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Abstract

Transportation plays a crucial role in the development of agricultural logistics systems, as it
serves as the primary activity connecting production sources with consumer. It directly influences
product quality, operational costs, and the competitiveness of the agricultural sector. Efficient
transportation management is therefore a key component in minimizing post-harvest losses,
reducing delivery time, and enhancing consumer confidence in terms of product freshness and
safety. This research aims to simulate the commercial collection and transportation of mulberry
leaves for a selected group of farmers. The simulation was conducted in two stages. In the first
stage, farmers were classified using the K-Means clustering method, resulting in seven distinct
groups. The collection center locations were then determined using the Center of Gravity analysis,
followed by the design of collection routes from farmers to collection centers using the Nearest
Neighbour Heuristic (NNH) method. The routes were subsequently optimized using the Traveling
Salesman Problem (TSP) approach, yielding a minimum total distance of 155.66 kilometers. In the
second stage, the study focused on designing the transportation routes from all collection centers
to the buyer, employing the same methodology as in the first stage. The shortest total distance
obtained was 308 kilometers. Combining both stages resulted in an overall optimized transportation
distance of 463.66 kilometers. The findings of this study provide valuable insights for policymakers
and relevant agencies in supporting the cultivation of commercially viable mulberry leaf varieties
and promoting the development of commercial mulberry leaf markets, thereby enhancing farmers’

income and contributing to sustainable agricultural logistics management.

Keywords : The vehicle routing , K-Means Clustering algorithm, Center of Gravity method,

Nearest Neighbour Heuristic, Traveling Salesman Problem

o o

Uil 10 atiuil 2 nsngreu - Furaw 2568



Industrial Technology Journal 3

1. umin
s szuuladafnddmiunguiasevieinunsnsnanlundeudamnsiygaunuiiisuaulne -

o A

fumr Hudssdiuiienuddyidennnanianvasseadunilduamdnvennsugialuiufinown
(FnanuAsegiansinens,2566) o19lsin Lﬂwmiﬂﬂuﬁuﬁﬁqﬂa'nﬁaﬂLm%aujﬁ’uﬂagmﬁmﬂiz?m%mw
Tunsuuds nsnszanedudn wazduyuiigs sSuluguassadensimuinaziindaniuaansalunis
wisturesnanEn TN MIAnwinasiaunszuuladafndiduszansamiadunagnsddnlunis
gnszRuAnenImvesnunsnsiiaunsaudsdulunainld annwuifnnsuimsdnnistadasind n1simun
vhdlggunuilnzauzhisansfununsiiiun anveadeserinenssuiunsHanuarvuds SIfee
iinnmanssalunsidnfisnain (Chistopher,2016) lunsdlveaaietneinunsnstuaslumioudmdyd
szuuladafndiipastiofiuyseavamusinsvudsuaymsnssaeaudn dussnounsitisades Loy
yhiuded uaslsarmuuuszd uenand msldinalulagiivauarmadenlostoyaazdilmannisns
wHuNIYUETiwiugn anfAumNu LLasLﬁmyjaﬁﬂﬁﬁ’wémﬁmeﬁ (Wang, Zhang, Liu and Li,2020) iy
maianszuy ladafnddviunguinietieinuasnsgnanlumloudandivdianlunuwimdidglunis
indnenmynaAsygiavesyusumesuaulng-fumy lnedielifnanudenloszniianunsns fuan
uaznaaldegafivszansnn mAtedauiuniside a nquuladingmieulva fuaniu sune
Usnany Ssingiund daduiiuiinsddnw iduitnunsnanguiivgnifiedumisuiugiiuiies ffdnume
Tudnuazielsinien welddmiudsmueulnuwiiuwasnotlnuiledwiing dagtumaidsmuen
Tnwagveilmianasminamziassgiaiinnm ussuisvinudeduguluiaouimedmin fiede
v‘mmuwdaul,l,asrﬁqﬂmqLf]udfguimujﬁé'famﬂqﬂmjauuazL??&Nlumﬁams’hlm nsUgniiouiilesmiing
BemdvgTadumadenlumsifiuseld dslumisuiiannsadmingldfewusyiiug 60 flandnwal
wneienalusszdnuasnenisnmiduiifesnisvesaan mienunassiiiededuiud dms
daesulivgnlumisuiugionann witnwasnsnguiugnisnnusegdlanazanudesiulunisasulgnuas
nsswing anAdedadainsliaudludemstgnuasdmelumisudondudutinumsns uazaihg
wuuaesdmiunsuTkaraudslumiouludade Tasuandiiiudsdnumrnisuimedanislunis
WIUSIUTILAZYLES maamu&’unuﬁma%Lﬁméﬁuiumisﬁ’%ﬁumsﬁdﬂa'n iioUsznaunisdindulalunis
MIUKUNMFUTMITIANSveInguInunsnsuUUEIEy IneBuduanmsdnngudnanuieugnueu itede
somaifususlunloudiedmhetudiu fetsnmsdangudeyauuuiediu (K-Means Clustering) Faidu
FBianaunuauantAnadeadstu Tngazdmuagaisnaniusazngudeya gatanansiertadsvesdoya
v wé’wWﬂﬁ?u%ﬁwmiﬂ%’mﬂﬁauﬁwLmu'qmmmiﬁﬂmmmﬁﬁ“ﬂmﬂﬂ'wL@S&Jﬁmqmﬁqﬂmq QRERTIGH)
wouiifideulvhdesimusdnnungalineu antudentoyadurazngy Tnsaaieudanguilldondu
ngukenainiu Lideuruiy msdnnduisihjaduiinsliteyalunduiderduiinnundiondediu uie
swzmqmﬂé’ﬁummﬁqw wagdayasriianguiuiainuuwaneieiy (Lail, Faisal and Kurniawan,2024)
IsUszgndlddane3su K-Means S2ufudaneisu Particle Swarm Optimization LletisUszansnwlunis
Janqudayanvtinsiauiuyed Imwuimwmmﬁummaaaﬁaﬂa'%%mﬁsdasJLﬁummumgﬂumié’mﬂejm
Joyalaegelitod1dny (Chen and Hoe,2025) lauszandlddaneifu K-Means Tunisaeunisdingy
TagldlumsiinsegsiguuuunisiSeuvesiniFsunazuiuuseisnmsasulimnzaniunguiiniFouis
dnwaznsiFoudiuandisty deldnaudesvesiiugnlumiouundr3emannsnansvesusiaznguiiteliiu
agsdluniou feTnamanaudnansusaliugia (Center of Gravity - COG) innsiansausunuly
nsnszaelumionduilsiduesszozns wazgmalumlsuiviinsdnddiiugadanema@asiusm)

@ o

Uil 10 atuil 2 nsngreu - Furaw 2568



4 Industrial Technology Journal

IngiTinTengaaudnatausdduatuagldnuiunisimvunauuwuiiveaianuduiusyawiumi
vaaaUatenIedargatukaunlaedaun1slunisawin Awunisl-2 Suendal uvdusasdng fae
f16,2556)

c, :% W
C = Z ¥iQ 2)

,=
2.Q
lngil
Q Ao Ysunaudumidadsludagauanenia i

C, Ao AuvLauny X, ¥ea9aua1ena i

C, Am suvauny Y, vosgauatens i

Mntuisdadumanmafunusslumiouluisasndudeslufnasunuuas daduninisi
musalumlonnnynyanunaluinasuiemensudtymmudaieliifuyulunsuuddassus
fian %agﬂLLU‘UmimLé’umqﬁéguﬁqm%%uag'ﬁ’vi’mqﬂisaaﬁ (Objective) wazdodninlun1sundaym
(Constraint) MAinTu (Ibrahim, Abdulaziz and Ishaya,2019) Llasananmanunduadewesmsvudadud
ugagniniidodndnlunsvudsiiunnsinstu melddermuslubesesaildseimianuioszoziaily
nsvudsiitioniian (Toth and Vigo,2014) Inegadusunazgadugaveadunininfiusnasfenduge
Weafulaue(qie d1Usesiady way avive tonaasales 2559) Rdeutuilndfian (Nearest
Neighbour Heuristic - NNH) gnintdlunisdadunisnisiivsivsalumisunndugnludgasiusu
LLasaﬁ’mLé’umqmsLﬁ‘ui’msaﬂumjaumﬂnﬂ'«gmwsmwé’mmé’ufga NNH 1Hu3smsduvnandsdudniiog
Tndfuandsduianieludumatiagiunndian uasthandsludumady q lnefinsandeulvddyde
Usinaduiagdedliiiuninuguessrunivugauds vnnisisadedudifanandaaliuzunaiu
Fadfnarmguessumvuy sumvuzAdlmiazgnivusiiesandumdmiviud et nausienalnddn
sewiegaenagnimualng srogmslumsvudsdudi Ssannsauiuldldmumnumanzauveauiunns
Fudueu lnsdudunnnistmuegaidufurondunisuds viinduaidongnéviogadaluiid
szeneiilnddign egnAniegadinangnidenud azvihuihidugasisdslunsimungndmiegn
dnly Imaﬂmim'mﬂiwzmﬂﬁguﬁqmmm;mﬁwﬁu nszvrumsigduiuleghwaidouanugiy
ANzt srummuzieiadiianug vie luiansafiuaundn (Qadsdudn) Tisnsely a qaru dunns
nsvudsdagiuargninas uazasimsivunsadsduddulnl iieFunsasadumamidmiugnani
wde(n@ll 1d01,2563) Yymin1sidunieveantineuiy (Traveling Salesman Problem - TSP) t{u
gﬂwwﬁwmﬂagmwu np-complete @msURATEYUINITIALEUNIINITUUES Lﬁaﬁmaugﬂﬁ%ﬁumﬁu
anugnlunsdadunansrudsiesdvtunuudnluioaden fuuiAniiueenifunaingadudu
TUfagné n 99 ifesadafion sunsgisluasunnan uaznduludsgaidududnads (Lawler, Lenstra,
Rinnooy and Shmoys,1985) 3%'5%’61Lflu%ﬁaaﬂﬁ%ﬂﬂam’lﬁﬂ%’uﬂizﬁ’uﬁmauﬁﬁﬁqm (Optimal) lataue
wasivenemuslunsAnaazanudelunsinluldas ﬁgqﬁmil,t,ﬁ'ﬂfgml,wu TSP LAAILUUTIADY
mandinmansladd

o o

Uil 10 atiuil 2 nsngreu - Furaw 2568



T'77 Industrial Technology Journal 5

i, j: dumiegnénd i wie J (i, j=1..K)
W15180035
c,: srogmlunsifumsindiuignid i ludshumigndd |
k : 91uaugnen
U : Snnugnindlegludums
v : Sraugnénianun
fudsdnaula
X, =1 definsifiumisnndumisgndnd i luaa

= 0 WelainsiAumeaanndunignAi i luge

aunsidividng
Minimize "¢, X, (3)
i#]
AUN5VRINNN
k
Z Xy=1 Vi &
j=1
k
qu =1 ’VJ G
i=1
k
> X;<Ul-1 UcVv,2<Uj<k-2 (6)

aumailing (3) sregmslufvnunalumisulassuidesiian nelddesinduliuimnis
USTNNYRIUNIMAUEAD 1 1dUN Foddndl (4) Auusldnisifumnsssnansumisgnd i la q dosd
AR 1 (4 dundagnen i 1 9 aunsaiunseenldiiesnduiien) Sosindl (5) fnusldnisiiu
madduvigndn i la o desliAnvitiu 1 ( duvdsgnat i 1a 9 annsadumalfifienduien)
dodadl (6) \unsfulseiuidedlifinnsfnmaiumsges (Subtour) Tu Fauneamuitlunsiums
Fusuangalaavisfonfunanliasuyngafindenasdedsiinsunnasvesseulvsvesnis
Wumadumadesdu 9 Tu

35 TSP grihunldlunisusudgadimeuiildainds NNH Wielildmmeutdunsmsiiususaily
alou)iifian dufefiszeryilaerutiosiian weinsifeididumsairsanunsaiiaedussuiladaind
Tumioudandled nsdAnw Jududsliinmsduiunssmielumieudmided msdrassaniunisel
lussuuladafndizafielfiduumslunsiuiunmseshsivssansamluouan Ssanunsnasenels
Ttugugnmiounnifudgniftel fidssmuoulmiluniaiZou uazasiiluguuamensiaundalsune
atfuayumaivlnvesgnavnssunsHarluvsisuazgravinssuselilesluse MuviesiulasefuUsEIme
Ioehadstu Tumiidedss

2. Inguszasa

Weasuuusiassaniunisainisifiusiususasvuaduntewdandivd dmiudsznaunis
dndaulalunisuimsianisuasifinuszansamszuuladadndvesnguuvasingvseulny druamiun
guneusam fwmingiuns

@ o

Uil 10 atuil 2 nsngreu - Furaw 2568



6 Industrial Technology Journal

3. A9n157998
3.1 nsalfnw

v
=

wwﬂaﬂ‘muausuaaﬂammmwm%uuﬂaﬂwmmaﬁlm maaiuwumﬁmaml,m SuneUEm
Janingsuns uamﬂmmummauﬂumwuaulmmau 90 57 mmaaﬁaﬂﬂumama‘uaaam%ﬂm 90 51
Junquiiegis u,au:uLLmT,umuquam%ﬂluﬂaﬂuamﬂm HUgnumiaunnaneUsznaue 1 Amnunsnssy
Tseldannsvhundundn a,Jms"daﬂvi:uauimaiﬂuwuminmsammammwa’lmaaawuaulwuluﬂiaLsau
LLavwamlv«uLuaLamauqmmm ﬁmmﬂmiauﬂwmLmaﬂmmmﬁmﬂwuawﬂaﬂﬂawumm"l,w uag
Wugoy (mamﬂqﬂuﬂmwﬂﬂum “wquumu” smlm'umimLaiumiﬂqﬂwuauLW@‘LmLaﬂwuauva
Tuefin misuiugauln Wumiswiugiudeanadey Snurluduzuiila auia 10.70 x 13.20 . {3
Fendu lddeutu AluSeu v Wigndie Sanuduniuselsasiniu Tsaluae wazlsasaiy nuuds
167 sugnioutos \Sumiswiugiudonnad Snvarlubuzuiile auin 12.70 x 14.85 au. Aidyudu
Tiidoustu Aluandnies uns iendh gounralsALATUNAMA8YTALATUTINE TRV TN LAAIG

E‘Uﬁl 1

4

333

1

“RuENeweeIIRIIS
NNNARRNARNWA AN

TRwaneye9FD

1

JUN 1 dnwauzlumlouiuganlnuaziuitos
Au: nsunsiaulny, 2567

nMsdunwaidedn Jagtunqunguiavisgusuiladivgmisuluy dvaniun gneusam
Fminasuns dilifinsugnuiewdiedmineludamdsd wivsysunguaivufnlunisugnmiewile
$mihe wafoiuneldliiuandnlagldiuinlsrumstaassanmanasslumsgndouutass
uazdnassiuiiioliandnustas equadumisusazannsaiiuifsuiiedinneld Fotusudouivgnie
Wugu3ug 60 Faduiusifinisannzifouiusesesnagniestasmssmunudeinsvesgnin gniuie

2

Asuieluaiiuiilndifesiudmingiunsogluiundnaennloas Swmiayssud indhndudiudouas

dsluausenuussulunsiou
3.2 NM3raesaaunsainsiuTIuT ey uddlunto
3.2.1 mafiunusnteya Anwanmdagtuvesnguiaminguvunieusdading nadifinu
Feazdiiadoyaugugiifldannnisdunuaifugnusion Uszsiundy uasfiminiisunuuazsimin
Tumlewdendsd uazdoyanioginndoyaasaunaivemhsnuiiisdedliifiusiusuliegud
wu Usinalumioufianunsaiduiienldlunsas fu nsquadumsieu Fnsifvlumiou nsifvinm
aunmlunisundansifiuifenissminglumiou WWusu Taglduuvasuauuaznisdunvalaundn
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fugnlumieulungy Tuiufisiuaniiun snnausam uagldssyfinaveshumisuasgn Tneld Google
Map Ingldsgaguuuauuass (road distance)

3.2.2 m3danguianguiiugnluneu iedinveuvansifusiuslumiouiosinnianiv
swrilumisuludunoutiazdniiunisiasldsndnssusuiviasdisdguil 2 Sadivsinmsussmaladiiu
60 Alansu AreiEnsIangudoyaiaiiu (K-Means Clustering) Avuedwungudmsunsiangueuan
aleuduau k néu mmmmﬂuaﬂmmmu Im8mimmsvavmasvmwwauawnmavmﬂLLavaaqmm
wagU3unm Womgagudnans adnszes mﬂﬂaﬂ‘Uﬂaaﬂ,‘v«umﬂwamimmaaiunauuu udmneiade
Aanansvesusaznguludagyililéfdnasfgauaransign dmsungulud vharaundidiadefnandd
nswAsuLlas sudiunsuszananaldlusunsu Minitab 18

UM 2 manusivslundeulagldsadnseueudnasdng

3.2.3 yshumisiingasusalunlouveasesngy lufupeuiidunmafiomiifgasus
Tumlouiifvrununlfnnuasnsniglungy fnsthuninliide sesidumsludunousoly duga
swsamdagfinisilumionangefiinunsnudazeiivius esnuifiuen Weliluniouais
oondiau uazdnnsedludeviolundeullilinunmludosy feuhdsludiude navdumisiids
wsvsnlumiouveausazngudiiiunisieds oG lnglnszimiiingaaudnansuesusaznguilldain
fo 2.2 loldfifnvesgnsrunuinzauvesudazngudesuds udrdniluifisufsaiuiidauvasgn
Tumiouflndiigauarliffniuduganunylumieurensasngudes dudunsussananadelsunsa
MS Excel

3.2.4 Pa0In1sIndun1enNTshusatunsvudduntdeu

speedl 1 dadumanisifusalumsifusiusadumisuininunsnsludigasiusuvesusdas
ngumaiivnuTalunisuiiodlununudenunuildinnde 2.3 luutazngulagldsndnseueud
Waafﬁwﬁﬁﬁummiﬁqﬂ 60 Alansu lnvasumsaunindszeenaniiinasign, aediye AvTIUTIWE
Tnefgasurndugaidufuuazgadugn ansaandndszoznsildlunisinuilidunuvauias
(Symmetric) Ingauufinszoznianionaniunisszninegeassgala q daniifuislunagndy
(u sgegnean i W j wiriuan j U D) Teedndunisynnguees k ngu udadedndumenisiiusiusy
Tunsdousmiels NNH wagUFuuseAmneumeds TSP anliunmsussaianamelusinsy MS Excel

se08il 2 fi]’mLﬁumamalﬁummauLtawua'ﬂumiaumﬂﬁ;fﬂiama:uiﬂé’a@m%’u%@@m%’u%ﬁlwﬂau
Femdedlunsddnunilimualideg sunewlsas fminyisug fifa (15.547876,103.058343)
Tagrinssausanlunieuainynansius k wis Isasudduiadou 4 & vuiaussmn 720 Alansu
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Wugmumnugiilumsituniusdlundeusazdndun1areds NNH wazUSuugesimause TSPAduns
Uszanaramelusunsy MS Excel

4. Nan13IY
4.1 wan1siiuriuiudeya
fuan1iul 8neUs1am Jamiagiuns Usenaulusie 19 ndiu ualifugnudeudiuiu

Y
10 vyt loun vgd# 3 drunies $1uau 15 519 wedis Trudusadnuiu 2 s1e vidd 7 drunsinels

1

117U 7 18 vl 8 UrulAnasiu 91w 1 518 v 9 Urugilafadiuiu 14 918 vl 10 Uruazidn

U
1

U 5 518 eN12 T 91U 9 518 vl 14 Jrudnn 99w 8 518 wail 15 Uruyian 31uu

a

2 $1euazny? 19 Jruaun §1uu 11 519 sauviedn 90 318 Usunadlundewlaesiufianuisaiulad
Uszana 453.25 AlansusieTu lngdunisidweswlaslgnmisunssinuinunsnsygugnmalowns 90 s1g
WARIAIFUN 3

dwalanow
dunedsinn ndagsuns

SunaUsiann iamsngsuns,

(24

dwanunais:uoa
dwaldiuwan) GunoUsinn Tindogsung
Sunausinn nsaqsuns

i
‘ @ oviiin
J ) dwniagugntunou

dhuanuoilned
dunousian ndngsuns

JUN 3 dumisvesugnlumiou suaniun guneusam Jwingsuns

4.2 wansdnnguiUantuniou Suaungy k ngu MeTsn1siangudeyaimiiu(k-Means Clustering)
Auanlumiauduiu 90 $18 druanun 81neUsIam Smingsuns Ateidimstinuania

nans muEFuTEloRitunsideutunsumsioul Tasinuasnsaedl 1 asdisia 1 Gusdu diededenis
thludmnaiulusunsudidagusing qandeyausinalumisulaesimdszana 453.25 Alansu/fu luvsd
g fldnusslumoudusadnseusuindiiaunsnrudddaas 6o Alanfweds ansdifeds
fvmndaungadosiu) Tretwimalumieuiiiufeldmsdedesfaiminvossadnseusudag
t aglél 53.25/60 = 7.55 ng Llesnunalunmieuiiasnsoiuldvesnuasnsutasieroudieiuzum
Yoy Fermmlitinisdanguiisas 7 nduiihtiu indudssananalnetleudeyafitaasfgauavaniigauas
Usinawedlumiou lumsdandusenisdanganaiiu (K-Means Clustering) Ingldlusunsu Minitab 18 uans
walddeguil 4 wuinguil 1 Sandniomn 25 fusinallundowisau 75 Alanfusetu ndufl 2 Tawndn
wavua 4 919 SUsnadlumiewidu 1125 Alandudetu nduil 3 fauFniavmn 8 fufualumisuiaiy
a8 Alanusiotu nquil 4 faudniimun 17 518 fusmalumiouidusiilansudetu nguils faundn
wavun 18 318 SUsnalumieusisdu 54 Alansusieu ndufl 6 famndnitmmn 12 1o Tuinalulouisdy

o o

Uil 10 atiuil 2 nsngreu - Furaw 2568



Industrial Technology Journal 9

v v

v v
o o

19.75 AlanSusietu ngudl 7 JauBnvianus 6 518 Jusinalumiounsdu 93 Alansusiedu sumsdu 453.25
Alansusou MeastBunmInwnd 1

K-means Cluster Analysis: Lat, Lon, supply

Method

Mumber of clusters 7
Standardized variables No

Final Partition

Within  Average Maximum

cluster distance  distance

Mumber of  sum of fram from
observations  squares  centroid  centroid

Cluster1 25 000 0.005 0.014
Cluster2 4 92188 4375 6875
Cluster3 8 13502 1.250 2,000
Clusterd 17 0001 0.005 0013
Clusters 18 0.003 0.011 0036
Clusters 12 2815 0456 0646
Cluster? 6 33302 1.667 4.500

3UM 4 nan1sdnnguegnlumieulagldisnisiandudayaiaiiu

M19199 1 wansianguEUanlunsenluduaniiun suneusam fminasuns

4 - . Ysunalunsiou
nagm sanfntunds (Rlan3usiadu)
1 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 75
15,43,52,53,61,66,69,70,71,73,74
2 55,56,63,67 1125
3 30,40,41,42,46,60,62,64 48
4 16,17,18,19,20,21,22,23,24,25,26,27,29,31,49,50,51 51
5 54,57,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90 54
6 28,33,34,36,37,39,47,48,58,65,68,72 19.75
7 32,35,38,44,45,59 93
eIty 453.25

4.3 mami‘me‘hme‘ﬁ'(%ﬂa;mwsm%miaumaﬂLwiazﬂajm
nanssusiinegemuTslumleuressazngu e COG Faunisi Eq.1-2 TaTiase
miifagnausnanswasusazngu wdnhluifisuiRestuiifaulasgnlundouiilndfianuas1aniudy
wurlumisuvessiaznguedos uansfiog1snsmuInfesUi 5 uazuanimaiiingasIuTman
msleTiuarRitamumisnumsnsfiiieuidedldifmanad 2 uasuansgasuia 7 fuds feguil 6
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A B C D E F
1 Group 7
2 farmer Xi Yi Qi Qi*Xi [ Qi™Yi
3 32 14.6585480 | 103.4795990 15 219.8782| 1552.194
4 35 146242361 | 103.4784413 12 1754908 | 1241.741
5 38 146143271 | 103.5000955 16 2338292 1656.002
6 kil 14.6256306 | 103.4790016 15 219.3845| 1552.185
7 a5 146246267 | 103.4773618 15 219.3694| 1552.16
8 59 146181595 | 103.5059967 20 2923632 | 2070.12
9 93 1360.315  9624.402
10 azdga Ansige

-y

1 ﬁﬁ'ﬂﬂdaﬂﬁ;ﬂ‘i’mi’m 146270466 103.4881956

12 |WWau@ss

12

146242361 ‘ 103.478441% |farmer 35

JUN 5 fegenisiuinmiuriasiusisluniowsieds The Center of Gravity (COG)

A19199 2 HANIAINALLIATIUTILTUNNBUYBILsa NN 0ERIE s COG WagnsiileuLAeIn
swswlundeuiuiunisiuan

. YInNAIRIRRF LI Wisuihgeiuniaguanlunsiou
ngud (COG) v
GEERL) GRAIRG duan GEERL GRAER
1 14.626319 103.480076 15 14.625217 | 103.480606
2 14.621801 103.496527 63 14.618440 | 103.500163
3 14.631375 103.473178 41 14.628130 | 103.476841
4 14.653029 103.479777 22 14.654933 | 103.480058
5 14.599793 103.491696 82 14.597313 | 103.494405
6 14.617525 103.481588 34 14.583024 | 103.523915
7 14.62704 103.488195 35 14.624236 | 103.478441

91507 2 anansnagulddn ndud 1 WsuiAssgesuralumiouiidumiseanuasng sia
15 ngudl 2 isuiAssgasunlumisuiidumisveanuasng sa 63 nqud 3 sulAssgasiusuily
viloufiduvisveanuasng sa 41 ngud 4 suiAssgasusalumisuiiduvisennuasng sia 22
naudl 5 WsuiRssgaTuTlulouiiumiseanunsns s 82 nauil 6 isuiAssgesIuTlumieud
AUnsennuAINs 9 34 uag nduil TilsulAssgasIuTluveudiviuviiseununsns swa 35
ANLEIRY
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dwariiuou
dunousinn arinasuns

o (24

)

214,
dwanunns:ua

dhuatuwan Sunousinn Tmsoqiuné
dunousian am3nasuns

. ’ 1
e VY
wole 9
=0 o N
ity
. . ( @ i
dhuanuailsnd /
naUsinn iamdnasuns o q0s9UsIY

UM 6 srunulundeuveudaznqgueos

4.4 Han15aRINITInEUNIINISAUsatunsddlunteu

4.4.1. 5307 1 wans$raesnmsimdumsnsifusalunmsifusiusalumiousininuasns
dugnuiieuludegasiusinvesudarngusdieds NNH lnsnisiiusausiulundeuluudaznguld
sadnseugudvistsuausIn 60 Alandy Jeunenguiiviinalumisulaesaniu 60 Alandy Fedes
LENMSLAUTIUTININANT 1 50U Lansdsnsnadt 3 Taengud 1 Insiivsaurulumiou 2 1dumeie
2 50U fls¥8yne 0.4629 Uaz20.908 Alawns nguil 2 Inaifususauilumiou 3 umede 3 seu
f5eyne 1.5, 2 hay 6.8 Dlatuns mjuﬁﬁam%ﬂﬁwmuﬁaam&JLLGhJ%mmiwajauﬁnﬂmwmum’asﬁa
TndlAssfuuiinnsussmnueseunvueisuld Jsfeanenifu 3 seumaifiusivs ngud 3 Ennsifiu
suslumiiou 1 dumavdo 1 sou zozne 18.688 Alaluns ngudt 4 fn1sifusiusuluneu
1 Wdumanie 1 50U Ssveyne 8.764 Alawuas nguil 5 Insifvrusalumiou 1 dumede 1 sou
fiszognng 27.114 Alawns nguil 6 nmafusivsalumieu 1 dumede 1 seu fsgegmng 51.237
Alawns uagnaud 7 Snsfusiusadlumion 2 unievde 2 sou Sezoevng 6.75 uay 18.70 Alawwns
LI s iunsUTussneudieis TSP uansfinsedt 3 wagnsiassnisfvsusaly
valunnuUasgnluigasiusiuveusanguuanafaguil 7

O vou

= = =» @unumsidusn

iy soinsovouivain

Q  unisgugntumiou
Y

= ° <3 1 £ v o '
UM 7 Msdnaesmsiiuniusilundowangugnludaiuminnsiusiy
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3197 3 wansliiiuinsdadunenisfunumsilundeunnnussnsludmngnsuru e’
TSP fszpgmaswiiduiian 155.66 Alawns deannsnanszezmslunisfunuaslundeulassld
11.25 Alawas waseunisiiusivnudeyaazUsunalundewlunisiiusivsnluwsasnguliiinas
Wasuulas
4.4.2 53uil 2 wan1siaeansdndunennAuTIUINLAzvUdslusisuany NIy
Haymsuie fesneudauiausann 720 Alandu angamusilumiewis 7 Seimunligasiusiuilsta
02,03,04,05,06,07 ke 08 musFuLiiodiesensduam uagligniutotisna 01 wut msdadumanns
Aususalumisunnnnngnsiusiasis 7 99 §1e38 NNH T meussgnissiuieau 312.90 Alawms ud
Soufuusssneudieds TP wuiflszegmesiuiadu 308.00 Alawns Svanunsnanszegneld 4.90
Alawns wansisnsnsd 4

A13199 3 wan1sfraensdadunnsiuTuTslunieunndumiaugniudagnsiusa

The Nearest Neighbour Algorithm The Traveling Salesmen Yy -
na‘-u _ (NNH) wProblem (TSP) siau Wasuulag
LAUNY ITYINIY LEUN1Y ITYININ (hn /'5114) (ﬁiamm)
(nw.) (ny.)
1 15-13-12-11-14-10-9-8-6- 15-13-12-16-3-2-1-4-5-
7-5-4-2-1-3-16-21-20-22- 4.629 7-6-8-9-10-11-14-17- 4.334 60 anas 0.295
25-15 21-22-20-18
15-24-23-17-18-19-15 20.908 15-24-23-19-18-17-15 18.508 15 anas0.4
2 3-1-3 15 3-1-3 15 a7.5 1
3
3-2-3 2 3-2-3 2 30 JReul
waguwuag
3-4-3 6.8 3-4-3 6.8 35
3-4-2-8-5-7-1-6-3 18.688 3-4-2-8-1-6-7-5-3 16.688 a8 aAnag 2
a4 7-12-9-4-10-11-14-3-8-2-1- 7-13-15-16-17-8-1-2-5- anas 1.70
8.764 7.06 51
13-5-6-15-17-16-7 6-3-14-11-10-4-9-12-7
5 10-16-11-14-13-4-5-8-
10-16-11-13-14-4-5-6-3-9- 27.114 54
9-3-6-7-12-1-2-18-17- 25.664 anas 1.45
7-8-15-17-18-2-1-12-10
15-10
6 3-1-2-4-7-5-6-11-10-12-8- 3-1-2-4-7-8-5-6-11-12-
51.237 47.837 19.75 anag 3.4
9-3 10-9-3
7 2-5-4-3-2 6.57 2-5-4-3-2 6.57 58 ai
2-6-1-2 18.7 2-6-1-2 18.7 35 Wasuuas
39U 166.91 394 155.66 453.25
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A13197 4 wansiaensindunansiuTuTnlumiounga Ty NYRlUgEuTe

- o ITYLNIY u -
29N19 LEUNIY - mswasundas@lawns)
(Alawuns)
NNH 01-03-05-02-06-04-08- | 312.90
07-01
anay 4.90
TSP (Improve) 01-05-02-06-08-04-07- | 308.00
03-01

5. afusnenauazauna
n1sd1asaaIunIsainIsNusTINLasuddlundowdmdydveangunsdinw nguiamia
guvuwladvgviouluy dvaniul sneusam Jwmingsuns wuin msldnseuiunismaimnssy
1guA nmsdnnguignlumiousieds K-Means Clustering anansatisannanuaziinauidussuulunis
wusiunulumieuld nsdruagasiusalundeusieiFyagudnatcusalidudas (Center of Gravity)
mmamh&’Jﬁmum@hLLWJQa;mwiaﬂumjauﬁaamé’mﬁ’umﬁmzmm%nﬁuﬁ%mﬂaaﬂ@ﬂ Vilvidunnadi
Tlunsvuddlumioufiausngaunntu wagnsiadummanisivavslumioulagl3s Nearest
Neighbour Heuristic $31fun15USUUTadun1ameds Traveling Salesman Problem ¥7gansseen1933u
Tumsvudslfednadiuszavdam anwadild wuisreenisnuannsdaesaniunsaifssezmalag s
fuflananfugnludgaiudararnsnaiiviusalundeunagnisvudeia 2 szug 155.66+308
=463.66) 463.667amnT Faandbiiufsdnennvesnisldnmsiinseiidwimalusuladadndinuns
Tnwamnsnanausdeulumaiiums aananlunsiafiusazauds uazandurunssniunuiilssui

TngnmgluiuiiguntanuusiUalannizans ianmslasieinind1iaenndesiulufnues Perez et

' v | A

al. (2018) F952 Y11 NTODALUULAUNVUE Msngauanusainusgansamnislansnensiazan

]

a a

sunuluszuuladafndnianisinuasliediivudfy waznsldnisdnassaniunisalaieismaiaingsy
TuflufiinumsnssuaztaglinisdanisvudefinudussuunaswsiugiBetu ogdlsinu muiteis
FodAnlusunislideyaiduuuunsd (Static data) Feenalsinsounguaniumsaiaisiionadsuudasls
W annauunnggnia Anuadilunsiunande y3eaulainfonvaserunmurisnninJadewmanil

1NN UTIUAILD1ARAINS AU UE AT AT

6. Yaiauauuy
nmseiuseuazazunansideiinuideiidedialuiunislddeyaiidunuuni (Static data)

v '
= a

Fefunstesanmsidennauiteimsfiarsanislitoyaiinseunquaniunisaia3a( Realtime data )
waze1afiarsantansldmalulagfdviasindie un1siaussuusessuteyawuuisealngd 1y ann
11595193 MFoanmenne elinsmaumudumaianudenguuasuiugmintunienisuszgndld
wielulad GIS uay loT Aamunisyudanldiferfiulszaniamuazanuasnis wiee1ainisiases
dunuladadndiiioidudeyaatvayunisindula Wudu
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Abstract

This study aimed to analyze the relationship between the size of mulberry leaves at different
silkworm growth stages and the performance of the leaf size reduction process. The analysis was
conducted under controlled conditions, keeping the blade rotation speed and feed rate constant.
The study focused on examining how the leaf size at each silkworm stage affects the quantity of
mulberry leaf output from the size reduction process. Each stage was tested in triplicate. The results
showed that the average leaf output in the first stage was 97.67 keg/hour, in the second stage was
102.33 kg/hour, and in the third stage was 100.00 kg/hour. The overall average across all stages was
100.00 kg/hour, indicating a consistent performance with slight variations due to the characteristics
of the mulberry leaves at each stage. These findings can serve as a guideline for determining the
appropriate raw material size for each silkworm stage and can help improve the efficiency of

mulberry leaf preparation processes at the community enterprise or industrial level.

Keywords : Mulberry leaf size reduction, Silkworm growth stages, Performance, Leaf size
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Abstract

This research aims to present the Stability of Opening Index (SOI), which is a quantitative
criterion developed for evaluating the stability and load transfer efficiency of tunnels. The study
compares the load-bearing behavior of basic tunnel shapes, horseshoe shapes with different
slenderness ratios, and evaluates the effectiveness of reinforcement systems using small-scale
model testing in the laboratory coupled with finite element method analysis. The research results
indicate that the SOI can clearly differentiate the behavior of each tunnel model. The horseshoe
tunnel with a moderate slenderness ratio (HS10), reinforced with both Shotcrete and Rock Bolt
(HS10-SC-RB), demonstrated the best stability and load transfer efficiency, reflected by the lowest
SOl value, which significantly enhances the safety of the structure.

Keywords : Stability of Opening Index (SOI), Tunnel Stability, Load Transfer Efficiency, Finite
Element Method (FEM)
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_iI_E = E 5 [\‘. 2 D) ‘
TR :f i
Al 3l s
o T ol o o it

JUN 6 JUnstvastoulngluaAidnm

v U

nsnaspusdasuthwiingaeiaTes Universal Testing Machine AULIATFIY ASTM C109/C109M
Faguit 7 iflesnmsmaasunamenmiidediailiannsouanamginssuneluldegisnisnsz ey
Wundenaideusnnielulassais Sedndudeddnmatinneimneisinludieduuddiindiseueuay
WARIHATINAU
3.1.1 MaATemdduarsesinludiediuud (Finite Element Method - FEM)
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NM3ATERLiunN1FelUsuNTI Plaxis 2D (Stand-alone Version) FaLduevduisianizdmiv
nMleseilassaisiusaslassadielifu Inefvualdnisimeiludnuue Plane Strain Jasmngauiiu
nMsegilasagldfimihdnamiaueuasinuegiann

wuudianavesdgunaluiuaz Tagatuiideld Mohr-Coulomb uag Linear Elastic Lilod1ans
ngAnssuMFITANNuIudsulilndifssiummageuluiesyuisins Tunisdnaeusenseyildusansei
Uniform Load lagdsainanissunssvesluina SB mm%éjﬂmiaamwm‘?ﬁdmﬁﬂ@ (Conservative Design)
ieaditeuluussnsueniiaenadesiunsmeaeulumavuiaidnviliaunsaasioungAnssuldesis
wanzas Ingnadnsiliannsinsimneisinludedmudazuandusvesainisindeudisiugean
(Maximum Total Displacement) wag JULUUNIINTE18AIUAU (Stress Distribution) ﬁ&gﬂﬁ 8 vieldly
nsAnusviliadesnngeata (SOI)

Total dispiscements |u| (scaled up 20.0 times)
Mk vae = 0.5556*10° m (Ekment 476 i Node 212)

JUN 7 Msneaeufdssudiviin JUN 8 nslasgvisneTslnludiediuu

3.1 msllguarNsAwIuaYl SOl

suiliadysnindenla (SOI) L‘fJumm%ms‘dsvLﬁuL%m%mmﬁaﬂﬁmmsﬁyuﬁm%mu%’aﬁ
laglaniy LwamﬂﬁvawﬁmwmsmameLLavLaaasmwmadimamwa‘lum MENNNTAUFILLNAINANS
Ains1einsiadeuiisanazay (Cumulative Displacement) el#1dudunudsuunuveandsaud
Tassassldsuuaznszanseanly Insnaanmsiesgimelnludieduudazuansnsindeudigagaiiy
dnwauzvonaud (Color Contour) uansvuinvesnisiadeud lasunuiddiduniedlnuieu
(1Wu Aung) azmnefsuinadiinsindeusviodeguinnian luvsdidgnudu (gu A1) i
vinadiinisedeusation lnedosdusznovlunsmunieluil digud o

5L ARDUTIT ALV SIS UL (ko) Hufumuremdnuimuailaswasldsuann
LINANTBUEN AWINLAANNNITNINGANTENINIAINENIVBLAAZE ULl (Segment length) vuia Ty
U%nm%’umeaqmei’wamﬁ’ummﬁmﬁauﬁqqqm (Maximum Displacement) a4 fi1u7UaU8IUIIN

degoviu lnsriigamneidasaisdimanioufiinnduianisususvdosundunulassiuliunn
MM3LARBUATINALANTOUTDUTR (lopening) LTUTIMNLVOINE 11U AT I BAnAIIEETenS
oUSunsdeguiidmansenusiedealin MurnsieIBnsHeITufiy Loy uissiansuInLLITDITDS
Dnglusdiamun Ineiiigresungldimdsnudniugligndiemeoniutondn uinduavaunasnoliiin
nsidegUegelitisdrfyusiiudeutn
msiSeuiisuUsravinmseninauuuinaeselusdifanuudusuansnaiy msfiansanidios
Amdsunsedn dnwarnsith sudssindeuiigeanifivsediafen liannseldesunedaatiosnmues
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usiaznsdifidnuldogsanysal fdumafedissgndlivdnns msuesdalad (Normalization) H1u
nsa¥1edvilaa (Dimensionless Index) tieadainmsinisuszidufidumnnsgiuieatu Tagteinig
\ndouiiTinazaNUs NS UL (leop) warAMspdeufisazausoutonde (lopening) fildannisiasien
Aunaududnsdiu stliatesnmdealn (Stability of Opening Index - SOI) Feaun1sd 1 3
Dufunuresdndiundsnuiidmansenulasnssdedoniafisufundsnuiamunilaseadsldsy
nszvIunsiiumsuiunadndlieguumnasgrudieatu vilimusaiiouiisunninssuvesglusdusiay
sUuuulalnemss Inglignideauuanenmsiedeuiiduysaiiunnsetu

NSAADUNTINUTIUTUUTIAUIUY (lyp)

: \ y

N

N1SIARBUNTIUALANTBUYBUUA (lopening

JUM 9 N1SAGRUNTINUSASULTINUUULAE SRR U TINAz AN TR UYRUTN

nparUsenauiina1dll aunsamuinssiaiesnmteads (SON lhainaunisi 1

nswRauRTINaaNTaUTeln (Iopening)

x 100 (1)

wWedduaduiiatiosnmdead (SOI) = — »
MaeRsuTiTINUSIATULTIEUUY (Imp)

defidfidmunefenisiadouiisuseutendadidndiudesiiioifiouiunisindoudilngsy
Fsansnssungliinlassaimemusoonandesdaldegisfivssansnmuasiafiosnings

n1sidenldAinisiadeud (Displacement) ifuftugulunisdruiauarnisimun SOI uan
Tngianie iflesainauidu (Stress) Miusdnusanieluiiintu m galaganisedlassasne deenad
n13n5¥3nA3g3luu1IUTIR (Stress Concentration) 3dkailaagvioufisnisidsiaiosnnvedlassaia
Taesau TumsndufuAnisiadeuiidunadndiBsmenmiiueadiuuar analdlnenss :rnnsnovaues
voslassaireiaanrousinsgsi dadunisldenaiedeuissanitaninsndiwiuunndogluas
Uszansamlumsdieimussesnainuinateadaliodiadnaunaziieden1siininy Ssaenadesiu
Fnguszasd 2.1 lunslidunasimsussiudasinanfiotaussavsamnismemussuagiaiiosnnyes
Tassaseelusd sgnalsfmuniielinsilasgiiiaunseunquisiesiiansan SOl Saufunanismaaey
Tuesuuinisuaznaainnisisinludiefiuudsiuiu
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4. NAN153Y

nan153de13eUTnaildannsneaeuluaavuialdnuagnsiin sz s i ludiodiuud
Tngazuanafufdedunsedageaauazsviiaiosnmdeada (SO) ileUszifiutaiiosnimvosglusd
Tuustagnsdlinw famnseil 1 wazuansnsiTouiivuan sol Tu faguil 10

M990 1 HANINAABUMAITULTIBARAEHANITIATIEMTI AV IsANNNTEFN

Adssuuseen | | - nswdaufisanazey
. o ANISLARDY
SHENDYY (ksc) o (Uu.-23.) SOl (%)
ngega (m)
Itop Iopening
gﬂﬁ 11 RC 21.208 1.055x10° 28.500 15.570 54.632
E‘U‘ﬁ“ 12 HC 20.700 0.4029x10° 11.194 5.505 49.178
E‘U‘ﬁ“ 13 EL 26.647 0.8408x10” 23.413 12.800 54.672
E‘U‘ﬁ“ 14 HS08 27.402 0.8265x10° 22.515 8.830 39.218
E‘U‘ﬁ“ 15 HS10 24.343 1.074x10° 0.030 0.016 54.006
E‘U‘ﬁ“ 16 HS12 22.263 1.184x10° 0.031 0.019 61.462
E‘U‘ﬁ“ 17 HS10-SC 24.436 0.4544x10° 12.187 0.552 4.529
E‘Uﬁ 18 HS10-SC-RB 23.172 0.1319x10° 3.240 0.276 8.519
100.00
—~ 80.00
s
g 61.462
iz . 54,67 !
_g 60.00 54,632 49175 2 54.006
£ 39.218
g 4000
&
=
& 2000
4.529 8.519
0.00 - H
RC HC EL HS08 HS10 HS512 H510-5C HS10-SC-RB

nidiiAne (Model)
UM 10 nswiSeuiisuadviliadesnmdesdn (SON) vesglusAvnnsdlfinw

4.1 wamsifemaringUszasddor 2.2 nuirgunseosglandiiavisnalnenssderisauaninsoly
nsfuusaaziaiivsnmveslasiaing deagieuruaindaiuussdngeaauazadviiaiiosnmdondn
(SOI) Tlumnsnaiustnedaou

- glusAgunsedimany (RO) faguil 11 Fudusunuvesassainayuain annsasuussdngean
21.21 ksc uardiAn SOI gefis 50.63% uansisUszansammsanemussiisn nganssunsidAvdunalsde
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N134ANS1IINNITLBUAIUINEINUY Lagn1TIURTH L0 UNLNFIUBUTDILIINNITNTENAIVDS

ALAY

- glusAsunseniaasnan (HO) faguil 12 uandliiiufiassavsammsmiomussiang Taed
SOl silanlunauild 49.18% aEhﬂiﬁmugﬂmsﬂﬁﬁm’mamﬂizﬂ,umﬁuLl,sqé’mﬁﬂﬁqﬂL‘tj'uﬁ“u JEERGRITER
20.70 ksc Mm3IvRAnTuludnvaznsuaniTindadudng (Side Wall Cracking) Sudunannainuseudn
Tununswilassanslsiannsasumuls

- glusdgunsnsd (EL) fogudl 13 Sarwanmsalunisiuusedageanlunauild 26.65 ksc s
nduiadosnminlaeden SOl geftgalunduilil 54.679% Fefianmmaingruiinauliannsademusamdn
Frudnsldednaiiuseansam msivhiinduludnvagnisngimevesintan (Spalling) Usiandiulds
AU

uadwsinariuandififuiedefuastosfavosusarsunss uastliiufemusidulunmatam

sUnssfiaInsarauUsEAvE A samussesdnldath funuiunwesgunasrdiiunss Juhllg
naszvglusAsunsafendludwudnaly

sU# 11 RC sU#l 12 HC U7 13 EL

1.2 wamPTemmingUszasddef 2.2 wuidhsaimuausga (Slendemess Ratio) Savwidiniug
unifufueuuiusuasiaiosnmuedlassaing nanfeifiodesdafimuguuaruauainniuidsiuuseda
avanas luruediendvdl SOl wifiugelunansdaatiosnimilanas

- glusdgUnss HS08 Fa3uil 14 Falidmardruanuvzgamiign finrmannsalunisiuusssa

q
t% =

geanlunguill 27.0 ksc wagdldn SOl dlgaifies 39.229% FeaevioufaussAvEnmmsioimusauas
wefpsnmiddaseaiiedia

- ioifinanugewesdeadaluglusdsunsa HS10 Mludadauéneds fagud 15 fanuannsa
luns¥uussdnanaame 24.34 ksc uagan SOI ifindudu 54.01%

- dwdugluadgunse HS12 fsguil 16 Fefiauvrgagean wuirmdeiuussdnanasiiigndi
22.26 ksc uazdiA1 SOI gefignfie 61.46% TFaasnndeafiudnuurnsITATTULIILALLARTIN1SdE
@i ININAINAISINGA1E (Buckling)

Foyatnandiifiuionisuanidou (Trade-off) Afaausenirsiuildassluuufetiuiaiiosnn

v03glued lagluaa HS10 Fadudadiuilldnuats wandvidufgpaunaiivousuldszritiafore
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3UT 14 HS08 U 15 HS10 U7l 16 HS12

4.3 wan19ifunuinguizasadon 2.2 wuiiszuuiaudefiunuindfyediadslunisiiy

\afEsnmuesglusdaInAdvil SOl flanas udfarlalliiinawannsalunissuussdngegmesnadioddny

- m3waSuidasie Shotcrete Tuglusdgunss HS10-SC Haguil 17 daaliidssuussdngsan
Wasuulaadisadnifosidu 24.44 ksc ileiisuiulunaiiendhiiliiaiuinds egslsfiniu afsnmyes
Tassadraiuduesisun Tneandail SOl anas deifies 4.53% Fadunaain Shotcrete Faeiila
UsgAvSnmmisiemusaiaginviaiissnmuosoadaliognseoniden

- d1wFuglusdgunss HS10-SC-RB aguil 18 Miaduindssansae Shotcrete uaw Rock Bolt
wuiidaFuusadngeanegil 23.17 ksc wazdin SOI i 8.52% Fadsnseglusziuiifnunn uazdudufs
wefiosnmiige Ussiiudifgfigadodnwarmadidalduasuanuuuiuse (Brittle) finamaneviuil 1ug
weAnssuLuuwmilen (Ductile) Inglassasnedanssnusunsuasiadesnmilaesinlildudaziinsesou
fn wadwstuandfifuinaaiumdeulifsudfmaiosnm wifaiuamaendovodaseas
Iaegnsiitodnry

Ul 17 HS10-SC U7 18 HS10-SC-RB
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5. afusnenanazasung

5.1 fvil SOl MdunasinisuszifiudsUTinunuingUszasd 2.1 uay 2.3 wandlifiuianig
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nazgnlflunuddesuaiiosnimelusddiusnn nafa (2556) AlalE38IWludeAmudlunsIiAs s
wfosnmiuniglusdlusuiumien dufunsiided sol amnsnesuisusngnisalvanilfosis
aonndes JudumsBudufismnuindedeuarmnuannsovesdrilunnfunosdioUssiiudiund
deuloatumdnmsfiuguuazse Touisifeidumnasguld
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(Asymmetric Loading) wausansgyuuunamians (Dynamic Load) ielidnlangfnssuvesiaseadn

glusAlaATaUARUNINE T
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Abstract

In developing ceramics from agricultural waste materials for the production of packaging for
organic agricultural processed products, the objectives are : 1. To develop ceramics from agricultural
waste materials for the production of packaging for organic agricultural processed products. 2. To
test the physical properties of organic agricultural processed product packaging 3. To transfer
knowledge and production to communities, organizations and relevant agencies

The research results found that : 1. From testing the physical properties of Ban Chang Pi clay,
Sikhoraphum District, Surin Province, it was found that the physical properties after firing, the
maximum and minimum shrinkage were : Mix ratios of 10-16 had shrinkages of 9.86-9.44 percent,
respectively. The highest and lowest strengths of the soil were obtained at mix ratios of 5 and 16
with strengths of 125.3-101.16 Kg/cm’, respectively. The highest and lowest water absorption were
obtained at mixing ratios 2-12 with water absorption of 0.159-0.099 percent, respectively,and the
apparent color of the soil was brown. 2. From testing the physical properties of the coating, it was
found that in selecting the coating to be used to coat the surface of ceramic packaging, a specific
selection was made with 1 mixing ratio, namely : Ban Chang Pi soil, horse tooth stone and Hanuman
tooth stone in the ratio of 20 : 30 : 40 respectively, adding CaCOs and ZnO in the amount of 6 and
5% respectively for use in coating ceramic packaging. 3. From the selection of clay to be used in
the forming of ceramic products, there is 1 mixing ratio: Ban Chang Pi clay, Lampang white clay +
rice husk ash, horse tooth stone and Hanuman tooth stone in the ratio of 20 : 40 : 30 : 10
respectively. 4. Knowledge transfer and production to the community. It was found that the
community was able to apply the knowledge to design and produce packaging for organic
agricultural products in the community and further develop it to produce other types of pottery,

which is in line with the established goals.

Keywords : Ceramics, processed products, organic agricultural
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Abstract

The objective of this research was to develop and transfer Peltier system temperature
control technology for community silkworm and cocoon rearing houses at the Ban Pho Kong Silk
Women’s Group, Choe Pleung Sub-district, Prasat District, Surin Province. The methodology began
with interviews with local silkworm and cocoon raisers, including the organization of a community
forum to identify problems and needs for the design of the community silkworm and cocoon
rearing house. Thestudy findings revealed key problems that needed addressing, namely the
housing system, temperature control system, humidity control system, and pest control system for
silkworms and cocoons. This led to the design of a prototype Peltier system temperature control
technology.

The designed prototype is characterized as a closed-system steel structure house, complete
with a sliding door, under-eave vents, a temperature control system, a humidity control system,
pest control equipment, shelving, and locally-wise silk rearing racks. Performance evaluation of the
prototype showed that the house could maintain the temperature within the optimal range of 27-
28 degrees Celsius and effectively control the humidity inside. This resulted in a significant reduction
in the incidence of silkworm diseases such as Flacherie, Jaundice, and fungal infections.
Furthermore, it helped increase the survival rate of silkworms during the summer season compared
to traditional rearing houses, thereby increasing the quantity of silkworm rearing and silk production,
which contributed to increased community income. The overall external assessment of the
suitability of the prototype silkworm rearing house was at a very good level. The evaluation of
technology acceptance and maintenance found that the majority of trainees accepted the

technology at the highest level (91.8 percent).

Keywords: Temperature Control, Silkworm Rearing House, Pest Control Equipment”
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Abstract

The purposes of the research were to 1) develop a database system for Mudmee silk patterns
in Lopburi Province, 2) evaluate the system's performance, and (3) assess user satisfaction with the
database system. The system was developed based on the System Development Life Cycle (SDLC)
approach. The target population consisted of Mudmee silk producers in Lopburi Province, and the
sample comprised seven selected groups, chosen using purposive sampling. The research
instruments included 1) the developed Mudmee silk pattern database system, 2)a system
performance evaluation form, and 3) a user satisfaction questionnaire. The data were analyzed
using mean and standard deviation.

The research findings revealed that: 1) the developed database system effectively presented
and stored Mudmee silk patterns in a structured format through a web-based platform, assisting
producers in managing their designs systematically; 2) the system performance, evaluated by
experts using a Likert scale, was rated at a high level with an average score of 4.42 (S.D. = 0.60);
and 3) user satisfaction, assessed from 30 participants, was also at a high level, with an average
score of 4.01 (S.D. = 0.71)

Keywords : Database System, Mudmee Silk Patterns, Lopburi Woven Fabric, Mudmee Silk
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Abstract

The research aims to 1) analyze the creative thinking process for developing the content of
motion graphics media, 2) develop motion graphics media to promote the field of computer
graphics, and 3) evaluate the motion graphics media. The tools used consisted of 1) a questionnaire
for information needed about the field of computer graphics, 2) a prototype motion graphics media,
and 3) an evaluation form for the motion graphics media from experts. The sample groups used in
the research included 1) 97 students of the field of computer graphics at Surin Vocational College,
and 2) 3 experts in the development of motion graphics media.

The research results found that the design thinking process used consisted of 5 steps:
understanding, definition, creation, simulation, and testing. The results of the evaluation of the
quality of motion graphics media had an average score of 90 points, which was at the highest
quality level. This showed that the motion graphics media can be used to publicize the field of

computer graphics in educational guidance.

Keywords: Design Thinking Process, Public Relations, Digital Media, Motion Graphic
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Abstract

This research aims 1) to record data on the warehouse transportation process using the App
Sheet program, 2) to reduce customer complaints, and 3) to increase the efficiency of the
warehouse transportation department. From collecting data from the warehouse transportation
department, it was found that the warehouse transportation department's work system was
inefficient. The researcher analyzed the causes of the problem using a fishbone diagram, the Why-
Why principle, and a flow chart. The researcher solved the problem by creating an App Sheet
program to support data recording. Research results 1) Before improvement, there were problems
with lost and damaged documents from June to September 2024. There were 1,003 shipments, 66
lost and damaged documents, or 6.58 percent, and after improvement. By using the application
sheet program to record data from Oct 2024 to Jan 2025, there were 1,003 shipments 2 lost and
damaged documents, or 0.19 percent. 2) Customer complaints before improvement from Jun to
Sep 2024, there were 1,003 shipments. (1) Complaints about damaged goods, including 18 written
complaints, representing 1.79 percent, and 137 verbal complaints, representing 13.66 percent, and
(2) The service of the delivery staff had inappropriate behavior, including 8 written complaints,
representing 0.79 percent, and 129 verbal complaints, representing 12.86 percent. After
improvement from Oct 2024 to Jan 2025, there were 1,003 shipments. (1) Complaints about
damaged goods, including 12 written complaints, representing 1.20 percent, and (2) The service of
the delivery staff had inappropriate behavior. (no complaints) and 3) increase the efficiency of the
warehouse transportation department. The 8 steps of work before improvement took 682 minutes,
distance 191 kilometers, and after improvement, the customer signed the document through the
sheet application, took 537 minutes, distance 191 kilometers, which the time reduced was the step
of waiting to receive documents for processing from the customer, reduced by 145 minutes, or

21.26 percent.

Keywords : Enhancing Efficiency, Warehouse Transportation Department, AppSheet Program
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Abstract

Concrete is a primary construction material that plays a crucial role in modern infrastructure
due to its durability and versatility. However, compressive strength remains a key factor that
researchers continuously seek to enhance. This study investigates the effect of curing concrete with
magnetized water and tap water on compressive strength development. Concrete specimens were
cured under controlled conditions for 3, 5, 7, 10, 14, 21, and 28 days, and the compressive strength
was measured at each curing age. The experimental results demonstrated that concrete cured with
magnetic water consistently exhibited higher compressive strength than the control group,
particularly at 21 and 28 days, showing average increases of 23% and 19%, respectively. These
findings are consistent with those reported by Ramachandran and Sruthi (2021), who observed that
using magnetic water in both the mixing and curing stages enhanced the compressive strength of
concrete compared to normal water. Similarly, Hussain and Abbas (2024) suggested that magnetic
field energy may reduce the size of water molecule clusters and improve their dispersion, resulting
in more efficient and complete hydration. Quantitative data were analyzed using a linear regression
model with appropriate data transformation to achieve normality, yielding a high coefficient of
determination that reflects strong predictive reliability. This study highlights a promising approach
to improving concrete properties effectively without increasing cost or environmental impact,

offering potential applications in sustainable construction practices.

Keywords : Concrete, Magnetized Water, Compressive Strength, Concrete Curing

@ o

Uil 10 atuil 2 nsngreu - Furaw 2568



94 Industrial Technology Journal

1. uni

aeun3miuianneairmdniignldedranirsvnaienindanuuiuse nunu uazansauiu
Tdldnannuate egdlsfinu mavmnauiRidnavesnaunsa wu Mawdn MaRe wazidwn fnadu
ArwedAyresnuite wiiBnsrufulunsufulsnaantRiuei Wy nmeusudadiunan sy
asiadl viensUndewmeiafiay astioifsnsrdvinmaesaoundnld uifdnumdeutudesfaediiu
Funu ududou uaznanszvudeduandon dwalifienuaulaluiumdmifaunsafiuussansam
vasnaundnldlagliiinniszniaasugiavdedunindon wildlufuonisldduaingn (Magnetically
Treated Water: MTW) lunsuasuazuuasunds flauidesiuiumnBudududnenmass MTW Tunns
UFuussaudfivesnaunin 1w Ahmed way Manar (2021) enuhmslihusinindedunisivag 7-
26% wazdadh 8-16% Bnviadwimiinflunuansantinld vl Abbas et al. (2022) wutmeunisunge
25, 35 MPa uar SCC Aldiusimdniifdniuiuaie 9-16% lasiawiziiony 7 Yu waznadianideld
frufvasiainandnlureunin wansinhuindndisissnsiauisidiesneunisludiduang
wona N1l Dharmaraj et al. (2021) wuinsulmdnifiumdedn fe wassn 16szanm 14-15% an
5Bt ifeumumusensauazanolsd uazaanislidilafa 50% venandldimanumuissanss
uariaseidaussnnynsulng Hatem et al. (2024) Tinthusindntiefiuidaneunin 6-24% uag
USuugsnnumuny udfidnfuanganie 0.9-1.2 Tesla mingsniniivszansniwnduanas lusuos
Aoy Ramalingam et al. (2022) Buduinusindnane EC uag TDS vasth vilvinslewsduauysal
Ju dawaliinslyadafiutu 25% uasidsdngatu 249% Snitsssanunsoldunuansantildlurouninfids
a9 nfeuatuayunsliammaunudunsiiuunsimfieannsliyudiuud neagy suAdefiiiuatnsaty
Tusiwdnannsnuiulsiinisinas (s wararumumureseouninsunalnnissslawmsduas
nsasalassadieganiafinuiuiuiu egrslsfnumadnidunndsiuluaunnuduauuusivgn
spez19a1n3Unn wagen w/c ratio Fevilndslaifiunnsgrufidanudmiunisssgndldata Tnstamy
meldFeulumsvuneunislufiuiithmane

maeifidmnefefuiuderismuiiietunansenuresmslituivindoauifidnares
apunIneg1afuszuy Tngsaunsuiunalumsdudatuauuindnuasnsinnunisiddsunlas
yoadsaoundn omadoulafivmngausomslinuate suddeihusnudiazmsnuinhuivinge
Wnfdanaganumumuvesneunin uifuinnsiengiiitaauieiunausivenzauuazieul vi
TszAvBnmgean dadu nmsinwidlifissusisjaioufievautfinenavesneuninfivadediusimgn
wazthyszn ussagiau wwusiaemsadidmiuniswensalindsse Tnelfmadiamsudastoyatile
Winesiug wazdszgnalduuudiassfanailunisszynaimsvuivsnzaniiolineundadiidsn
panasiigesnslunuieasnenie iedlugiinsiivsevdaaldinsuns uinstudaunadomnntuly
MsUuUseUsEAvBamveIneundn Ssazduaiumaluladnisieainauazanuddy

2. Inguszasd

2.1 iieAnwANuLANANIve g iduLssSnvesnsundaivudetwimdnfunouninfiuudie
Yusein

2.2 WiieWaunuusassadiiionsnsalifgdunsavenaunin Tnguszandmalinnisulas
GEIIE]JJ“aL'WIE]L‘WIZH?]’J’IMLLlJIUET’WJENLLUUﬁ’laEN

o o
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3. 39015798
3.1 N59NUUUSEUULWA S LA IILIMEN
nanaseUEiTngUsrasdiiieniBifiuidsdnvasnouninlaenisldimdsnuauuudngn
Tnefidunounazndnniset:
3.1.1 AauauRvasuviauslvan
I%LWNLLﬁLMgﬂﬁIaiﬂLﬁﬁJll%ﬂﬁﬂ’JmL‘ﬁuﬁuﬁmmmﬁﬂagjixﬁjN 1,500-2,900 1nd daidu
wimanfifiarunssgs iliausoadsaunudingniifdussansnmlumadeusaduianavonii
3.1.2 MsoonuUUaNinaans
FudunnseenuuvgUnsainsinnuiusimanileladflenluduvfimnga
iieldudlainianunsalnasiuaususdmsnldegraiussavsnm Tnoadsauuug mﬁﬂﬁuiaqq Toefinds
wlmdnileladouniuesasanlidaunieuasialdwudm sy Budorinsdmsunsnsduneusildvy
AOUNSAGINTINT 1

U 1 wimdnilleladeunfafsasuuruezaian

'
a

MntudesansensiuuuerAsan sy neuwsimdniitelrihanunsalwaruauuudvanld Wels
IgsundrnuanausudmdndeuiostlUlFlunisuureunda danmit 2 ndnmsaensldiluasiuusis
wiwndnussgeiivsznovegluuiuozaian Welvihlnaiuauuudindniifinannisdnasimgnlia
wileuazdaldudmniu sgviliildundsnuanauuimgn SsavanunsathlUldlunsuuneunin
iioUsuupsnnantvesneuninlutunoudaly

U 2 wimdnilleladeunfafsasuuriuezaian

3.2 N398NLUUNSIRABNBNSEaEaINsUNABUNSALaeld g uauLwdvén
lun1snaasaiiomszeziaINsunneunsnazldgnyunsignuian elviauisawIeuiiiey
nadnslaagedniau ﬂauﬂ%‘mgﬂﬁuLLazLﬁumamimaaﬂu‘mnm 35 7,10, 14, 21 uag 28 Tuauansu
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iesnasuniniialy fidentvergnisudnan dadeliunsesnuuunmneadeuiinsounguiaming
gaspeunaluvatstiaan Inaduiisiiufitelamsiuredundiinmauisuuasfysees 3-7 Ju
Durasuduresnafnufitewarnmanannidssnegiesinga luvaeiiszer 14-28 Yuugasiinng
fianningnnizasi (Anwar et al, 2022) Tun1maaes AsunIngnuusesnifudesnay nauusmUFet
duaunwiwdnansanulmanileladen lnedianuduresauuuiwianegluyia 1,500-2,900 1nd
s?iqLﬂuﬁaﬂﬁﬁiwamudwmmmLﬂﬁauwaﬂmm%wﬂuLaﬂamaaﬁwléﬁmahiLﬁﬂmaﬂﬁmﬁmmammgau
(Wang et al,, 2018) VN‘IJiufﬂ‘Uﬂ’J’lllL%N‘U@Qﬁw}mmmaﬂ%mﬂl’l 3,000 Lmamiuﬂfﬂ.‘wmmmmJasJuLuJa&
Wiufuegnaiitudify uarerfiudninisssmevesihanuateanIsanusisiauarn1sedouiives
Tuanathiinaditu fennlaildmuauanwmsiseamngasenasdmaliiansgapdedlussesdu
yoansUy daunguitaeadunguenuas Tnsuudetussusssumneldanmuandoudeniu ielilu
naiFeuifisunavesdeuusedaluutazdnsengnsualnedituneuswiolud
3.2.1 MIBeNLUUSHTdLHALLaz U e 1elinadey

miaaﬂLLUUamiwmumamauﬂimiumm%umLuumsmummmu ACI 211.1-91
dielvldmnhdssnoanuuuiisioanms Tnsfidunauiivsznoude Yudums ve fu uazth sudasdn
Fauandlunsad 1

A19197 1 8RTIAIURANYRIGNYY

KGLLGE! RN
YT 336 kg/m?
N318 960 kg/m?
7 1,581 kg/m?
ih 180 L/m?

A13199 2 wugnyudmiunisegeulunIniuueig 9

Jui hund ihfrnusuusivEn

3 gn (W3) 3 gn (M3)
5 3 gn (W3) 3 gn (M3)
7 3 gn (W3) 3 an (M3)
10 3gn (W3) 3 gn (M3)
14 3gn (W3) 3 gn (M3)
21 3gn (W3) 3 gn (M3)
28 3gn (W3) 3 gn (M3)

3.2.2 MINAFBUMANLUFIVDIABUNTA (Slump Test)
Agusvasaunn (Slump) Maneasvilldifionasoumearudumaivesouninvie
aruannsalun1sm waviilenaaeutSunanisidilunisnaunounin Jusdadiddyildlunns
Uszifiumuannsalunsmuas mssauiuvesaeuninduuy Agusifimnzauazielinsimasunie

s

Uil 10 atiuil 2 nsngreu - Furaw 2568



T'77 Industrial Technology Journal 97

Wuldagesvsusarlidifnlnseennianiglulaseadie anisgudvesasuniniinanuuans 9iuniy
Usstnnuasanududauvedas@ing AmuAIsAIMUAAINISTEUAINNE AUt MNUAYaIAINTTY
anuuialszmalne (Jan.) Fsmasiianisgudaliiiu 5 cm lnenmsvaaeulituneudsil

0

3UN 3 gUnsaldmunadeu Larn1SNAABUNIANLURIYDIABUNTA

3.2.2.1 ilenaunouninldmudnsdiuiissyuda Thhneuninldadlugunsaldmiy
naaouLiiem AU 3(n) Tnsldreundnaslunsienaaeuussanamisuamuvieussana 10 cm
vosUFunsnsenaaey anduldindnnseiidliiiivesmeunislunsaesuiu 25 afs ieliuilaty
AounInuduLay liilvesin

o &

3.2.2.2 Tduramdninveuiinuuveinsigauneuniniiey Juiivenudiennsieduluuuins

agsedinsyis ielilinmelaullersuninniglu ntuinssevpeuninieudiiisuiuaiugwensie

43U 3(v)

= ' o =
13799 3 AN ﬂ'ﬁﬂ‘UGnsUENﬂauﬂim

N1SNAGBY A1YUA7 (cm)
1 4
2 3
3 3
4 4
it 35

Mnmsieuiisuinsguiavesreundaiildannsmaseulumsisil 3 fusnmsguifivangas
pudorimunyes 2am. nuitAnsguiatedsildainnismaaeude 3.5 cm deeglurasdiiidmuly
ToMmuAvas 3an. dmTuABUNIALATIASINUTEANII

3.2.23 mandognyunaaey Bunnwauagniadiidsiulusnsidndinemang Tasd

[ & A

mUsTasALieIAf o UNS 0NN ATINIIIAMBTIWANER wasifienaudiunaunmualiduiile

@

ey Aesun 4n) ntuldraunsnnaznaaeuadlusuuuseuna 1/3 saUseuna 5 cm 84 USuns

Y

i Yoy & v g vy a o oA 7 ' = ' i i Y aA'
LUUNEAD LLa'ﬂfUW‘aﬂﬂi%nﬂﬂ/ﬁﬂflN'J‘UaﬂﬂE)UﬂﬁmLW@IﬁLUfLQ'ﬂﬂau’ﬂi@LLUULLagluﬂJsﬁaﬂfnﬂ AN 4()

A
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(n) (@)

JUN 4 Jupunisrdegniyunageuy

3.2.2.4 M3tuAsunIn nezuIuNsTiteliURSelawsdurosneuninifintuegsauysal
finudAyegiade iesniinadonisimunfidaussavesnsunin Usensusnaedosiunisgayide
arwdunionsunin WelwuAsonadsenisyudandfuiuiatusgisauysal Usen siidesions
diuadutslinssuiunslamstusiiullfedsioidouasiinszaninm Ul 5(n) wansdenisua
pounindothund daduisnmasilulumsinwanufuresaeundalussnitanisty danlusuil 5@)
wansfansUnAeUNIAFEN kUL NLIMAD

(n) ()

UM 5 Yumeunisuaegnyunaaey

3.3 NINAABULTION
funeuddensignuaaeuiinsuimunszeziiainis Uuumeaeudasiaos Compressive
LﬁaﬁmmmmaﬁuLtiqammﬂaumm IumimaauLiummwaﬂﬂumaa‘uawumaﬂ Compressive 11
ammﬂusmmwaumuﬂﬂ mrmul,wuLLiaﬂiumﬂuaﬂwmaauasmmaLummammmmaamﬁm
astuauewiniy 115 - 2,15 AlansusiennusuAnnsioiund AINLIMIFIY BS 1881-116:1983 Lile
UssifiurhdsdafiAnduasmdansunlutaseeiitmun fagui 6n) way U7 6()
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3U# 6 NMsnAdeusiY Nedeuie Compressive Machine

3.4 MTAATIEA

Tunsfinsauandidnavesneunin lnsanizartddadaduimdinddyifldluns
senuuulaswadamaimnssalesn wui sauusitsvswasenidsn toun Ussinnveaiitldlunisuay
wazszErIaINTUN gnelsinny dnvarvesdeyarididnainnismaasslunaiensal liduluaiunis
wanuasuuUnd warldduiusidaduiusmuysiuetisineau Swenvdmaionuudugiveauusianinig
adfuazniswennsal datu lusuaded 3adenldinaiia Box-Cox Transformation dafumaiianisulas
ToyavneadafiveusudeyalilndiAssnsuanuauuuuni wagtiivamnuaonadoadaudussninafud sy
waruUIny Welwanunsaaswuusiassnnaesidady (Linear Regression) fifiuszananim wazldlu
nsnensalAfdsnvesneundnldesusiudineldanisznsldtudininuaysyegiiannisund
wnneneiu Taglalusinsy Minitab version 16 89ALUUNISNAADY LATAINEINITAIUAITSULTIONYDY
ABUN3A Lazad LU ARIanneeyunEnNsiNTuYesansalun1s USSR uay msufiutuvesiusy
alnsouiilosvaziianuasuly uenanidslddrsnnudery (confidence interval) wagy29n159inune
(prediction interval) teifiunrmusiuglunsiiased anuadsaelinsesgideyadianuasdon
wazannsnthkadnsluUFuUsn st UueeunialiisAvsamanniy

4. NAN153Y

4.1 wamiﬁﬂmmml,mrm'wuaaﬂmauﬂ’am&ﬂaizwdwﬂauﬂ%mﬁﬂuﬁaﬂfwLLajméﬂLLazﬂauﬂ%mﬁﬁu
Fehuseun

nsnasouidsiuLInveseunIafivufeiUnfuashutindnuansuulduihmsldduingn
annsnifiusdstuussdaldfniniunfegadaay masatasnan 28 Yu aeunindivudethusingnd
wwilduifntureshidssunssdaiigsninfiowdvuifivuiuasuniniiuuseinniogwaihiaue Tugasa
13Uy ABuRIRTiuLfEuimEnuansHan BfisTureshduusidnetureiiios Aadenanisvadey
frdssuusedalumaadl 3 wandlifiuiniudl 7 $1dssuussdavesmouninfivuderudininfstuads
Usvanas 6% ilaifisuiuind lutudl 14 ﬂmﬁuﬁumaaﬁwé’a%’uLLiaé’mgaﬁuLa?{&J‘Uﬁzmm 4% Tufudl 21
fdssuusedafinduaoussunn 23% uazluiuil 28 msLﬁu‘ﬁumaaﬁﬁa%’uLLsﬂé’mqaﬂTTuﬁﬂ 19% 1nN"3

A
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' v v
a0 v °

dWinduluyn 9 7 1w Feagdladnmdsiuussdnvesasuniniivumeinunfvazsiiwsimvanuansuualdud

'
=]

Fonauinthwdindnaunsaiiundssunsedalannindrunasnesun

Y

Relationship between Curing Time and Compressive Strength

T
T

A

300 Normal Water Magnetic Water

1
250

200

150

Compressive Strength (ksc)

100
3 5 7 10 14 21 28

Curing Time (days)

gﬂﬁ 7 HAAWSNINAFBUAE Compressive Machine

v

AN5197 4 Nan S USIUTEUMSISULTIoATENINLNUNRLAZ U NN UAL L LILEN

S2ELLIAINITUN (F1)

Uszan AMSEDRA
3 5 7 10 14 21 28
duni AREY (ksc) 145.14 196.23 210.36 220.97 254.12 267.23 275.92
Andesuu
12.10 3.49 17.92 6.08 7.46 1.39 1.79
AT

K o P
UFUIURAIAAN Aang (ksc) 158.73 215.65 221.99 25272 265.78 306.11 309.58

Andesuu
991 11.43 8.49 6.73 8.83 5.91 5.31
AT

4.2. nadwSNISRILIMUUS a0 ad Rilonensaifd s uusssavasnaunin
4.2.1 msadruvusiassnnnostiiavunefdefuusisnvesneundniiiudaetinuniuazin
M UAUILLIWEN AN ATIETURITT 5 wARILUUSIADINSY eSS uLSISavenaunSATiUL
wihunfuasihiiuauauivindenaidiuly 28 Yu las wuinis 3 naulA1 p-value wirfiu 0.000

fi
o
Fatfounin o fidvualy 913Ul 8 wandliifiuinuuudiassnsiiasesiannesindlulivamunzanly
AsAnwIALELTLEE TA1 R square Yo 2 AuN158989 79.57 waz 93.93 % uanslimiiuinfiuuy

AdinrnansTlAuNtuansaesuteAuiuwlsTBIAdIuUIHaUaAURITinTr At seuA LRl Tusg e
Han1FaTetkansiiuifu iRauauisouuuiassihuemidsuisdanaunisanaesls

o o
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A151991 5 N5AS1MUUINRDIDNNBELTAAULNDYINUINHITULTIDAVBIABUNSAN UL IBUUNALAL NN
duauwvandlonanddsuly

Uszan aunsanaay Rsq | P-value
uszin Strength W =[ (-10.34+5.841xTime_W)x6g° |~ 94.93 | 0.000

A=s, g = 219.66 is the geometric mean of Strength
Ynaunuusiman | Strength_M =[4x(241.707)° x (3.02+6.271x Time _M) +1] " 93.93 0.000

A=g g = 241.707 is the geometric mean of Strength

[

4.2.2 NMsNeINTAAa9SuLTIonTesnaunInlaglgluudIansnnno sl dud i ulaTiasg
g1aslU Asundaiildfesdimawaiiuunzauniie s funmudasnsowazanunumu tneiluud,
mmamamaummﬂfﬁumulmaaﬁwmﬂﬁmlﬂmmwﬂi ¥ 240-300 kg/cm? (Pandey et al.,,
2023) Fetfuzald 250 ke/cme LiJumLﬂwmwiumwmaauLLU‘umaawmasJL‘wammaaumiwa £178191
Lumxawqmiumﬁumaumm nan13Mileritu response optimization wanslifiudn fiedmunefds
$uus98n 250 kg/cm? msUnasundalagldiynddedldinan 15.39 Su wieUszuna 16 u Tnefideas
aaTesiudl 246.88 - 252.92 ke/cm? d@autinfikiuauuklvan drunistuneuninlagldiisig
awuudmdndodddiaan e 10.46 Ju vioUszuna 11 Su nefifldnsannudesiuil 243.77 - 255.79
ke/cm? fsn1379 Tnvha 2 gUnuy Somadululd 100% uivnnfinnsandunnuidesiunuimadnsan
ihiuaususimdnisisiuauninunidsiuandu maned 6 uazguii 8

M19199 6. AFIMUIMBUAUDITILVITALTIEn

y Tonandululg dreanuadiu 2429A159UNY
Udssnnun | s3eziaan
(%) (kg/cm?) (kg/cm?)
Une 15.39 100 (246.88 , 252.92) (234.27 , 261.93)
AUNLLLAEN 10.57 100 (243.77 , 255.79) (216.42 , 273.78)

Time_M
High 28.0
cur [10.5457]
Low 3.0

High 28.0 Optimal
cur [15.3926] D: 1.000

Low 3.0
Strength

Targ: 250.0

y = 250.0 O
d = 1.0000 d = 1.0000 /

3UN 8 Han1snAaeAILUSRBUANRIIMN Y

Strength
Targ: 250.0

%
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5. afiuserauazaguna (Discussion and Conclusion)
5.1 aAUsnena
KaMITAaUARENT 99 Y 28 Tunansliisiuin msturounIadeth i unsilE duusingn
ansosiuidsaldeedifddyiiofiouiumstudeisssum asoulidiuiinsidsudamis
nenmesimdsrinuauswlviniiavinalngnswonsruiunslawmsduresyufiuudlussienisia
KamsAnwITiaenndaaifu Ramachandran uay Sruthi (2021) Tesrenuimslihulmdniisludunounis
nauLaznITULABUNS AT IBLRuAESaldunninsTdihsssuan Tasidednalandniinainnisii
wimdnilassarduanaiunnddunadamesvunidnag ﬁﬂﬁﬁwhun’hgﬁlaﬂauﬂ%mLLazﬁaLﬁG\%mwﬂﬁ
fivsyAvEningstu dwaliiisolamsiuiuiivieldosnsmnduarauysallusemininista luiues
WWeaiu Hussain was Abbas (2024) 8301831 wasuInawImLlmanaunsarinaslasadedanes
you shlilmanatdvadnasarindsnuiogdu femeliAnmanssaefuaznisunsndumes
Tuiloreunisléiu viliuiaselawstuintuetreiomazsng dwalvinouninudsiuiituuas
aunsnanszezaatlumsuildlaginssnuderidsdngearlussaronnadns nannemifetuiiaonnes
funuaterounth azouliduiunltufotuin mstudeihuiminaunsatheswiiselansdu
yosuliuudlénse denalfneuninfitdssaitul ussosfunasinunagudeidodlussozen Snvdal
dnoamlunisanamiviazUsndandanulunssuiunssdn faduuumsiiannsoilussgndld
Tunseeniuuszuutuasunislunagramnssiioiud st amuazanudsduresnszuiunmandnld
athadugusssy
5.2 asuua
5.2.1 HANINARBUMAITULIIDN
5.1.1.1 mslthusiwdnlumstueouniafiuulilfiidssunssnganiinsuudae
Unilunnieengnisus
5.1.1.2 AsunFniiudethudindnimaisdurestdsuusenganiluyndanam
5.2.2 M3asuuuiasinnney
5.2.1.1 WUUaINTIATIsRana s ganlunNISINIEMATULSIAvaIRoUNTH
5.2.2.1 f1 R-square YBIUUUTIADIGaTY 79-93 % Fauansdsmuusiugilunisvinne
5.2.3 MInAaewnALUInoUaue gAY
5.2.3.1 mslhulmdnlunmstuneuninanszesaiidlunsuyldedaiitedfy
5.2.3.2 duitelilimdesuusedn 250 ke/cm? wlwmdnldiaanlunsuaiies 11 Yu vaued]
ihszdhifldiae 19 Ju
5.2.3.3 Psanudesiuvestdsiuussdndmsuihusindnuaunindund wansiennn
adesvoanmslihusindnlunisuueeuni

6. UBlaUDLUY

6.1 \iesannalnmeinermanivennulmdnfiiinasefdsunsidavesreunindslidniou asi
nsfnwsziulanalaglindesqanssaimawensgs viemadediasgviiustlalasiou ieBuduing
nswasunlamweddasiarniesamiel
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6.2 msAnyniandnvesansusznavlawnstuludunsfivadethuiminusuifioutuiung
Wevimnudlaihmaasuuadussiuganmaiinasormdsdauazauvumuresnouninvielal ua
Tuszaule

6.3 msvadpUADUNIATIUNFethulimdnmeldannyadsiiuandediu 1wy gamgll anutu vio
yinvesyuding tolsmfuinavesihuimdndsnsiuuldufiuidssalunnanmuinde

6.4 Aasfimafinwianaduauiuidingn sesnaINITUN wagnanauk auifumadadu Wy 1
vausuveansiseinisuy emaunzaufigalunisiiuussavsamlngliendonisinnunalniidisls]
gudumainermans

6.5 ﬂ’JSVT’]ﬂ’]i‘UiSLﬁUﬂ’J']lJﬁ:lJﬂ"WINLﬂiwjﬁf\]LLaxNaﬂiW‘UL%ﬁun@]éaumﬂﬂ’]ﬂ%ﬁj’]LLﬂLWéﬂIUHWi
vumoundn eliannsodaaulaldhmaiimeluladlidlunegramnssuienumnyasludeU joa
WAzl urseld

7. AinAnssuUsENA

AeildTunugamunsiTensulssnaiuneld anzmeluladnisinunswaznelulad
gramnITy winedesedigunesysal Afevensivvsunseauansdanainluegiage sauis
vovsunmesUftinsvesavimalulaiimnssules wninendemesgimesysal Alfideieaniud
wavgunsaldmsumssiumidendal
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sUkuU laglanggunsuiendn (Horseshoe) ?jqﬁmiﬂ%’uLﬂﬁaummmﬂusgmawau% (Slenderness
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Abstract

This study aims to investigate the load-bearing behavior of tunnels through small-scale
model testing combined with numerical analysis using the Finite Element Method (FEM). Various
tunnel cross-sectional geometries were examined, with particular focus on the horseshoe-shaped
tunnel. The study considers the influence of modifying the slenderness ratio of the tunnel opening
and the application of reinforcement techniques using shotcrete and rock bolts. Laboratory testing
results revealed that horseshoe-shaped tunnels with optimally proportioned opening heights can
efficiently withstand compressive loads while providing structural safety and adequate usable
space. Concurrently, numerical analyses using FEM exhibited results consistent with experimental
observations, particularly in terms of stress distribution and maximum total displacement of the
tunnel structure. The findings demonstrate that the integration of small-scale physical testing and
FEM analysis provides a reliable approach for evaluating tunnel stability and offers practical insights

for the structural design of reinforced tunnels

Keywords : Horseshoe-shaped tunnel, Small-scale model, Structural reinforcement, Finite Element
Method (FEM)
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Tnenss

JUT 1 wanisalalusdsalnanuiigenauiiuassedn
#ia: JS100. (2024)
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.......

Transaons: useme i eusshe

g‘dﬁ 2 Qimﬁgﬂvmlﬁaﬂﬁ'l (Horseshoe Tunnel)
131: ITD-RT. (2020)

AN5AARY Rock Bol

3 (n) N1SNUABUNTA (Shotcrete)

3 (v)

U 3 mawuidsemadendimnsy
11 (n) (Sika Thailand. 2014) wag () (CAN Geotechnical Ltd. 2017)

defnwmginssumssuthminvesglusd nuideildhmmaaeutdsiuimiingelunaun
dnanld Tnsasdlassadrsglusdandgnaiun (Q-CON) TnsamnsatugUuasaussdilduunmuiinmue
Ifegnausiusuazagain Snidfiquantinisfuusdaiiainaneuazimnsandmiunsmaasuly
HosUfiRng niewiauisuiivuiuelusdsunsedu lun Avden 263 uazednenaw tiolsuidiudviwa
yoagUnsaumnastusiongAnssumssuthmiin msdesUuasiaiosninvedasiadns lnsiamylugunss
Fonsh eTinsufussdumiugeestesdailednyinavesdnsidiunuzgn (Slenderness Ratio) fle
mwsiuas wazvinsiasuidaiemaia Shotcrete uay Rock Bolt WleUsziiiunansznuseystansnm
Tnesiuvedlaseadne msveaeusuiiunisaiein3as Universal Testing Machine (UTM) e ¥aAnfidesu
hwiingeaaneuwinnsith diunisiieseidsiaadldd3 Finite Element Method (FEM) Faelusunsy
Plaxis 2D #1u License 984 Dr. Pongsagorn Poungchompu L‘ﬁ'a%Lﬂiwﬁwqaﬂimmaﬂmm%w oA
N15N92918AIULAY (Stress Distribution) LLazﬂ'Wmil,mdﬂlauﬁaQﬂfjﬂsuadiﬂiﬂa%ﬂﬂ (Maximum Total
Displacement) Feazvieuliuiwadosnmueddassadlundaznsd annsfnwfinauu Tae Frank
(2024) Ifinsinsizsinsnszaenanduly Shotcrete YaaglusARsUnsIUANAARY LAz nUI1glA
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AALEY (Stress Distribution) L##An31 vauefi Mohammed wag Hrubesova (2018) AnwingAnssuves
glusAsunsufendlagldlusunsy MIDAS GTS NX angldusafinuaznarmans nuingunsaiendilvinig
nszaemNIduassULUUNMsdegUiaunatigaiilensouiiivuiusunssdu dusanandedlunisiin
Anudemetanizqn luvaedl Clay uay Takacs (1996) ldlausuumnidsimnssuisfugunssves
glusdluduiusou Tneiuaruddgresnsesnuuudesdinfiiauaunaseninsaruudusasiuild
o derfiuanuiunsuazanauidssenisnndivediassaing vetdnuideatudyndunisiese
nginssunssuimiinvesglusdhunismaaeulufos jiRnsuasmslinnesifsiruadeislnilug
A

2. Inguszasd

WieAnwmnAnssunssudminuarsuuuunndesureselusdgunssing 4 Tnswduiiglusdsunss
{Fonsh Gailnisufuiasunmgeuestealauasiaiuindsing Shotcrete waz Rock Bolt Tngsifiunis
Kunsneadeuindsiuimindeluinaruadnuas nslineeiiBeiaaudeisinluiaaums (Finite
Element Method) ’ulusinsy Plaxis 2D

3. /MW
3.1 mManpdeudsiutminvesglusddelinnaruneidn

3.1.1 lunavwindngluedldTandguiaiun (Q-CON) 2w 30 x 20 x 7.5 wufkuns gl
sUnssvesteadagludfiunndnsfueentd Inslanzglusdsunsaionsiigrsddulasenisieaine salv
AL IgaTIsURz -y sauudsy Wislilddndiunazngnssuiiaenndeaiuninauy waziinsg
Wasuwasmwgwesteadn tieAnwinansenuveId1ANYEgn I fansAnwnisiaduidsig
Shotcrete wag Rock Bolt Inefnunsieazidenguuuuesiietnmaaey fsmnsed 1

3.1.2 daiumisluaaruinidninesuuguiusavenaded Universal Testing Machine (UTM)
Tnefinsnaukumdnlissninguvoueiesiuiedi ielinisnszarsusenseinuluegsainase
wazinsendesenenimitoldsaufuszuu Digital Image Correlation (DIC) dmsuieseinisideguves
Tassasdluszwinamsnaaeu fagui 4

3.1.3 Msveaeuld3s anussuuifuuseiiies (Continuous Loading) tnsanduainunsansdi
Tun1sifiuussil 54,000 N/min Fuduruinsgiuvesiasosmaasy UTM ialilassadiefuusedng
asiiane unsERainga TR (Failure) wieuanslifiudsguuuumsidegegietaou

3.1.4 nMnadeuhsmuadLiuN1581989 119sgIU ASTM C109/C109M Fauilumnsgiuaina
dnfummegeunsdnvesianmounsaluiesuiainig Lﬁaﬁﬂquaﬂﬁumi%’uﬁmﬁﬂLLazEULmumi
Fogulagi3uduainnisnaany Solid Block (5B) Alaifideulaiielfiduinamisnadadesfudmiy
Wisuifisuivglusdusaziuy Tnenaaeuswinmsiva elvldrmdsunsedagean ddfdutoyalu
mMeeiisufisulstaninmmdassaneeselusdusazsunse ameldlevlufiendiu fgui 5
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JUN 4 MsneaeuidssudmilniieiaTemagey UTM

M19°99 1 18azLBuATULULTDIBEAGRY

and RockBolt

FUnseglated sWadaeg1e | suiluang U8R

Solid Block SB FIAUALDIBIENTUAIMAITULTIER

Rectangular RC 5(n)

Half-Circle HC 5 (%)

Elliptical EL 5 (p)

Horseshoe H = 8 cm HS08 5@) . o LA

alueATUNTLABNTN ANETRITA 10 Y.
Horseshoe H = 10 cm HS10 5@) N . ; v -
919993Un el lulATINT 93

Horseshoe H = 12 cm HS12 5(@)

Horseshoe, Shrotcrete HS10-SC 5 (%) Rock Bolt: Tduwsianesliuasnana

Horseshoe, Shrotcrete Shotcrete: ATM107 waumsiuliiazasan
HS10-SC-RB 5 (=)

Wire Mesh: lga19nelliuasiuy Weber

5 (3) HS10

5 () HS12

5 () HS10-SC 5 (%) HS10-SC-RB

JUT 5 Msnageuidsiumiinvesgludmelunarundniuunazsunse
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3.2 M3aszsinae3snluidduud (Finite Element Method)

3.2.1 Myleneidsinaielslnluidauuduesnuidoiliulusina Plaxis 20 iled1aeq
woAnssumalassairsvesglusdludnuarassiid fvuslidu Plane Strain Condition aimngandiy
glusdfiinrmeannidefisuiuntidn wagansnanaududeuredinnaluvazidinanusiugily
mywnszibildegannzan Tneseazdeauuudiaodmugunselusdvedlunauuindn

3.2.2 Januedlassaiglusdgninaesse Taumatas Mohr-Coulomb iileasvieung@nssunis
SuusadeunarnndesUldlndifeatudgnannilimmeaeuidssuihminosglusddsluaauuindn
TngimuaAInfiweiniang liui Young’s Modulus wae Poisson’s Ratio Ua430) Fapn5197i 2

323 suemesiufisnaedldsunsesnuuulifeunauagaugeogamnyauiiondndes
NANTTNUIINVBULYAYBILUUTIADY (Boundary Effect) Lagn15agious0nauA2mLAY (Stress
Reflection) Tnstamzuinniioglndvesnueaglusd islinanisianeviasviounginssuveslnssadng
Ifegnamaneau

3.2.4 Myiaseilluidawudldnisuus Mesh Tuszdunenu (Coarse Mesh) Lilalfinaany
wefoslunisduandedaay ogslsfn Tifimsiiuanumuiuiures Mesh lewizuinadifinnudiiy
nslassadne iy vinauidudaseninsduiulaseiegling wasuinauunldutegaiianiasinms
Foguvdoavaumnuidugs tielviausaasumginssuvedassaddlugaingels

3.2.5 fvuanssnsyilunnfafunuunszaigaiiaue (Uniform Load) Wenit —1000 Alaila
Fusioluns Ingfiansanainwanisadeufelunaruinidngunss Solid Block dauansdinisidesy
Usvanas 0.50 fadiums madenailvaniliiielinansmsiiameiseisinluidauuduansanisiaieu
Agagnvealaseaine (Maximum Total Displacement) Lag3UWUUNITATEINEAIULAY (Stress
Distribution) aehawnzas fsguil 6

M19°99 2 WisfwesvesTanildlunsinseilnluiddwudlagldlusunsy Plaxis 2D

50 E (kN/m?) | Y (kN/m?) v WUUINABIIER)
AOUNINLINA (Q-CON) | 2.00x10° 5.88 0.25 Mohr Coulomb
Shotcrete 3.00x10’ 17.60 0.45 Mohr Coulomb

Rock Bolt 5.00x10" 21.57 0.25 Linear Elastic

Mesh 8.00x10° 20.00 0.23 Linear Elastic

4 _

_ |

Total displacements [u] (scaled up 20.0 times)
Masruen vave = 55564103 m (Bemest 476 ot Noce 212)

3UN 6 nan1sinTeisaedsliluviddmuduanseinisindoudiganveddaseaing (Maximum Total

Y Y

Displacement) wagguuuN13NTEIBANLLAL (Stress Distribution)

A
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4. NaN1538

4.1 wamfemuiagUsvasided 1 Mnanmaaeuidssuintinueselusddelumarunmidn
MU 7 Safunsiiesnesisne B liluiddwud (FEM) SslunisAnwnglusdsunseing q louA RC, HC
way EL ﬁmfﬁ’ﬂé’ﬁULLiaﬁmLaﬁaqqqﬂ 21.21, 20.70 WA 26.65 ksc MUa1auU 1ngaSu1eNanIsIASIZYnIe
FEM $aufuguuuunsidindannnimaasuidsfuiminludnvaziduiioguulunavunndn nut
Annsiadeusngsgauaslaseaiins (Maximum Total Displacement) wansegil 1.055x10°, 0.4029x10°
uaz 0.8408x10° A3 muaddy TuraiesUuuuNsNsENEAIMILAL (Stress Distribution) ¥993Usa RC
F13U7 8 (n) wanamsnszaeitliauna ANAAugnazauUIIunaLAsIUuTestealn dwaiinudliy
AnsosithiFusuiiuuty uanfnnsitiludnuazsosinuuidsmnyurendanindugiuuu dmsu
olusAgUnss HC Fagufl 8 (1) uansnnsavausguusonlas dudugaduusuuisluiliilasai
uthantiesessu dualrimuannsnidssunssdnm uasuanimAtaludnvazesnduitsvesin
Tesdm3u Tudruveseluadgunss EL fsgudl 8 (a) In1snszanemnuduanussnagnasseandndaiudig
flanaBeauazgiuiiuay viliAnnsuisesnmeiudruas msazaaadugduiinandannningy
wazlansn1TIURL UGNy UImoRNAUTNS

4.2 namsideaminguszasdded 1 lunsdnmsuudsunnugeesdeadaluglusdsunsaion
917 lawn HS08, HS10 way HS12 wu3n @hﬁwé’ﬂ%’uLLiqﬁmLa?{aqqqmamawm 27.40, 24.34 way 22.26 ksc
AINAIFU HAN1TILATIZRIY FEM WUd1 A1nisiadeudagegaveslaseaing (Maximum Total
Displacement) 8¢/l 0.8265x10°%, 1.074x10° uag 1.184x10° lums auddu usfin HS08 Faguil 8 ()
fiAmsiadouingegausAsULUUNINsEANEAIALAY (Stress Distribution) uamsu3tarnaangeadaluds
duvuvedlaseai fethgafiedeudilinssnudennuiunswesteulafedanmnsniunselda vosd
HS10 fagUfl 8 (3) waw HS12 fagudl 8 (@) willmsiadousmgeaniiinniudiiauinalndivveusuuy
vostondn Faduuinadileniafinnsioh snvusiaesadoatunanageufdssuiminvestaelnma
it Hs08 witinmsidegtunnusngnssunisuaninuansfannuannavesusuazssaniga
Suusaldd Tuwauzdl HS12 fldnisindeusigeaaiitesniudiinusnailnddeadudn Jaaziiouin
Funisesnsiadouiiinadidgeninasndovedlasaiionay HS10 ﬁﬁmmqmazﬁuﬁmawau%
oglusziuiungamiliannsanssnousdliegiedivszansnm tnsuaninsitaludnvagsosiun
Fosanuinaguasptendametuginuuulussiuiianzan luduves HS08 farwgeesdendn
tosdshlituiivoadalusuamuioualngiu dealizuihdesalds Tnsuansdnuagnsithanuuves
Foalnggrunaziuiislumanduiu HS12 fmnugeoadannn viliussdafinsgiansdwuuliannsa
dvasgruldedisauna Tnsuanadnuaznsitivuisfuiiuundesningulugyuuuresonin
Ui Ui argIUglaARE N9 TnLIY

4.3 namsidenuinguszasdded 1 ilefinsamavesnsiaiuidsluslusdsunsaions loun
HS10-SC uay HS10-SC-RB Wyt Aindsiuusisniodegeananaiann 24.436 uay 23.17 ksc AmdIdy
annsnesugldnsiasuidide Shotcrete Wsseguienavtieaduia (Lining) wazsinAnuudauss
fivesteadmilimuaunisiinsesin damaliidsiuusednunnitguiliiaduings (HS10) 1éntee
og13lsfinu 1leaduindssiuiu Rock Bolt Fuinanuladerdesinliiinnsazanvosainuidu (Stress
Concentration) U3hasessedsnalimdsiuusadamningunsailiiiadumgs (HS10) winsiasuuasd
ddfyRengRnssun1siviidunuunides (Ductile) untulae Rock Bolt vhuihfiadelanauetisin
wilr¥anlidedu vildanusasnusunsaasiaiiosnnlaesinlild wan1siinsevisng FEM wudn
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fhmal,ﬂ?{auc?hqqqmaaimqa%w (Maximum Total Displacement) aaa<31n 0.4544x10° lag
0.1319x10° tns mud1ey Tunsdives HS10-SC fegudl 8 () Tdnwaznsidandeduguuuuilsifng
w@3uinds (HS10) usinisuaniniivinaivesonlnanas faaenndesiun1snszatsaaiu (Stress
Distribution) in1sanauduasuaznszaefoonanveutondanindu wansdessanininges
Shotcrete Tumsiaiufalassaiauazannisidosy Tudiuves HS10-SC-RB faguil 8 (v) Tanwaizn19ITh
AdeRUFULUUTINLN wiAuguLssessITRvSnafiivesteadnanatesdniau Tnefisuuuuns
N3E918AIBIAL (Stress Distribution) finseuaguinuulAwuing uansfennuamnsalunisanninde
sunuuRmMEye Jauansliiiufiaunuimues Rock Bolt Tumsauaumsaieussmelu ulfdidssnanas
ulunwsammaaiufindssng Shotcrete wag Rock Bolt SafufldiudWaysonisiiuaiosnwyeaglusd
FelunmafiRvanefemuuasnsefifisdueshaiifod iy

30.00 26.65  27.40
24.34
24.44 9317 HRC
25.00 22.26 :
) 21.21 90,70 B HC
<
¢ 2000 mEL
€.
i?;:
3§ 15.00 M HS08
z
2 B Hs10
% 10.00
3G
o M HS12
5.00
W HS10-SC
0.00 M HS10-SC-RB
wuuaeslusd (Model)

UM 7 n9vluansmmasiulssnatstas A desuuinnsgIuveglifusay JUnse

8 (v) HC

8 (m) EL 8 (3) HS08
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8 (2) HS12

8 (%) HS10-SC 8 () HS10-SC-RB
Ul 8 nansilaszvisne FEM uazdnuwaizmsitiveselusdusasgunss

5. afusnenanazasunag
MnnsAnumensadeufdssuininvesglusddelunaruadnuas msiinszhidsiaay
e ABlludBAug wuhgUnsseseluadiiviwalasnssiongAnssunisutminuagsUuuuun1sioh
FsanansadienevinanmvaaeuluesufiRmstiunanisdaesldfgui o
defansanglusdsunsedivas (RO nuanuaeandeslngnmaionanisnagey fagud 9 (n)
M sitRvenesluuunfvhuuueseadn sunisisnanaenndeslagnsaiunanisiingzilu
U 9 (@) Tiuandliiiuinuinasuuwrestealniinisnszaisveaninuiu (Stress Distribution)
nMsinssiiTsBuduiuuuiaednlufsawudannsaiusduisezuualiun S0
voslassadlduasiidusunsaifipniugadouddgmilassaiaiidmareussaninmlunssutimin
Fenpfnssunmsiohtdmuludnensiindeadetiluglusdsunsedu q Afpniudmdszneu Tnsuanans
SuiuresimATRnnuinadindnogisine fmvazdeniinandlunanisisetnady

9 (n) drwugmIITRnMIegeuiduimtn 9 (1) sULUUNMINTEAEANALTSIluYIBALuA
JUT 9 uanadnuuen1TITRLAZIULUUNINSE AN LTIdonnderiy
HanegeuluiesuURnsmudn glasAsunsufiendh (HS10) HAmasTunsdnagi 24.34 ks

5999MNFUNTNT (EL) wiilvianuaugandnitluduainulaendevestentauarUseansamlunisldam
& 4 P a €Y aa caa 4 ¢ a4 v i - o
wunnely vuginanTliasginedsinluniddumd glusdsunsaiondn (HS10) uansAIn1sAioud?
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gsgaiian (1.074x10° wn3) wazdinsnszaeaundusgsdeifosnuunldsiuuuasggulasaiig
I#ognaiiuszanBnn uansfamumanzasiluiuaanasafonasUsyansnmyosmsldnuais
nsguiiguaNgavestondaserning HS08, HS10 uay HS12 wanalimiiudn HS10 fdadiu
Armgauasonlafiaugafign Inedifufiuuisuuazuuieiifismesronisldau uaraunsadoussasg
g1uldd Tuvnedl HS08 wifinruanunsnlunissuussdngean uaiuildaudite uay HS12 wiiifud
melunnuuisnsedousnduisiulusinadiondmaronulasnfsvesontn Selimngaly
QREISSRITERS
nsia3uindssig Shotcrete wag Rock Bolt luglusAsunsuienshdauansuaiivaaulunisiiia
anusiuastiiulassane Tng HS10-SC-RB TAn1siadoussi (0.1319x10° lun9) uazwiiindideiu
usadageanazanasannisiinanulisedesvedlasaine udusslovindrdgyfonginssunisivh
Hunuumilen (Ductile) snnulas Rock Bolt taeBawiertaglivhefurhllassadsannsadnwann
uaziadsnmlas il dwaliAuanuvaeadelunslinusiannddy
aiidoyatmunaenndastusUuuuglindanmenunsinnesinansenuandon (EA) 109
Tasamssalwmagiisnungiun-yaumisouudse FudenlisunsafonshanugsondelndiAssiuglusd
sunsafionsi (HS10) waefinaiadusnddludnuasifenty Budufeumngauvomanisfnilunig
ihluldlunudeassglusdluiiuiios
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Abstract

This research aimed to 1) design women'’s streetwear inspired by zinc betta fish through the
concept of upcycling, 2) develop prototype women'’s streetwear based on the proposed designs,
and 3) investigate wearer satisfaction toward the developed prototypes. The target group consisted
of 15 women aged 18 years and older residing in Mueang District, Surin Province, who wear standard-
sized clothing (Size M). The research procedure was divided into three stages: (1) studying the
identity of zinc betta fish through interviews with experts, which revealed that the distinctive colors
were blue-cyan and black-blue, while the unique characteristics included tail fin shapes and
aggressive behavior; (2) designing and developing five prototype outfits, namely a crop top with
shorts, a long-sleeve top with a short skirt, a short dress, a hoodie with long pants, and an off-
shoulder top with a long skirt; and (3) evaluating wearer satisfaction. The research instruments
included design sketches, a prototype development record, and a satisfaction assessment
questionnaire. Data were analyzed using descriptive statistics, including mean and standard
deviation. The results indicated that the overall satisfaction toward the five prototype outfits was
at the highest level (x = 4.54). When considered individually, the crop top with shorts and the
hoodie with long pants received the highest mean scores (x = 4.60), followed by the long-sleeve
top with a short skirt and the short dress (x = 4.50), and the off-shoulder top with a long skirt (x =
4.13), respectively. The study demonstrated that five prototype women’s streetwear outfits
developed from upcycled denim successfully conveyed the identity of zinc betta fish through
garment silhouettes and design details. The use of the characteristic blue tones of zinc betta fish,
harmoniously integrated with upcycled denim materials, contributed to both aesthetic value and
functional wearability.

Overall satisfaction results reflected that fashion design through the upcycling process can
effectively create aesthetic value while simultaneously promoting environmental conservation. The
key strengths and benefits of this design approach include reducing textile waste, extending the
lifespan of materials, and adding value to discarded resources, thereby contributing to
environmental and natural resource sustainability through thoughtful design processes and material
selection.

Keywords : Clothing Design, Tin Plakat Fighting Fish, Street Fashion, Upcycling
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Abstract

This research aimed to (1) design and develop a bamboo-splitting machine for local
handicraft production in the Northeastern region of Thailand, (2) evaluate the performance of the
bamboo-splitting machine by experts, and (3) assess the satisfaction of users of the developed
machine. The target group consisted of 20 participants, including bamboo product entrepreneurs,
vendors, and consumers in Ubon Ratchathani Province. The design process was carried out with a
specific focus on the elderly, who represent the primary target users.

This study developed an unlimited-length bamboo-splitting machine to support livelihoods
and community development. Expert evaluations (n = 5) indicated that the machine is strong,
durable, suitable for occupational use, and capable of promoting community income. The overall
mean score was 22.27 out of 25 (89.07%), exceeding the 80% standard criterion, demonstrating its
suitability as a prototype. Comparative tests with traditional methods showed that the machine
reduced working time by 37-68%, with the highest efficiency for shorter and smaller-diameter
bamboo. It accommodates various bamboo sizes, reduces labor workload, and improves work
continuity. A user satisfaction assessment (n = 20) revealed very high acceptance (mean = 4.83,
SD = 0.27). The most highly rated aspects were product attractiveness, durability, occupational
suitability, and income-promoting potential, while safety and ease of maintenance received the
lowest scores. Overall, the developed bamboo-splitting machine demonstrates structural
soundness, operational efficiency, and strong community acceptance, highlighting its potential for
sustainable production, livelihood support, and the preservation of traditional bamboo weaving

practices.

Keywords: Long Bamboo-Splitting Machine Development, Bamboo Handicrafts, Northeastern

Occupational Development, Elderly
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Abstract

This research aimed to design and construct a small-scale organic soil conditioner mixer
intended for use by the local women’s group cultivating Thai native silkworms in Tabo Subdistrict,
Prasat District, Surin Province. The study also evaluated the performance efficiency of the mixer.
The machine consists of three main components: (1) a mixing tank, (2) an agitator blade system,
and (3) a motor unit connected to a gear reducer with a 70:1 reduction ratio. The mixing experiment
used 10 kilograms of raw materials, including 4 kilograms of biochar derived from mulberry trees, 3
kilograms of soybean meal, and 3 kilograms of manure. The output shaft rotated at 20 revolutions
per minute (rpm).

After the mixing process, the average yield of organic soil conditioner was 9.89 kilograms,
accounting for 98.90% of the total input material, with a total mixing time of 25 minutes. The
mixed product was then analyzed for nutrient content to assess the uniformity of mixing using the
Coefficient of Variation (CV) criterion. The results showed that the CV for Nitrogen was 3.04%,
Phosphorus 9.29%, and Potassium 5.30%—all values below 10%, indicating good mixing efficiency.
No modification to the machine is required. However, to achieve greater homogeneity, an increase
in mixing time by 20-30% is recommended. In conclusion, the small-scale organic soil conditioner
mixer effectively produced a uniformly mixed product in accordance with the accepted standards

for nutrient distribution.

Keywords : Organic Soil Conditioner, Mixing Machine, Mulberry Cultivation
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Abstract

This research aims to design and develop an automated temperature control trainer for a
solar dryer for PLC (Programmable Logic Controller) education in mechanical engineering. It also
seeks to evaluate the quality of the trainer and assess student satisfaction. The trainer consists of
a dryer structure made from acrylic and aluminum sheets, with a core control system utilizing a
PLC (FX3U) to process data from temperature and humidity sensors.

The results of a chili drying experiment demonstrate the trainer's effective temperature
control. A 6-hour drying period, mimicking natural solar drying, produced high-quality chilies.
Reducing the drying time to 4 hours by increasing the temperature through PLC control also resulted
in a similar level of dryness. However, a short, high-temperature drying period (2 hours) led to a
decrease in chili quality. The satisfaction evaluation from 9 mechanical engineering students
showed that the trainer was of the highest quality, with an average score of 4.74 out of 5. Students
found the trainer's components to be clear and easy to understand, and believed it effectively
helped them apply their PLC knowledge in a real-world context. This confirms that the trainer is

an effective instructional tool for PLC education.

Keywords : Drying Training, Package, Programmable logic controller
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AMAINIIYINTG

MATeEes maasysineusugamgiludeunimdanunasofinduuudilulii dmiumsisou
9 PLC dmsuimnssuiaiesna Sandmnsinnistudiudig q fail

1. ANAIPIUNITATINATIAUINNTTY

nAteilldaeysinfunuuiiduuinnsslmidmiuies fiins Ssdinisysannisesdanudan
vangauin loun Imnssuiaioena dmnssuliii/aidnnsednd Imnssumiuny MsHaNKEOA
audvaniviliiAndonsoudidusUsssuardnuldess Sadulselomiosnsbatonisfnumig
NI

2. aauAAuNsUsEEndldaug

aAteillfuandiifuiinnihnnusidmaudluin PLC aszgndldiulandaidunimngem
tufonismuauaumgiilugeuus Fadunszuiunsimuldveslugnainnssu mvnassiiaseunguly
MaNeTI9Ian (2, 4, wag 6 ) Seagvieuliiufsmnuduiussevinedudsdd (eamgdll, nan) uas
NAdNSTLS (Anunwvamanan) Fetaeiiiuanudlalundnnisniununszuaunis (Process Control) Ty
KISy
3. AUAINIUNSANYILAZNNSISEU
yailnfia¥retuiieldu ndesiion1siFounisanu (instructional Tool) fiflUseansnngs Tned
uanTRTidARlen nsiFeuiuuasileufta (Hands-on Leaming) msidenleanguiigufdi uaznisin
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WA lLlag NN dUNBNUUSEANSATWNISHARLUAIUZ A LU INLae

qla3al o1auka" dnfivne wasduns? Alisasens autd’ qiasiius fenazlven’
fagan vady’
Az AINEIansuasmAlulag uinanendesvigas’ >
AzdfNIsuAEnsuazmalulaganaunIsu anINeaeIYagee”°

wd : jurairat.ard@lru.ac.th’”
Fuitfuunany 1 Sunau 2568
Fuudlaunau 10 Suanau 2568
JupouTuunAL 16 SuAN 2568

unAnea
Tudruznaaduiiviasugianianudfyneussinalne uanvasnsdinaussautymnanin

v
Ay dao

siolssn ATl nguszasduitelfmaluladimanzaunamdnnisinynsusiue (Precision Agriculture)
Tunsuimsdanistiadenisuiniiddy fe smmesfivuaziir Ussnaudomeluladnislédenue
Jipswhiutassyuutmeadelul® efiuussansamniswansiudUsndslundasdunuuis 10 ulas
é?aaaﬂmﬁuﬁ 5 8N0U0e U InLae IEMsAnwIUTENOUMY NMTeenkuulenuAiATIEAY lagianie
ﬁmmmwé“ﬂ (N, P, K) LLasﬁuw%‘ai’mq (OM) vp9nsazhUag miaaﬂLLUULLazamﬁy’ﬁzwﬁmammu
AudnwarvesuUas mivgniudzvdmmaluladiioonuuuliluggniandnt 2567/2568 uagnns
Usziiulseansnmnsudnlaetanandniduan wWesiduduts wazuSunaudadals

nan1ssenun nsldmeluladiuunzauinlynandnsiuanadowiiu 7,275.23 nn./ls ganin
3§ﬂ13UQﬂ%aﬂLﬂ‘lﬂmﬁﬂﬂﬂmﬁ‘u‘ﬁu 3.905.23 nn./l3 viseRadudenay 53.68 uenandl wWesdududaade
26.10 % \fiutudesay 7.66 uazusinaudeioldiade 1,902.08 nn./ls iiuiutesay 57.47 Tagynulad
FunuuTinananiuTy wasd 3 Tinandniiuangsan 7,866.44 nn./l3 Tuvaiziiulash 9 Sanuuansa
MNNIBveanunInsIndign 4,644.72 nn./ls MmeTziauuUsUTIuLART mandnTuan 1WeLdus
wa wasUsunanteflnnuuannsiusgaditudfumieadanisesu 0.05 waluladfunzauiananse
WlUagnenaiioiiunandniudzndwazdiussldlinuasnsliedediu
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Abstract

Cassava is an important economic crop for Thailand, yet the farmers continue to face the
problem of low yield per unit area. This research aimed to apply appropriate technology based on
precision agriculture concept to deal with major factors, nutrients and water. This consists of
fertilizer design based on soil analysis and drip irrigation system to improve cassava production
efficiency in 10 demonstration plots located in 5 districts of Loei Province. The research
methodology included soil analysis of major nutrients (N, P, K) and organic matter (OM) in each
plot, design and installation of drip irrigation systems based on field properties. Cassava was
cultivated according to the proposed technology during the 2024/2025 growing season. Production
efficiency was evaluated by measuring fresh tuber yield, starch percentage, and starch yield per
unit area.

Results showed that application of appropriate technology produced an average fresh tuber
yield of 7,275.33 kg/rai, which was higher than the farmer's method by 3,905.23 kg/rai or 53.68 %
higher. Additionally, starch percentage was 26.13 %, or 7.66 % higher, and starch yield per unit
area was 1,902.08 ke/rai or 57.47 % higher. All demonstration plots showed increased yields, with
plot 3 achieving the highest fresh tuber yield of 7,866.44 kg/rai, while plot 9 showed the greatest
difference from the farmer's method at 4,644.72 keg/rai. Analysis of variance revealed significant
differences in fresh tuber yield, starch percentage, and starch yield at the 0.05 significance level.

This appropriate technology approach provides a viable strategy for widespread adoption

to increase cassava production and farmer income sustainably.

Keywords: appropriate technology, cassava, fertilizer design based on soil analysis, drip irrigation

system, precision agriculture
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1. uni

ffud1Usnds (Manihot esculenta Crantz) iufimasugiaifauddnyegsbetenianunsnisy
uaziAsugAavesUszmalne MeluguzTngRvdmiugramnssundeiu omsdnd uasndsunauny
Ussinalnedaduddioonnan Susisudvzudsaelugvedlan laedfuiivgndiulugegluaia
nzfusenidsanie suwdsdminasMduumdmanddny wihiuiinansuaningsanazgs udinunsnsé
Uszaudgminandndelidi (Yield Gap) Lilosainanugmateysznis liun anuuusUsauvesann
afiona Fouds uagiiuldonTngu (Sassapol et al,, 2020) v‘iﬂﬁﬁummmammiiaﬁu Felagnives
NYATNIANA muwuﬂsvammwmiwamaﬂ,waﬂmﬁmwmLLuum (Precision Agriculture) lnsnaglu
nsuimsianstiadunawaniiandey fe simoimafiauazii

taduinfusmemsfinluiude mwmﬂimuimyuaﬂ%ﬂamﬁqméﬁL%G}W@Jﬂamma%u Inglyla
milsfatsinusmemsiitlegiflufiu Fudunislieiuanudndu wislinssiuanudesnisvesiiy
vlsiusyansnmnsléls (Nutrient Use Efficiency) i uazAuuBestaglaivg nsléiomuaiinszviau
Fudunumaildfunseouuiansafiunandnuazandunuldegiaiuszansam Taen1siiusg
ownsinaluiuusazuadifsefudunietng weareda uarlnunadounuainudeanisuesiiy dad
FIPNUNITANYINUTINITIANITEWNDIMTUUULANIELANE AN TN BUANDIRENSLAS YL AU v asly
ﬁ’]‘dzﬁﬁ”ﬂlﬁﬁndwmﬂ%{jamummmﬂmﬂl’ﬂﬂ (Kaweewong et al.,, 2013 : 14 ; Leitch et al,, 2023 : 2)

dndadeiieafuihde fudusvdndufiviidnugnlulanumstha (Rained Agriculture) %)
Amudssgannamedufisias msneilutidingevesnsaigiulpdmansenulaensiomsaauuds
wazthmtinTaEn nsthszuuraussyuven (Drip Irgation) uldsadunaluladddaidreanaany
Hostandm ssuvimenldifioudiiodiussansammsldduidemnsofunandniianldgeis 2 i
daifteutunsugnlasendotiiudfissediafien uenanidmediudesidusius Sadutafermuasan
Favese (Piyachomkwan and Tanticharoen, 2011 : 160 ; Food and Agriculture Organization, 2013
: 57)

whildhmeluladvsaosiuaunsafiuusyansnmnmsnanvosiud evddld wrdilifinisdine
nsléimeluladifiaesiufilusamoununansegradugUsss sideiiaysannanelulanisléle
puAesgiusutunsuImsianmsthieszuuimeafiofiulssansnmnisdntudendsly
fufidsninies Ingldmealuladfnsauiine fuviuniiostiu Usendn 1dinfeld uasdianudsiu lae
thanlflunasnuasnssunuuludamiaae suazduumislunmsveenaiiosnszdiuanuanunsaly
mwzjﬁumaﬂLmsmiﬂi@"uQﬂﬁué’wﬂwé’ﬂuixé’uﬁuﬁﬁdﬂ

2. Inguszasd
2.1 wialdwmaluladiwunzaulunisiinuse@nsannsuansiuadnus aaiunUasn uuuy
2.2 WiaUseiiulseanS A nnsuansiuanUs adiunUasn unuum e A lula dnwa ey

3. 35n15738
3.1 waluladflmunzauiiodinuszansnmnisudniudznds Usznausamelulad 2 agha o
mﬂiuiaﬁmﬂ%’ﬂammﬁLm’lsﬁﬁuuagmﬂiuiagiwuﬁmaﬂ Fiseandunnelui
3.1.1 walwlagnsldlenuaiinsgsinu
wann15veInslddenuaiinsieinu ﬁamiaamwuﬂamum(ammiﬁmmzauﬁ’uﬁﬁmwiaz
sinlaoilfanuantivesiunazUnasnonsidoguiluiuamsuvas lnglanzsmemsudn
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oA Usunasinermswdn (N, P, K) wazdun3ding (OM) Fudunislileegrefiuszansnm Jaseath
FoyaanmiazinuaniivesiuwazUsunusmemsvesiazkUawnldluniseeniuudnndiuves
wide 3 0819 Ao Gi3e (Urea 46-0-0) lawauluileuoaiin (DAP 18-46-0) uwag H35tenaanlnuny (MOP
0-0-60) MIUAIINABINTITVRILTUAIUENA (ANNYIU FIUNA wazAME, 2564 : 46) Tnoiidunounis
Fndunadsdl

3.1.1.1 mafusegisiu iusegsduluasgniudsndusasuadnedunszanens
wlas wasag 15-20 9n FiAushedaiulivhanuazeniiuududildrouyafiudusuidiieduiud
AN 15 B uaz 30 g, winiuwaniy Adviusisludis

3.1.1.2 Myaswiau Uszneuseesdusznauseluil

diu dhdusegraiieuivayaiisudau (Munsell Color Company, 2016)

oy wfusesnaiesesidaTmaduia (Feel Method) TngvAuwunauiilvliundn
ihlndenduudadsduliduduionioudsuamnusniudnvasienu @ndunsinnamalulauay
WIANTIUNYAT. 2564)

AR TunIn-Ae (pH) JnAn pH e Test Kit vasnsuiamundiau Tnsthdetsduald
TunanquudventiismaaevauAuduia diwaviuiasgruaniisuiiowvanaidudn pH @in
3wmﬂmmétﬁaﬂﬁﬁmu’nﬁau, 2547)

YSunasmeinsnan Astulasiau (N) Weanwesa (P) Inuvadey (K) Idyansivaaufiu NPK
Test Kit for Soil vaaumIng1deinunsaans lasldtheraiaiu 20 fadans wdnsosninAueen 1
ansazasuisuAUnia NPK Tngldusiudnnsgiu (Colorimetric Calibration Chart) iiteudanau3inm
ﬁmmmitﬂu 3 sydU A ¢ Uunans 6N (éﬂﬁﬂ%mmamiﬁaﬂ'ﬁﬁ’mmﬁau, 2547)

Ysuradunsedngludu (OM) ldyanaaau Soil Organic Matter Test kit Y9911 INeN8E
inwasans Inededsnuvhuisesuasaiiisimuadunm 15 wit wdnhdlusuileuty
waudinaspruilonanaduliinadurdeaglufiu (@ answany uazan, 2557) 10U 3 sedy Ao
i dunang Gy

3.1.1.3 dAwa i gituntesnuuudnduls Auugi Tasld OM P wag K Sauans
Hu 3 sedufe s Uunans ge weenuuulemuaiengiiudadumuugiimunssesaniuns
FananalulaBuazuinnssunainuns (2564) Sespydnmduliunuide 3 sgraduilantusiels iy
Urea : DAP : MOP wiiu 2 : 17 : 7 flanFusiels

3.1.1.4 ManauonuAin iRy sawsionusaduitusiviels usiiufivouuag
fudsndausazuas Tnedahminuiiefidesnisudmanngniedlmdniu

3.1.1.5 nstadenuadinsnginu ladelutiseny 1-3 weu lneldlndsn lunusainuly
udnauiu lurisiifudautuvdondalunn

3.1.2 waluladsvuunen
svuvthvendaluliAvseneufediutsznoundn Tiud unash szuudiu viedwh Tnsiwes
gunsalmuaumsteh uazvielfuth fupeunisliineluladssuutmeadwieluil

3.1.2.1 medmaulas ileiiutoyadunienans liun afdniduas sum gunss A
aadu fidauazauinveaunani: anwiu (us Tagldiedesilodsne Tdun mutaseos ndesTolalay
Tnsushenn Insdwidifigunsaiifeaiiessyfifaiideosutag
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3.1.2.2 sankuuszuvivealulUasiudiends lnsthdeyasuginmansainnisdsian

Ansziidanissundindenaciudaielusunsy AutoCAD ielildvuiauwar junsveudaniy

'
=]

Snarduiigniios Taviswunn dumds Asedy wersrersemaRiiNuUaY udhTseRnuuUTEULYe
fidsuaznszarstdngulasifudends dauuvsuazauinvosiouszsu vieses uasvietinend
wngan TtsiuaTakasRiseeiesguiuazgUnsaiiledsthiigulasegafiawe
3.1.2.3 mMafansszuutivealulasiudendmuinisee ssuuiuuazeunsal iy
1 nseunums Fadwen 1dahven sy
3.1.2.4 MuuAAIUIALAZLAITEEIAINTTET L dL AR uA UK DN YR 9T
duends Tameiandnsintsaespimedndesiiuiifiiaime (ET) (nsuvaUsenny, 2568) guiusn
duszAvifimiudiuends (Ko) ilevndnsmsaessmeresiudJevdsluiiuiiferinae (ET) whitu 13
w1/ wardenuiinashitdeduntudusndaunm 7 fu whiu 9.2 wu. vie 14.7 ava. dels uay
salvbluaunaniifidunn fdaunaivesnislimimldananuassalunsguivesiu (AwHc,
Available Water Holding Capacity) ¥esuUasiudruzndausiafy 16.5 mm (Xie, 2018 : 42) gnldly
r3milsinednanemessmevesiudsndduiuiidmiaee €T) nmelunm 6-8 Yu
3.2 manansudgndshemaluladiuanzauluwasiuuuy
3.2.1 wlasiudUsnasiunuy
wasfudusndsiuiuusiuam 10 ulas seegluiiuil 5 Sunovesdminias léun sunaidios
w0 Taagna wdas Lot uazsne fifadenlaeinifesmiumhenunAdiinnunwnssinelag
firrsananmumfeulumsldimaluladfomnyan 1iun undah anndu anmgivssme dumsuds
nslH7Ru fundnensniandn Teu veuitus Runu indesdieiniosing usanu Jouazansindl unasiu
B0 1Husfu wagdunisdaaiumeluladfunzanldun nafudieya msliflddoya madrsufanse
Hudu Tnsusiazuasiivunn sUnse wazaudnvazuanmsfuduandumssi 2
3.2.2 mswansiudsvddlundasiunuumemaluladianza
anfiunisugndudivenddlundasiunuuluggniandnt 2567/2568 lagugnludlsdugguuy
Founa. - Do, 2567 lnefinwasiBondel
3.2.2.1 MawseuuUas YfvanmdusienislansuaglowusniousnsesuuasUgnizeying
1.0-1.2 3. wazU¥ulgsiude fanuivdgaduldyatnandidndossnadan 1:1 luu3uia 500 - 2000
Alansusiels Suegiuuiunn OM Tufu dfufien pH sndt 5 Twinlalalani 100 Alansusiels
32.2.2 wisvieuiuguun 2 euAuly e 20-25 wu. fion 5-7 avievieu uvieutus
Tuanslnosdnuen 25% iunan 10 wil e famdsuds
3.2.2.3 fadsszuutennuuuuiitmualy warliinueunausssresnaiiieanuuy
3.2.2.4 Ugnifuduswas Im{‘]ﬂviauﬁuﬁ:(%ﬂmﬁﬂ 10-15 @31, S¥82¥19 0.8 1. UNFUTBY
3.2.2.5 Tddemuaniianeinunuuiinaiesnuuuly Tnsldilesiuduzndsiiony 1-3 iWou
3.2.2.6 Yigsinwulasinens mdnfviielneviuansindniviivdagn uazidlestudwends
oy 1-2 weu reensrvwladhiliiviivunaqu uwasise Tuuasdngiy
3.3 MeUssiulsyavsnmnssdntudwevdasomalladfivmnzay
UszAnsnmnmisndnvaneds nandnselsvesuasiud e ndsiunuy Inenandninann wande
vastuan Wosidusutla uazUSnamda fedl
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3.3.1 nananiuanssls iushegaiiuandlotuduy ¥vaseny 10 Wneundgn lnglviusas
LLUaamuLL‘UULﬂuwmwwaawaﬂ warluusavuuasdunuusmuavuaiudiiay aumumuuamﬂusﬂ
Avaeuiud 1w 8 wan 9 8 2 Fu T3 16 fu @F39se Wleadles uavaae, 2550 : 3) S1uau 6 Huil
ﬂizmaiuLLmasLLanmuLLUULﬂumiqmaaLwaﬂﬁsmmmmamamﬂaa TnethAniminsefiufidesun
euduamihminaelsegldnandaiiiuan (nn./19) drunandnmsiuandelslunsdivesnuasnslduien
foyansiiuifemandnvoununsnsluggnianeulnglfainnisdunvaiinumsns fiugnluntaufeariu
melsusundeaiu wasldiugiiudendaiugiu iun nunseans 50 svead 5 59883 72 WAENIUNTYS
Faetnduiuusmunu msfuiilsifinmslilenuainsgituuazmslfszuuimentsdoindusus
U

3.3.2 Wesidudulls Sadeldiadosletnlesidudufivihaulaeldndnnisinaininy
fe9 U lngadvainalau (Reimann scale) Wudasuiiisuesidududdluiaiu (gans magady,
2557 : 30) Inwdalldegnsistuan 5 Alansu indudurieusiUsvana 5-7 wufwes dhtudshuiin
Tuth sruAUsinaudduriudsudaamhofudeddud lunidoaddimualrinofduduls
1 3 A Tunnudasiuwuy

3.3.3 YSinaudeialsvisenandaudediols Auinaingns (@ 9AMe WazAME, 2567 : 21)

naranwts (nn./19) = andsiisiuan (nn./19) x Wesidudwtls) / 100 (1)

wadeaideyauszavnnnisndnldun nandaiiiuansels Wesiduduta uazUsunaudasiels
vosulauiudusndaduuuiia 10 wlas idnsssirnuuanseaiadediusing q Taeldnsiesedan
wUsU59U (Analysis of variance : ANOVA) wdavnisvageundanisiasizinnuulsusiu deanaded
AALLANAIAY Lﬁaﬁwmim%mﬁawmm (multiple comparison) A&35v89 Duncan’s new multiple
range test (DMRT) fiszdiupanandasiu 95 % (p < 0.05) Inglalusunsu R (R Core Team, 2025)

4. NAN153Y

4.1 namidesnumneaeaniuduzndsiemalulad g

nsdanaziiufisguanulasiuluukaiandasizdndinasinemisluiusewlas
mniuisiineeniuulemuaiiaseginuutazuasiouandtilumsed 1

nansooniuLenuIUasi 6, 8 uay 10 fanugauanysaiausi ignsds Urea: DAP: MOP =
28:17: 13 nn/l3 wazulasdl 7 ua 9 Smnugauauysaiiutiunans légmsde Urea: DAP: MOP = 5 -
9:7 /13 dwuas 2 Sanugauauysaifiuuiunans legnsis Urea: DAP: MOP = 5:9:7 an/l3
wazulasil 4 uay 5 fnugauaysalfiutunats légnsie Urea: DAP: MOP = 2:7: 13 an/l3
wlasii 3 fanugeuauysaliudoudiegs I¢igmstle Urea: DAP: MOP = 2: 17 : 7 nn./l3 wazutasii 1
mmamuamamﬂummam 1mamsU8 Urea: DAP: MOP = 5:9: 7 nn./l3 lnsAaauUAnIaNIen AL
swaviBsnmssaniudenie nfmstadssuuimoaveusasuadduand fumsed 2
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M990 1 HaN15RRNKUUTEALATIATIEIAUTDMUAITLLUY

‘ sgAUAIATIE VA nseenuuueuAiATEiaY (nn./l3)
ulasin
oM P K Urea 46-0-0 DAP 18-46-0 MOP 0-0-60

1 a9 Junan a9 5 9 7
2 Urunang i Uunang 11 17 13
3 a in a 2 17 7
4 a9 i Junan 2 17 13
5 a9 i Uunang 2 17 13
6 i o Junan 28 17 13
7 i Urunang a9 31 9 7
8 i1 i1 Junan 28 17 13
9 i Urunang a9 5 9 7
10 i i Junang 28 17 13

A197197 2 S19aLLBYANISHANLAENNSARRITEUVENNEA MkUastud U a IR uk Uy

wlasit
379013
1 2 3 q 5 6 7 8 9 10
fuftugn 19 | 1 3 1 9 3 17 a 3 1 2
iz&lzmi‘ﬂgﬂ 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x 0.8 x
(1.) 1.00 1.00 1.20 1.00 1.00 1.20 1.20 1.20 1.20 1.20
uuleu 1 2 1 3 2 il 2 2 1 1
SYYLYIIRIN
¥ 40 20 50 30 100 10 57 10 70 67
wwas ()
AN
28 90 50 150 80 180 85 52 31 40
wuas (u.)
ALY
a4 80 36 145 58 183 76 83 59 86
wuas (1)
frdedy (hp) | 1 1 1 2 1 2 1 1 1 1
USinasisie
14.7 22.1 14.7 44.1 22.1 62.5 29.4 22.1 147 29.4
oy (au.a.)
YUIAVID
v 15 1.5 1.5 15 15 1.5 1.5 1.5 15 15
Uses1u (1)
AuNs
o 7 7 7 7 7 7 7 7 7 7
(W)
segza i

272 4.08 272 4.90 4.08 6.94 5.44 4.08 272 5.44

D
°

W (Fl9)

Sunading o9 o9 Wieg Y Y 39 39 1957 1957
YR | WIR9 . . N1U
wlas \ae \ae \ae AN ¥ oy oy
o u 13/5/ 8/5/ 15/5/ 14/5/ 19/5/ 23/5/ 19/5/ 20/5/ 1/6/ 4/6/
Juiivan
° 67 67 67 67 67 67 67 67 67 67
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4.2. nansivesunsUssiulssansamnisuantudUsndssomaluladfimnsay

nansldimaluladfmunzauyilvinananituamads 7,275.23 nn./l9 daudsvesnunsnsd
nanAnTTudnLaay 3,370.00 nn./ls TmEJmﬂsﬁmﬂiu‘lagﬁﬂﬁmamamgﬁu 3,905.23 nn./l5 leRansan
seutasia 10 ulamuii youlasinandniuandel fifiutu Tnsudasiuuuud 3 Idnandevituan
\ndugeiign Ao 7,866.44 nn./l3 uazuuasil 9 lenandnsisiuaniadesnsainnisugnisuesnynsns un
ﬁqmﬁq 4.644.72 nn./19 wagmsidmaluladfmunzanynlsdiosidudutuade 26.10 % d@1uizves
inwpsnsfivesiduiutands 24.10 % Fanslémeluladvlivesfuiutiguiuiu 2.00 % WoRsan
sreuUawmia 10 wamui wﬂLLUmﬁwawamLU@%LS‘?}uﬁLL{]GLﬁwfm Tnasfudisndwala 3 Tiuedidusd
LLﬂqmwam fio 28.48 % wazdudUsndweulasdi 7 finandsUasiduduierinemnnisugnisveununsns
mmnam Winu 2,96 % nastdmaluladvinlifiusunaudaeds 1,902.08 nn./ls mmﬁmmmwmmm
Vsuauilaade 81263 nn/ls dennslémaluladvinldusunaudaadoduiy 1,093.07 nn/ld ile
fiTnsanTeutasia 10 wasmuin nauvasdvimaudaiutu Taswasi 3 fusinautgediqe fe
2,246.06 nn./l3 wazulasdi 9 ﬁﬂ%mzuLLi’]wmmﬂﬂ’ﬁﬂqﬂi%'suaqmwmﬂimﬂﬁqmwhﬁu 1,287.95 nn./ls
Fiswandonlunisnsd 3

A15197 3 NanaRdud UL R UaIR UL U

NananLudIUEna
e Thsfuan (nn./13) Wasidusutl (%) Ysunawds (hn/l9)
5 ; wWodidud ;
v 14 SR | USHnaud 14 22004 Ll 14 Amqgq | UM
weluled | 7o | iy | welulad | T | gy | weluled | T | i
1 7,613.75 | 3,500.00 | 4,113.75 25.88 23.50 2.38 1,970.44 822.50 1,147.94
2 6,983.73 3,300.00 | 3,683.73 26.11 23.45 2.66 1,823.45 773.85 1,049.60
3 7,866.44 | 3,500.00 | 4,366.44 28.48 27.50 0.98 2,246.06 962.50 1,283.56
q 6,990.00 3,800.00 | 3,190.00 25.70 23.70 2.00 1,796.43 900.60 895.83
5 6,996.25 | 3,200.00 | 3,796.25 26.12 23.20 2.92 1,827.42 742.40 1,085.02
6 7,643.75 3,300.00 | 4,343.75 27.15 25.35 1.80 2,075.28 836.55 1,238.73
7 7,705.19 3,600.00 | 4,105.19 26.41 23.45 2.96 2,034.94 844.20 1,190.74
8 6,528.11 | 3,100.00 | 3,428.11 24.55 23.50 1.05 1,602.65 728.50 874.15
9 7,844.72 3,200.00 | 4,644.72 26.31 24.25 2.06 2,063.95 776.00 1,287.95
10 6,580.33 3,200.00 | 3,380.33 24.28 23.10 1.18 1,580.22 739.20 841.02
LQSEJ 7,275.23 3,370.00 | 3,905.23 26.10 24.10 2.00 1,902.23 812.63 1,093.07
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G

asnedl 4 wandliiuiwandmiminiasiuen fianuuananstuegredifedfynsadfiszdu
0.05 wagiilofinnsananuuanashuiindifuaanui dwdnifuaauendistu 2 nau 9 as 5 ulag
nauwsNUIENOUAIE wlasi 3,9, 7, 6 uag 1 %aﬁﬁmﬁﬂﬁaﬁma?aagswhq 7,613.75 - 7,866.44 nn./ls
ﬂ@juﬁaaﬂ Usznouseulasi 5, 4, 2, 8 uaz 10 %aﬁﬁmﬁfﬂﬁaﬁumﬁaagswdw 6,508.33 — 6,996.25 nn./
Tsuaznuinvesidudutefiamnuunnsnaiuegradidedfyniaadffiseiu 0.05 Weofinsananuuane
Wedudutlemoudas nut Weddududsiinnuuansnaiu 4 nau nguusn fo wasil 3 fefidudutls
\nAugean 28.48 % nguil 2 Asudasdl 6 Wesidududuads 27.15 % nguil 31 6 was Uszneuse
wasdl 7,9, 5, 2, 1 ua 4 fiwedidududandongsening 25.70 - 26.47 % nqudl 4 1 2 uwlas Uszneude
wUaadl 10 uae 8 fofifudutlaadoogseming 24.28 - 24.55 % wonandumuitUimauiiiamn
wanestuegsfideddynisadifisedu 0.05 wasidlefinnsanauuandrsUSnaundsnewlas nui
Usmnaudsiinnuuandnafu 7 ngu nguusn fe wdasil 3 fuunaudegegn 2,246.06 nn./ls nguil 2 fe
wlasil 9 waz 6 TUSanautls 2,063.95 - 2,075.28 nn /13 ﬂﬁjmﬁ 3 wasil 7 UTunaudls 2,034.94 nn./
15 nguil 4 Ao wasil 1 fUnawds 1,970.44 nn /3 nguil 5 Ao wasil 2 ua wlasil 5 TUSnauds
1,823.45 - 1,827.42 nn./ls ﬂfjaﬁf 6 Ao wlasdl 4 fUsunauds 1,796.43 nn./ls LLazﬂaj:uﬁ 74 2 wuag
Usznoudie ulash 10 uag 8 flusunauutls 1,580.22 — 1,602.65 nn./ls

A15199 4 nardnTTuan Wesiduduts wazuSunaudaelaisuluy

Jadd NANANAUFIUTNAY
13 v o \ P ¢ '
wasiugn (nn./13) Wosidudutla (%) Ysunauuds (nn./ls)

1 7,613.75% + 154.39 25.88" + 0.15 1,970.44° + 39.96
2 6,983.73" + 39.94 26.11° + 0.38 1,823.45°° + 10.43
3 7,866.44° + 45,07 28.48% + 0.40 2,246.06° + 12.84
i 6,990.00° + 33.85 25.70° + 0.28 1,796.43 + 8.70
5 6,996.25° + 20.95 26.12° + 0.23 1,827.42°° + 547
6 7,643.75% + 260.34 27.15% + 0.74 2,075.28% + 70.68
7 7,705.19% + 32.41 26.41% + 0.28 2,034.94° + 856
8 6,528.11° + 34.24 24.55° + 0.23 1,602.65% + 8.41
9 7,804.72° + 25.11 2631 + 1.16 2,063.95% + 6.61
10 6,508.33" + 31.41 24.28° + 0.47 1,580.22° + 7.63

F-test 4.56* 6.15* 7.94%

% CV 6.88 4.34 10.26

s AfkansduaedenandnsiudgUsnds + drudoauuuinsgu
- 9 o3

fvnwsndinguikanasiulussazanus wansnnusanssiuegdlitedfynieada (p < 0.05)
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5. afiusenauazauna

TnenmsumsidmeluladfimnsanlunUasdunuuiinanansntuanads 7,275.23 nn./ls viiodn
Dunandnshsiuanaiedolsifintu 53.68 % uaznandmiminisuandelfifiudunnulas lnsudas
FULUUT 3 lﬁmamamﬁuaﬂﬁaﬁuama?{aqaﬁqm Ao 7,866.44 nn./ls uavuUasduuuuil 9 Suandasiuan
smmﬂmsﬂqﬂi%'maqmwmmmnﬁqmﬁﬁ 4,644.72 nn./l5 @0AARBINUNISANWIVBIESIU UL IULY
(2558 : 30) finuimsUgniudsndslaglivmeaannsadunandaldunnninisugniudsvialag
p1deni e 26.69 % wpNAINTU Polthanee and Srisutham (2018 : 554) l&ndminslateuasnsls
ihiutadelunadiusyavsammsugnifudivsnds

daunandnduiesidudulsfidade 26.10 % isuiuisveanuninsiiivesiduduaaie
2410 % mslfinaluladfansauilinandaiiveffuiutinaiogaiu 7.66 % Wefinsanssulasis
10 uasmudn youdasinandnesduiutiafiutu Tnowlasdt 7 Snandaedfdudutisineannisugns
YuNEATNIINNTIgARD 2.96 % WonsTeuifisumnuuanAseuUas Wesidududsdinnaunnseiu
agafitfudfyneadntiszdu 0.05

AMmsvewanansuUsInandaioldmaluladiidads 1,902.08 nn./le Wieuiuiteeanunsns
fUSnaudlands 812,63 nn/ls msldmeluladvinlinananUsinaudaadodiutu 1,093.07 nn/ls wie
Wity 57.47 % leRnsansieudasia 10 ulaswuiy muﬂmﬁﬂ%mmuﬂuﬁm%u

Tavasy msldinaluladfmnzauinlinandafituanaiodelsifiniu 53.68 % gini1isues
\NAINT UarADNAZDITUNMIANYIYRIARAT 119n9dnT Lazany (2566 : 116) inuin nislddeindinuen
Anzifufiunandeiudvsndahlivananiindu 38.3% wavaenndenisinuvesiadd ousna uay
ARy (2556 : 177) \eafumsladeiadifinademaiiunandnuaznandnuiesiuduzndegnadoau Ty
WmamﬁmﬁaamLLazmamémLﬂﬂLaﬁﬁqﬂqm 6,255 way 2,579 nn./ls wazdedenmdaaniunisAnyIves
wounmed $1U1 uaginen adlaina (2561 : 60) inudnislidemueiiinsesiau Tbwindtudsnds
6,290 nn./13

6. TaLauauuy

6.1 elulaBszuuimeniifuyugnasnn Wuussgslalinunsnsannsaddaneluladldhedu
Feensduasunslimalulediifleusslovimassugiauazmslithedediussavanm

6.2 mihsnuilannsolesginuluiuiifegiarliinunsnadifanaluladlien misaui
AeatosmsUsznduiudliinusnadrfanaluladlfuniy

7. AinAnssuUsEn A

mamauqmﬁwﬁmmmﬁﬁaLLﬁﬂmwaﬁiﬁnuqm%quiuﬂ13ﬁﬂLﬁumuﬁﬁaﬁ mwvanifouss Waun
ANEIFINTINAEnSuasnAlulag gnaIvnITL LazAsInemansiazalulald unInedesvdigLae
inwmsnsruLUUEUgniudUEvds yaannsdiinnunensimiaae yaansddnauinuassne fifldim
sulumsliteua Sutuindeunisliineluladivsnzasluuiassiuuy

@ o

Uil 10 atuil 2 nsngreu - Furaw 2568



176 Industrial Technology Journal

LaNE1591989

naNTaUTENY, (2568). Usuansltiiwesiugrebs,
https://water.rid.go.th/hwm/cropwater/CWRdata/ETo/index.htm

Tadd ouswa, mondnd eumA, aangay uudl uazamz. (2556, nquniau-dwnas). N13ianTssg

mmsﬁ*ﬁﬁmmsa:uLﬁamiwamﬁué’mwé’ﬂuaumwwmaué’mﬁu. MITFITIVINITINEAT, 31(2),
167-179.

325504 Lileawiins uazAme. (2550). uIRuas IR g aNa MUY sHdlunaHAnTua el
INYAINTIININTZEOMUALTINTALNALALY. NTUNNY : ATLIVINTINYAS.

ANy &, augvio fuiadey, Svsuns ey wageniy. (2564). Aruuzialun e emua
ImgreviausmsUNElsiATYean: Lona193wINTI. AT 1 ATLAYINITNYAT NIFEANRIUINTT
HAANINITNEAS.

anndumsdnmameluladuazuinnssununs. (2564). Hivyssansnmnisuandius Wenamemalulad,
Unusll : dinenuimunInemansuazmalulaguiand nsensneaufing Inenmans euas
WIANTTAL.

adoun UseTui. (2s59) msainsrzimamndululdnnsduiontsamulussuudmendmsuns
insgnniswaasiusends - nsiifnwisunerhdu Sminguasiverd. msfinwdunirdasy
USnyaiasugenansumdadia) sminedeglufiesssunsse.

anenin 9ATIY, IUNANT MYWATUFAY ke 1FeNT ALAUTEN. (2567). Naveslalnunasanandnuiay
A utiwesiudusndsivgnludusiutunse Smdamunanys. 175915nvasUaze s
1579, 3(1), 17-27.

dninermaniitenisimuniiau. (2547). gifontsTiasisiiaee i 1 o Saqusuuseiu uaznis

31A512 A NONTI05UTOMIMIFINAUAT BT 1. AFUVN : NTUTUTAL.

aving1 1anedng, Giing 2danssal, aRss Usensu uay Az, (2566). andununslilownd wasiiivnandn
fudgnds memalulagnislddeluuvdsgniminnivdus. sarsununwyns, suppl (1),
116-123.

anns yaygadiu. (2557). wedalwilunisinvsuaudduiasiuasevasanlageirtnmuausinautu
auIu: Ie9ITERUUANYsal drinnuanznssinsduasIneimans deuazuinnssy.

LY D1ITNGNY, AN Veawn Uar Lnysan TulA. (2557). KU Research Weekly. 99#599a0UY5878
ounsyingluduninauin Yesum Imeaeinynsmans. univerdeinuaseans anduideuas
HALWAINTIVERENYATANERNT.

lunmed §11 wagdnen sdlaine. (2561). MsUszgndlsnsuazgmsteaifiunnssiulunisugniiy
d1denas ku 50 TuAunsne. 27597959 uuas e, 40(1), 45-54.

an

Food and Agriculture Organization. (2013). Save and grow: Cassava: A guide to sustainable
production intensification. FAO.

Kaweewong, J., Kongkeaw, T., Tawornprek, et al. (2013). Nitrogen requirements of cassava in
selected soils of Thailand. Journal of Agriculture and Rural Development in the Tropics
and Subtropics, 114(1),13-19.

o o

Uil 10 atiuil 2 nsngreu - Furaw 2568



".-'77 Industrial Technology Journal 177

Leitch, A., Anusontpornperm, S., Thanachit, S., et al. (2023, May). Cassava Response to Phosphorus
Fertilizer in Warin Soil Series Amended with Cassava Tails and Stalk-Bentonite Mixture.
Trends in Sciences, 20(5), 4885.

Munsell Color Company. (2016). Munsell soil color chart [PDF]. https://soils.uga.edu/files
/2016/08/Munsell.pdf

Piyachomkwan, K., and Tanticharoen, M. (2011). Cassava industry in Thailand: Prospects.

Journal of the Royal Institute of Thailand, 3(1), 160-170.

Polthanee, A. and Srisutham, M. (2018). Growth, yield and water use of drip irrigated cassava
planted in the late rainy season of Northeastern Thailand. /ndian journal of agriculture
research, 53(5), 554-559.

R Core Team. (2025). R: A language and environment for statistical computing [Computer
software]. Vienna, Austria: R Foundation for Statistical Computing.

Sassapol, O., Kaewprachum, A., and Chareonrat, T. (2020). Factors affecting cassava yield gap in
Thailand. Khon Kaen Agriculture Journal, 48(Suppl. 1), 1135-1142.

Xie, X. (2018). Fertigation for cassava production under drip irrigation system. Degree of Doctor of

Philosophy in Crop Science, Suranaree University of Technology.

AMAINIEIYINTG

unmnuiiauenansinuildndnmsinumsusiugh (Precision Agriculture) Tunsnamsiud Uy
Tnensliemuainseiuiiefiulszavsnmnslile unemsliszuunimendofuussansnmns
144 Tngldtoyaamsuvadlunisesnuuunislismeimsuagnisliiuafi sadsnsfiunandndu
dusvdsegnadusussailunasuuuy ilimeluladfmnsauivisandunu famann wasfiuseld
Tinunsnsetnadsdu

@ o

Uil 10 atuil 2 nsngreu - Furaw 2568



178 Industrial Technology Journal

winnssudulinsdnuaznisarenaamaluladinaiiauyseinsamw
nsldnuiuseundinduiiusnuinguinedamnagusy

wduug auyind’ dau auyune? Weesssy Fussuman’
JUNT ITIUNBUAT ITY UNIUNYS
AnzmALUlABRNEMNTIY WAINEIEETIBAYFRUNS 127 Y
N INBSYTIVAYUATATITINTIY

d1a : asada2518@hotmail.com®
Juiifuuney 1 3w 2568
Fuudlounany 31 naneu 2568
JumauTuunay 11 WeFRNeu 2568

unAnge

nMs3fenariaundeiliiairsdedulnnsfinuasdrenenmaluladiiodsaiu Ussansamn
msldauivneundiaduiiuinwinguuisiamisyueu laefifnguszasdifiosonuuunazaine
dulvins iln Yssiliuaaunindulvinsiin dngneamalulad wavUszidiuauianelalunisaienen
welulad nduitmuneUseneufsandniamiaguauuazinuasnsluiiuiidvalannats suae
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Abstract

This research and development project aimed to create infographics and transfer technology
for enhancing the efficiency of community enterprise legal consultation web application.
The objectives were to design and create infographics, evaluate their quality, transfer technology,
and assess satisfaction with the technology transfer. The target group consisted of 60 participants,
including community enterprise members and farmers from Khok Klang Subdistrict, Lam Plai Mat
District, Buriram Province, and legal consultants from Surin Province.

The research findings indicate that the developed infographics served as an effective medium
for technology transfer, communicating complex legal information through graphics and concise
text, which enhanced understanding and facilitated quick access to information. The quality
assessment of the infographics by experts demonstrated the effectiveness of the design, with the
overall quality rating at the highest level (X = 4.58, S.D. = 0.45). The technology transfer results
indicated that the target group gained significantly increased knowledge and understanding of laws
related to community enterprises and the role of legal consultants. Additionally, they were able to

use the web application proficiently. The overall satisfaction assessment of the technology transfer

was at the highest level (X =4.75,SD. = 0.41).

Keywords: Infographics, Technology Transfer, Community Enterprises, Legal Advisory,
Web Application
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1. uni
FamAsyuvululsemalnouszaudgmlunisidrfauagsianudiladoyanisngmuneid
mududeu dwarenisuimsinniswaznsiauigsiaegieddu wiasfinsiauiuueundiadu
ﬁﬂ%fﬂmﬂgwmﬂ%mmﬁﬁ]ﬂqmmﬁaLLﬁ”lsuf]zymmaﬂgwmaﬁiamﬁwmmw%@ag wu Uymmangvang
AIUNITUINITIANIT N1TAAIA NITIEU kazn 18 (RANRYY dauyind, 2567) WHIINN1TE15IANUI
AuszneumMTIamiavuvud g ddivedndnlunislénalulaguaznisvihanudnladeyaniangvung
ililianunsoldvsglovinnduueundindudananliogiaduuszaniam dsazviouliiiuisiesing
Tumsithiawaznslinumallaidndusedasunisudly
sulinsfinvhuihiiduieeadleflilunisesuredeyaidudoulsesemniuasiiuszansam
ansaulasteyaiduteu 1wu afid anug uardeyaduanlidunsinausluguuuuanidhlaldieg
wuaiifaueiegadslugameluladarsaunatiagou gl idusendfauasihanudilateyad
Fudouniglunaiisade nsesnuuudulnnifinlivszavanudniedu dneenuuumisiansan
Tnqusrasd B3 uazkadnsiiFesnsannsesniuuegvsauney ndnnIeenuUUTidAUsEnaUR e
mMs¥nwinuFoudte madnaueteyadavianizisniu msairedusseeiuiadla madiaue
dHomiinszduuazdniau wegnsldlidvuadndienisinanninitsanida (uwea waewd, 2560)
msgnenenwalulad (Technology Transfer) Wunsyuaunmsiivhweluladnidualdviomamn
Tuaonuiivdessdnsdu q Ssaansnthlulszgndld @ndad newnng, 2567) nsvurumsiiiauddy
AensfimLIosAnTuazYNTY LieandaglifFuamnsadining waia 38015 wazuinnssalnl
Tuusggndlflunsfmunaldogieiiuseaniam nsaonesmaluladifiuszannatisaniailunis
Seus funu wazauRanaialunisdiivanu vasieiuidisenseduanuaiunsavesy aansily
wialulagliegnufudszdnsnm nsaneveawaluladansaduiunislivatesunuy wu msiineusy
nsansn nslvdUine mswanngileniedenisiious nsfinwige waznisuaniasudszaunisal
sevafld wiazguuuuiidefuasanumnzaudmiunguitvnefiunnsinsiu msideniBnisaenen
waluladfmnzautielsihlaldiianuiuasinusasgnanemonogisdiuszavsnim aswuaudonis
wazANgN NUBINIU
Sulrinsfinfleanuuvedsiuaziinisienenmeluladfimunzauinaueniseaniidd gydmsu
nMsmsuniteya dulunsfinarunsafisaruaulauazaniarfifedldlunisaudiladenn
fidudouldognadiuszdniam (Usznms naduinids wazanausiing dduns, 2564) nseenuuy
suldinsiindiddrednsuidovuazlnssairsteyaidudeulsiunisinauenmdidiilade (153nd a
Funiaissay, 2563) Lmeqﬁmmxauaeiw?jqﬁm%’umia%mUﬁﬁaadamqngwmUﬁﬁﬂ%’u%w,l,awmﬁ]mﬂ
dlenaunautunmsienenmaluladesranduszuu Jafunssuiunsddylunsimealuladiinauiwgy
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Fawhaguuulildmeluladldegrufudnann
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Tunseanuuvdedulrnsfindmiunisldnuivueundiadungune duiu n193doadeilfajudud
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guyuanIande Whle wavihanudmeanguunegluvssendldlunmsinugsialiegadiussansanuay
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2. inguszasd
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Abstract
This article was aimed at analyzing the worthiness from investing in the program to report

the results of and investigate traffic light violations by comparing monetary and non-monetary
data. The data was collected by interviewing a start-up company and the Office of Khon Kaen
Provincial Police. An analysis was done on the initial cost and payback using the engineering
economics tools, i.e., Equivalent Uniform Annual Worth (EUAW) and Benefit Cost Ratio (BCR) values;
and the means in evaluating losses from road accidents. The study sites included 3 intersections
in Khon Kaen urban area. The study results showed EUAW of 219,583.80 Baht - the value higher
than 0 - indicating the worthiness of the Project. BCR is 2.2, which is higher than 1, showing also
the Project worthiness. The loss value from road accidents was analyzed, and it was shown that
the Project could reduce 12 cases of and 8 injured people from accidents per year. The yearly loss
value from road accidents was 3,597,352 Baht (for major injury cases) or 458,648 Baht per year (for
minor injury cases). The break-even of the Project was achieved within the first year after
installation. In order to evaluate social benefit, a comparative study was carried out, and it indicated
that the Project could reduce losses and create higher payback than the invested money. This
research is thus proposed as a means underling policy decision related to traffic safety and

development of start-ups of sustainable social technologies.

Keywords : Minor injury, Traffic safety, EUAW, Benefit Cost Ratio, Road accidents.
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1. Introduction

The problem of road accidents still stands as a world challenge. The World Health
Organization (WHO) (WHO, 2018) indicated that in a year, over 1.35 million people died from road
accidents, or 3-5% of the Gross Domestic Product (GDP) of many countries (Byaruhanga, C.B. and
Evdorides, H. 2021). In Thailand, the Thailand Development Research Institute (TDRI) (TDRI, 2024)
assessed that the economic losses from road accidents amount to 2-3% of GDP, with over 20,000
deaths annually. There is thus a call for preventive measures and reduction of traffic violations,
especially violations of traffic lights, the main cause leading to losses of life and assets.

Analyses have been performed internationally to show the worthiness of road safety
measures, both in the form of investments on infrastructures and measures to control road users’
behaviors. A study by Calvo-Poyo, F., et al. (2020) showed that an investment in road maintenance
and in controlling measures over illegal actions can significantly reduce death. Another study by
Ofori-Yeboah, A., et al. (2021) indicated that the use of engineering economics tools such as Cost-
Benefit Analysis (CBA) and Net Present Value (NPV) have an important role in evaluating socio-
economic paybacks from safety projects.

Thailand surveys of death rates indicated that road accidents stand among the highest three
causes of death. Most road accidents occurred from drivers’ behaviors, such as reckless driving or
traffic violations. These accidents lead to losses in various aspects, both at individual and social
levels (Klinjun, N., et al., 2021).

Khon Kaen is listed the sixth in the Northeast as far as the size is concerned, while its
population ranks the third in the country, being 1,802,872 in total (Data of the Office of Central
Registration, 2019). In 2019, Khon Kaen Province reported 6,891 road accidents, with 7,818 people
injured and dead (Accident Center, 2019). The road accidents in Khon Kaen were caused from many
things, particularly traffic illegal actions, such as failure to follow traffic lights or wear helmet.

A start-up has developed a program to follow-up and report illegal actions from traffic light
violations. The program records an image during the course of the accidents or the picture showing
the number plate of the wrongdoer’s vehicle and then files it in its database. Police tickets will
then be issued at a later stage. This lessens the burden from an officer working in controlling traffic
regulations. The program was presented to agencies with the purchasing power, including Khon
Kaen Provincial Administrative Center, Khon Kaen Municipality and the Provincial Police Office. The
problem found was related to the investment worthiness that could not be clearly identified,
making it hard for those agencies to decide. (Daowadueng P. and Kumphong J., 2022; Kumphong J.
and Chawapattanayoth N., 2024; Satiennam, T., et al., 2020)

The program was created to automatically retrieve the video visual from each frame for
identifying traffic light infractions. Its operational concept is based on the application’s ability to
recognize the traffic light's color. When the signal changes to red, the system monitors any vehicle
that enters the intersection zone, which is recognized as a breach of the traffic signal. Following
this, the application emits a warning beep and captures a video segment featuring a frame around

the offending vehicle. Subsequently, the application transmits a command to an additional camera
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to photograph the vehicle's license plate and stores that image. Both images are archived in its
database along with other essential details for future police citation issuance, which includes the
date, timing, and location of the intersection where the incident takes place (Wonghabut, P., et al,,
2018).

Past studies of worthiness from investment of road engineering in Thailand were directed to
cost and profit analyses. Two major road projects were carried out to assess economic returns. The
Chiangmai’s Sanpa Tong - Hang Dong Bypass Project showed the overall Profit Value (PV) of 286.59
million Baht from economization of expenditure and reduction of traveling time. Compared to the
initial cost of 132.65 million Baht, the Net Profit Value was 153.94 million Baht, an amount higher
than zero, which indicated investment appropriateness. The Benefit and Cost (B/C) Ratio) was 2.16%,
and the Internal Return Ration (IRR) was 25.2%, both higher than the investment cost. Meanwhile,
NPV of the intersection of Highway Project No. 331 — Nong Khla, Chonburi, was found at 233.69
million Baht, with the B/C Ratio of 3.20 and IRR of 35.9%, which were 12 percent higher than the
initial cost. The two projects demonstrated worthiness and investment appropriateness according
to the economic evaluation criteria. (Laopuangsak P., et. al., 2013; Laopuangsak P., et. al.,, 2011)

Nevertheless, present assessment of losses from road accidents commenced by setting a
conceptual framework and types of relevant costs. The assessment covers both direct costs -
namely, medical treatment, repair of assets, and compensation of losses — and indirect costs, e.g.,
economic value of loss from death or working capabilities of the accident victims. In this research,
the primary data was collected by the questionnaire and indepth interviewing was performed with
related organizations such as hospital personnel, rescue teams and police officers. The secondary
data included accident statistics, traffic reports and related research. The Cost-Benefit Analysis, the
Value of Statistical Life (VSL) or Human Capital Approach were conducted. Thus, the evaluation
results reflected loss values in the dimension of economy, social and qualitative impacts. In order
to obtain adequate information for road safety policy decision, evaluation is carried out annually
and project by project, after which approaches in reducing losses are presented systematically as
well as sustainably. (TDRI, 2024)

From the above issues, the team made a report on the worthiness from investing in the
program that reports and investigates traffic light violations. Quantitative data was collected through
interviewing agencies that have the decision power over the worthiness from installation of the

program, based on engineering economics; after which losses from road accidents were evaluated.

2. Research Objectives

To analyze the worthiness from investing in the program that reports and investigates

traffic light violations and compares both monetary and non-monetary data.
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3. Methods

3.1 Population and Sample Size

The principle population included start-up entrepreneurs and clients who used the
program that reports and investigates traffic light violations, namely, officers from Khon Kaen
Provincial police Office or relevant officers. Peoples were purposively selected for the sample
group.

3.2 Research Tools

The questionnaire was used to collect the following data: costs of the program
(equipment, personnel and IT system) and benefit evaluation costs (decreased number of
accidents, rewards for those behind ticket issuance).

3.3 Engineering Economics Analysis (To evaluate monetary data)

1). Analysis of Baseline Data in Engineering Economics
From Table 1, the items for engineering economics analysis included 1) Payback Period - the
Project pays back within 2 years, 2) Net Present Value (NPV) from evaluation of worthiness and
payback of the Project at 750,542.85 Baht, and 3) Internal Rate of Return (IRR) or the discount
ratio that made the net present value of cash inflow and outflow all through the Project life zero.
IRR was 48.8%, higher than the discount ratio of 6.60%, and the Project investment cost is 450,000
Baht. (Daowadueng P. and Kumphong J., 2022)

Table 1 Net Cash of the Organization

Year Cash inflow Cash outflow Net cash flow
2017* 66,330 17,600 48,730
2018 535,688 116,811 418,877
2019 353,926 102,014 251,912
2020 892,500 145,794 746,706

Remark: In 2017, from the beginning of the program to report violations and investigate traffic lights, i.e.,

November and December (Daowadueng P. and Kumphong J., 2022)

2). Analysis of Benefit Cost Ratio (BCR)
The analysis of Benefit Cost Ratio (BCR) is an engineering economics approach used for evaluating
the appropriateness and worthiness of a project and its costs in implementation. The objective is
to compare the benefits arising from the project and the implementation costs. The approach
firstly compiles the direct costs, for example, cost of construction design, operation and

maintenance; and the indirect costs such as opportunity cost and environmental impact.
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Meanwhile, the quantitative and qualitative benefits are evaluated, for instance, saving from
traveling costs, decrease of energy cost, and increase of safety. Next, the cost and benefit values
obtained are calculated into the present value, with the use of suitable discount ratio. The total
benefit value is then divided by the total cost to find the Benefit and Cost Ratio (BCR). If the ratio
is higher than 1, it indicates the project worthiness, as seen in Equation 1. (Cotter, T. S., 2021)

B/C=2Bt/XCt (1)

Where Bt = total benefit of the present year,

Ct = total cost of the present year.

3). Analysis of the Equivalent Uniform Annual Worth (EUAW)

The analysis of the Equivalent Uniform Annual Worth (EUAW) is an engineering economics method
that evaluates the investment worthiness of a project by transforming the cash flow during the
project course into uniform values each year. This provides convenience in comparing between
projects with different life and initial cost patterns. The step begins by compiling expenditures and
benefits of the project in terms of initial cost, operation cost, maintenance cost, and payback of
each year. Next, the Net Present Value (NPV) of all cash flows are calculated to find EUAW, with
the use of suitable Discount Rate. If EUAW is positive, it shows the project worthiness, as seen in
Equation 2. (Pattanawasanporn, P. and Lekrungroenggid, N., 2021)

EUAW = NPV x (A/P, i, n) 2)

Where (A/P, i, n) is the coefficient that transform present value to annual value,
i = interest rate,
n = investment period (years).

3.4 Evaluation of Losses from Road Accidents (For non-monetary data)
To obtain the values that truly reflect reality, evaluation of the Value of Statistical Life (VSL) has
been used to assess economic values in the price pattern socially accepted to prevent loss of a
life, which is non-identified. However, such value cannot reflect the Actual Value of Life that is
psychological. Moreover, real life value can only be realized by the life owner who can evaluate,
build, and preserve the value. It cannot reflect the value that a person has accumulated all though
his life through upbringing and education. See Table 2. (TDRI, 2024)
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Table 2 Comparison of average losses per person (TDRI, 2024)

!n

Severity of Average loss values (Baht/person)
symptom
Bangkok and the greater Upcountry
Bangkok
Death 4,477,981 3,256,304
Disability 5,760,601 4,537,509
Major injury 477,401 449,669
Minor injury 58,142 57,331

The Accident Frequency Method was applied in this research by counting the number of

injured victims and deaths occurring at the intersections and then comparing the numbers of injured

people and deaths. The data of road accidents from Khon Kaen Center Hospital was used (2017-

2020).

Table 3 compares the average loss per person in Khon Kaen. Since the recorded data did

not present the degrees of severity, the research analyzed injuries into two types: major and minor

injuries.

Table 3 Statistics of deaths and injured people at the study sites (the intersections)

Prior to the
During the Project
Project
Year
2017 2018 2019 2020
c g g g g
O © © M (18]
=t v} O o} v}
9 kS 5 5 5
a 0] 0 @ " 9] 0 9]
£ Q v £ © Q £ Q Qv £ Q > <
= Els |5 | 53|53 |58 |25 |5 |3|¢&
= £ = = < Q = £ Q = £ Q
1. Mitrapap
Lo 21 23 0 24 28 2 15 17 0 21 23 0
Nadee
2Mitepap | oq | g | 0 | 15 | 18| 0 | 22 | 25| 0o | 16| 20 | 1
- Srichan
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Table 3 (continued)

Prior to the Project During the Project
Year
2017 2018 2019 2020
wv 1%} 1%} %]
] ] ] 4]
C %) 0 %) %)
o © © © ©
=t ) ) ] ]
O Y Y Y G
Gv.g (o] ] o] o]
T @ n @ 0 @ P @
= Q 0] < Q 0] < Q 0] < Q > <
S 15 |2 |El 5|z |E|S|2|8|5|23%
= < ol = < ol = < ) = < o
3.Mitrapa
p - Khon
Kaen 11 12 1 10 11 0 5 5 0 a4 5 0
Universit
y Gate

Remark: The Program was implemented in November and December, 2017. For equal monthly

ratio, the data of November and December of each year were not compared.

4. Results

The study on the start-up group showed that the start-up offered a price of 150,000 Baht for
the software for analyzing and investigating traffic light violations per one intersection. The
development team worked on the use of this software at three intersections: 1) Mitrapap - Lao
Nadee Intersection, 2) Mitrapap - Srichan Intersection, and 3) Mitrapap - Khon Kaen University Gate
Intersection. The investment budget for analysis and investigation of traffic light violation is overall
450,000 Baht. Additionally, the derived data were computerized to evaluate the investment
worthiness of the software, including the Payback Period, the Net Present Value (NPV), and the
Internal Rate of Return (IRR). The results are as follows:

4.1 Results of Engineering Economics Analysis

4.1.1 Result from Analysis of Benefit and Cost Ratio (BCR)

The interview with police officers in Khon Kaen showed that the cash inflow of the police
offices is from fining violators of traffic lights based on the ticket orders. In addition, the team
obtained the data of the number of tickets issued by the violation report system and investicated
traffic light violations from the number of fine payers (Revenue). The data was then computerized.
Expenditures of the organization comes from those related to ticket issuance, including the initial
cost of 450,000 Baht, the Internet cost, purchasing or renting cost for a printer, paper and postage
service (Expense). Therefore, the total outcome of the analysis of cost and benefit ratio (BCR) is

2.2. If BCR is higher than 1, the Project is economic worth to invest, as shown in Table 4.
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Table 4 Analysis of benefit/cost ratio (BCR)

!n

Year Total benefits Expenses BCR
Project initial 450,000
investment
cost
2017 66,330 17,600
2018 535,688 116,811
2019 353,926 102,014
2020 892,500 145,794
Total 1,848,444 832,219 22

4.1.2 Analysis of Equivalent Uniform Annual Worth (EUAW)

Monetary value of each period was taken into account. As far as the discount ratio was

concerned, the team conducted a study by the Mass Transit Authority in 2016 on the payback

analysis project to replace NGV buses by electric buses. Tax benefits were also studied from

businesses producing hard disk drives and parts promoted by BOI to see the worthiness and

appropriateness of the promotion sector in 2018. It was found that the study applied the means

to determine discount from the interest rate for loaning of big good clients (Minimum Loan Rate:

MLR), which is the information from Thailand commercial banks. Thus, the team used the interest

rate applied with big clients in 2017 (Thailand National Bank) as the discount rate, which was 6.60%.

This rate was set stable all through the Project life, from the initial project investment cost of

450,000 Baht and the payback period by the year 2019.

Table 5 depicts the Net Present Value (NPV) all through 4 years of the Project at 750,542.85
Baht, which is higher than 0. This indicates that this Project provides higher payback than the
investment cost. The Equivalent Uniform Annual Worth (EUAW) from the analysis is 219,583.80
Baht, showing a positive value of EUAW.

o o
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Table 5 Equivalent Uniform Annual Worth (EUAW)

Year Initial investment cost Net cash flow (Baht) Net cash flow
(Baht) Discounted as the present

value (Baht)
2017 (450,000) 48,730 45;712.95
2018 418,877 368,614.24
2019 251912 207,958.77
2020 746,706 578,256.90
NPV 750,542.85
A 0.0852
P 0.2913
EUAW 219,583.80

4.2 Evaluation of loss values from road accidents

The accidents occurring at the intersections under the Project were analyzed based on

the frequencies of deaths and injured victims recorded by Khon Kaen Center Hospital under the

Road Accident Data category (2017-2020). Table 6 depicts the analysis of road accidents based on

occurrence frequencies. The highest number of deaths was found at the intersection of Mitrapap -

Lao Nadee, indicating it as the dangerous intersection. Table 7 depicts the overall analytical results

of accidents before and during the Project. Yearly data demonstrated that the Project decreased

12 cases of road accidents and 8 injuries in one year.
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Table 6 Analysis of accidents before and during the Project

Before the Project During the Project Total
() ()
[ o e
. o u kv] (v}
Intersection 5 C > = Q > = Q > =
23 2 8 5 | 2 i 5 | 2 5
% ] £ o g £ o g £ a
zZ & 2 &
€ €
5 5
=z =z
1 Mitrapap - Lao | 5y 23 0 60 68 2 81 91 2
Nadee
2 Mitrapap -
Hrapap 24 | 24 0 53 63 1 77 87 1
Srichan
3 Mitrapap -
Khon Kaen 11 12 1 19 21 0 30 33 1
University Gate

Table 7 Overall analyses of accidents before and during the Project

Period Number of accidents Number of injured Number of deaths
per year cases per year per year

Before the Project 56.0 59.0 1.0

During the Project 44.0 50.7 1.0

Difference 12.0 8.3 0

Percentage of 21 14 0

decrease (%)

Table 8 illustrates the evaluative results of losses from road accidents, in an average of

losses (Baht/person). The program resulted in a decrease of 8 injured victims per year. It can be

seen that the government can save 3,597,352 Baht from major injury cases, and 458,648 Baht for

minor injury cases yearly. Considering the Project investment of 450,000 Baht, the payback period

will be by 2019. The arithmetic rule of three was applied to find the payback period, which is 1

year.

o o
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Table 8 Project evaluation of losses from road accidents

Degree of severity of Average loss value Value of losses from accidents
injury (Baht/person) per year
Khon Kaen 8 persons per year
Major injury 449,669 3,597,352
Minor injury 57,331 458,648

5. Discussion and Conclusion

The analyses to find the investment worthiness of the program to report and investigate
traffic light violations by comparing monetary and non-monetary data demonstrates that the
engineering economics analysis of BCR was 2.2 and EUAW of 219,583.80 Baht. This furthered the
analyses of the payback period, Net Present Value, and Internal Profit Rate. If an amount of 450,000
Baht is invested for the three intersections under study, the approximate payback period will be 2
years. The Net Present Value is 750,542.85 Baht, which is higher than 0 and shows that this Project
yields higher return than the amount invested. This finding correlates to past research that showed
positive parameters of NPV and EUAW, hence indicating that the return from this Project is higher
than what is invested. With BCR of 2.2, which is higher than, it can be concluded that this Project
yields higher returns than the cost and is a profitable project. (Daowadueng P. and Kumphong J.,
2022)

From above, it can be seen that this Project is worth investing. It is a higshway engineering
project that correlates to Thailand’s engineering projects, i.e., the Analysis of Initial Cost and
Benefits of San Pa Tong - Bypass, Chiangmai and the Analysis of Economic Worthiness of the
Intersection of Highway 331 - Nong Khla Intersection, Sri Racha District, Chonburi. Both of these
projects proved the worthiness from investment, showing positive Net Present Value and higher
Internal Payback Rate than the investment. (Laopuangsak P., et. al., 2013; Laopuangsak P., et. al,
2011)

Additionally, from evaluation of losses from road accidents, it was found that the Project led

to a decrease of 12 accident cases and 8 injured people per year. Considering the injury cases, the
payback period of this Project is 1 year. It is interesting to say that the evaluation of economics
payback of this Project is based on an international approach, i.e., the Net Present Value (NPV) and
the Internal Rate of Return (IRR), which are the approach widely accepted for project investment
decision (Wijnen et al., 2009; Elvik, R., 2001; Bahamonde-Birke et al., 2015). A study by Byaruhanga,
C.B. and Evdorides, H. (2021) reported that road accidents raised 3-5% of GDP of losses in many

countries, and led to very high economic expenses if no preventive measures are taken. When
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compared to an investment in the program to report violations, the program can be shown to use

supporting technologies rather than to directly control drivers, 80% of whom are that major cause
of accidents (TDRI, 2024). Although many of previous studies emphasized analyses of the worthiness
of road structure improvements or safety equipment and devices (Calvo-Poyo, F., et al.,, 2020),
what is still lacking is an integration of programs to investigate violating behaviors using IT systems
and road safety index to evaluate paybacks that are based on efficiency (Pajkovi¢, V. and Grdinic¢-
Rakonjac, M., 2021). Moreover, this research points out the limitations in the standard evaluation
of VoSL (Value of Statistical Life (VoSL) in Thailand, which differs from the evaluation approach of
the European Union that has been clearly spelled out (Wijnen, W., et al., 2009; Bahamonde-Birke,
F.,etal, 2015). In terms of policy, the impact from the analyses indicates that if a provincial
organizations and the government sector use the data from the program that reports violations in
order to develop controlling measures, the road accidents can be significantly decreased, especially
when considering the expense incurred from accidents which amounts to 200,000 million Baht
yearly (TDRI, 2024). This program can be called an only program to prevent road accidents and is
worth investing owing to its efficiency and appropriateness for operations in urban areas where the
quantity of vehicles and the statistics of traffic light violations are high.

The analytical study on the worthiness from investing in the program to report and
investigate traffic light violations and compares monetary with non-monetary data of the three
intersections in Khon Kaen urban area demonstrates that the investment money of 450,000 Baht
is paid back through the use of the program in 2 years. The EUAW was found at 219,583.80 Baht
and the BCR was 2.2, proving that the Project has the potentiality to raise higher payback than the
amount invested and the worthiness in creating profits which are higher than the initial cost and is
worth allocating resources. Besides, the evaluation of losses from road accidents showed that the
Project could decrease 12 cases of accidents and 8 injuries per year. The yearly loss value is
3,597,352 Baht (in cases of major injuries) or 458,648 Baht (in cases of minor injuries). The program
break-even point is within the first year of installation. It has an additional quality in integrating the

real time data of violations and reporting the results to support ticket issuance systematically.

6. Suggestion

6.1 It is recommended, from the results of this research, that the governmental sector, local
organizations or the local administrative organizations apply the outcomes from the engineering
economics approach, for example, Payback Period, NPV, and IRR as the principle indicators for
decision making in purchasing the program with technology to detect violations of traffic lights in

order to reduce recurrences, officers’ burden, and to increase safety of road users. Additionally, a

o o
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center database network should be supported to link violation results to the database of the Police
Office and relevant agencies for increasing efficiency of law enforcement.

6.2 Academically, further research should be conducted to set the appropriate values of
Accident Reduction Factor (ARF) and VoSL in Thai context. The principle of willingness-to-pay (WTP)
should be developed alongside the damage-cost approach so that the economics evaluation shall
cover all dimensions of direct and indirect values (Bahamonde-Birke, F., et al., 2015; Wijnen, W., et
al., 2009).

6.3 The standard model of analysis of initial cost and profits from the investment in road
safety should be activated for long-term road safety (Byaruhanga, C.B. and Evdorides, H., 2021).

6.4 This study suggests that future research should incorporate additional methodological
approaches, including sensitivity analysis and Social Return on Investment (SROI), to enhance
analytical rigor and practical relevance. Furthermore, it is advisable to address long-term system
maintenance by providing detailed considerations of periodic software and firmware updates, data
management strategies, and cybersecurity measures for both the system and its associated servers.

Such inclusions would strengthen the sustainability and reliability of the proposed framework.
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Academic Value

The academic value of this research is extremely high as it applied engineering economics
approach to analyze the worthiness of investment in the start-up technology in road safety. It
incorporates monetary analyses, namely, the Net Present Value (NPV), the Internal Rate of Return
(IRR), the Benefit-Cost Ratio (B/C), and the Equivalent Uniform Annual Worth (EUAW), with evaluation
of loss value from accidents by the Human Capital Approach and Accident Frequency Method.
Thus, the analytical framework led to accuracy and concreteness and can be extended to standard
research work in traffic safety or other infrastructure investment projects. In terms of social benefits,
this research encourages relevant agencies to acquire evident data that support their decision for
investment of a detecting system and report of traffic regulation violations. With such system,
officers’ burden can be decreased, law enforcement can be made more efficient, and accident rate
can be sustainably reduced. It can also truly promote start-up development in social innovations,
leading to creation of safe and model cities in development of road safety policy both at the local

and national levels.
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