunissaeus e
anfUYUNISVREazANa1 T luNTIAUINNT (Zahedi et al,, 2023) Jeynin1sdadumnis
gUNIvUENRNUINTaNEanAlauANAIgs IeandununsTudsarnsUaesing
Asvaulaeanlen (Trachanatzi et al., 2024)
R I~ Yaa l ‘:1' o a 1Y

wiid1agiinsuseyndlddsnismanninganuuueidenisiseuiainnisaeu Tunis
wAdgrinisdndunisenuniviug TuuTuneanee wagllseaun1IdeiamadnsNiuszansnm
lunsAunAneu agslsimuauidefidiuuiinimuad1tadelagsnsdsanamuidenau
Wi ¥399NUsEAUN1IAITRIIEY YaurinIsAnwedaum AU vIgaNyedIsN1IM
Anmunriaanuuenfenisieusannisaeuegraduszuudadideudediin wazdawsiud
aa l a o a v aa a v oa
ASnsmiAnrusfiaanuuetdenisiseus annisaeu 1Wuisudludymiiendeiiies
Uadenuguiiesansiiade lawn au1aUsz1ns (Population size) WadIuIUTOUNITAUNI
(Iterations) wetielWIBNIIMANINENgAKUUDIRBNTISBUSIINNSaRUlUsEANTA NG R
TunisuAdgninisdatdunienisvuds 33a25ins@nenisssa Jadefmuizannlenis

PENLUUNINAABILAYNTIATIEYRAT e R0 dusyuy WuReaiuisiuansisaindou o

[

A8ANUTUYTaUIl YurIn1IaLdun19n1svuds (Vehicle routing problem: VRP)

a v

| ] aw o = s A Yoo ! dl
LAEUDIINMNUDINUIIYNNY UNAITHUY 'Jmqu’ﬁgﬁﬂﬂw\lE]Uigaiﬂ@ﬂsﬁﬁﬁﬂ']ﬁﬁflﬂflLﬁll']é'ﬂ/]f:]ﬂ
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wuuedenIsiieuinnsasy lunsundaminisdndunanisvuds wieuiadnyin1snse

JasgMvnzauiiaiuuseans nnlunsArunAmau

2. IUILEIAYaINUITY

1) RauwoundindulagUszond i35 msmaumngigauuuedonisifouiainnis
AOUANSUNTUATYMINITIALEUN A TVUES

2) Aumsuuunismsedadefimngauesisnsmaenmngiigauuuendonisiious
9INNFERU AIMTUNITWATYNINITIALEUNINITVUES
3. ATUNUIEY

n93ei B unnsnunndeyavesdiyuinisdaiaunenisvudwagnisunau
saunssuiedesiuiBmsudladam msfauasesiodmiunisussgndldisnismen
Wz gauuuefenisisousannisasuiiouddyminisdndunenisouds nsdum
sUsvumsReAtadefimuauresdimamaunngiigauuuodeniaieuiannisaen
dmsunAtaymMsTaLEunINIsILE wagN1TIATIERaTURan1TIvY

3.1 nMsusudayavasdymnisiaaunianisvuds

[
av a a

Anwnguuaznuddeningitesiutymnsdadunienisuuds sufeguiuuves
Jayy aunisilanduinguseasd (Objective function) U831 (Constraints) wavyntaya
117557 (Benchmark dataset) nADAIULLIAALALNANNNTYBIIBANTMANMINETGALUY
prdmaduianmsasudietinduiiuglunsimuuuuassuasiinisuitm
3.1.1 Tandtymidleufosildlumide
Tunsfnuidendall WumsuszgndldiBnmamanmnsfaauuuendonisiious
Pnnsaeuiefmukeundindudmsuuilotymnsiadunisnsaudamasaliainlng
audludsgnéniififidanssneegluiuiisng 4 vessundlne lneldgndoyaninnuideves
(Niracha, 2024) $1u7u 5 yadeya 4 luudazyatoyadanuuanatadulududuay
grunnuedililunisvuds Sutunasddeweagndn sandsusimaudeanisiudn

I a 1%

gnitagudu yadeya 01_C16V14 XS munganuitluyadeyatl Aesdsduailniugnan

=b.
2D

LY

ALNAUINALANANAUNIUA 16 518 TIIULIUN UL NAITaTFNULAIUIU 14 AU 1A

ee

12
I [y [

gadoyailgnineglunquyndeyanifivuinanuin (Extra small: XS)

Y

szuunsvudsgnivualiiainsavudalanigerunimugnamue 3 Ussinmn dadl

AglunsusInnaumuanaeiu loun saussan A 8a3ug 3,600 vdle saUssamn B 3

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 167

A13Y 7,200 iy Uagsauszian C dr1uq 18,000 e (Niracha, 2024) viafldmiulagy

= 3 1 ¥ Y v dl
FYACLBYAUD I"D‘VlEJ{jiyJ‘Vi’]LLGlaz‘SQWZJ@HaLLﬁ@\‘i‘l(ﬂﬂQG}’]i’]\‘m 1

al

M19197 1 Aasdnwazvaslanddymiiieumsdluusdasyndoyangnlalumuide

Y

i . suravasland | S1wou | SwouBudiil | Swdusuwavusisvun
Yoyadoya Y S o .
oy anAn fosuuss dmsunsvusegeEn

01_C16V14 XS dinfiley 16 102,000 14
02 C22V19_S én 22 175,200 19
03 C29v26 M AGEN 29 235,200 26
04_C34V31 L Tngy 34 261,600 31
05_C46V38 XL Tngjfiue 46 399,600 38

[
[

Togusrasdavasnsuiledgmnisdndunianisvuddunuideifonisaum

sULuuNsTaLdunansvudandaldIneTunisvudsinnan tneflrdudUssashuanslans

AunST (1)

p Q Q P
Minimize Z Z (VeP S DE) + Z EP (1)
p=1i=0 j=0 p=1
do Q fe ﬁﬂuaugﬂﬁwﬁy’wm
P fe dwudszaveiuniviug
I,j #o Umﬂé’ﬂé’uﬁ&y’wmgﬂﬁw
p fa Audldiureslssnneunvue

Sij e szezmasgwindinsvesgninsed § uag j
VcP  fo dnlddesemheszoymandsuiveseiumvuzdssian p
EP  fe Alddremsiidmivemumvugdssian p

Dipj fe uusindulamneuninuzUssian P denvsudsainsiwius § Tgssiums j

Ponnaslosru dnsutlymnisdaidunisnisoudslusnuideid dsznauldse
1) faduaniisanesanisaudane 2) Arldargluniseudsldndsiuanunianan 3) Liflves
HesenIenseuIunsvuds 4) dudngndweunssiatlidugnatiaue 5) Liflguassanig

AUUTZNINNSEUNIIVUED 6) TUNTITDUNTVUAIEIUN UL AU TOVUAIAUAIA1IU LN
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Auld Tngrdunmsnisvudsdeseg neldifouls de 1) Tundssounisvudeudaznimuzlsl
annsovudsdudnliAunIg s ULy 2) nvuziFududedudianindsduduay
Augmidumadiendundilndadudvingu 3) gnéusdasseannaaiuaudildnneuminug
dies 1 duwhiy 4) sumvugusasAuannsnsududldifies 1 edavihiy

3.1.2 '“ﬁmﬁmmmmzﬁqmqumé’fam'iL%*sJuimﬂﬂ’ﬁaau (Teaching-learning-
based optimization: TLBO) 1Judsnsmeniimnzauiilésuusitanialaninainnssuiunis
Sounsaevluioadou lnefuundeirdnouiidduiouaiou “a3” uazdnoudu q lu
UszmnsaumaAneulUieuiaiiou “dniSeu” Tagnseuiunsmaneurad IB/NSMIALMLNY
figauuuenfenisidoudannnisasy Buainnsimunsuiudszans (B,) wassiuiuseu
YDINIAUMD (G,) InBuaenguUsErIngdudu (X,) mudiuinlsssnsgeqn waens

USuUgeAneu 2 svey e sveenisaeu (Teacher phase) wagszen1si3eus (Learmner

Aaa

phase) lnglusseznisasu Ameuiiangaazgnldlunisusulsedineudu o ielirade

° & af v d‘ | = v ] ° = Y
YRIAMBUTIIMUARTUMIBaNN1ST (2) dilusseenisifeous udazAmeouaziinsuiulse

% =i

AULBIHUNSWSBUgULaSEuFAINAMe UBNlUNGUUTEINTUUUEN MBaun1shl (3) 3e

'
=

aun159 (4) Maingnusulsaazgnussliumeilandudiussasdaunisn (1) vslldmaulauae

(3 a

gnunuAmInAmeunUTuUTItuAnI LAY nszUIUMIIsaRsszeziiazgnaiiun1sgiaundi

Y

szduanmueulufidmuald (Rao et al,, 2011)

Xnew = Xota + T(Xteacher — (Tr)Mean) 2
Xnew = Xoa +17(X; — Xj) (3)
Xnew = Xota + T(Xj - X;) (4)

e Xpew fe Ameulniiignuiulsse

Xo1g fo Aweuiunaun1suiuuss

'
LA

T A9 LAVENTIAITEINING 0 D 1

q

v =

Tr o wvduiianduls 1 vde 2
XTeacher Ao Anauiliinalaaefinianlusoun1saumg
X;  fie Aweuiigndudendineud 1

X

j fg AmauiignguiienAneud 2
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3.2 naanaTadodmiunsUssgndldBnsmaeumansigauuuaidenis

Beusnnnisaeunidyrinisdniduninisvusds

Visual basic for applications (VBA) iun1wilusunsufifamuilag usen Microsoft
dmsunsasauarUTuuAITEUUSRLWR (Automation) AMelulusunsu Microsoft office 1w
Microsoft excel, Microsoft word 1Ju@u Tneanunsaldimunlusunsy feidu wagdiuinge
{4 (User interface) iloatiuayunisUszananadeyauas msuidamiamzsny (Roy et al,
2019) e Visual basic for applications dudunisluntwimispeufiunesfiaiunsaasi
A3 0aile nieueundndundladgmidanududoulddnis daired1uiseves
Sooncharoen et al. (2020) wag Wareepitak et al. (2026)

mu%’aﬁﬂ’mm‘[ﬂmmmﬂizqﬂsﬁe’hamm Visual basic for applications (VBA) iiie
T duesesdiolunsuddamnsdadunianisauds Tneilanalnnisdumsneuvedisnism
Amingiigauuvendenisisoudannisaeu dvsudumnataasdmaunzanvedym
I“UiLmiuﬁﬁmmﬁummia%’m'faagaﬁwLﬁi’h oA Yoyagnen Fuiefiss AudensauA

[

uwazdadinveteTunvuy neuindeyaidngnszuIun1sveisMImeanizNgakuuedy

= %4

N358UFINNTARN WeAunIdUnINIsvudIn iR unuTINAnTaaaudeuluvaslym

1% (%
o w o

NIUAIFUTUROUNITTIIUVDI LU TUNTUN ATV UAUSULAT YN TTALEUNNITVUA IV

' [V
= v

s wandlddsstaionvesiinisudlotiyvdsgud 1 el dunounindieia nonsia
naonIisnsinnstediiavestlamuandldssgui 2
3.3 msfumsuuunanedndadefimanzauvedisnamanminsiigauuuande
nsieuinnsaaudmiuuidymnisiadunianisuuds
nsguuMsiumguiuumsnsadadeiiuan mseenuumnaasslasfiun

Jadsuazszavvesladenineatesivlszdnsnineesisnisuntym lngd1vunssausy

=

Jadwoenidu 3 sz ilelinseunrquiauUszanslusedusi Uiunans uazge vz
SuuseumsiugnusulinaguuessuiulsErnIuassuIuseUMsAUMTA AU
2,500 fmaY 9 3 ngutszng Wadunismuauusinunmstumlfividulunnganis
yaaes dliannsnisuiisunainasildesadussa Meillnsusassedutiadogniiins
yAaeIEn 30 manaaes iieliideyaifisamodmiumslieneiuarasunansadn Tnesedy
Hadouardoyadiiendosuandlddmsd 2 feilnmsveassegndniunislaglideyaan
Homufsuissiun 5 yadeya deunanismaaesildTinseiguuuunsseaniiaded
AUNZAUAIYNITIAATIERNANNADA LazN1TIATIZANTINNANTENUMAN (Main effects plot)

ATRRERYAG
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Begin
Input Parameters; Iteration, Population, Dataset
Solution encoding and Initialize population ()
Repair solution based on problems constraints
Evaluate fitness of each solution based on eq. (1)
Sort and rank the solution
For each iteration do
1/ Teacher Phase
Select best solution as Teacher
Calculate different mean of population
For each solution Xi do
Update Xi based on Teacher and Mean based on eq. (2)
Repair solution based on problems constraints
Evaluate fitness of the new solution based on eq. (1)
If new solution is better — replace Xi
End For
1/ Learner Phase
For each solution X do
Randomly select XJ (i # )
If X1 better than Xj then
Update Xi based on Teacher and Mean based on eq. (3)
Else
Update X1 based on Teacher and Mean based on eq. (4)
End If
Repair solution based on problems constraints
Evaluate new solution based on eq. (1)
If new solution is better — replace Xi
End For
End For
Output best solution (optimal route)
End

JUN 1 saiieuvedlusunsudmiumsussgndldisnmsmanineign

wuuadensseusInMsaeuldlylaymnmsdnidunianisuuds

Customer 1 demand: 7,200 units at Sai Mai 36004500 Fovaseruwmus AU NN
Customer 2 demand: 3,600 units at Bangkhen 4 |5 Vehicle 1 Type A 3600 iy
36006000 3600 -
Customer 3 demand: 1200 units at Nongchok 72%9 i Vehicle 2 Type A 3600 WY
Customer 4 demand: 3600 units at Minburi 1 17 Vehicle 3 Type B 7200 wiae
1200 2400 1200
3 8 6 Vehicle 4 Type B 7200 wiiag
3600 6000 N
Customer 16 demand: 3600 units at Taling Chan 7 9 Vehicle 5 Type C 18000 38
600016800 10800 18000 .
10 M 13 15 Vehicle 6 Type C 18000 wue
2 PP 5 P - - v ——
Candidate solution
Vehicle 1 Type A
Vehicle 2 Type A 4 Vehicle 1
Vehicle 3 Type B 2 Vehicle 2
Vehicle 4 Type B 1 Vehicle 3
[ | Vehicle 5 Type C 3|86 Vehicle 4
[16] Vehicle 6 Type C 71915 Vehicle 5
2.1 Buguynsaavduiudaunvosiinivesgndludeeummuz PONAEET IO Vehicle &
12 )13 Vehicle 7
Vehicle 1 Type A 1 Vehicle 8
Vehicle 2 Type A 15 Vehicle 9

Vehicle 3 Type B 38 6 1
3600 6000 4800 16800 Y
6 Vehicle 4 Type B 7005 e et n1sneATIaYAAINUNIY
4000 6000 3600 10800 "
Vehicle 5 Type C 10 1“‘- 164 13 xﬁum:nﬁvuﬂwawwwmu
" 18000 ) 5" /i 3
Vehicle 6 Type C . 15 . H.L’W AWNIgNAT
P P e o 3.2 Swgniiignavludseumwmuzii Vehicle1 | 4
2.2 guyadauavdududaunuvasiinsvasgnaridalalagnammundug 2 = o . o Vehicle2 | 2
dna7aig 1INy
— Vehicle3 1
115 4|5 Vehicle 1 Type A Vehicled | 3,86
g 2]14)16 Vehicle 2 Type A Vehicle5 | 7,95
15 112 Vehicle 3 Type B Vehicles | 10, 14, 16
i 3]8]s Vehicle 4 Type B Vehicle7 | 12, 13
E Vehicle 5 Type C Vehicleg | 11

Vehicle9 15

10|11 (13| 15| Vehicle 6 Type C
vty e “dunnantsvudsvosrm s
asAuGuduvINATIAuA uﬁzﬁwmyw
iindeduAnmasITiUInIT
gnAildsuseunsensudauuda

2.3 guilunrsauasudmaugndridasgnimiuadunranisyus
G g .
LWHN?’]\Y!IWH'J[HYI‘U\Hﬂuﬂ’HlWll'llﬂdﬂ’IF!EJU

Lo
MWiiae

o
Y

UM 2 JumumsinsiawaznsnenstiaA naudmiunIsa I AEUNINS VUGS
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seiulade | Shuaudszuins | 31WAUsEUNNSAUWIRN | SIudunMaARs | S1uaufimeu
1 25 (szdus) 100 30 NM5NARBY 2,500
2 50 (S2AUNATN) 50 30 N1SNAADY 2,500
3 100 (sz9Ug) 25 30 NMINAADY 2,500

4. NaN1TNAADY
mMavpasaiiomedadefimnzaudmiuisnmsmamngagauuuodensizoud Tu
msudtyminisdadunserumnug fedymieudeaiomn 5 gadeya lddniunis
aelddoulunsfeandiunyszins uasdwauseuntsdumian fvidufidiuau 2,500
mneu lasdsgaiutiadounnsneiu 3 sedv wayldiinsdmuacigy (Seed number) 7
uanA1eiy 30 A1 fevinimeaesiiuay 30 Ay nelusunsudssgndudtigmgnideuiy
Aaen1 Visual Basic for Application %GgﬂﬂizmamaﬁwmuﬁaLGIE)%LL‘U‘UWﬂ‘W’I (Laptop)
filmiieyUszanananans Intel 11th Gen Core 9-11900 H, 2.5 GHz yiaeaudmén (Ram)
32 GB 3xUUUATANS Microsoft Windows 11 Ingnanisvaaesdilduandlifanised 3
M51971 3 uansranalRasRINTUsERuMeilsiduingUseasd (Objective function)
Tneiinawagluguuuuvesmldinglunsvudssin degnudlafedisnmsmeannngiigauuy
91fensiseusaINmsasy AglanismvueAdadednunudszeng (B,) uagduiuseures
IR (G,) 71 3 svsudlade 1oun 25%100, 50*50 waz 100%25 W 5 YAvaya IAUHANIS
mimeugnTsaluguiuy Anadsvesmilisnelunisuudssiy (Average) Arldaneglunis
yudasandisnfian (Minimum) Aldaelunisvudssndigaan (Maximum) uazdiudssiuy
w1asgIu (D) Inewlefiansarmudn Tandtlamiftsuidets 5 gadoya neldnmatmuad
Hadeiumndeduia 3 sedu Tnanaefunneiuluyndidya
INNTNAFDUNITLANLAILUUUNE (Probability plot) fisyiumnuderiudosas 95
vosdoyans 5 yadeya Melusunadinsginisadfdnsasy nui doyavedlanddam
01 C16V14 XS wagyadoya 02 C22v19 S fnsuanuasuuulaiun ilosandlen P-value

Tounin 0.05 vurfifeyan 03 C29V26 M, 04 C34V31 L war 05 C46V38 XL fnnsuan

Y 9

a a i Y ! = v a
LAILUUUNA LUBI1NUAT P-value 11NN 0.05 ﬁﬂﬂmaﬂﬁﬂanLua\‘imﬂ%yjamw&mmuﬁm

1
4 J =

waswuuluund Feluiduluaudonnuald 098 uueIn1sILATIZUNIIED R LUUNITILUASA

YVa v = =

(Parametric statistics) a9y 5 I8t onldn1sTiaseviuvuliendenisndines

(Non-parametric statistics) #1835 Kruskal-Wallis test Livo@nw18vEnaveaguiuun1snaan
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Jadeiiunnsnaiu 3 seaunlaeanuuunismaassld dilddunasunaislidvninanildeonaiany
AgYeITNMIMIAMIENgALUUeIAENSs BRI saRudmTuRA TN sTadunia

AsUUAS IneNanIsNAaaUseds Kruskal-Wallis test hanslaninnsien 4

A1519% 3 WaNISLUSHUTIEUAIAIMDUIINNTITANUUATIUIUUTEANS (P,) LaZINUIUTOUVDY

NMIAUMID (G,) dmTulandtaymiia 5 yadeya

Total transportation cost (Bath) Time
TandUaym P.*G, SD
Average Minimum | Maximum (sec.)
01 C16V14 XS | 25%100 47897.64 | 4673378 | 4891382 | 563.89 5.22
50*50 4777152 | 46553.02 | 48554.09 | 480.12 7.35
100%25 47699.33 | 4620529 | 4844833 | 571.96 11.00
02 C22V19 S 25%100 69052.38 | 6777231 | 7046387 | 587.96 9.62
50*50 6976599 | 6856561 | 70927.62 | 482.24 12.79
100%25 69704.81 | 6840290 | 7094378 | 577.40 21.46
03 C29V26 M 25100 97349.18 | 9554532 | 9851474 |  652.06 18.08
50*50 97369.99 | 96031.32 | 98365.89 | 644.28 25.35
100%25 97401.67 | 9604582 | 98498.10 | 738.43 35.58
04 C3a4V31 L 25100 109197.48 | 107780.30 | 110827.79 | 888.93 26.61
50*50 109645.07 | 108185.98 | 110566.50 | 690.62 40.52
100%25 109539.27 | 107088.34 | 111430.64 | 905.40 49.14
05 C46V38 XL | 25*100 167501.82 | 165118.68 | 168937.47 | 1027.04 73.49
50*50 167651.49 | 165426.84 | 169212.07 | 960.42 92.81
100%25 167752.22 | 165960.68 | 169920.64 | 91573 |  109.20
A15719% 4 wan153AIeEBnENaTeslatesILIUUTEANS (B,) WaTsIuIusauvRINISAUMN

9 (G,) AorAnauLRRemEld Kruskal-Wallis test vadlandUgymng 5 yadaya

TandUgynn H DF P-Value nsulana
01 C16V14 XS 1.80 2 0.407 laifnaognediiudAey
02 C22V19 S 23.04 2 0.000 HnasgnelitedAgy
03 C29V26 M 0.03 2 0.987 laifinaneefiddy
04 C34V31 L 4.35 2 0.113 laifinanenefivudiy
05 Ca46V38 XL 0.39 2 0.824 laifinaneefidfy
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PNAITNA 4 WU AITAIUUATIUIUUTEYINT (P,) LaZTIUIUTOUTDINTITAUNIGN

v A

(Gp) Tusgaununneeiy A83nadanalRagadgveisNITMANMUIENGALUUDIRENT
Seusannisasuanigluland Ugyviineuinesyadeya 02 _C22V19_S vy

Tnefia1 P-value Yaenin 0.05 N5¥AUANULTBLUSEAY 95 WAAIIN1UITUAINAIIAINAND

o

NAaNSURISNTeEeTdedAn19an

o

€
Qe 3)

dmsulugatayadu o nudn MINUsEINT (B,)
3

syau MUiNanaAIAINRULRALYIITN1SAINEN

=

LAZIIUIUTOUVDINITAUMIGN (G,) 919

! A v o W aa a0 J 1 @ 2/ a L4 J
@EJ’NNUEJ&'W’]QJ}VI’N&QMIWEJMW] P-value 111131 0.05 ’EJEJ’]QbLiﬂG]’]lILLMUNaﬂ’]i’JLﬂi’WM‘WU'ﬂ

[ YY) '

nsiruadladefinanliiidnsuarenanasiade uiiedumsuwuunisaernlvinaany
wieanan §338Telavin1sImseinsmdnsnandn (Main effects plot) 1 e a15647
wrldunsiasuiUasvenaasaislunsiazseauvestatey wasinuazuiuunIsneen

Tadeilmunzan lngran1sInTeniansiaguin 3

aaaaaaaaaaaa

e 63800

97400
69700
47850 69600 973%0

69500
£ 9730
5

c c
5 4700 g 69400
=

g
£ £
69200 o
4775
oz 97360
69100
47700 97350

69000 . ’ . .
257100 50750 100725 25%100 50°50 100725 257100 50°50 100°25
PopSize*Iteration PopSize*Iteration PopSize*Tteration

Main Effects Plot for L Main Effects Plot for XL
Data Means Data Means

109700

167750
109600 T
109500 e
c £
5

109400 & e

109300 167550

109200 167500

5°100 50750 100725 257100 50750 100725
PopSize*Tteration PopSize*Tteration

5UN 3 ns1ldnSwanan (Main effects plot) 31uUsEHINT (B,) WagdUIUTOUIDINTT

[
Y

Y o 1o a ¢ v
AU (Gy,) sieAAnaulafevadlandlymiiia 5 Yadeya

N3UR 3 WuI1gULUUNISASAnd I nalaasiad o aadivsuland g gm
01 C16V14 XS g N3AIAIIIUIUYITEYINT (B,) AU 100 4agduiuseuvadnIsAumIe
(Gy) Winffu 25 Faumnsinaanlandlagm 02 C22V19 S, 03 C29V26 M, 04 C34V31 L uag

05 C46V38 XL N90anUINNISAINUATIUILUTEYING (B,) WNAU 25 Lagd1uiusausednis

' '
=

AU (Gy,) Wity 100 Iinaaasldeinfgn
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ogalsfinu Wefinnsunanisinseidninavestladsainnsied 4 wud dmdu
TandUaymn 01 C16V14 XS, 03 C29V26 M, 04 C34V31 L uay 05 CA6V38 XL N3
WaruuUasAvessiuiulsesns (B,) LAEFIUIUTBUVDINTSAUNNT (G,) laifnasnon
Fnouadvogediteddymieedn duu efusugduuumsiaiunzauiiaavosisns
yAumngRgauuuedenisiioudanmsasy §idedelddndunmauisuiiisunaasuuy
egsEINIRA 3 seduifisidy ieldusznounmsdadulaidenguuuunissaand

al' ! a ¢ v ! Yo al'
mmsaﬂ,m&jﬂmalﬂ IWEJNaﬂ'ﬁ'ﬂLﬂi'w'i)iﬂ\‘lﬂa']'gLLﬁm\‘i‘lﬂ@Qﬁqiq\‘iW 5

a =) a ' ' . . . &
MA1919N 5 Naﬂ’liLﬂiEJ‘ULV]E;IUF]’JW@JLLGIWI’N’T]EJ@J (Pairwise comparlson) GUENﬂ’]i’gULLUUﬂﬁGN

AT 3 SEAU

A1 P-Value giigy
(P * Gp) nsudanagLiisuzuLuUNITALAT
TandUgymn 25%100 | 25*100 | 50*50 MUIUUTZYINT UAZITUIUTBUVDINTS
Wiy Wy Wy duman By, * Gy,
50*50 100*25 100*25
ﬁgULLUUmié’nm{]ﬂé’]’a 25%100, 50*50,

01 C16V14 XS 0261 | 0258 | 0.701 . L
100%25 Tinalnasiaas ldunnanaiu
ﬁgULLuumsﬁqmﬂﬁa 25*100 Tinaiaae

02 C22V19 S 0.000 0.000 0.564 | aABuAns19a7n 5050, 100%25 witlad
50*50 war100*25 Tinalaaswadslineiy
ﬁgULLuumsﬁqmﬂﬁa 25%100, 50*50,

03 C29V26 M 0842 | 0971 | 0853 ) D
100%25 Tvinainasiadglinnateiy
ﬁgULmeicéTaﬁhﬂa%’a 25*100 wag 50*50
Toinaiaasuanseiu uifisUuuumssaen

04 C34v31 L 0.047 0.134 0.631 . .

U3y 25%100, 100*25 Lag Uy
50*50,100%25 lvuataaswaas liiunnsaiy
ﬁgULLuumsﬁqmﬂﬁa 25%100, 50*50,

05 CA6V38 XL 0.785 | 0.569 1.000 ) L.

100%25 Trnawnasiadeldiunnsnaniu

AT 5 LAMNANITIATIZAUTIUTBUAMULANANUDINALRAELRR BT AA1NATS
WAMRaUMEITMIMANINEgawuuadun1sitsuiaInnNTsaeu nslluunsasadade
wansinafy 3 gUkuy Tnedmsieriuenidunuusieg (Pairwise comparison) Aagluswnsy

a ¢ aa o & o & A ) v v & " &
AUWATITINNEDAEL5ITU U Lu@fl'ﬂ']ﬂﬂ']ﬁﬂi%%']EJW’JGUENGU@IEU@uﬂaUqﬂﬁqﬂﬂJ@Hal’ﬂu‘luL‘UULL‘UU

Y 9
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Unfisraiiu namaseunisisuifisuanuuanieeduemalansiade Sagnvadeusay
Bnsiwsziuuuldendensfiwes 1833 Mann-Whitney U test lneiilofiansannanis
nagauIrnudI dmiulanddyniisuiesyadeya 01 C16V14 XS, 03_C29V26 M uay
05 C46V38 XL A1 P-value mammﬂ%&mLﬁs;mmaLaaajLa?{aiwaﬂizw'jw'gULLuum'ﬁ@%@iw

PUINYTEVINT UALIIUIUTOUIBINTAUNIE (P, * G,) 110031 0.05 lumngifiey uansdn

'
v A o w

susuumssanladeiignuanes 3 wuutiulvkawasnislivnnsisiueg1adidedAnn

Y

' [
LY A Y

A0R N92AUAINULTBIUSPYAY 95 FIABAAABINUNANITILASIZNAINANT NN 4 faTu Lang

] a

HoifisuiAssndeyadnananunsorsdadeliv 3 sed

fadidmiulangUmgateya 02 C22v19 S wuind P-value vosiladoaiiioudile
mﬂgﬂLmums&?aﬁﬁwmuﬂssmm LAZFIUIUSOUTBINTALT (B, * Gp) #i 25100 ey
U 50%50 war 25%100 Wisudu 100%25 fa1tfosndt 0.05 wanvirgUuuunsiaadiade
Fanandmarernanasnisegiveddynisads aemliﬁmwmﬁmimwﬁ@'Lﬁsuma
wasiadsiildainnsseatedeil 50750 Wieutu 100725 sxnuimsnemIaeLuillvina
aasiadsliuandstusgeiifoddameada dsdusuuuumaisaniadtlunsdvesndeya
FananamseaBamunsulanadildarnnansiaszi snswandn (Main effects plot) @
Foarnun S1uaulsEnsvindy 25 warsuauseuTesnsAumEIiiy 100 dewlvua
LaaeLaduimiign

drulandUgyminieuifgayadeya 04 C34V31 L wuin E‘ULLUUﬂTﬁ@?ﬂﬁﬁﬁﬁu’mUiz‘mﬂi
LAZSIUIUSEUTBINTALIMD (B, * G,) 71 25%100 isuiu 5050 THnawaasiaasunnsinaiiu
ageiifoddyneatnlaeiirn Pvalue WU 0.047 atfaendn 0.05 vauzAin1sfern UL

=

US91nT WagIUIUTOUTBINITAUNIGT (P, * G,) 91 25%100 Lisuiu 100*25 uagiaiieu

Y

(%
o v v 1

50*50 wieuiu 100%25 Tinataasiadliuan1eiueg 19dudAyn19ads Aadun1sna
Jadaunsadmualansguuuy 25%100 wagguwuy 100%25 lngasusluuunmsaeatladen

WMUZaNYeIIsNMIMANMINENgALUURAENsSeuIaInnsaeu nsasdladenlveiade

'
=

AlgIglunsvudesInsian Aramasangn drudoauunnsgiu lunisuilvlaym

ASIALAUNIIVUAS LAnIlAFINITIN 6
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A151990 6 N15A9ANTATYIIUIUUTLYINT HATIIUIUTDUVDINITAURILY VDIISN1TUIAT

WagAanLuUedgn1sieuiINMsaeud UL T mnsIadunIani suuds

. o Auadenaandl | Amamasdiin | damdouuy
lwdlamn | Jadefmanzan (B, * Gp) s a p
Aman (Um) nan (Um) UINIFIUY
01 Clevig 25*100, 50*50 ,100*25 47699.33 46205.29 571.96
02 _C22V19 25*100 69052.38 67772.31 587.96
03 C29Vv26 25*100, 50*50 ,100*25 97349.18 95545.32 652.06
04 C34v31 25*100, 100*25 109197.48 107780.30 888.93
05 C46V38 25*100, 50*50 ,100*25 167501.82 165118.68 1027.04
* Jadenvadulaninefsladenlviaafenanasisnfign (Umn)
— 50500 — 74000
5 01_C16V14 XS £ 02_C22V19_S
ESOUUD b .;;';73000 b N h
g 49500 - —25*100 —50*50 —100%25 E —25*100 —50%50 —100%25
g g 72000 -
349000 3
2 571000 -
;& 48500 &
%‘48000 . % 70000 -
"’g 47500 T R T B T E A "g 69000 ‘ — —
= 25 250 475 700 925 1150 1375 1600 1825 2050 2275 2500 = 25 250 475 700 925 1150 1375 1600 1825 2050 2275 2500
Fruaudpsuiidum Ewalsrins seuvamnisfume) AuuAImBURALm (FuIulssrna*sautaainsdung)
= 101250 2 114000
£ 100750 03_C29V26_M H 04_C34V31_L
2 | -Z 113000 -
g 100250 —25*100 —5050 —100°25 z —25%100 —50*50 —10025
g 99750 1 & 112000
R 99250 =
2 08750 - 5111000 -
£ £
§ %820 7 ‘€ 110000 |
g 97150 - g
"'§ 97250 — — T '"§ 109000 —— — :

25 250 475 700 925 1150 1375 1600 1825 2050 2275 2500

3

WINAMBURALRT (uIulszYIng*sauTaansAuwIen)

25

250 475 700 925 1150 1375 1600 1825 2050 2275 2500

Fruaummreuiidun (Fruudszrni* saurean1aiumng)

£ 172500

171500 - —25%100

170500

-& 169500 -

B

dgesaluntsvuds (ur

168500 -

=

05 C46V38 XL

—50%50

—100%25

167500 T T

AnaAuvaAI

25 250 475 700 925 1150 1375 1600 1825 2050 2275 2500
FunusmauiRumn Fruoulssvingtsoubasnisduman)

SUN 4 ununmnisgiinvemalany (Convergence graph) WaduIUTBUNMTAUNILNATY

JUN 4 ununnn1sgiinvesiineuvesaaagiadeninangliuunisnsindadens 3

sUsuU lnsuanensildsuiUasasaiadonaasiiliednuiudineuiignAumazadlaiad

Tnenuinguuuunisgiinvesnaasiadsveanisneadadens 3 suuuy ddnwasdululy
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a a

Aemafediu lnglugiasudurenishum suwuumsasrndaden 100%25 inaasiade

'
o

initen so9asAe 50%50 wag 25¥100 muddu egslsfinu desuuseumsfumiiinty
Guldsnsgiinvesiaausuuuuiuuiliuanadudnuusfonty uldedunnaznudn nisis
Afadeluguuuu 25%100 ﬁﬁmiﬁﬂ’ﬁgjvﬁ’wgimamaaﬁimL%'m’i'm'm;ﬁjﬂmﬁu darallugieing
yoamsdumluuumInsedanaalinainasedsiiiglulangdamaundn nans ng)
waglngiiay V’?ﬂﬁﬁﬂ%%’ﬂiﬁ]%éﬁ@%ﬁLﬁamﬁmwﬁaaﬂa 01 C16v14 XS Fudulandtawm

@ a 1 & LY 14 a o o 4 X 1%
YUIRLANWEAY WUINNITAIAT 100%25 EJ\‘lﬂx‘ﬂ,‘ViN’ﬁLﬁaEJLQﬁEJG]WVIEj@LiJ@ﬁU?jﬂﬂWiﬂUWW

5. afusienalazasuNa

msiteadiiiimguszasdiieliianuoundindulasdssandldiinsmamnzian
Lmeé’i’sJmiﬁ'smifmﬂmiaau (Teaching-learning-based optimization: TLBO) d115un1s
WA rINIFIALEUNIINITVUES W%’auﬁ’jﬁumgﬂLLUUﬂWi&gqmi’ja%’aﬁmmzamaﬁ%miLLf’flﬁzJ
Yaynn dwsuunladgmnisdadunisnisvuds

HANITITUNUIN @ TONAUILBUNELATUE IS ULAT U MINITIALEUNIIN1TVUESAY
FEnsmAmneiigauuvendenisiseusainnisasu ldnse Tnsweundinduaiunia
Ussananauazdunnaaasvaslanddamifioudeia 5 gadouald san1sAnvinisesdn
Jadedunzaudonisldau wudilanddgyvuieuiAsayadeya 01 C16V14 XS,
03 _C29V26 M, 05 C46V38 XL ﬁ'gﬂLmumiéiy’qmﬁﬂ%’aﬁmmmmmmmﬁmu@lﬁﬁ U
U3¥11N3 WaTSIUIUTOUTBINTSAUWNIG (P, * G,) 7 25*100, 50*50 30 100%25 d1w5u
Tangdayw 02 C22V19 S AISRIANSIALUTETINT UATSIUIUTOULEINIIAUIG (B, * G,,)
71 25%100 dw¥ulanddym 04 C34v31 L TR IS ILINUTETING WATRIUIUTEUTBINS
Fuman (B, * G,) # 25%100 e 10025 ogalsfnu uffiwanmsdimsizimsadfaznuin
susuumssrndafounsguuuuldfauunnstuegreditoddymsadiluusyadoya u
Tudsmahluussgndldann madonsuuuunsieeilinanasedsmiigndniudnuous

voslandlymiu q nedwiuyadeya 01 Cl6vid xS Fululanddgmuuadniiay n1s

Aerndaden 100%25 dulinanasiadeifgn vuslanddynivuinaus Alvgniieges

I %

A1UadeNseay 25%100 FelvinalnngiaieAvgn

NadnSAInaaasaesueliigatoya 01_Cl6via XS Fudulanddymuuindn

[

WAy ud W uN N15AUNIAIRBY (Search space) 881931 AL BLABUAUY AT DL AD U7
nsfmunsIuIuUsE1ns (Population size) Tiwindu 100 Feflaunlugdauaduauidunis

WalanalmAnn1s i nswensiunITANUINIILIULIN TULFaLIaUNISAUMIET (Iteration)
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FalaiuanuraInasuesi1naulunszuIUNIT@I19AIMBULSNAU (Initialization) wagyinli
NIAUMAIMBURUUNTETIANUN (Exploration) laee1959m157 denalianunsaAunuNg

wagifinunmlanustsureinishum dildgnisimumaeuldegissimswinlinuny

a

naLaewdsiilamfgn egslsinny Werwinvedandifindu wuiinsAumiuiivuinlng

[ (%
==

WATTUTBULINTU ANTANNUA AN UIUUTEBINTIUAISAUMNT T IUILLINUY hS WISV
NITUIUNITAITIIAINDUNULIBAINDUNABUT IR LA a8 195A5 T UTZaLISUAY LAA831UIUY

v 1 =

seumsAumisidndn nauuszvnsazilonanitunszuaunsuiulssdmeulusseynnsasu
(Teacher phase) kagsyeen13i38us (Leamer phase) l9d1iin dwwalinisiauifmneueia
Liifeanesonsdumnaiaasiing @ ulamvingans lumemsaiudiu n1sfvunsiuay
Uszw1n3 (Population size) liiwindu 25 wilaefidruiuusemnsiiosnin wiwanun@ediuay

FRUMSAUMNLTY I Usznslasun1sUSuUTaAmauURUYISsBENSa0U LagTsey

=]

n55eu3 egeralilas JawnsadnwaunaseninemsdITIRiunAney (Exploration) uag
nIWAUIAIRBU (Exploitation) laAnI1 AStU A1SAIMUATIUIUTDUNITAUN IRNINTY
faun1saeA1seaudaden 25%100 Fu8eran15UTUUTIAINOUYRIITNITUIA LI TIEN
wuvefenIsiseuiannsaey ivhanuldegrdivssdnsam dwaliannsofuninainasi
= 1 6 < 1 I a
fauningendalaluland Ygmauiaian vuianais vuialng uwazauianly iy
lngusngnsalasnaansadunaldog 199NN UNUNMNTEIIvRIAIReUUN 4 Tiall
NANEAINAMNFBAAABINUIUITEYee (Ullah et al., 2024) F995u1e71Usea@nsnnvas
TBNIMIAABUMINATILANIINAINANTALUNTATNAUARTENINNTATIINUNA N BULAL
NISWAIUNAINDUVDINY 2 F28ENITIIAINDY
nAedliuansliiiuisioigauindSnsmeannnefianuuuefen1siseuiainnis
goutuanusaudladaminisdmdunisnisuuds Jadulgmiiiaiueinuazdudouls
a O o ! Y aa i a o a P 2 aa ° aa
dnnsdamududiuisnsmamineNgawuuadenisseuiannsasuduisnsmameuid
a U dy o ¥ U o
westadenugulunisavaunalnlunismidAineu lauwd Fruiuvuinveslsesing was
FUIUTOUMIAUMDT Badlvareaddenussyndldnuisnsundamainanleslaladum
AR s Nmanzannaun1sud lat gl egrelsiarnmadwsvesuldeinuiinig
muuaA1datefiuanasiuenIdmanalssd@nsninnsaumaAineula Aslualsinsdum

sunuun s dadeneuindsnisdanaaluldunledeym
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6. Ualauauu
a o dy 6 9/:}’ aa a 14 ¥ (7 ¥

NuITeiluszgndldtuneouisnisiseusuuunisasu lun1suAtdyminisdadunis
gruNvuy Jelrnadnsniiusyansnnnieladeulvvestymndnu egelsianu sidelu
BUANAIIANYINITUTUUTIUTEAE NI E M IMIA N ENgALUURAYNISITBE3AINNS
aouluowiag a1afiarsanysusanalanisAumAneuveiznisiAy (Modification) %3e
[ | aa .. . ] [ a a a a a a a
WawndwiSnisuuuraunaiu (Hybridization) saufuimalawangisaindus oty
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Abstract

Maintaining the quality of fresh-cut, ready-to-eat vegetables, particularly organic
green cos lettuce (Lactuca sativa L. var. longifolia), remains a major challenge in
postharvest handling because browning directly affects visual quality and consumer
acceptance. This study aimed to design and evaluate the engineering performance of
a temperature-controlled spin dryer for fresh-cut organic green cos lettuce and to
investigate the effect of low-temperature control during spin drying on browning
development. The prototype was designed by integrating a refrigeration system into
the spin-drying process. After trimming and washing, the lettuce samples were
randomly divided into 1-kg batches. The refrigeration system was operated for 5 min
before spin drying. The samples were then spin-dried at a constant rotational speed
of 180 rpm for 15 min under low-temperature conditions, with supply- and return-air
temperatures of 18.0 and 22.3 °C, respectively. Control samples were spin-dried under
ambient conditions without operating the refrigeration system. Following spin drying,
the samples from each treatment were divided into 20 experimental units of 20 ¢
each, individually packaged in polyethylene bags, and stored at 4 °C for 10 days.
Browning development was monitored using image analysis based on the hue-
saturation-intensity (HSI) color model, with hue angles ranging from 35° to 50° used to
identify browned areas. The engineering performance evaluation showed that the

prototype had a cooling capacity of 0.066 TR, an airflow rate of 2.97 m3/min, and an
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energy efficiency ratio (EER) of 0.73 BTU/h/W. Image analysis revealed that the samples
subjected to low-temperature spin drying exhibited less than 2.5% browned area,
whereas the control samples exhibited more than 3.6%. The difference between the
treatments was statistically significant (p < 0.05). These findings demonstrate that spin
drying under controlled low-temperature conditions can reduce browning and help
maintain the visual quality of fresh-cut organic green cos lettuce during refrigerated
storage.

Keywords: Low-temperature spin-drying system, Browning, Organic green cos lettuce,

Postharvest handling, Cooling system
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_ PVCAT
t

Q (1)

Tnefl Q Aon1seAnudou (KW), p AoAunuIwiLLeteIna (1.2 ke/m3), V feusuins
%89 (0.81 m?), ¢, ABAIINYAIUTDUTUNIEVRIDINA (1.006 ki/kgK), AT ABNANIY4
gauuQdl (10 K) Uag tAaLa (300 s)

windmnenshauveaeiesfuuuuimuslangumgiennaneluszuus
ningaumiiwindenyssana 4-5 °C udlunisAnaeanuuulanivuaal AT wirdu 10 K
Fsganintmmnensldauase Weliidu Aanusgamaiidmiunisesnuuuiifidiuiile
(Design safety margin) 5093UmNLLUsHUTBSANMIZWINd BN AL STAT I DUTI LN T
szminamsldamads mnaunsit 1 dunaldnnszanuieuduiavesorneuszana 0.033
KW %30 33 W

fiatl erdsnanudunisyszanaanznszeudouduiavesennia uaglallde
m'izmm%fauﬁu’wmﬁLﬁmﬁuiuizwmmaﬂg’jﬁ'ﬁmuﬁq LU N15EANUTOUIINHAANS N5

AUSDULKIIINAMUTU N1TANUNAINUSDUNIULATIASIS NISNTNTUYDIBINIFINNAYUDN

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
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o o

wazamdonangunsalneluedos fadu nadengunsaivhenuduisfarsanliifds
d1soaniioniiAiniszanuseududad sl Tnowesdssdunuuldaoumnsaiwesia
Aaalniine 1.1 kw dmsuseuuynanudy diuanssougn1sinauduaswessyuy
UsglduaINeNIINI5IRaY98101F AULANGI9YDLUT AT TENINaNNaULALaNT 1Y
AuEalunsiAudugns wasdnsidlszansainndsanu (EER) aeldaniznis
MU Aas18asdentuide 3.3
3.2 NSIASENGBENIAzNSIAABIASALN

fnadaniuneadunidanililummnassindeniamisguruinuasndeain

ansiie fuainznidies sunorddilss dwmdagluvie nounisveaes fegaingndaiden

'
aa v a

wazAnuasseile neAnuendiuiiidnvasidenienioliauysaioan NUUE1 AN

'
v a

azornmsiUszUnaruitordadsuiieunsnafiuiy nouduulsfiedamas 1 ke

ussgadlungnimedlnsiuuuuiisngu uasthidrgindosadmirduuy (il 1)
nsnaaesutseanidu 2 annaz 1dud 1) nsadatnigldaniizaunugumgii

Tnaidaszuuriaudy wag 2) ganuau (Control) sdidunisadavinigldaning

gaumgivietlaglilnszuurinanuiu dmsuvanneaivauaamngiia ssuuianudugn

9 Y

=

a ! ] . & . = v a a Y a
\AA309a391t (Pre-cooling) tunian 5 min ielvigamalionmanislunieadigantie

MruAfeusUNsEUIUNSaann tnefvunaumvniiaudie (Supply-air temperature) iy

'
a

18.0 °C mqummﬁamé’u (Return-air temperature) Waewinfiu 22.3 °C wazAL5au
duINAU 3.2 m/s mM3tmungamaiiaudned 18.0 °C aenAdasfuInmIinITeaNLULYES
\3esfuuuUifrunliaansaangamaiienniansluuinamuguliiiniannzwndey
Uszana 4-5 °C nelusyeeiaal 5 min

NYNRINITI Pre-cooling ﬁaaﬂﬂagﬂaé’mﬁﬁﬁmmL%f'aia‘umﬁl 180 rpm U@
15 min MsMruRan1zaAIna1dunInoyenaNMUITeves sy Laztiounsy (2565)
Fefnuniasedfitinasonsadnthvesinandaudsiiadnly Tnenaaouaumsaseu 85, 130
way 180 rpm LaYSEELNaINNTASIN 5, 10 4ag 15 min #anN1SANYIAINATINUIAINSURN
hwiin 1 kg msadafiennuiiiseu 180 rpm WussiuszneuresaneilisyaAnsamnis
fdnings Tneseaunatisroziaan 10 min feifu msAnviilagtuiadenausaseu 180
rpm wazAMuaszEzIan 15 min dudussdufieganelurimndmesilasunisdnumn
fou Wieltifuannzgmahauasidmivussdunareansysanmsssuuiaaiy ol

ay v o s ] . I3 = = o w
mlmmmqﬂizaqmwamuamamw 180 rpm ez 15 min lfduamwmmmzawqmmm‘umﬂ

n3uped dwsuyaniuay THUSINMAIBENe ANILTITEU wAzTYEZIAINN ARt UL

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
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ganaaemnUszn1s wilidaszuuianudu delidedendnfiunnsaiusewineaesaniiy
Junsmuauaamgissninenssuiunsadnil e uannszuiunisaant A1e8190a9u

azan1zgnduudseaniu 20 miienaaes IneiMuALIafIRg1MIEaY 20 ¢ LaTUSTY
wenlugenediofifusiuau 20 e il masmuanmhenaaeddinavesiegadunasiag
lailfmundiunuludens esnvuauazinavesudndanuuUsiunusssmd fegis
frommgninlufuinuniigumgf 4 °C Huna 10 Sumeldannufetu
miﬁﬂmumiLﬁﬂﬁﬁﬂmaﬁ%ﬁumﬂmﬁwmumﬁaﬂszaﬁ’mﬁawmaaqLwiazqq uay
168’@'1”;aEJ'qumLﬁmaaLwiazmi';sm@aaﬂumiﬂ’uﬁﬂmw‘z};mﬂi’umaamzammmiLﬁu%“ﬂm
Tngtufinninlunan 12.00 u. vesusiasTu ilelfaunsofnmumaasuwaswesiiufinn

WAnFURIaTaIiRg 1 AgItuALSTEZaINSIAUS N P g 19RaLTa

AN 1 P399FAAUIRULUY

NIFINNswaluladonamnIsulayInINgIl IIMeauTuAgyaaIAsIY
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a -3 <
3.3 N15UTSLAUANTTOULVDITTUUNIAIULEY
ANTIOULVRITTUUIINANUEUGNUTHE U UM TR S INIQaUuNasans 8nsinis
MaLgeUsSuInsUR8INIe (CMM, m3/min) AUINAINAUS AN ULaTHUANTNARYDYie

Al AIFUNITN (2)
CMM =60xV x A (2)
Tasf V Aeauiiiaunduiady (m/s) uaz A Aefiunutndgavssie (m2) 910t N152n159n

ALY (Cooling capacity) Tunuagduniadu (TR) AMUIAINANLLANA1IUB LB UTTAT

SEWINAUNSULALALTEANELNTTT (3)
TR =5.707x10° xCMM x (H, x H.) (3)

lne?l H, uaz H, Aeotouialvesaundunazandny (kl/ke) muadu ieussliuyszansnmn

Wandau levinnseunaiamasiniiseasuainudu (CHP) muaun1sn (4)

CHP = n @
TR

Tae?l W, fAs masluiatowdn (kw) uenaini snsndiuuszansnmnaasu (Energy

Efficiency Ratio, EER) 3adusuiunsgiuluanuimnssuriannudu lagneuinudisil
ERR = Q (5)
Wi,

lnefl Q Aearuanisvimnuduans (BTU/) uaz W, Aeradluihald (w)

3.4 nsenenmuaznisUsafiunsiindinnnadienisieszinmene
msUszidiunsindinnavesinadnniuneasunidgeniunisidalsnasiemain
Msinsginmaie meldaniiznisirsainiimunulias Taglddaienmaiunuuas
(Studio Light Box, Shenzhen PULUZ Technology Co., Ltd., China) ¥u1a 25 x 25 cm

(%
a o 1

AnAsunainlanawennsgIu D65 lieAluALauMgNALaranIzuATEnINTTUINANIA
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fanuainaue awdieg19gniufinluyunessuuu (Top-down view) fagaunfnlu
iPhone 13 (Apple Inc., USA) Taafinuunss 82193 nInena odfiuAiog1avanu 25 cm way
thufinnnitauaziden 3024 x 4032 pixel

aevidamsadaii Mogrswaausazanzgnuundy 20 mihenaass lnafviue
UIARIBYMUITAE 20 g warUTIWENIUGINBFLLNAUTINIY 20 IFBAN1IE NITAMUA
mienaasdldinavesiiesadunae laglildfvuaduly iesanludnadadan
LANFNSALIUNALAZIIAMNSTIUIG Uiazmiienaassgnimuasiauszddaiieldfan
AADATEEYLIAINSAUSNY

NSTUINAINANTUNTAURIRE 1Y ALANVBIUA RN ENARDINABATLELLIAINTT
Ausnen 10 Ju Tneanenindiegusazuirenaasanniulunan 12.00 w. angldmumis
NABY T8EAEAIN havan1IzlaufgItunaeanIsNaaas nsldnegyaanlunisinny
sefurilannsaUssdumaudsuamosiiuiinmafafiiniaveusasmisennaeaniu

< v (% 1 | d' Qj'
3388L'Jﬁqﬂ’]iLﬂUﬁﬂU’]VL@@EJ’NG]@Lu@Q (nwn 2)

o Y] o v a ~ i
ANN 2 ﬂqﬁﬁ]G’n'NNﬂﬁa@lﬂiu@]@ﬁ@umifﬂu33UUﬂ78ﬂ7W

nsUszananan ma LI un150280181 Python saudulausn3 OpenCV 1e3Tu
4.10.0 Usgnaumiedunaunsuszaianan1mileswu nswlasusQiid wazniswusdiunm

A28A1TA1Ad (Color thresholding) nwAuatuluuigiid RGB gnuwlanluuigid HS|

Y
[

(Hue, Saturation, Intensity) AM&NNTSH 6-9 IMNTUURENNUNVDINNBBNIINNUNGIMATTEY

USuiieduinalaeUsegndnaninain1s3aseiad (Aekram et al., 2024; Zhou et

1%
o

al,, 2004) Iny Aekram et al. (2024) TouBysEdMTURLAFIIMAT 35°-79° agndlsh

NATIVINMTnaAluladanavnssularieIngsy WInedesvagiivaansiy
U9 8 atuil 2 .. 2569
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1%
a o 1

p NMERTIRAeUAyuAvestaegslumsAnud wuliineaiiduunduiuiiddmaey
Tt 35°-50° uaglainuanuudlugg 51°-79° faifu nsAnwndTafmuetisud 35°-50°
dmdunisduunfiuiiddimavesiegeiidinu sl F3nsfana1nUseyndain Aekram
et al. (2024) Famnuenuaenndosszrinefiuiiifuafieisiesesinmuasiuiian

1571959 PETAIANUARIAARBULBENTT 3% (NN 3)

SUAY

i naneluuTgid RGB

wUasrdanny3gid RGB 1Ju HS|

v

LN INgoeNAINHUNAY

aa a

AU pixel VBLIRGTINALAY pixel WUNMAAFUINA

v

YausUasidudnunaiinnafieutununing

9

v

dugn

AN 3 FANBSNUNITIATIZANINAEAINSUNITIUSUIUNUNNSAREUANS

[(R-G)+(R-8)]

BR—BY+(R—B%{G—BHE

6 =cos™

0 B<G
= W)
360-0B>G
1 .
S=1-——— R,G,B 8
(R+G+B)[mm( )] ®
I:%(R+G+B) 9)

Tnefi [min(R,G, B)] flersandioisuszmineeives R, G uas B

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
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(%

HoyaferaziufinaindihmaiieseiieniinssienuusUsuLUUNELEDs
U3y (Two-way mixed-design ANOVA) Tnefvunanmznsadai (Treatment) Wuilade
seMInevtIeNnaes (Between-subject factor) Usgnausiean1izaIuANganafinuay
an1azguugiivies wasimunszesIaIN1siuine (Storage time) Wuladaniglumiae
yaaeskuUIAth (Within-subject repeated-measures factor) ilesandiensymAnvesus
avievanpIgnAnmuLarTufinn e naenssznanBAuin malinTesifiansusa
nEnvesanmznsadai navdnvessrezaMafivdny uasufduiusseninsaninens

adminffuszeziiaInsiusnen (Treatment x storage time)

4

ABUNITILATIEN ToLAlASUNITASIVEDUAITULINLISVDIAIARIALAG DULAY

Y

amﬁgmﬁLﬁmsﬁaqf‘ﬁ’umﬁmﬁwﬁmui’m?ﬁ ’LuﬂizﬁﬁamagmmmL‘flummam (Sphericity)
Tadidulumuinmet agldnisusumnesrdasenl835 Greenhouse-Geisser @1115UNS
W3 uieuaeassenieannznsnaassuLaazg 1813 aseninetieaInIs i
T¥mswssuifisunegndentsuan p #e38 Bonferroni Tnefmuasedutiddamnaaian

p < 0.05

4. Nan1538

4.1 sussauzvasszuvinaNudulunsasadnuigungin

u

[%
o

fmﬂmsﬂszLﬁuammwmﬁﬁwmumaam%qaé’ﬂméfuLLUUﬁgsmwmﬁsz%’U
onALiiefdnANTuULIN A NadanIuRREB LSS NudsTuLdsnsInslvaSsuvetennid
WAy 2.97 m¥/min wagliauanunsalunisiiaaduansa 0066 TR n3oAally
794.02 BTU/h ag1¢lsfimny ol ofansandsuszdns nmnasldndesny nusnszuuilan
gnT1dUUTEANTAMNAIU (EER) iy 0.73 BTU/h/W

4.2 wavasmsaandigamainsdenisiiaduinig

a ¢

nsRamumaiUdsuulasosiiufiniaiediinaludnadaniuneadunidfauss
niouuslnafiiunssuiunsadaihnield 2 anne Tdun anneauaugamgimuazane

gaumgiivies paenszezaINIBNUSnvINaamall 4 °C Wuaan 10 Tu wudi fufinisiing

]
1%

1n1aveadlag1sluisansaniiednun liuiud uniussesiainisnusnyl ag19lsAsny

Meganiiunsadninglaan1izalunuaumgi °ﬂﬁﬁuwmimmammammwmmmum

1Y

aamﬁﬁmﬁiéfamwammﬁﬁaa ATIATITALUUTAGINUINEN Y miaamm TYLLIANIT

Ausne wazUfduiusse gwivannemsadaihfusveznamaiuindnadediufinigda

1%
Y

Auenangnaliuydn

LY

WUNSERR (p < 0.05) (Al 4)

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
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—O— Ambient-temperature conditions
—A— Low-temperature conditions

Browning area (%)

0 1 2 3 4 5 6 7 8 9 10 11
Storage time (days)

a6

o ¢ 2 e X A a a8 v [y = a ' I3 a
NN 4 LUBSLIUANUNINTINAFUIAIAVDINNFAANIUADFDUNTYTLUINNNITLAUINYIN

gamndl 4 °C WJunan 10 Tu angldaniiznsadaiiiiunnenaiu

W aNAITUINITHUA UL UAININTZEZIAINISAUS Y WU AUTNISAAFTIRAE
YDINIEDIENITANTUEE1TIAFITUYN 2 Fuusn Tneseedimadsinguaudauiinusesdn
a & A A ve a . A Y] &
wazusailedeiilasunnudenienisna (Mechanical damage) (N WH 5) naI91ALU
Tud9iuf 3-9 9ns1NISiNTUYBINUNNISIARdAUIAaTlkWdduanal o uAUTLI9 2 U

usn neunivzuTudnasluiud 10 (1wl 6) il paenszezaINIBNuinw YaaIuaANd

wwaltuvesiuinsiinddinagenitdneguiniunsadatinglianiealunugumgiien
Tugravaneszesiiainsiiuine) daegreiidunsadauinieldaniizaiuay
gauniisdiunnsiindiiniadinit 2.5% vugiyamuauiiiuiinisiiediiniaiinni

3.6% TauansliiAumuwanaaesiunnsiinduiniassnindesanzuszaia 1.1 99

a

Wesidud nanananuandliiiudl uwiindiegiainisaesaniizasgniiusnuifigumgl

9 U

Weniu A 4°C uian1azn1sinnsiudunaunisasniinounsussalinnuduiusiuseau

(%

nsAadmanasanvluszrnItnisiiuine laasag19nlIunszuIunsadaul nels

1% '
a L% N )

ﬁﬂszﬂ’JUﬂl@mﬂgﬁ@?’]&lﬂ’]i‘W@,JU’]“U’e]ﬂWUVIﬂ’]iLﬁ@aﬁ'W]"Iaﬁ@Uﬂ’j’]‘q@ﬂ’JUﬂll
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[ ' 1
A o

AN 5 Aunduiisafiiinannisdandananulugie 2 TunsnvesnIsiAusne

AN 6 ﬂﬁiﬁ%uqﬂﬁﬂﬂﬂiLﬁﬂ%ﬂ’]ﬁ]’]ﬁgﬂaﬂmﬂmﬁﬁ@ﬁigﬂgL’]@’]ﬂ’ﬁLﬁU%ﬂ‘U? 10 U

5. dyunauazn1senuTena

5.1 d3Una

(% '
o a =

NUITETEUITNDNLUULAL AL AT DI ULUUE AN TA Y TINTTEUY

9 Y

=

SuPeadUNIY

o

PANMUEUTILAUNTEUIUNITAGAUIIEL T ead1ns Ul nadan AWAINS DU
Uslaa lnenisnaaesutseandu 2 ane laun 1) ganeassfiddunisasauinieldssuy

anuiu tngldgamgiaudnewiniu 18.0 °C uargaugiiaunduidswwingu 22.3 °C uag

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
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2) gaeruauiididumsadainnielfanngamgivedasliilnszuuyianudu feas
anldnnuidaseu 180 rpm wunan 15 min ameldusinamedwardeulunsadaii
Ay mntusegrstmuagninlufuinviigaungf 4 °C Hunat 10 Tu wan1sUsadiu
Femadansinsgiamdieluszuud Hol uandliifiudn fegefiiunisadmiinels
anmzauaugmmgiidnuinafadiaamniemuauesedfoddyn 19 (o <
0.05) TugrslaneszazaaInIniusny ﬁaaﬂﬁqﬁmumiaé’mﬁwmaié’amwmuqmqmmﬁ
il uf nsiiaduiaiasindy 2.5% vuei ganiuaudfui nsiAndiiaiauinndd
3.6% LLamﬂiﬁLﬁudﬁmimuquaﬂnzqquﬁizmﬁqﬂizmumiaﬁmfwﬂ'aumwﬁﬁ;ﬁ
auduusfumsansziunafndiimaresinadaniuneadunislussnineniniuinw
QUMQIIAN
Tusuaussougmsimngsy 1a3 eaduuvudsnsinisivaisuvesennia 2.97
m3/min ALANL5ALUAIYIAEUENS 0.066 TR wazdidnsndrudszdniaimndsey
(Energy efficiency ratio; EER) winfiu 0.73 BTU/h/W nan1s@nw1dauansliiiuiia@nenin
YINITYIUININTFUINNTAR MBS Bsamfunsaunsgmmg i msuntsamii
dufuuuiiufiuasvzaensiauivesiufininisdimaludnadaniuareadunidfauss
wiouuilna vl matauszuuluswanasTiud Ay funsusuUssssansninnsld
NANUAIUANUNTINYIAMNINVBINERKA
5.2 MsaAUTI8Na
5.2.1 MUATIRANTTAULLAZNSIINEUVRITEUY
LLﬁfJfﬂizUU%a’]miaamqmmﬁLLagﬁn%’mﬂawu%uLﬁa%’ﬂmqmmwmaqﬁﬂaé’mlé’
AL Imane wie1 EER 7 0.73 BTU/A/W §a6i1n11A110 58110095500 A 18 113

o w P < 1%

wdlggnaly (WndA1 EER agsening 8-12 BTU/h/W) egrefitidnAny feidudssinuaiui

[

Memsirnssy M EER Tmiiduraduiiosnanmssenuuuaiesdnsidesdimnuddy
asgatumssnuilassaisluivevunsemanta Tnsdesmuguaimisiauuazsuuuunis
InaiTsuresoinimeg ey uwaaii odesiuanuveutniena unufl ez adunisifia
Uszaniamnisanemeaiuseuasgaiisseg ey anuviniglunisinwaunasening
UszAnsamnslindanuuaznismunuanmznindeniiuiugiil aonadasiuruideves
Song et al. (2008) fixenudstositaveansdanisngdsnulussuuedovianuduans
¥113 uBNaNil Zhang & Kacira (2020) §ldiughdseuriimelunisusuaugasewinanis
lndeuiuaunInvesianaluszuulsuaInNaLaseuIgeINIAd T ulsusauAIuAY

anmwinasu e Tusuiannisusuusszuulnedmalulagriuquanuiiseutewas
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msUfulsssULuunmsivadeuvesernia wiensuszandldszuuanmnudusiuieg anaiu
LUINLUNITAUUTEENT A NANT LT WA I UV AT BIAUBUU LAEAITUSELIUNASIUAU
AMNNVBINARNALANITITNE SUs onUIBIIAREANAT DI SR ULz auluNS

P lUlguasa

o

5.2.2 NATDIANIITNITARAUIADNITIAAFUIAIATZUINITAUSNEN

' v
il a0 v o

NANITILATIERNINEELEAAIITLAUI HnadANSUAEdUNS IR 1UNITASALN

meldaniizauangung I dnuinsieduinianinityaaiuaudIunsagauinla

Y

a o

annrauniiviesegraildedrAynieaia (p < 0.05) uwiaevrdansadaul 7981937
=Y Ql' a a [y A ° [ Y1 |
AD9ENITILYNNUINYIVIRURNUALINUY AB 4 °C AaBATTELIAT 10 JUNAIU AITULANKNY
Aanameteduiusivan iz indanalasulugimdinisdrsuasnaunisussy sadutiususuy
Y9IN1IRUANDIvaLiloll anenaINITAnLeY laglun1svneaestl isassan1zlduiunm
9819 AIL5ITU 180 rpm wavsrezhaIMsadayn 15 min wihiu Jadendniiunnsneiu
= I a J [y H v a 1 °
U UNITAIVANYAUNNTTWINNTEUIUNI TERAUN Imammaaﬂ%qmwgmamw 18.0 °C

wavanmuiiaunauiaie 22.3 °C vasiynnIuandiiunisneldanvenmgiiviedeslidn

Y

STUUYMAMULEUY
) ' a = 2 & A & v o w A P
mMssiaues n1sidend wasnisnsznunseiiiowvesiledeluledudfyninszdu

ASLARAUINNA I UNARNARALAY L BI1NANUEENEVDILASIAS 1L ad YN lAasUsENa U

' '
= 14

wednuazioulwiiertesduufisereendindulilonaduiaiuuiniu dualminnis

1

Wasuwlaswesdusnaniofefildsuanudeme (He & Luo, 2007; Toivonen & Brummell,
2008) YonaNgG Aquino-Bolafos & Mercado-Silva, (2004) $1891UANNEUWUS TENIN
Aanssuvesoulsinedaiusasendina (PPO) uagiweseanding (POD) Usunuansusznoudl
uedn waznsiauvesdinmaluidoofnuss vard Li et al (2023) wansliifiuianig

Wasuwlasvetiuunuedduifalnsniuess (Phenylpropanoid metabolism) Sunum

AAYADNITNAALNINIATOIRNNIANDUARALA

AIALTUBEN9TIALTIVRINUTNSAAFAaTLY 2 TulsnueInIstAUTNE

!
Al

1RGN USIUTOYAALATUSIUN FASUAMULEINIENIING §13LN8IVDINUNITHOUAUDIND

v
= U

UIALKE (Wound response) 7 4A AT uA18ndIn157ALe lakimova & Woltering (2018)

$18971UI Fresh-cut lettuce S3aAnn1snaUANDITDILBLEDRBUNALNALAENSIUAYULUAS

Metesiunmafadiiaaldudiiuinyigamal 4 °C uandbiiuingamalianszninans

AusnwlianunsagfnszuiunisnevauassauIawnalavisnun il N159ANIEANIZ0

mﬁmmaimhaﬂ'am%’%jmiLﬁ’u%’ﬂwﬁam%ﬁdaw\'aizé’f‘umiLﬁ@ﬁﬁﬁmaﬁmaﬁlwuiuizawiam
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AB@AS14, 30 PATH

Abstract

This research aims to study the injuries of construction workers and to analyze
the ergonomic risks of construction workers at Nguan Seng Millionaire Group Co., Ltd.
The sample group used for the injury study consisted of 30 people, selected
specifically from all construction workers involved in the residential construction
project in the Khlong Toei district of Bangkok. For the sample group used to analyze
ergonomic risks, it consists of construction workers from four job categories: tile work,
electrical work, ceiling and painting work, and exterior molding installation. An
accidental random sampling method was used to select a group of 19 people. The
instrument used to study construction workers’ injuries was a questionnaire adapted
from the standardized Nordic questionnaires for the analysis of musculoskeletal
symptoms, with a reliability coefficient (Cronbach's alpha) of 0.843. Ergonomic risk
analysis of construction workers by recording the time spent on tasks, considering
posture, activities, tools, and handling according to the PATH method. The research
findings revealed that construction workers sustained injuries in the past 7 days and
12 months, primarily in the hands/wrists, lower back, upper back, shoulders, and neck.
All workers exhibited work behaviors requiring prolonged visual concentration and
repetitive hand or arm movements, while most engaged in reaching, twisting, lifting
heavy objects, and working in fixed tense postures for extended periods. The PATH
assessment found that all work groups exhibited unnatural postures, particularly in the
torso/back, legs, upper arms (shoulders), and neck. This finding can be used to
establish measures to reduce ergonomic risks, provide training on ergonomics and
workplace safety, as well as improve work methods and procedures.
Keywords: Ergonomic risk, Working postures, Occupational injury, Construction workers,

PATH method

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 204

1. umin

gramnssuneasiuduunasdsnudidgrsslszmalng loaddiuiunssnulu
QAAIMNITUNBAT I 2.35 AuAU (Voyalfoudaulgu w.A. 2567) (Market Research
Thailand, 2024) agnslsfinuanuneasidedunuifinundssgienaiingifivguagnis
viadu wsseulumenisieadradunssnuialui desldussnislunsviaungls

vy A

ANINIAFONTNIANMALIES WU NTYINNUNEe Nsenveantin n1sviauluiundda vie

v

mMsdudiatuduiazides desiogtRmguazmsuiaiduainiaiesing inieslle uazgunsal
fineq saudedadesuaniworne Wy amnudeu Anuty ey FsenavliAnanuduay
anAuamnsalunismunuad esdleldednasnds Snisdaiianudesainnisiu du
nszunn visegniananld (NSuadafin1suaLANATEILTNY, 2566)

Jaduidsasionsuiaidvresussnilunianisneadisnainmatsams 1wy n151e
Au3 AUnla wagvinvea1uAUaenfeveILsY Nsazaennsn1sUesiug URme
nsaldgunsaidestuliiasudiu srudamshaunelfusainadusuna dsenailug
msszmuaztiinlenialunisingiimgld (nsuaiafinisuazdunseansau, 2566)
uenniimamaheuilivnzay savimslfiaiesdoflimanefuaiszvaaussny s
dawaliiAnornstannduielieds uaranuszansnmnisviheuld msthuunAadunise
AEnT (Ergonomics) anUszgndlgluauneasne wWu n1sUseliuyiimienisviemy n1sin
anmundeunisvilinyay uagniseenuuuiaiedlevidegunsalliiaenadesiuaisy
yoausanu Jadudsdfyfiezdisananmdssiuguanuazgifig nasnauyloial
Uszansamlumsinunazaunmdinvewssnuluszezend (nsuaiainisuazAunses
L3991, 2565)

TRYAIINBIANITHINIUTENINUTENA (International Labour Organization, 2024)
szyd ureanadunidugramnssuiiidnsinmsuiniduuasidedinannisyhaugaiign
deisuiunmaasugiadu Inslamylulssmamdsinu Ainuszautymiuinnsgiu
mnuaenfuarnsisduldnguanefigilivads aungvdnvesnsuiniuiasdedislunu
eadrsdulngiinannginssunisviaudilivasnfouaznisunszuuuimsuasdnnig
anuUasadeifiussansamluanuiineatns (@rinauussiudanm, 2567) mauviaduvie
HodInveauwsenuliiiissasiannnugyidudaynainsuarasounsi widedanansenuse
UseAnSnnvedlAsinIsneasne AunuUMIaATEENY Lazn nanyalreenaIMnIsUNeasg

Tnesu dslunisdnundymetfmewaznisuinliureanssnuneasadedianud Ayedned

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 205

EN

N13ANIUEYNINITIIUTOILTIUARES1S dnTaldnsUszidun1enIsueans

(Ergonomic assessment) A JudunauY0IN153LATIEHRNINIT5N1591191U Wieliladoya

edﬁ

2,

Hadudeaiiintuiufuioinu dlvldlunisesniuuuasudssendiiiussansamd s
SnwagnsuszfiuduniseeanslaenillasUsaidiunmunissausasdnuaenisldusives
ndunovesufinu fSmsUssduiivarnvansuansisiunudnuaenisyienu dmsy
N13UZIIUATUNITANENTVDILTIUADATIS WUT1EN191995 RULA (Rapid Upper Limb
Assessment) (Adi et al., 2023) Miunsuszifiuvimanisieaoulmivessisnediuuy (91
AuUNNSeF1ans luUsenalne, 2557) 1935 REBA (Rapid Entire Body Assessment) (Mishra
& Satapathy, 2021; Anagha & Xavier, 2022) finungdmsunsusefiudusngg veasienie
dmunuiiidnuazilasuiimsesanadmtenuiliegiui swilddwieduufian
Tuimadng 519 aaeanal @uiunsemansludszsmdlng, 2557) sauield3s REBA
WaET8 RULA (Kibria, 2023)

dmsudnwauzassfanssunsviauluuneassdauuanssanianssulunig
yanlunssuaunssdalunirgaainnssy Tassuneadisdidnuuraulds iy viold
adiane In1sUsulaswinmansyinau Aanssuwindey wdesdeld warnsvudne S
Snwairruguiiortuauneasnssy wareuniiens nutidnvuzauligiRnisaivesnis
Lﬁﬂmmﬁmﬂﬂﬁmmizwﬂé’mLﬁaLLaﬂmaﬂis@ﬂﬁLﬁﬂﬁ@ﬁﬂﬂﬁﬁwmuqq NsUIZIIUIIYMAY
nsviunead1clusnvaravlisivin Sainseenuuuisnsdsafiuiimaiendn 33
PATH #U§ U menIsvauanuuuUszdiuds OWAS sadumsiiansanianssutes
w53 nsidiadesile ansen1sen wardnuarreInisdu (Buchholz et al., 1996)

“PATH method” 1Tun1571A518% 8 UASI8UD991UINTIINS (Posture) AANTTU
(Activity) n3eaiie (Tools) wasn1sauéne (Handling) Wuignsussiiuaudssdnuedn
amﬁsLLazmmﬂaamﬁaﬁﬁLﬂmmmﬁaszqLLazamé’um’mﬁawLﬁmsﬁuﬁ’uﬁﬂﬁﬁ’amu g3
fAunaLIIUnaTNlAunI ﬂ’ﬁﬁlﬂLﬂGWi’WI’Nﬂ’]iﬁN’]uﬁ]%gﬂLL‘U'QGHiJ‘*UgUG\@uGUENﬁﬁ]ﬂiiiﬂﬂ"li
foasearn1sUURNU UTBEINANITaAMMUASN BAEYIN AT AN TNLIAGOUNINEA TN
yosenlld nannmsUssduanansoinlfifessynuiidusunnesoaisrreaussnuld 3
wufinsuszgndlfifionisuseifiunasiinseiaugtieneualuaniuguargseny (Park
et al., 2009) NMFYNUVBWINIUNIANYAT (Tonchoy et al., 2026) InglanzAanIsusIge
Tuauneasne wu nsvudnedan (Paquet et al., 1999) v1umndn (Forde & Buchholz, 2004)

NuUANRINTUNLEEU (Yuan et al., 2016) vuyity Uing & Fulmer, 2009) s

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569


https://www.researchgate.net/scientific-contributions/Anagha-R-2197407426?_sg%5B0%5D=yh93yDGO3BU3SVfTB_y3q_Qa4IgCxc8FDSybggO9E3Sgpqnt-V2yZ6cTSGXsaKvZC3aAbaI.ME0-IPEuNDRhinqfG0OIDK-kjcezZroUgeH9VtZvAqzMIe7n6sObPYDmVScIJEyEqdNsbhnUpgZTVXH2Me_FAQ&_sg%5B1%5D=y-KEV8rD6JQNGRTpu8RLcY3enLNYYmQkJwApEg4S_CWgMk-Wx0QpdSfODLgcWgU-8yGfHDM.ZLXxBao0Cgzda75Pf73Kpr05_lVeN9t_3MFr0kinD_Skm0FNefX_z1hl3yiitFTRACegy6YImopy611rriSvMw
https://www.researchgate.net/scientific-contributions/Annie-Sonia-Xavier-2197400379?_sg%5B0%5D=yh93yDGO3BU3SVfTB_y3q_Qa4IgCxc8FDSybggO9E3Sgpqnt-V2yZ6cTSGXsaKvZC3aAbaI.ME0-IPEuNDRhinqfG0OIDK-kjcezZroUgeH9VtZvAqzMIe7n6sObPYDmVScIJEyEqdNsbhnUpgZTVXH2Me_FAQ&_sg%5B1%5D=y-KEV8rD6JQNGRTpu8RLcY3enLNYYmQkJwApEg4S_CWgMk-Wx0QpdSfODLgcWgU-8yGfHDM.ZLXxBao0Cgzda75Pf73Kpr05_lVeN9t_3MFr0kinD_Skm0FNefX_z1hl3yiitFTRACegy6YImopy611rriSvMw

Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 206

o [J a a v |

U3t fruds fadouwus n§u drin dudugsiasumnneaiisennns deuusuuay
UFuusioans Tusnmsnuneadalaun d1919uasn5181iANfean159099nA JAT1E9
flufiuazauuszann eanuutlasents senuuuantdnenssy 3MNTsy wagsPUUILAIAY
n¥ousuidsunvuuaztssdunandosdu asounquaruszuugiuen laseadneans
(Structural) $1uan1dnenssy (Architectural) s3UUTAINTTNA19Y MUTanaUNTal nie
uazladafndieadosiulasenisieadna Tud w.a.2568 visminsummneainenns i
#inedy $1uru 5 1Asens d9uau 1 Tasansfiegsendnanisusuiudsdld Sududuns
nea¥1e uagduau 4 lasansiuduadaoyseninenisenuss usazlasanissaduau

(%
a (%

anilmenssuasouaqu 4 naueuie Munsuidos vl swiuasd uazeudadath
meuen fussulasinisay 27-30 AU IULRIUTIANA 117 AU (V3§ $ruds Tadou
w3 n3U 9110, 2568)

myvhnureaisldsunseensuidununin deddsrsmeiitesenmdslunsviay
fansen waziedeuihetansieg AdumsliiAenisuinduresnduieuasnsgnifauuy

[
v @ v A Y

dunduuaziuvazay lvgnisvena Wunansenunsluszaudyuarauasaiiseu U
nansznuguIedne wazgnAn Fadunansznuluasndng dsumnaiunsamwwinigdunis

Jeatunisuiadunduilenasnszgnduiiesninnsvinuneaddld sxaelildussanuly

£%
=

gaamnssuneaisliaulasadelumshnuiuinniy miidendsdteiiagusvasdiile
Anwimsuiaduresnssnuneaiie uazlineinmdssmiansermansueIlssuneaing
U3E Huds Sadsuuud n3U 91dn navesnsnwideanunsaldAunuuinialunis
tostunsuadundunieuaznszgnduidesinmehaureains Wuwumdunsuiulss
sruuAuUasnn e WauIuIN1aNIsdesiu Lavenseaunan MdInvessauly

gnamnssuieasalilianulasndy Fesdulsslosisodldusanuiariineidosialy

2. 9QUsLAIAYaINUITY
2.1 WiefnwnsuIaiuresszuulasesinIzg NlkasNauleraIus WIunoase

2.2 1OIATIZAAINULELININITHFANS VDTN UNDES

3. AAHIUIIUIY
3.1 Ussrnsuasnausiegng
3.1.1 Useans N b hun1sI98A5 Il bAkALII9IUNDE31e USEN 1w e Datdsunus

n3U 919 9wIu 117 AU

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 207

3.1.2 ngudaeg 199 1 luns@nwinisuiatdv 19nnsidenng udaeg 1auuy
LaN12L918399 (Purposive sampling) 91nKsIIUABaS 19 maATIuAY 30 Ay Tivheuly
Tassnsiiogszmrinenisduiiuey i usanuneadsedtasinistuinerds feegfives
4ULIN 26 LUNARDIIU LYNARDAAY NTUNNUNILAT

3.1.3 nquiiegalifinngianaudsmsnsemans ldudussuneasisiidu
ngui0g199 1 lun13Anwinisuiadv Tagldnisdudieg1anuuiade (Acidental

. I~ 1 1% d' a va v o a 3 4 N o a
samplmg) IWEJLaE)ﬂQ’mLLiN’]Uﬂ@ﬁi’NV}N’]ﬂQUGN’]‘HI‘H’J‘LW]LillLﬂ‘UsU’e)ila Mﬁﬁy%’]@ll‘ﬂﬂ e

Y

[ 1

a 1 3 1 Y 1 a v Yo 1 < ' d’lj
auaam’mLﬂuﬂqumamwaami’;% Tad1uau 19 au wuadu 4 NYINIU laun sunseilos

Ul euiluazd wazauResstinguen

M1399 1 WAAITIUILLIINUADATI UTEW auds Hadeuwus n3U 91in Iuunaungy

U UAYNAUMBY19URINTTINY

Urunande  drusinende  dauwnende  dausinende NENADEN9
QGEE) \wAnana wavidnd  swnedulde  weeaswme  Anwanns SAsiew
NIUNN NTUNN FIUY3 NUNN U anudes
nsulos 5 4 5 4 4 4
Tt 5 4 7 6 6 5
Huasd 14 14 12 13 13 5
Fasadhmeuen 6 5 6 7 7 5
394 30 27 30 30 30 19

3.2 inseailefildlunsise
3.2.1 MsAnwINsUImEuTessnuieadne Wumsinwmnsuindundundewas
ﬂiz@ﬂé’UL‘l‘jaqmﬂﬂﬂiﬁNW (Work-related musculoskeletal disorder, WMDs) 4894399414
noate laglduuvasuniui U5UUsananuuuaaunuuInsgIuvidnnsuLed The
standardized Nordic questionnaires for the analysis of musculoskeletal symptoms
(Kuorinka et al., 1987) iiieldaauaudnvauznisinunazainsuiaduvesssuulases
nsggnuazndmiile nmeuwuvasunulngliussnunoaadudlidoyaies amfuns

FUNALAZAUNIYA]L LUUFDUDNUUTENDUMILVBAINNY 3 ADUAIN
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noudt 1 é’m%’ayjaﬁ"ﬂﬂ anwazn1snautduluunTI9EeusI9A1S (Checklist)
19U 7 o UTBNouiy duif LA 81y anUNENSE SEAUNISANY mjmmﬁv‘h way
Usraun1sainIsyneu
moudl 2 Mun1siinn1suIniu dnwaznisneulunuudendinouszning 1
e 1ifly dmduenmsuimiusnesmediusng o e 12 du Tuseu 12 ey way 7 Juil
AL 59Tan15teeRunIsUIMLEU warmssnwenIsuIaLEy
neudl 3 Funginssunsvinuiifinadenisiianisuinidu dnevurnismeuldu
LUUATIRERUTIEMsIngseuAmeau 19 vise Wily sau 25 do
wuvdeua Ui ARl ANdDAAA 89 (Index of item objective congruence,
I0C) (Rovinelli & Hambleton, 1977) auANAALUY8LT 83915y0E 5891319 0.67-1.00
wazdlanauidesiu (Reliability) Tngld53mAduszansusanivosnsouuin (Cronbach’s
alpha coefficient) (Cronbach, 1951) AU 0.843
3.2.2 MFIATIZAAMLLEBINIINISEANERSTaIUSIUneass Tnenistufinnaniild
Tun159191u AR50 IM1e Aanssy A3 esie wavn1svudiy Au3s PATH (PATH
method) Y8IusINUNBATINTINI 4 NN TIIUNGUAE 4-5 AU MIUNITAANANITNY
auas 3 A% aStay 1 und Teeiitedeildlunisusediu 4 du ldun
3.2.2.1 AUNNINISYINeU (Posture) UseNounIe MNNIUBNaIRy/mad Yinie
Y091 wvudinuy (va) wuudiuars (Teden) LagIN1eweIne
3.2.2.2 fuianssu (Activity) tiwn n1sldile seduvesnsedaulmuesiie ns
Fuazifiou szaudes wavauges
3.2.2.3 sruedesilefildlunsieu (Tools) laun n1slduss wasipsesdlofild
3.2.2.4 snunsvudiedan/gunsal (Handling) laun n1svudie uaznis
wasudemeile
3.3 nafiusiusideyanasnsiassidoya
3.3.1 NM3ANYINTUINEUTBINSIIUNeas s Audeyatazinsigiuuudeuniy
Tnwadanldlunsiasedt 1w Al (Frequency, F) wazdowas (Percentage, %)
3.3.2 AI9IATIZRALLEBINIINTEAERS 1B IATIZRNISILUBILTIIULA
AZAU VBIHAALNANAINTIY ‘mmaiwﬁumnaﬁfLmqmwiazﬂf:jmmi{ﬂuLwiaz%’a/ﬂﬁsLﬁu
LazdnudndIudesavynsaluns YUl
3.3.2.1 @1UMINSANTINIY AIUINEAEIUTEIATENI 1A T I dI T84

3729118 TUNSYINUAIEVITNUNALAEIANYINIIUAIEVINNIRASTTUIR
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3.3.2.2 sufanssy snun3esdenldlunisiau wazdiunisvudedag/

gunsal Anadndiusevavvesianililuusazdiudon

4. Nan1539Y
4.1 HAaNSANYINSUIALIUTBILTIUADEAS S

4.1.1 sudeyarinly wuin ussswdrusnndidaend ne (19 au Sevas 63.3) daudl
wideiludlounn (11 au Sovaz 36.7) dunndunane (26 au Sevas 86.7) Tegsening
22-29 U (15 Au Joway 50.0) s89aeunileny 30-37 U way 38-45 U auadu (Sevay 26.7
WAy 23.3) @nunnausa (18 AU Seway 60.0) #5an1sAnwseRuTsau@nunaudy (19
AU 5088% 63.3) Lavdiuszaunisalyineu 1-2 U (Segay 56.6) sesasunduszaunisal 3-5 U
wazN1NnI 5 U muansu (Geway 23.3 wag 20)

4.1.2 fMumsinn1suiadu wui ussudunnlidansuindulugag 7 Suiiiou
11 fdnutos $evay 30.0) IAensuaEUiseuazdeilo dmsumsiamsuindulugig 12
Woudiiuun wuTn ussuneassdunnUInE UL nadleuazd oile (Bewas 73.3) setasun
Toun v uusamdediuans (Sevay 60.0) warnasd1uUY (Seuay 56.7) AUaIAY
wenanil wudn wssnuneadieduannldinisdesiunsuindu wagllfinissnwennis
vindulugas 12 Weufiiiuan swaziBonmunsedl 2 wazuansdouazvoissunoased
Aemsuiadulugg 7 Suiiiiuan Suuneanguauiazdruuesiinefldunisuindu au

AN 1

80
60
40
20
0
SO\ AN EXaN
g_:&\r\}i% ;\)@ &

Bynszeiles Blwih Bihuesd Beadsianeuen

a 2/ 1 o/ A a =3 1 o A
2N 1 50988UUTINUNBESTLANAITUIALAUTUYS 7 TUiRIUL
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A15197 2 NUIULALTDYALYDILTNIUNDAS T IUNAIUAITLAANITUINLEGU (n=30)

Wansualdu  lAan1suadu fmstesiy  Shwiemisunadu

Tuaing Tuaing nM5UIALAY 424 12 oy

7 Sufthuan 12 deudisuun fieinuan
, T Taila o Taila T Taila T Tailad
A9UVDY o o o o o o o °

\ FTMUIU - ITUIU ITUIU 3TUIU 3TUIU 3TUIU . 3TUIU ITUIU
T (Bovaz) (Sowaz) (Sowaz) (Jowaz) (Bowaz) (Sowasz) (Sowas) (Sowas)
1. AD 2 28 12 18 3 27 - 30
(6.7)  (93.3)  (40.00 (60.0)  (10.0)  (90.0) (100.0)

2. lna 6 24 10 20 5 25 - 30
(2000 (80.0) (33.3) (66.7) (16.7)  (83.3) (100.0)

3. AIEIUUU 5 25 17 13 6 24 2 28
(16.7) (833) (56.7) (433) (2000 (80.0)  (6.7)  (93.3)

4. BAIdIUa 8 22 18 12 8 22 3 27
(26.7) (733)  (60.00 (40.0) (26.7) (73.3)  (10.0)  (90.0)

5. hyudIuUUY - 30 6 24 3 27 1 29
(100.0)  (20.0)  (80.0)  (10.0)  (90.0)  (3.3)  (96.7)

6. VoFan 2 28 10 20 2 28 - 30
(6.7 (933) (333) (66.7)  (6.7)  (93.3) (100.0)

7. UYUAIUA 1 29 7 23 2 28 1 29
(33) (967  (233) (767) (6.7 (933)  (33)  (96.7)

8. Ho/10ilo 9 21 22 8 1 29 1 29
(30.0) (70.0) (733) (2670 (33)  (967)  (33)  (96.7)

9. azlwn/durn - 30 1 29 - 30 - 30
(100.0)  (3.3)  (96.7) (100.0) (100.0)

10. 9491 - 30 2 28 1 29 - 30
(100.0) (670  (933)  (33)  (96.7) (100.0)

11. Uas - 30 - 30 - 30 - 30
(100.0) (100.0) (100.0) (100.0)

12,191 1 29 1 30 1 29 - 30
(33 (967  (33) (967  (33)  (96.7) (100.0)
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4.1.3 éfquamwmsﬁﬂmuﬁ'ﬁmasiamil,ﬁmmimmL%‘u NANISANEINUIT UINU
Aeadreviavun (Gewaz 100.0) dnsvinuitdosnsaenanseduegranndeidisadunan
3.5 Uit Aedlddondouvuindoulmentu wiewioutunaoaiian sauneiauluia
amundeuuazenaliung ey v Tu wielondy) wonand wu usenuEILEn

v
(Y L~} N

($a8az 90.0) Aadouilandudud 1weans awns 0ilatduusean dosdndinseoLd oaddu

1%
o v 1

Usedn aealdilovsawvuadaulniag 9510ty wazvnzyinuiinisenvasniuiininuinng

10 Alansuuse s TavldennIuasIen 3

A131991 3 TIUIULALTDIATVDILIINUNDATNTIMUNAUNYANTIUNITVINUNTNAFBNTHAA

ASUIALAU (N=30)

- . T laflo
WOANTIUNTIINU . . . .
U (388aT) 31U (398aT)
1. vhaweglusumivseyatn ganiisiasidunaiiinndi 20 wii 12(40.0)  18(60.0)

2. imdlunmsinauiinasien1siiulinvesssuulasesanTEgnuas
v & 4(13.3) 26 (86.7)
nanLLile

3. é’ﬂwmmﬁﬁwmﬁﬂﬁﬁmasﬂwhmqﬁm%qné’wmﬁamﬁ@unmmu
- v o4 e - 26 (86.7) 4(13.3)
730R099anksIfawanluan 3-5 u1f

4. fnuaizuninagaesenuswINnIUNfsgnaanlian 22(7133)  8(26.7)
5. dnwauzauiinegludagtuansmdaans andadusdsuingaiias

Y 9
) . 30 (100.0) -
WuLan 3-5 U
6. anwaznuvihnelminaNueseaduag1euIn - 30 (100.0)
7. #9turnuduNaNINNINASINEIYD LI YN UL 17 (56.7) 13 (43.3)
8. fosdauilovduduawemsanIasilalulsedn 27(90.0)  3(10.0)
9. fasdnsvisaLdedidulsedn 27 (90.0)  3(10.0)

10. fiosasimiinvesilutladrmils vieegluviniiliangadulszd 21 (7000 9 (30.0)

11. Fowhnudunaunnniteimilwesaniauiomn 13(43.3) 17 (56.7)
12. fostiiwasy Tunmehnuduuses 9(30.00  21(70.0)
13. Fadliovdeurundoulmariu viiawsleufunasnian 30 (100.0) -

14. Fadldflondeuvundeulmetismnd 27(90.0)  3(10.0)
15. Apsoonusilunistunsoduvesnivil 22(733)  8(26.7)
16. vavhauiinsenvesiidiminunnnia 30 Aland 11(36.7) 19 (63.3)
17. saugvireniinmsenvesiidiniinannni 10 Alansu vews 27(90.0)  3(10.0)

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 212

1% laflag

WHANTTUNITNIU i Y . 3
MU (589a2) 31U (59842)

aa v

18. vosflenddnuunlufoulveivesny liflng warliifdu Sedwan 122000 18 (60.0)

19. fIONVDINIINAIR 5(16.7)  25(83.3)
20. fessnuasegwilelva iefloogniniei 7(23.3)  23(76.7)
21. syegnanihnanuguululsayiu - 30 (100.0)
22. I¥ipdeiefivminunnvieduazfouluraezyinau 9(30.00  21(70.0)
23 ynnulaglaiiunisineus 3(10.0)  27(90.0)
26, #vheteu wum Ty videondy 30 (100.0) -

25. ¥auserdoudldsuuindu - 30 (100.0)

4.2 HANTIATIAANUELIVNNTEAEN TV TNUNBAT
4.2.1 9MUNININITINU WU WSIUABATIN 4 nu Tdaauveiainld

d11994319718 UM 9N NUAIVIINNRASTINVRZINIINSIEmsUnd Nevimnavesdsiyy/

A9 Y1909 wuuauuy (1a) hasyinn1eweans snuwuuaIuas (Waren) Addnau

Yol Iuree319N8luNIYINNUAIEINIUNAZINTT WaRITIEasBEnnIun1TeN 4

A15197 4 FREIUSPYAZVRUIAN LY AIUYRITIINETUNITHNUMIETIINIUNRLAZYINNRN

§555U%% (n=19)

P NUANAITD
UNTLUBY IR nutwazd
A1gUBN

NN VNIRRT NINIGEA TIIN9 TITNRHA 1IN VIINI9HA

d9Uva9s1ene Udni 5554916 Unh §55u¥IA UnA  §55UVIR  UNR  §I5UVR
1. 81/ 1A4 1320 86.80 25.81 74.19 2091 79.09 2294 77.06
2.9 2584 7416 38.70 6130 43.02 5698 40.76 59.24

3. wvudIuuu (bva) 2778 7222 2129 7871 1474 8526 11.63 88.37

4. wyudiuans (Tadan) 80.00 20.00 6450 3550 57.71 4229 60.42 3958

5. A8 1579 8421 3550 6450 2980 70.20 26.72 73.28

4.2.2 AMUAINTIN NUTT HINUNBATIINT 4 nauaru TAnssulunisiaun
NAFUNNNATITLD SEAUVRINTITHAAULMIVDILD NTEUALLTIDU SEAULALY WaTINUL DY

LUUNTEAENIBLARDULMINAEYINNIG LARISIEASLDEANILATSINN 5
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AN5199 5 dnduspuarIanueInanssUlUNITYINUYBILSIIUNBES e (n=19)

- nu 0u 9w ubans
e nsubes Wi Huasd Tanieuen
1. 4o Tail4ile 198 436 2254 276
T4tle 1 919 (MU ) 2011 2064 17.78  24.02
14%e 2 979 (B 4u) 2833 1744 1365 21.26
T4%le 1 913 (Gu nn) 11.33 2645 1524 1535
T4%le 2 913 (Gu nn) 1586 10.17 698  17.32
Téiile 1 419 : Buq (dn u fia) 9.07 1453 857 866
Téiile 2 419 : Buq (&0 fu fa) 1331 640 1524 10.63
2.5z0u  delildldnuieunasaan lulapenus
A3 ﬁ?j’]LﬂiJE] 5.58 3.62 14.25 4.44
wasulm  1dfleashiaue oy uarldvgauu 2944 1812 1641 27.11
Y94l fowdeulming ahiaue ngalusyey 20.81 2355 30.02 19.56
nsindeulwinsi nenliives 1624 2681 475  24.89
msndeulmiisimduazaiiaue liinns
viqm‘fjuigsjg 24.37 21.74 2592  21.78
mandeulmiismdunnuavaiiaue dewles 355 616 864 222
3. A3 g 78.63 80.00 4176 83.23
Fuasiion Juursdn 2137 2000 3294 1677
#1319 000 000 2529  0.00
4.5¥su ansoledudesyaralndifesedend  69.12 6287 49.48  T75.66
e auflegusnalndlfssfosdadodifdeoglau 2721 2994 2268 2237
ﬂuﬁaQU%Lam‘Lﬂé’Lﬁmé’awﬂﬂmﬁdﬁlﬁ@u 368 719 2784 197
5. 1ugey 14 i Wn 50 9 416 454 940  0.00
LA 12.01 12.89 13.25 15.06
T4iA3esile (hand tool) 1732 1652 740  21.23
THA303dns (power tool) 577 907 570 864
fewdasilo (laildldaw) 600 635 1094  9.14
Bou vBu/du 1386 1089 508  16.30
NI 762 1180 6.63  6.67
0 A6 9.47 544 817 543
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U U U IUANAY

frone szl i Buazd Fanieuen
IATEN WO WU (Sort) 1039 726 339 0.0
Yu/ls 462 399 940  17.53
N/ 3.70 6.35 13.25 0.00
GRHGEHG 508 490 740  0.00

4.2.3 A3 odloNldlun1svinay nudn ksanuneasens 4 nquauddndiuia,
Y25kl sien1sen wun a1n dan/aunsallindnnda 50 Alansu diuannldusaldifu 5
Alansy wazldinIeadlalitan sy NuueNFANUENYUEYDIRINTIU WAAITIEALIBEARIY

AN 6

A5199 6 ENEIUSDUAZIIAIVDINNT KL SILALLAT D93 9N LY IUNTITYINUVDILTIUNDEASS (N=19)

4 A U U ou wdessa
eI nsuied A Hwazd  aieuen
1L mslduse  lddu 5 Alansy 43.80 51.85 52.38 55.93
(8n kun a1n)  wnnd 5-10 Alansu 29.93 29.63 30.16 29.66
11nA71 10-20 Alansu 21.17 16.30 17.46 14.41
11AN1 20-50 Alansu 5.11 2.22 0.00 0.00
11nA71 50 Alansu 0.00 0.00 0.00 0.00
2. wdesdledl  Tula 8.06 15.24 22.40 28.98
14 BEELAN 28.39 0.00 30.40 11.02
AAULLIAT 11.94 19.82 0.00 14.29
ssfuth 9.35 0.00 10.80 20.61
oy 2.26 0.00 0.00 0.00
ai1u 6.45 21.65 19.20 16.33
Al 1.61 15.24 0.00 0.00
luang 0.00 21.34 0.00 0.00
fagu 18.06 0.00 0.00 0.00
WUssnd wuseih 0.00 0.00 17.20 0.00
QPEATEALY 13.87 0.00 0.00 0.00
AU 0.00 6.71 0.00 8.98
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4.2.4 snunsvudne Tan/gunsal nUIUTIUeaTens 4 ndunuildadiuainis
wasulniefanssun1svudne wagnisiadsudenieie dnvusifediu Teanguanu
nsziUesninsvuineianiagldassiomedadiuaiuinniiasmilwesiaiavan (fevay

53.93) LAAITILATLDUARIUATTIN 7

A15199 7 @ndusp8azIa1UBINISIUNIUNNSYINNUTDILTIUNDESe (N=19)

Y U U U Fufngas
N13VUYY )

nszilag WA Hwazd  anwuen
1. nsvudne  Lufinmsvudnetaneasiie 10.11 27.54 27.43 29.07
Tagmeie  ldflewen 35.96 43.48 34.86 35.47
NGRN) 53.93 28.99 37.71 35.47
2. M3 Taigd 5.96 25.00 16.17 17.68
\ndeutie Ju o 39.74 37.79 9.36 8.59
Janoelle  fu A 27.15 20.35 20.43 25.25
an \deu 16.56 9.88 25.96 30.81
neou 10.60 6.98 28.09 17.68

5. @yunauazn1sanusena

5.1 NANSANYINITUINLIUVBILTINUABAS1S WU wsenuneassdulugiionnis
VINAUT09IEUUNALHRaZNTEANINNTYIUL Tnausnafinunsuinluanniian Taun
fio/Uoile vasdinas nasduuy Ao wavlua a1udIAu augdIAmyAn INNGANTIUAIS
o A a i a < A ¥ o - a S o | oA
undnasenisiinnisuiniiuiussnudeddionsewvuadaulmeiiuegesioiies
] 1Y) a 9 a Yy oy | o 1 oA o o
SuungAnssuaduayudue laun deunsangntandeilusegrauinaeiiios viauluid
an nwindenuara1nAliung deudenilonduivdwewioniasliadulszdregiaue faq

(%
a o G~ a Y

Tadsededilulseiiegaue deddiioviouvundoulmedissinss waziinisenvesd

[% '
o a o

fiimdnannndn 10 Alansuuse Jeaenndesduranuifeidnueinisuindureuseny
Wnwantulasinisneasng Fnuitussrnudnlvgiionnisuinduuiamdidiuaisuasae
Hunan IGIEJZQJ‘EHLW?!R]’]ﬂﬂ']'ﬁﬁ’]ﬂ’miuﬁ’]ﬁuﬁauagﬁ’lﬁ?}é’lG] Wunaiuu @Sy wazdndde,
2024)

MNAA15INTIARDINTUIAE UveIns IR adislugae 7 Sufiiiuan Ainudn

wsanulunquaynszilowaziuiwazd lasunsuinduniieMetlegeian Gevay 75 way
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Jovayr 80 vasduukssnulunguulug) lnevisaeinguauiidndiusosaziinivenisuu
grelunsvihnunivassilogeiign Aen1s3u fo ain uazildewian Insmdeulmusdied
siSavaduaue ldiinsugadusver nsiineinisiaunfivesszuunduie 1duLdy

|

EUUSEAW LazUame MNNINNNSIIIUNIDNDINISHEAWUDINNANINLINADY LATANYNIY

12 '
=

imslunisvineuilisendingulsn WMSDs (Work-related musculoskeletal disorders) @
Judunseiinuliesianlugnavnssunisneains lasuszanues WMSDs finuvesdian
#ud nque1nsglasdtaiio (Carpal tunnel syndrome) Busniau wazguirdosniau tne
duesiumefildsunanssnuaineamsuiaduresssuundmienasnszgninnian léud
Ina nisedua1e e nszgNFunAs wavdds (Vijayakumar & Choi, 2022)

fnansAnwiRgtumsuiniuresssuundudeuarnszgnueausanuneadly
waneUszinafiitedunuasnadasi wu Tuuszmeduide (Gayathr et al., 2025) laUszidiu
ﬂ?ﬂuﬁﬂﬂaﬂiiﬂLﬁ&J’JfT‘Ui%‘UUﬂﬁWNL‘IjJE)LLazﬂﬁz(g]ﬂ (WMSDs) Tunguussnuneasng finuin
usey 25-30 3 f8nsmafnlsaisfussuunduieuarnsegngsiigalaoianis
Usuee (5esag 28.5) Laznad (Seuay 22.5) muﬁﬁw}gﬁﬂ msfudunanny wazvimned
Talunyay Lﬁuﬁﬂﬁﬂﬁﬁﬁmﬁﬁﬂﬁﬁﬂiiﬂﬁ} warlulsewmadnsu UJazari et al,, 2018) wuin
Fammaiiamsuinduanmsiauresissnuieaiafinulesiigaldud lsaRefussuu
nszgnuazndsiile fevas 53.3 lasanufinunfvesssuundunionaznszgnaulng wui
UShunad (Seeay 30.5) 191 (Sovay 28.9) uagdemen (Seuay 4.2) muainu (Cheraghi et
al., 2019)

5.2 HaMIAATIEAAMUESWNNIEMaARTURILTIUNead eI PATH Fuvinnis
N13911974 (Posture) Wu3H3991UN a3 19IN15 I INNRASITUIRVDIEFY/NET V1 WL
druvu (Ive) wazvimsvesnsludndiugs aeandesiunanisAnyinguussuneaianuy 7
wuuwssnuldnavihaudnlnaderiiniawesddiinsssuw (Buchholz et al., 1996)

dnsunansAinwduianssy (Activity) sruedesdlefildlunisvineu (Tools) way
AuNsUugeTan/aunsal (Handling) wudtussuneassldndrunadnuazifeiiuiuy
nsEany usdeRansansaufungAnssunisviauudienanaildin udussnudiumnagld
ussliiiAn 10 Alan3u Wulumufingmanedvun (nsgnTiaussa, 2547) usenaeglurinis
Aldmnzaunieinsssund wu dounfindwiile sonussteiios Buhau WBeudendudu
Ases Taansdafanieldsadudulsydn %qﬂfmwﬁlﬁmmzamﬁyﬁﬂﬂﬁmstﬁmmm
degdlunisvihe uagnsuiaduld Wunan1s@nwvitnanisiaulagldnduazaey

ANMSUNSYINIUNDESI NANISAAITAUIVINNIG NISIBIU LA LaLNISIUDD WUIEIUY
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vy (Govaz 89) livimmaitlaignies ihluganuiilesdazeinisuinvas (Ning & Joseph,
2024)

Lsanuneadasa 4 nauau loun sunszes el suihuad waseuRng
Tansuen Wunssruvesusiuandnenssy Ailuaiselunsusadiuseiuaudsase
MsUsTAUSURTIE NIEuE NI fidonndatudn ussuiinudsfivensulylaen
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ANANARY: VUENANERNT LBLAR, AUVUMIUYBIEING, FFUSUYad, weatladnounia

Abstract

This study aimed to investigate the use of recycled plastic waste as an additive
in asphalt concrete mixtures. Three types of plastic waste were examined: high-density
polyethylene (HDPE) obtained from packaging bottles and garbage bags, polypropylene
(PP) obtained from plastic containers and agricultural drip irrigation tubing, and
polyethylene terephthalate (PET) obtained from drinking water bottles. The novelty of
this study lies in its comparison of the performance of these three plastic types under
identical experimental conditions, whereas most previous studies have focused on
only one type of plastic. The mixtures were designed using the Marshall method in
accordance with the Department of Highways Standard No. DOH-M. 408/2532.
Limestone aggregate from Sukhothai Province and AC 60/70 penetration-grade asphalt
cement were used, with an aggregate blend ratio of 50:25:13:12. The optimum asphalt
content was determined to be 4.8% by weight of the aggregate. Plastic waste with
particle sizes ranging from 2 to 4 mm was then incorporated at dosages of 1% and 3%
by weight of the asphalt cement. Marshall stability, flow, and air voids were evaluated.
The results indicated that the mixtures containing 3% plastic exhibited substantially
higher Marshall stability than both the control mixtures and those containing 1%
plastic, particularly in the HDPE- and PP-modified mixtures. Meanwhile, the flow values
of these mixtures decreased as the plastic content increased. The air void contents of
all mixtures remained within the specified range of 3.7-4.4%. Overall, the plastic-
modified mixtures demonstrated the potential to provide greater strength and
durability than conventional asphalt concrete while partially reducing asphalt cement
consumption. These findings demonstrate the potential of utilizing plastic waste in
pavement applications as a sustainable approach to resource management.
Keywords: Asphalt concrete, Marshall mix design, Pavement durability, Recycled

plastic waste
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laglanignarafnuszinnines lunaigin 1w High Density Polyethylene (HDPE),
Polypropylene (PP) wag Polyethylene Terephthalate (PET) Faanu1savasusIniy
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drunauliegeddedAy wardudulununasiuinsgiuresnsunimaia (Thienthong
et al., 2025)
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warseuay 3 AeAnauUAveweaiiadaaunin IngoanLuUEI UNANAINITUNSLYAdAY
UINTFIUNTUNIINA (M8.-4. 408/2532) wagUseidlunaruAIAuadosnn Ansiug
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2. IUILEIAYaINUITY

2.1 iednwnavesnsihvsznanainuszian HOPE, PP way PET urldidudiunanly
LoaflaiAaunn 1AgoankuUaAIUNANAINTSUTUYAd (Marshall mix design) muanIgIy
NIUNIUNAG (Va. -, 408/2532)

2.2 iitewssuiflsunavesUSinamesnanainiisenas 1 uazdevay 3 Taguiminves
graleaiandiuudneauifiveoaiannaunia wasUsslluaud@niaiAminssy laun Al
w@tiesnIn (Marshall stability) Arnslva (Flow) hagA19e93190n7e (Air voids)
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ANUANTIOULNNTIFINTTULALAS LTINS NENTBEN9E9E U

3. AATUNUIEY
av &g = a . =~ a o
NATpilluMsAny 1l amnass (Experimental study) iiieUseiiiunayaanisuivey
naadnunlddudrunanluweailannounin Tnefnwinansenuvesnaainusyiny High
Density Polyethylene (HDPE), Polypropylene (PP) e e Polyethylene Terephthalate
(PET) sloauUAn1aimnssuvesianiimie n1sanilunuideaseunquasusnisdAndanias
W3ENTEn N15RONLUUAINNAN N1THANMIBENNAGDY kaTNITNAFBUANTANIIAINTIUYDS
(3 a a a (% dy
woailadnounse lnullsvavidun el
3.1 Jdn (Material)
3.1.1 TaqunasAulu (Limestone aggregate)
dwsuanided anzIdulimdenldiaguiasiuiiuyu anuvadsdadiu anin
glurie IngldAnvuiaiiainuvinnisesnwuudndiunas lawn 3/4”, 1/2", 3/8” uavAuru

Jutanuiasiudwiuesnuuu Cold Bin
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AW 1 Tananasiuiugu (Limestone)

3.1.2 TanUseanu (Asphalt cement)

JanUsvanunidenldlunuideiiluveailaduud sila AC 60/70

AR 2 weastad@iuug (AC 60/70)

3.1.3 YYLWAERN

Ya o A

iIdeidentdvsgnarafinyszian High Density Polyethylene (HDPE) 910430
U353 9Tuazgavee, Polypropylene (PP) 31010 U Naafiniaga guInegnnIanIsinens

way Polyethylene Terephthalate (PET) 91nv3011d 8 gasvaznaafnlidouin 2-3
Haguns

AW 3 veznanaRnUsELAY HDPE, PP way PET
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(%
v A

AUNAN F1MSURINNLRaNadAauUnIm Al

® n1svageuNIsIvUIALinveeian Inentunzunswuulians §198emnu
UIRI7U a.-n. 204/2516 wiemvuaiin (Particle size distribution) ¥4
Aggregate ariliainazidonuazveu Tnglinunsunssinuuelng e
YuALan druingoaiunznsauas 200 (0.075 Jadmns) wauuSouiiou

1AVDIRIDYN NHIUNTOANAZUNTIVUINA AUNIBNIRUAYDIFIDE1
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= Y DA a
® NMsnaaRUMINTSANusavesianuiaTIuvenulagldaSes Los Angeles F8n13
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® NSNAADUANNUNWIUNITUALNITAATUUNVBITAANIATINVYIU TTNT
naaeuilliuiznsvageuliionA1ANE NI N IZLAZNTYATUN VDI TED)
aa [ i ¢ a a
wanuvgunivuadalaniinzinsaues 4 (4.75 a8iuns) 1n3gu
9IBINULINTFIU 8., 207/2517
®  NMIVARBUANHENTNNITUAZNIAATUUIVOITANNIATINVIEIU T0N1T
nagouilduiSnmeageuiiomAAua T LN IZLEE NIRRT IVD I Ta)
A < i 3 a a
WasmvgUnivadaannImeunsuues 4 (4.75 Taduns) 1Rz
91989NUUINTFIU N8N, 209/2518
3.3 MIANHUUEATIEIUNALLBaTaARUNTA
U1 903a31NN15NAADUTANNIATIN WIBBNKUURTI@IUNANLIaT afdABUNTA
ANTUNITNINTTUITUYA (Marshall mix design) AULINTFIUNTUNINAI a.-U. 408/2532
laglawIaudiedwdmsunaaauianun 6 win lawn freg1aauau (Virgin), HDPE 1 (130
Uﬁiﬁ;ﬁmsﬁ), HDPE 2 (9awey), PP1 (AFugNaasn), PP2 (a8l Mean1anIsinuens) wag PET

@19119%) TudnsiduNaLSoay 1 wagsauay 3
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3.4 NSWTLUAIDLLALNITHANNAARN
Tumswieusegueaiiadaounin thuasuiiueulumeuiigumyil 160-180°C
Huaan 4 Falus anduwSeuvsenanadin 5 e 1¢un HOPE 1 91n1nUT59:0uet HOPE 2
29Ny PP 1 99n015UEAN8 q PP 2 ananeiinneanisineas uwag PET Tnsarunuvun

wynanaRniviogluyie 2-4 Tadwns wazltludndiuiosay 1 wag 3 lasumtinvesueaiadn

= I3 I

FLuus UINa1af nNaNAUNIaTINAUTDUA LTS NANLUULIAY (Dry process) La19UM

=2

oaumgil 160-180°C 1unan 4 dalus ilelinanafinseuiuaziadeuianiasineg1aiis
Mnduiueailadduuiingm AC 60/70 figamgii 150-160°C wasnauuduiaiieaty
AewiluTususeeionnsuea Taesi 75 aduwiofiu (75 blows/side) MuBNATHILITUNS
dnsunuaTaswin wasddieglunegevandividimnssusely
3.5 MinageuauaLTRvaueailaineunin
NAFRUUTEANTANYRIRIRE I UEEATAAABUNTA MUUINTTIUNTUNVAIL Na.-L.
408/2532 TaeUsznous18n1sNAdaunIALad 8301w (Marshall stability) vii oUszLi Y

ANHANNIAIUNTTULSY wagAINsva (Flow) wedsziiunisivdeusuvesiannigldusene

4. NaN15IY
4.1 wannaaeuAaELTRved 3

4.1.1 Msvadeun1snsratevusiinuesianinedsseulunzunssuulidng wud

al

drunandidnuazdu vuinnazuuusewio (Dense gradation) fifinsnszanesveswingia
ogseilloaazauga InefidadiumnasuduaziBensglussduiivnzay

4.1.2 ManageusvdnmLuLazANENYeIAT Bl UsIIugUT 9o e
AU WU wraTmdlAaslauLUL (Flakiness Index: F.L) windusevay 42.25 wayaavil
A7118717 (Elongation Index: EL) winfudesas 36.27 9 sagiouldiiuiiuiasiud
dulsznevveseynaiifiguauurazsludndiuiidoutnags

4.1.3 maveaeusnsanusevesianiiariuveulaglfiaies Los Angeles mwuin
fiAmsdnvsewiniudesas 24.25 Tseglunamifivensuldmunnnsgiunums uandidiu
TuanuilauansalunIsiTumunstaduasnsdendssninensidoulan swdu
Haduddyiidmariomiuamunazorgmsldiuresinmateailadaounin

4.1.4 m'ﬁmaaummmmﬁwwmLLazm'ﬁﬂm%uﬁ%aqi’aamaiw WU AN
SIUAYIVVUNG 3/4 ﬁy';, 1/2 97 uay 3/8 61 flA1ANNE9T N 2.668, 2.699 lLay

2.640 PMUEU VUENTAANIATINALLBYANAIAINE 1T UNIBWINAY 2.687 Faaglugad
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wingaudmiunuleaiiadaounsn wavasioulnmuINYeIasTINNLANUNLILIURLSY

ausaldidudrudsenavludrunanlsogranunzay
4.2 NN508NLUUTATIAIUNALLDANAAABUNTA WUILLBLUS8ULAIgUNISNTEaNY

VUINYDIIATIUAUNAUNUINTFTIUNTUNIINAIY (M@, -U. 408/2532) dnTURININUTELAN
Wearing Course dunaufisenuuuiimnisinunzunssognieluianasifiimunluynuuia
e wanslisiuinniseenuuuinasiudmiumnzanuagidulunuunsgiui mvue
SNeaIzN15N5EEIUINTeIIETINTULUU dense gradation Bsfinisnszaneetiesaios

danalylassasranieluresoaian maunsnd ANUNUILLULALAIN1S0R 18w LA BE 198
200 Wirduseeag 8.5 dunumaiaglunisiiia

UsdnSan vl USunaudaniiiunsungs #

LSITALNILTENINLBAN AR NUNIATIN SINDIBI8ANYDII1901N1AN8TUEIUNEL AeTU

gradation Nlpdamnzaudmsumsihluldsudunisusulgsmensznatain uazilulady
fa

advayulidiunauneaiiadrouniafiantfnuaundauswazanumuniunavu Tngld

INSIAIULIATIIINAU 50 : 25 1 13 : 12 AwaAIlunIng 4
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Al 4 Aggregate mix combination
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M15197 1 @unanIsvedeuAaiesnIm AntstnawasAtesiteINIAvewealanaaunIn

779819 (Sample) Stability (lb) Flow (0.01 in.) Air Voids (%)
Control (0%) 3623 14.2 4.0
HDPE 1 (1%) 3732 14.2 4.2
HDPE 2 (1%) 3384 15.9 4.3
PP 1 (1%) 3526 15.6 4.4
PP 2 (1%) 3718 15.7 3.9
PET (1%) 3485 13.7 3.8
HDPE 1 (3%) 3989 14.0 4.4
HDPE 2 (3%) 3538 13.5 4.4
PP 1 (3%) 3938 11.7 3.8
PP 2 (3%) 3906 12.5 4.3
PET (3%) 3834 15.7 3.7

4.3.1 NANISNAFOULDII19971N1¢ (Air Voids)

NNATNA 5 NANISNAABUANYBII19817A (Air voids) Yoduaaianmaun3ni

HaNvgENaIaRnUTznn HOPE, PP Wag PET wudnAtasinee niavamndiagnseglugig

Useuna 3.5-4.5% F9agnelutianaeininssiudnsuanuseaiasnsunsniimie Qaevly
Y o9

UL 3-5%) L3 aNANTUINAVRIUSUIUNAER N WU UL UUYD9AT Air Voids 1015

Wasuwlasneadntesdlamindsununarainandsaz 1 1Wusesas 3 Ineluuinsaian

| ] = v | | = a a a 1 a &
ﬂjadmﬂmmﬁmmﬂumamm bYU SL'Uﬂaqll PP wag PET 99948919LARNAITVIWNAARNYIYLALLEIU

Poadnniglulassang vilvidrunauinnuuuunnniy @1 Air Voids veandiunaudinsed

Tureaiwmunzay wansliiuinnisiuvesnatafinlidinansenulsaunalasaasiausung

YaaueaflafAduNIA kardIa1NITATNYIANAATENINANULLUKAYYBII19RINALABE N9

WaNEEN BIEHARAUVUVNULALRIYNTSITUYBIRING
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Air void

Air viod %

HDPE 1 HDPE 2 PP 1 PP 2 PET

Il Control (0% Plastic) [ 1% [@3%

AN 5 AUFUNUSTEIINYD97199717d (Air voids) AuvdanasUSuiaveznanasn

4.3.2 NaN1SNAdsUALEREININ (Marshall stability)

LAAINANITNAFDUANADSTAIN (Marshall stability) yosueaiadaeund nfinay
Yeznanafnuszinn HDPE, PP way PET WudmﬂdaumﬁmﬁmLaﬁasquaﬂdwﬁmwmgmﬁ
faunldi 1,800 Vous LLamﬁammmmaﬂumi%’ULLNLLazmmu,%ﬂLLiwaaﬁwmauﬁagﬂu
SeeuR WeRsanSeuiisussminedasdunmsiiunatain nuinsiunatannlusng
Sovay 3 Weniadosnimgeniiiasogamunuuasnsiuisosay 1 Tnstanzlunguy HOPE
waz PP dauanslindiuinnisiiuusinamatainaiunsagisifinanunisuazmiuaiunsaly
ns3udminueeaiiadaounials nasinanaenndastunalniinarainmeslunaiain
gouuazAdouRiutaTlunTEUIUNMINANLU LTS ViR AaTidunanainiivaeifivay
NiaLazAULTe (Stiffness) maﬁaﬂﬂizmmaumaiw (Bualuang et al., 2025) 1ne HDPE
wag PP Feiilassaisluianauuuiawdn (Semi-crystalline) wazfinuudausadenaganin
PET luanzgaumgiinandily Jslinaiiiudaiosnmlddnioundi aenndosiunanisine
MswanvEENataRnLuULlukeailannanSouiinuiwliavemediwes Sualaunseoseay
Msfanzuazauudavesdrunay (Bualuaneg et al., 2025) Tuvasfins@nwiuieuiiou
weailadneuninnansourialy fuiiufulgseussnanainddvidiuinussansnmdlfiudu

wUsHumutnuarUsunavoIwaainilgiguiu (Lohatepanont et al., 2026)
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Stability

4000

3500
o)
< 3000
2
2 2500
A

2000

1500

HDPE 1 HDPE 2 PP 1 PP 2 PET
[l Control (0% Plastic) [0 1% [@ 3%

AT 6 ANUFNNUGTEIINANERETAIN (Marshall stability) Auwsia

LazUIunaeznaIann

4.3.3 wanvageunisiva (Flow)

1NN 7 wanisvaaeuAInisiua (Flow) wesueailadaeunininauey
warafnuszian HDPE, PP uay PET nudnAinisivavesmndiunauegluyisseunn 11-16
e (0.25 mm) Feegflutranamisnmsguiiiuunlif 8-16 e uansliifiuindiuma
famedaruaunsoluniadesunieldusinaivangay efinnsunavesUimamanadin
wu71 mMsdunananludnsiosar 1 Suuldhlianisinagedudndesluuisein
Tnstamnglungy PP uay PET dsazvioudanisifiunuasnsalunisiuasusuvesdiunas
oglsfiny WeiinUSinamanainiduiesas 3 wuirAmsivaduualvuanadlunanensdl
Tngtanizlu HOPE uay PP @ suanadansil uad1uud (stiffness) vesd1unanuas
ArwansolunsiuunndegUiiaTy sl A Flow vesndunaudsasegneglutas
1RsgIUfifvue uansiifiuinnsduvsewanainlidmansenuilsau songinssunaide
sUveneaiadnaunIn uardiaIu1I0AIUALALAATENINAMULTILTATAUEANEUTDY

;Y I

Janloog s

q
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Flow
20
<
= 15 |
S
€
€ 10
n
N
o
2
L 5
[T
0
HDPE 1 HDPE 2 PP 1 PP 2 PET
Il Control (0% Plastic) [ 1% [@3%

2NN 7 ANUFNTUSTENINeAINTiNa (Flow) nusliauwazUSunamasnaiadin

5. @yunauazn1senusena

1NNITANWINISUIVEENAERNUTELAN HDPE, PP wag PET wnlddudrunauly
waanlasAoUNTA LagadNUUUAIUNANAINITUITUYAGANULINTFIUNTUNNUAI (V8. -3
408/2532) amnsnasunaldsed

5.1 M39BNLUUSHTIAINIATILT 50: 25 13: 12 Idnuarn1INTEAN8IUIALUY
dense gradation Faflmnuseiosuazegmeluinusiunasguynuuiasin dsalilasais
YaskoailadaaunIndAunuILUUALazaIusaaewsIla og19liuszdninin lasaniy
USinautanpitunzings #200 fidesay 8.5 deilsifiuusidainiziazantesintseinianiely
Tnssasrananuiinduladeddyiivieasulinaresnisdunatafnuanseonldaged
UsgAvsnm Llesnmimihiidulassairavdniiseiuuse

5.2 NANISNARDINUIT dIUHANNNYANANATEININGINIIANINTFIY 1,800 Uaua
28 9tAlaY Lasmadunaainludnsfesar 3 A1ANuEDYTEINIWIBLNAIUANLAENNT
WBufifesas 1 Tasiawizlunga HDPE waz PP nsifisduvessnadesnminainauaud
voswananivaeiiinaauuds (Stiffness) voe¥anUszay dewalvidrunavanunsosuthmn
wagdumumadesUldatu Tng HOPE way PP Wnataiou iesanndingfinssudunodiues
Aeiaiuaundaussesssuuailan

5.3 Amslnavesynarunanoglutisnnsgiuiinmue (8-16 wiae) lnenuindelii
Usinamanafnduiesas 3 Anislvaiiuwiliuanaslunanensd lnemzlu HOPE wag PP

L lUN15aNa9v09AY Flow asnoudanisiiuanuwdauesdiunay vinlranuaiunsalunis

NIATIVIMANAlULaTRRaNTTULAYIAINTTH WNINEFETAY TiuaaInT Iy
U 8 aduil 2 w.a. 2569



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 233

Aosunieldusinaanas Jsaenndasiuuuilifuvesdn Stability sty eerdlsfinm e
Flow fenseglutisimnzay uansintandslifinanuuse (Brittleness)

5.4 AgesiniemavesnauNaNegluTIUTTIN 3.5-0.5% Faagluinausinasgu
Tnefuunltuanasdntosiiofinumamanain nsanaswesd Air Voids 8121inaInn1s
nanaRndouingorindulassaie shilddunaudenuuiuaindy fedwadinoniiu
yunuLazane s somsumInini

5.5 feianuiasinvzda1fuidanuuuuiagaue1IAauY19ge WiAN153n1se (Los
Angeles abrasion) WazA1AuaRdNzeglunaeifivunzay Hansvaassuanslifiuin
MsdumanaRnanssatisvaedesiiauIsUsEnsvesnaTIn Wy U eilivanzay Tne
Prefiveuudusmoshunanlnesi vl §ideldanmaoumdsiamuuuuiazauenid
seeudnass ilefuduaugniaunzauasnadoswesrildgsdduumany funanas
naFoUaTweInaT LAz vuaneuasUuA il duiunuvesduna

msthveznanannduinldluueaiiadreunin lnslamziisnsidiuiosas 3 aunsa
Preifinaussousmaimnssuvesianlfesuiisyaninm dluduarmudusauasa
nunu lnedsnssnwnnantiniulsuesiieglunaniuinsgiu Jedidnenngslunisualy

Uszgnaldlunuauu weduasunislanineinsegedstu

6. UBLAUDIUZ

6.1 msfnwvmansznuluszezenveueaiiadaouninfinauvesnatadin wu Ay
FIUNTURDAITUANT1IAINAIURAY (Fatigue resistance) WAEAIIUATUNIUADNITADAR
(Stripping resistance) tileUsziiiuatgnisldsuasesioma

6.2 msiniamageuifidnluseduauiu (Field test) Wi ofudunanisnaaedlu
ol JURnT warfnwmginssuvesiannglaaninasasuazanineIniFase

7. nAAnssuUsENA

4
ayv Ao & !

MmAjeildnTganlulaned auvideveveunsean UTEM nind aseiu d1in 9

q

nyeyATIEiianuznatafnuUssUudmsuldlunisnaaes maunslianueyasizilunis
fhenennuINIBINg wazialenmaliidngeuvunszuiunsuannglulseny

[y o w
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Faug FaduiandrAglunisaiiunuideasal
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Vegetable growing-area site selection in Tonghai County should account for
both natural production conditions and supply-chain accessibility. This systematic
review followed the PRISMA 2020 guidelines and employed two complementary
Scopus searches covering agricultural land suitability, GIS-based multi-criteria decision-
making, cold-chain facilities, logistics hubs, and market accessibility. A total of 139
records were identified, of which 45 full-text studies were included in the final
synthesis. Among the factors examined, slope received the strongest direct support in
the literature, followed by travel time to major export markets, access to county-level
wholesale markets or logistics hubs, and proximity to cold-storage, pre-cooling, or
processing facilities. Based on the literature and the specific production and distribution
conditions of Tonghai County, the proposed framework comprises three natural
factors, four economic factors related to supply-chain accessibility, two social factors,
and three categories of ecological and policy constraints. This framework provides a
systematic basis for subsequent AHP-based weight determination and GIS-based land-
suitability assessment.
Keywords: Vegetable growing-area site selection, PRISMA, Land suitability, GIS,

Multi-criteria decision making
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1. Introduction

Agricultural growing-area selection integrates natural, economic, social, and
policy conditions. GIS and multi-criteria decision-making methods allow terrain,
climate, soil, and accessibility factors to be evaluated within a common spatial
framework, while AHP is widely used to determine factor weights (Akinci et al., 2013;
Sengupta et al., 2022; Yalew et al., 2016).

For commercial vegetable production, however, natural suitability alone is
insufficient because perishable and time-sensitive vegetables depend on timely access
to road networks, wholesale and logistics hubs, cold-chain facilities, and external
markets. Long travel times may increase transport costs, delay postharvest handling,
and increase product losses even where soil and climatic conditions are otherwise
favorable (Abhinav et al., 2022; Aljohani & Thompson, 2018). Vegetable growing-area
selection should therefore consider both production suitability and supply-chain
accessibility.

Tonghai County, located in central Yunnan Province, China, is an important
commercial vegetable-producing and export-oriented area. Its agricultural landscape
includes a relatively concentrated lake-basin production area and surrounding
mountainous terrain, creating spatial differences in slope, cultivation conditions, road
access, and transport convenience. Vegetable production in the county is strongly
connected with external markets, and products are distributed to major cities outside
the local area. These characteristics mean that locations with suitable natural
production conditions may still face disadvantages if they are poorly connected to
transport routes, logistics facilities, cold-chain services, or major markets.

For perishable and market-oriented vegetables, production suitability and
postharvest accessibility are closely linked. Growing areas with shorter travel times to
roads, logistics hubs, cold-chain facilities, and core export markets may have
advantages in postharvest handling and market distribution; therefore, Tonghai County
requires a framework that considers both natural suitability and supply-chain
accessibility.

Existing reviews have examined GIS-based multi-criteria decision making and

agricultural land-suitability assessment (Abdullah et al.,, 2025; Malczewski, 2006;
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Mugiyo et al., 2021), but logistics, cold-chain accessibility, and market access have not
always been integrated into the same site-selection framework. This systematic
literature review therefore identifies relevant factors, classifies them into natural,
economic and supply-chain, and social scoring indicators together with ecological and
policy constraints, and develops a framework for vegetable growing-area site selection
in Tonghai County.
2. Research Objectives

To identify the key influencing factors and develop a comprehensive site-
selection framework for vegetable growing areas in Tonghai County, China, through a
systematic literature review.
3. Systematic Literature Review Method

3.1 Data Sources and Search Strategy

This review followed PRISMA 2020 (Page et al., 2021), and two Scopus
searches were conducted on 2 August 2026 using the Article title, Abstract, and
Keywords fields. The main search focused on agricultural land suitability, crop
suitability, agricultural site selection, and GIS-based multi-criteria decision making, while
the supplementary search focused on fruit and vegetable cold chains, wholesale and
logistics facilities, and market accessibility. Scopus was selected as the sole formal
database because of its broad multidisciplinary coverage relevant to agriculture, GIS,
logistics, and supply-chain research.

Both searches were limited to English-language peer-reviewed journal articles
to maintain consistency in screening and data extraction; no publication-year restriction
was applied, and the retrieved records were published between 2007 and 2026. The
searches were conducted separately because GIS, AHP, and MCDM terms are not
always used in cold-chain and market-accessibility studies and combining all terms
could exclude relevant supply-chain studies. The complete search strategy is shown
in Table 1.

3.2 Literature Screening

The two searches identified 139 records, including 77 from the main search

and 62 from the supplementary search, with no duplicates found. After title and

abstract screening, 92 records were excluded and 47 reports were sought for full-text
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retrieval. Two unavailable reports were excluded from the formal synthesis and

frequency calculations, leaving 45 full-text studies for inclusion (Table 2; Figure 1).

Table 1. Scopus Search Strategy and Search Results

Records
Search Purpose Search String Search Limits
Identified
Agricultural land
("agricultural land suitability" OR "crop
suitability, crop Scopus; Article
suitability" OR "agricultural site selection" OR
suitability, title, Abstract,
"crop site selection" OR "agricultural suitability
agricultural site and Keywords;
Main search assessment") AND (GIS OR "geographic 7
selection, and peer-reviewed
information system") AND (AHP OR MCDM OR
GIS-based multi- journal article;
"multi-criteria decision making" OR "multi-
criteria decision English
criteria analysis" OR "multicriteria analysis")
making
(vegetable* OR "fresh produce" OR
Fruit and Scopus; Article
horticulture*) AND ("cold chain" OR "cold
vegetable cold title, Abstract,
Supply-chain storage" OR "pre-cooling" OR "processing
chains, logistics and Keywords;
supplementary facility" OR "wholesale market" OR "logistics 62
nodes, and peer-reviewed
search center" OR "distribution center") AND
market journal article;
(accessibility OR "travel time" OR distance OR
accessibility English
proximity)

Note: No publication-year restriction was applied. The retrieved records were published between 2007 and 2026.

Both searches were conducted on 2 August 2026.

Table 2. Literature Inclusion and Exclusion Criteria

Item

Inclusion Criteria

Exclusion Criteria

Research topic

Studies addressing agricultural land suitability,
crop or agricultural site selection, agricultural
spatial layout, or the accessibility of roads, cold-
chain facilities, logistics facilities, and markets in

relation to vegetable production areas

Studies limited to pests and diseases, crop-quality
experiments, crop identification, internal
warehouse operations, or logistics optimization
without a direct connection to agricultural spatial

layout or growing-area selection

Document type

Peer-reviewed journal research articles

Conference abstracts, editorials, book reviews,

duplicate publications, and non-research

materials
Language English-language articles Non-English publications
Information Full text available, with sufficient information for Full text unavailable; excluded from the formal
completeness factor and method extraction synthesis and frequency calculations

Result content

At least one relevant site-selection factor,
measurement approach, spatial effect, constraint
treatment, or validation method could be

extracted

No information relevant to framework

construction was clearly reported
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A coding sheet recorded study context, research method, natural, economic
and supply-chain, and social factors, constraints, indicator measurement, and
validation information. Title and abstract screening, full-text assessment, and data
extraction were conducted by the first author using predefined criteria and the coding
sheet; extracted information and factor classifications were rechecked against the full
texts for consistency. Similar indicators representing the same site-selection meaning
were combined, such as distance, accessibility, or travel time to roads and markets.
Each article was counted once per combined indicator, although one article could
support several indicators. Frequency represents the number of supporting studies,
not indicator weight. Because the included studies used heterogeneous research
designs, a single formal risk-of-bias tool was not applied. Methodological transparency
was instead descriptively checked across factor reporting, measurement or
spatialization, analytical method, and validation where applicable. The study-level
evidence and methodological characteristics of the 45 included full-text studies are

reported in Appendix A.

{ Identification of via g (Scopus)
—
Records removed before
L . screening:
5 '\R‘ coras ldentlﬁgd from Scopus: Duplicate records removed
ain search (n=77) (n=0)
g i):g):ﬁ\zlgzs]upplementary > Records marked as ineligible
. . _ by automation tools (n = 0)
2 Total records identified (n = 139) R);oords removed fni other
reasons (n = 0)
—
'S ¥
Records screened .| Records excluded™
(n =139) Tl (n=92)
4
Reports sought for retrieval > Reports not retrieved
‘g (n =47) (n=2)
8 A4
Reports assessed for eligibility
(n =45) »
Reports excluded after full-text
assessment (n =0)

4

(n=45)
Reports of included studies
(n=45)

—
g Studies included in review
—

Figure 1. Identification and Screening of Studies Based on PRISMA 2020
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3.3 Factor Classification and Framework Development

Following data extraction, the identified factors were synthesized in three
steps. First, factors with equivalent site-selection meanings were standardized and
grouped; for example, distance, accessibility, network distance, and travel time to the
same destination were treated as a common accessibility concept. Second, the
number of studies directly supporting each grouped factor was recorded as descriptive
evidence rather than indicator weight. Third, candidate factors were assessed using five
considerations: literature support, relevance to vegetable production and distribution,
applicability to Tonghai County, feasibility of GIS-based spatial representation, and data
availability. These considerations were applied jointly rather than as mandatory
thresholds, allowing locally relevant and spatially measurable factors with limited
direct support to be retained.

Based on this assessment, the retained factors were classified as natural,
economic and supply-chain, or social scoring indicators, while legally or
environmentally restricted areas were treated separately as ecological and policy
constraints to prevent compensation by higher scores from other factors. This synthesis
produced nine scoring indicators and three categories of ecological and policy
constraints. Permanent Basic Farmland was retained as a policy layer because its

treatment depends on the research objective and type of agricultural activity.

4. Literature Screening Results and Factor Identification
4.1 Screening and Methodological Characteristics
The final sample included 33 land-suitability studies and 12 supply-chain
studies. The main search provided evidence on slope, temperature, soil conditions,
and GIS-based multi-criteria decision making, while the supplementary search added
evidence on cold-chain facilities, wholesale and logistics hubs, and export-market
accessibility. The smaller number of supply-chain studies reflects the narrower scope
of the supplementary search, which focused specifically on spatial accessibility
relevant to growing-area selection. Therefore, the reported frequencies were
interpreted as descriptive evidence rather than as directly comparable measures of

factor importance.
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GIS combined with AHP, Fuzzy AHP, TOPSIS, WLC, and other multi-criteria
methods was the dominant approach. Studies generally involved factor selection,
weighting, spatial standardization, overlay, classification, and validation. Accessibility
was measured using Euclidean distance, road-network distance, or travel time, while
restricted areas were commonly treated using Boolean masks or other non-
compensatory methods.

4.2 Natural Factors

Natural factors were widely used in the land-suitability studies. Slope
appeared in 19 studies and was generally treated as a cost indicator because increasing
slope may restrict cultivation and mechanization and increase erosion and
infrastructure costs (Akincl et al.,, 2013; Wotlolan et al., 2021; Yalew et al., 2016).
Annual average temperature was supported by 7 studies and was treated as an interval
indicator because temperatures below or above the suitable range may limit crop
growth (Jayathilaka et al., 2012; Sathiyamurthi et al., 2024). Soil organic matter was
also supported by 7 studies and was treated as a benefit indicator reflecting soil
fertility, structure, and water-retention capacity (Sawant et al., 2025; Sengupta et al.,
2022).

4.3 Economic and Supply-Chain Factors

Travel time to main roads was supported by 5 studies, county-level
wholesale or logistics hubs by 7, cold-storage/pre-cooling/processing points by 6, and
core export markets by 9 (Figure 2). Road-network travel time is preferable to straight-
line distance because it reflects road class, connectivity, detours, and travel speed.
Shorter travel times can reduce collection and postharvest delays and improve market
access. Previous studies also show that facility location and transport distance affect
logistics costs, service coverage, product loss, and economic returns (Abhinav et al.,

2022; Aljohani & Thompson, 2018; Ash et al., 2017; Kamruzzaman & Takeya, 2008).
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Travel Time to Rural Public Services =0

Agricultural Labor Density _ 4
Travel Time to Main Roads _ 5
Travel Time to Cold Storage/Pre-Cooling/Processing Points _ 6

Soil Organic Matter

]
Annual Average Temperature _ 7
Travel Time to County-Level Wholesale/Logistics Hub _

Travel Time to Core Export Markets _ 9

B Number of Full-Text Studies Providing Direct Support 0 2 4 6 8 10 12 14 16 18 20

Note: Frequencies are based on the 45 included full-text studies. One study could support multiple indicators.
Travel Time to Rural Public Services received no direct support and was retained based on local applicability and

spatial measurability.

Figure 2. Direct Literature Support for the Nine Scoring Indicators

4.4 Social Factors and Ecological-Policy Constraints

Agricultural labor density or agricultural employment ratio was supported by
4 studies and treated as a benefit indicator reflecting labor availability for vegetable
production and postharvest activities (Bose & Halder, 2023; Ozsahin & Ozdes, 2022;
Zhu et al., 2022). Travel Time to Rural Public Services received no direct full-text
support but was retained as a locally applicable cost indicator reflecting access to
agricultural extension and production services.

Three ecological and policy constraints were identified: Ecological
Conservation Red Lines and Protected Areas, Drinking-Water Source Protection Zones
and Buffer Areas, and Permanent Basic Farmland. Ecological and water-protection
areas may be treated using Boolean masks or zoning rules. Permanent Basic Farmland
requires treatment according to the research objective rather than automatic exclusion
from agricultural suitability assessment. Separating constraints from scoring indicators

prevents restricted areas from receiving high suitability through score compensation.
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4.5 Framework for Tonghai County

After factor harmonization and application of the considerations described in

Section 3.3, overlapping factors with the same site-selection function were merged,

while highly crop-specific, duplicated, or insufficiently spatializable factors were not

retained. The remaining candidates were assessed using literature support, relevance

to vegetable production and distribution, applicability to Tonghai County, GIS-based

spatial representation, and data availability.

This synthesis resulted in three natural factors, four economic and supply-

chain factors, two social factors, and three categories of ecological and policy

constraints. Table 3 summarizes their attributes, functions, GIS expressions, and

evidence bases. Study-level evidence is provided in Appendix A.

Table 3. Factors Influencing Vegetable Growing-Area Site Selection in Tonghai County

Attribute/
Category Indicator Main Function GIS Expression Evidence Basis
Treatment
Cultivation, DEM-derived slope
Slope Cost 19 studies
mechanization, erosion raster
Annual Average Interval Growth cycle and Climate raster/station
Natural 7 studies
Temperature optimum development interpolation
Soil Organic Fertility, structure, Soil raster/sample
Benefit 7 studies
Matter water retention interpolation
Travel Time to Shortest road-
Cost Regional network access 5 studies
Main Roads network time
Travel Time to
County-Level Collection, trading,
Cost Road-network time 7 studies
Wholesale/ distribution
Logistics Hubs
Economic Travel Time to
and supply- Cold-
chain Storage/Pre- Postharvest handling and
Cost Road-network time 6 studies
Cooling/ preservation
Processing
Points
Travel Time to
Transport cost, timeliness, Cross-regional road-
Core Export Cost 9 studies
price transmission network time
Markets
Agricultural
Production and Township statistics
Social Labor Density or Benefit 4 studies

Agricultural

postharvest labor support

spatialization
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Attribute/
Category Indicator Main Function GIS Expression Evidence Basis
Treatment
Employment
Ratio
Travel Time to
Production services and Road-network time to Local
Rural Public Cost
long-term support service nodes applicability
Services
Ecological
Conservation Boolean/ Prevent prohibited areas Studies +
Official boundary mask
Red Lines and zoning from score compensation Chinese policy
Protected Areas
Drinking-Water
Ecological
Source
and policy Boolean/ Official Regulatory
Protection Control water-source risks
constraints zoning boundaries/buffers basis
Zones and
Buffer Areas
Land-use control;
Permanent Basic Chinese policy
Policy layer treatment varies by Official boundaries
Farmland basis
objective

The framework integrates natural production conditions with supply-chain
accessibility and social support, while ecological and policy constraints are treated
separately. It provides the factor basis for subsequent AHP weighting, GIS-based

suitability evaluation, and constraint-layer processing in Tonghai County.

5. Discussion
5.1 Integration of Production and Supply-Chain Factors

Natural conditions remain the foundation of vegetable growing-area selection
but do not fully represent the location requirements of perishable and market-
oriented vegetables. Conventional land-suitability frameworks mainly emphasize
biophysical production conditions, whereas the proposed framework also incorporates
access to main roads, logistics hubs, cold-chain facilities, and core export markets.
Conceptually, this extends site selection from a production-only perspective toward a
production-distribution perspective. Methodologically, these supply-chain dimensions
are expressed as GIS-compatible accessibility indicators, allowing production suitability

and distribution accessibility to be evaluated within the same spatial framework.
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5.2 Value of Travel-Time Indicators

Straight-line distance does not reflect road hierarchy, network connectivity,
detours, or travel speed. This is particularly relevant in Tonghai County, where
vegetable-growing areas are distributed across basin and mountainous terrain. Road-
network travel time is therefore a more practical accessibility measure. Previous studies
also demonstrate its importance: relocation of Melbourne’s wholesale market
increased retailer travel distance by 31% and wholesaler travel by 14.1 km per delivery
(Aljohani & Thompson, 2018), while GlIS-based cold-storage planning in Kolar District
reduced the maximum distance to the nearest facility from 50.97 km to 13.98 km
(Abhinav et al., 2022). These findings support the use of travel-time indicators in
vegetable growing-area selection.

5.3 Local Applicability and Policy Constraints

The framework is locally relevant to Tonghai County because its perishable
and market-oriented vegetable production is distributed across a basin—-mountain
landscape, making access to roads, logistics hubs, cold-chain facilities, and external
markets important for postharvest handling and distribution. Literature frequency was
not the sole basis for factor retention. Travel Time to Rural Public Services received
no direct full-text support but was retained because it represents spatially measurable
access to agricultural extension and production services. The ecological and policy
constraints were retained mainly according to Chinese regulatory and planning
requirements rather than international literature frequency.

Scoring indicators were separated from ecological and policy constraints
because restricted areas should not be compensated by higher scores from other
factors. Boolean masks or zoning rules are therefore more appropriate for such
restrictions. Permanent Basic Farmland requires separate treatment because its
interpretation depends on the planning objective and type of agricultural activity.

5.4 Limitations

This review used Scopus as the sole formal database and may have omitted
relevant Chinese-language or local studies. Two potentially relevant reports were
unavailable in full text and were excluded from the formal synthesis. Literature

frequency reflects direct support rather than indicator weight, which requires separate
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expert judgment and AHP. Locally specific social and policy factors also require

verification using official planning and spatial data.

6. Conclusions

Two Scopus searches identified 139 records, of which 45 full-text studies were
included. Slope was the most frequently supported natural factor, while the four
supply-chain accessibility indicators received 27 direct-support occurrences, confirming
the relevance of roads, logistics facilities, cold-chain services, and market access to
vegetable growing-area selection.

The final framework contains nine scoring indicators and three categories of
ecological and policy constraints. It integrates production suitability with Tonghai-
relevant supply-chain accessibility and separates compensatory scoring indicators from
non-compensatory spatial constraints. The framework provides a basis for AHP
weighting and GIS-based suitability evaluation in Tonghai County and may also inform
commercially oriented and externally connected vegetable-producing areas where
topographic variation and access to roads, logistics hubs, cold-chain facilities, and

external markets are important site-selection considerations.
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Appendix A

Table Al. Study-Level Evidence Matrix for the 45 Included Full-Text Studies

Study

Study Context

Method /

Measurement

Supported

Indicator(s)

Methodological

Characteristics

Bozdag et al. (2016)
AHP and GIS based land suitability
analysis for Cihanbeyli (Turkey)
County

Cihanbeyli County,
Turkey; dryland
and irrigated

agriculture.

GIS-AHP; soil, land
use, climate,

topography, irrigation-
water quality,

groundwater depth;

slope classes.

N1

Separate dryland and irrigated
suitability models; AHP
hierarchy and comparison with

current land use.

Sengupta et al. (2022)
Assessment of agricultural land
suitability using GIS and fuzzy
analytical hierarchy process approach

in Ranchi District, India

Ranchi District,
India; agricultural

land suitability.

GIS-fuzzy AHP;
climatic, topographic,
soil and road/river
accessibility factors;
membership

functions.

N1, N2, N3,
E1

Weighted overlay with fuzzy
standardization; MAE and
RMSE used for model

evaluation.

Sathiyamurthi et al. (2024)
Agricultural land suitability of
Manimutha Nadhi watershed using

AHP and GIS techniques

Manimutha Nadhi
watershed, India;
agricultural land

suitability.

GIS-AHP; 57 soil
samples; 20-year
climate data; kriging;
SRTM-derived slope.

N1, N2, N3

AHP consistency ratio = 0.028;
weighted overlay and FAO

five-class suitability mapping.

Akinci et al. (2013)
Agricultural land use suitability
analysis using GIS and AHP technique

Turkey; agricultural

land-use suitability.

GIS-AHP; nine
parameters; weighted
overlay; post-overlay

exclusion of

restricted land.

N1

AHP CR = 0.0674; 1-10
subclass scoring; forests,
grassland and reservoir areas

excluded from final map.

Bose & Halder (2023)
Identification of crop suitable land
using geospatial techniques and
assessment with socio-economic

factors—case study from India

India; multiple
crops including

vegetables.

GIS-AHP; natural,
road-network and
socio-economic

factors.

N1, E1, S1

RMSE validation (about 119%);
agricultural productivity and
labor compared with suitability

results.

Shawon et al. (2025)

Land suitability Analysis for
Sustainable Agriculture Development
using Multi-Criteria Analysis and
Machine Learning Techniques: Case

Study of Shibpur Upazila

Shibpur Upazila;
sustainable
agricultural land

suitability.

Multi-criteria analysis
and machine-learning
techniques; slope,
elevation, land cover,

flood risk and soil

conditions.

N1

Three suitability classes and
parcel-level land information
system; public full text
provides limited
weighting/standardization

detail.

Wotlolan et al. (2021)
Land suitability evaluation for
multiple crop agroforestry planning
using GIS and multi-criteria decision

analysis: A case study in Fiji

Sigatoka Valley, Fiji;
multi-crop
agroforestry

planning.

Single-crop land-
suitability models;
GIS-MCDA; AHP for
benefit objectives;
Weighted Maximum

model.

S1

Scenario-based multi-crop
spatial allocation integrating
crop requirements, expert
judgment and planning

objectives.
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Study

Study Context

Method /

Measurement

Supported

Indicator(s)

Methodological

Characteristics

Sathiyamurthi et al. (2024)

Assessment of crop suitability

Krishnagiri District,

GIS; AHP-TOPSIS;

AHP used for weighting and

India; crop TOPSIS for crop ranking;
analysis using AHP-TOPSIS and climate, soil and N1, N2, N3
suitability supports combined multi-
geospatial techniques: A case study topographic criteria.
assessment. method suitability assessment.
of Krishnagiri District, India
GIS-MCDA and AHP;
Paul et al. (2020) agricultural land,
Agricultural land One-at-a-time +10% weight
Assessment of agricultural land climate, water policy,
suitability for sensitivity analysis; supports
suitability for irrigation with reclaimed irrigation status and
irrigation with facility-distance/accessibility as
water using geospatial multi-criteria distance to
reclaimed water. a spatial criterion.
decision analysis wastewater-treatment
facilities.
GIS-AHP; 45 experts;
annual rainfall,
Jayathilaka et al. (2012) Six agro-ecological Two climate periods
humidity, annual
Spatial assessment of climate change regions in Sri compared; climate and
average temperature, N2
effects on crop suitability for major | Lanka; tea, rubber suitability maps used to assess
evapotranspiration
plantation crops in Sri Lanka and coconut. spatial change.
and yield; IDW
interpolation.
Abdullah et al. (2025) PRISMA; Scopus and
ADVANCEMENTS AND INTEGRATION | Systematic review Web of Science; Synthesized 34 studies and
OF BIOPHYSICAL, SOCIO-ECONOMIC, of agricultural review of GIS-MCDM, highlighted methodological
AND LOCAL KNOWLEDGE IN land-suitability machine learning, gaps in validation, parameter
AGRICULTURAL LAND SUITABILITY assessment hybrid models and standardization and socio-
ASSESSMENTS: A SYSTEMATIC studies. socio-economic/local economic integration.
LITERATURE REVIEW knowledge.
Karaelmas et al. (2026) Semi-arid GIS-AHP; eight
Expert weighting and weighted
GIS and AHP-Based Agricultural Land- southeastern ecological criteria;
N1 overlay; ROC validation with
Use Suitability Analysis in Semi-Arid | Turkiye; agricultural FAO five-class
AUC = 0.815.
Regions of Southeastern Turkiye land-use suitability. suitability.
FAQ framework, GIS-
Ezz & Abdel-Wahab (2025)
Egypt's Western AHP and weighted
Land Suitability Mapping for Integrated FAO land-suitability
Desert; sustainable | overlay; soil, slope,
Sustainable Agriculture in Egypt’s N1 logic with AHP-GIS for dryland
agricultural land evapotranspiration,
Western Desert: A GIS-AHP agricultural planning.
suitability. precipitation and
Framework
land use.
GIS-AHP and
Leila et al. (2026) Saf Saf Basin,
weighted linear Expert AHP weighting (CR =
Integrated multi-criteria decision northeastern
combination; nine 0.0993); 1-9 subclass scoring
analysis and GIS for sustainable Algeria; sustainable N1, E1

agricultural land use planning: the Saf

Saf Basin, Northeastern Algeria

agricultural land-

use planning.

physical criteria
including slope and

road distance.

and five-class suitability

mapping.
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Methodological
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Zhu et al. (2022)

Suitability evaluation of potential

Mediterranean

AHP, CRITIC and

artificial neural

Extreme aridity without

irrigation excluded; results

region; potential network; 15 natural N2, N3 validated against mean yield
arable land in the Mediterranean
arable land. and socio-economic and harvested-area
region
factors. relationships.
Hussain et al. (2024)
Hierarchical pairwise
Agricultural land suitability analysis of | Southern Punjab, AHP and MCDA;
comparison and multi-factor
Southern Punjab, Pakistan using Pakistan; terrain, soil, climate,
— integration; about 43% of the
analytical hierarchy process (AHP) agricultural land irrigation and land-
study area classified as highly
and multi-criteria decision analysis suitability. use factors.
suitable.
(MCDA) techniques
GIS-MCDA; six
Ozsahin & Ozdes (2022)
criterion groups and
Agricultural land suitability Tekirdag Province,
37 variables including
assessment for agricultural Turkiye; agricultural Model calibration/validation
temperature, soil N1, S1
productivity based on GIS modeling productivity used NSE, RSR, PBIAS and Rz.
properties, water
and multi-criteria decision analysis: suitability.
access and farmer-
the case of Tekirdag province
related variables.
Nungula et al. (2024)
Cassava and bean | GIS-AHP; topographic,
Multicriteria land suitability AHP used for main/sub-
production; crop- climatic and soil
assessment for cassava and bean — criterion weights and ArcGlIS for
specific land criteria; separate crop
production using integration of GIS spatial suitability mapping.
suitability. models.
and AHP
Everest et al. (2021) AHP-GIS; seven
Determination of agricultural land Northwestern land/terrain Weighted suitability mapping
suitability with a multiple-criteria Turkey; agricultural | parameters; exclusion N1 combined with post-overlay
decision-making method in land suitability. of forest, settlement, hard exclusions.
Northwestern Turkey water and road areas.
Saha & Gayen (2025) Remote sensing, GIS
Koch Bihar District, Integrated multi-factor
|dentification of suitable land for and MCDA; 15 terrain,
West Bengal, India; suitability assessment with
sustainable agricultural practices in soil, hydrologic, N1
sustainable weighted spatial layers and
Koch Bihar district, West Bengal: A RS- climate and land-use
agriculture. final suitability mapping.
GIS based MCDA approach variables.
GIS-MCDM,; fuzzy
Explored compensatory to
Baja et al. (2007) standardization;
Land-use planning; non-compensatory decision
Spatial based compromise compromise
multiple spatial E1 settings and sensitivity; road
programming for multiple criteria programming; road
criteria. proximity derived from
decision making in land use planning accessibility and
nearest-road distance.
water-body proximity.
GIS-AHP and remote
Baite et al. (2024) Manipur, India;
sensing; eight terrain, AHP pairwise weighting and
Agricultural land suitability analysis in | agricultural land N1

Manipur, India using GIS and AHP

suitability.

soil, climate and

land-use variables.

five-class suitability mapping.
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Methodological
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Sawant et al. (2025)
Crop suitability analysis for the

Coastal India; rice

Remote sensing, GIS

and AHP; elevation,

Crop-specific suitability

coastal region of India through fusion and coconut slope, soil properties, N1, N3 mapping; land use/land cover
of remote sensing, geospatial analysis suitability. rainfall, temperature treated as a constraint layer.
and multi-criteria decision making and LULC constraint.
Esomchukwu Chinagorom et al.
GIS-AHP; slope,
(2025) Awka South local Factor reclassification,
elevation, soil,
A GIS-based analytical hierarchy government area; standardization, AHP
temperature, rainfall, N1
process modeling for agricultural-land | agricultural land consistency testing and
drainage network and
suitability in Awka South local suitability. weighted suitability mapping.
land use.
government area
Bayar & Karabacak (2026) AHP weighting and fuzzy
GlIS-based fuzzy logic
Assessment of agricultural land Silifke District, treatment of spatial
and MCDA; physical,
suitability using GIS-based fuzzy logic | Turkiye; agricultural — uncertainty; suitability
human and economic
and multi-criteria decision analysis: a land suitability. ; compared with current
actors.
case study of Silifke district, Turkiye agricultural land use.
Abate & Anteneh (2024) Rainfed cereal
MCDM,; climate, slope
Assessment of agricultural land crops (barley, Crop-specific matching using
and field/laboratory
suitability for cereal crops based on wheat and teff); N1, N3 observed soil and
soil physico-chemical
the analysis of soil physico-chemical | agricultural land environmental properties.
measurements.
characteristics suitability.
ALSE system
Elsheikh et al. (2013) integrating FAO-SYS,
Tropical and
Agriculture Land Suitability Evaluator GIS and expert Reusable rule/knowledge-
subtropical crops;
(ALSE): A decision and planning knowledge for — based land-suitability
decision-support
support tool for tropical and L mango, banana, evaluator for multiple crops.
tool.
subtropical crops papaya, citrus and
guava.
GIS-AHP;
Kaur et al. (2024) temperature, rainfall, Hierarchical AHP with
Indian Punjab;
Agro-Eco-Resource Zonation (AERZ) soil organic carbon, consistency checks; final zones
agro-eco-resource N3
for sustainable agriculture using GIS soil properties and compared with rice and wheat
zonation.
and AHP techniques in Indian Punjab groundwater; IDW yield maps.
spatialization.
GIS-AHP at 1-km
Xu et al. (2024) Taiyuan, China; resolution; natural Weighted suitability
Agricultural Land Suitability county-scale and social criteria; assessment followed by
C1

Assessment at the County Scale in

Taiyuan, China

agricultural land

suitability.

urban land and
nature-reserve

constraints.

removal of urban-construction

and protected areas.
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Indicator(s)

Methodological

Characteristics

Xue et al. (2023)

Agricultural land suitability analysis

Central China;

Fuzzy AHP and GIS;

accumulated

Crop-system-specific suitability

for an integrated rice—crayfish culture integrated rice- temperature, water N1, N2
weighting and spatial mapping.
using a fuzzy AHP and GIS in central crayfish culture. distance, slope, land
China use and soil texture.
Goosgle Earth Engine,
FAO S1-S3/N reclassification;
Yalew et al. (2016) AgriSuit web-GIS- QGIS and webAHP;
AHP consistency
AgriSuit: A web-based GIS-MCDA MCDA framework; land cover, slope,
N1, C1 demonstration; protected
framework for agricultural land Abbay Basin elevation, soil/water
areas, forest and water
suitability assessment demonstration. stress and proximity
included in unsuitable class.
factors.
Dutta et al. (2024) MCDM integrating
Sali watershed; Land-capability assessment
Land capability assessment of Sali climate, soil fertility,
agricultural land used to identify potential
watershed for agricultural suitability topography and —
capability and crop agricultural areas and support
using a multi-criteria-based decision- socio-economic
planning. crop-layout planning.
making approach factors.
Rahman & Saha (2008)
Remote sensing,
Remote sensing, spatial multi criteria Flood-prone Combined hazard and crop-
spatial multi-criteria
evaluation (SMCE) and analytical agricultural area; specific suitability information
evaluation and AHP; —
hierarchy process (AHP) in optimal multi-crop to derive an optimal cropping
flood, land use and
cropping pattern planning for a flood planning. pattern.
crop-suitability layers.
prone area
Facility-location
Central Europe; Compared alternative
Addressing the location problem of a models including
perishables redistribution-center locations
perishables redistribution center in center-of-gravity, p- E2
redistribution- to reduce transport burden
the middle of Europe (2021) median and p-center
center location. and perishability-related loss.
approaches.
Modeling the carbon footprint of Life-cycle/carbon-
U.S. orange Quantified how transport and
fresh produce: effects of footprint modeling of
markets; fresh- market connection influence
transportation, localness, and transportation, E4
produce supply fresh-produce supply-chain
seasonality on US orange markets localness and
chain. impacts.
(2020) seasonality.
Before/after
relocation analysis Relocation increased retailer
The impacts of relocating a logistics | Melbourne's fruit
using retailer vehicle-kilometers by 31% and
facility on last food miles — The case and vegetable
telephone survey and E2, E4 wholesaler travel by 14.1 km

of Melbourne's fruit & vegetable

wholesale market (2018)

wholesale market,

Australia.

semi-structured
interviews with 19

wholesalers.

per delivery; supports

wholesale-market accessibility.
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Method / Supported Methodological
Study Study Context
Measurement Indicator(s) Characteristics
Temperature-

Management of Postharvest Losses
and Wastages in the Indian Tomato
Supply Chain—A Temperature-
Controlled Storage Perspective (2023)

Indian tomato
supply chain;

postharvest losses.

controlled storage
perspective on
postharvest loss and

wastage.

N2, E3

Demonstrates the role of
refrigerated/temperature-
controlled storage in

preserving vegetable value.

Irrigated agricultural development in
northern Australia: Value-chain

challenges and opportunities (2017)

Northern Australia;
irrigated
agricultural
development and

value chains.

Systems/value-chain
scenario analysis
covering production
potential, margins,
transport, processing,
storage, labor,

services and markets.

E2, E3, E4, S1

Long transport distances
(1,500-3,000 km) reduced
margins for high-volume/low-
value crops; nearer markets
and local processing improved

returns.

Urban transportation network design
for fresh fruit and vegetables using

gis-the case of bangkok (2019)

Bangkok; urban
transport network
for fresh fruit and

vegetables.

GlIS-based transport-
network design
incorporating time
windows, delivery
routes and cold-chain

conditions.

E2, E3, E4

Shows how logistics-node and
market connections can be
represented through urban

network design.

Winter is coming: the battle over cold
chain logistics in the global

agriculture (2025)

Murcia, Spain;
export-oriented
agricultural cold

chain.

Quialitative interviews
with logistics quality
staff and transport
practitioners;
supporting official
trade/statistical

databases.

£3, E4

Highlights long-distance
refrigerated transport, storage
and specialized perishable-
goods management as
conditions for export-market

access.

GIS based infrastructure planning of
Cold Storages for Crop Preservation: a
case study of Kolar District, Karnataka

(2022)

Kolar District,
Karnataka, India;
cold-storage

infrastructure.

GIS planning using
agricultural cover,
villages, road
network, existing cold
stores and
production data;
buffering, overlay and

spatial clustering.

£1,E3

Proposed 50 new cold stores;
maximum village-to-cold-store
distance reduced from 50.97

km to 13.98 km.

A Multi-Objective Model to Find the
Sustainable Location for Citrus Hub

(2022)

Citrus supply chain;
hub-location

problem.

Multi-objective
location model
integrating farms,
collection points,
distribution centers

and transport cost.

E2,Ed4

Optimizes hub location under
multiple supply-chain

objectives.
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Indicator(s)

Methodological

Characteristics

Influence of technology

Vegetable

producers in

Producer survey and
multiple regression;

market distance,

Market distance had a

standardized coefficient of -

0.41; producers nearer

responsiveness and distance to Bangladesh; E2, E4
technology wholesale markets showed
market on capacity building (2008) | market access and
responsiveness, age stronger capacity-building
capacity building.
and farm size. outcomes.
Spatial price-
The role of fuel prices in spatial price Horticultural- Shows that transport cost
transmission analysis
transmission between horticultural | market network in influences the strength and
linking market E2, E4
markets: Empirical analysis from a a developing- efficiency of market
distance and
developing country (2021) country context. connections.
fuel/transport costs.
Deep-reinforcement-
learning multi-
A Deep Reinforcement Learning- Agricultural site objective model
Jointly optimizes agricultural
Based Algorithm for Multi-Objective selection and integrating cold
E3, E4 location and logistics

Agricultural Site Selection and

Logistics Optimization Problem (2024)

logistics

optimization.

storage, market
demand,
infrastructure and

delivery routes.

decisions.

Note: N1 = Slope; N2 = Annual Average Temperature; N3 = Soil Organic Matter; E1 = Travel Time to Main Roads; E2 = Travel Time to

County-Level Wholesale/Logistics Hubs; E3 = Travel Time to Cold-Storage/Pre-Cooling/Processing Points; E4 = Travel Time to Core Export

Markets; S1 = Agricultural Labor Density or Agricultural Employment Ratio; S2 = Travel Time to Rural Public Services; C1 = Ecological

Conservation Red Lines and Protected Areas; C2 = Drinking-Water Source Protection Zones and Buffer Areas; C3 = Permanent Basic

Farmland.
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Abstract

This study aimed to investigate the problems and root causes of defects in the
stamping process for thinner-container caps at a case-study factory and to develop
appropriate defect-reduction measures. Data collected from February to May 2025
revealed that the production of thinner-container caps incurred the highest defect-
related cost, amounting to THB 68,112.45. The seven basic quality control tools (7 QC
Tools) were therefore applied to analyze and address the identified problems. The
analysis showed that the trimming and piercing operations were the critical stages,
together accounting for 88.47% of all defects. The principal defect types were dented
parts, double-stamped parts, and incompletely stamped parts. Two corrective
measures were implemented. First, the operating procedure was revised by reducing
the number of parts stacked in each loading column from 80 to no more than 32 to
minimize compressive force. Second, a preventive replacement interval was
established for the pneumatic valve controlling the part-ejection airflow, requiring
replacement every seven days or after the production of 160,000 parts. Following
implementation, the number of dented parts decreased from 11,468 (1.05%) to 2,401
(0.20%). The combined number of double-stamped and incompletely stamped parts
decreased from 6,520 (2.37%) to 1,354 (0.77%). These improvements effectively
reduced the number of defects and brought the production process back under
statistical control.

Keywords: 7 QC tools, Fishbone diagram, P-chart, Stamping process, Defect reduction
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