1MSEIIIBINTT
15915858 ANIZYAVDANLNA

1ln 21 (2566)
CRMA Journal Vol.21 (2023)

rovar miary casemy CIRMIA JOUurnal 2023

5’3&/Wﬂ°:7§7§?’7\7§755¢7(ﬂ’751,§8uj Lﬁng@ WFITUURSITUTIIY ;gjog'mﬂﬁug”ﬁ')ﬁawﬁﬂb




a = ¥ b
’J’]iﬂ’]i')%’]ﬂ’]itiﬁ IEBWIBIDUNIZTIAIDNLNRN

CRMA Journal 2023




Invinlag

| anANN913E 1SAEEULNE3RENSERATEINAN
MSnuRnANAnA
walenuy A.fesRAN A3.auAaNsENdvgIs TN
NSUANAINTHVNSAUT VAR AIUUITNIIVNNS

U3nun
waln lnsaw Tweniug
Nan3 A Wi
Waws 3.A3. Nawa  asy
NaRs WAl ula SUIUUN
Wen surind WASEIII
WuLaN No9 YUNA
WULeN WA.AT. BlUTiy  FUuaTNUNT
Wuen Uiangn asanuel
UTIUIBNT
WuLen 36.93. HAN nisde
NBIUTIUITNT

WARINALY F.A3. UWNE WIYNaN
WARSUALS Al NAB FITIINA

NANS WA.AT. VIU FUNINAY

2156153913158 UUIETDENTZYRBUNAT U 21 (2566)

CRMA Journal Vol.21 (2023)

https://ph01.tci-thaijo.org/index.php/crma-journal

%38 http://veel.crma.ac.th/journal
ISSN 2350-9600

. nguszaed

1. WOLNELNIHANUNIIYINITTLAMAIVOIYAAINT
nelulsasaunedaenszyaveuna) nasvinun
newinlne uazyaraaly

2. 1RAS19ANATENEN WaTAUAIUATUANTIELAY
NAUIMOINeFaEns walulad warn1smms

YDULIN

1. MYLLasNMLIIUINeIrmansLaznalulad

2. MPITeuarRauifedesiunismms mssnwn
Aulaensy wasAuTuAImIINg

AMRUANITOBNINTES
Uaz 1 avu Tuhousunau

1151901508
(5958UNN8IE001NAUIRUNNEAI LT TY)
115190 15UIU8Y
(5938UNN8IE001NAUIRUNNEAI LT TY)
1151901508y
(5958uwNe5aeNIZeaTaNNA1)

U a

Y1MDINFLDN A.AT. UTTAMNST WUANTNN 1595 8ULN8I589INANINUNNERS 8155

A.03. 395N HAUTBIESY

A.05. HadnA Snuialy

ALAS. ALY WAIAY

A.A3. NaYY WeTNe9

A.05. wduvul adsenal

3A.035. 9ANLAETA UUNWAT

56.05. LAY Vesnil

37.09. Yy 5129A

3705, EVENIA Leslsa

3795, 53NN LARUG

WA.AS. 85175 LYAR

Wlen HA.AS. Bl guuamuN
Wwen 3e.A3. U3¥ e Tuvinsena
WULBN F7.AT. UTWNN WENWIATHY

0
Y

HnaunsauazUsTliuunAY (neuen)
WARINALY F.AT. WWNE WIYNaN

WULeN WA.AT. USELING LIAAAS

WIMEFEsITUAENT AUESIER
UNTINERTITUANERS AUETIEn
WIMedemnaAlulagnsEIsunasuYs
UNTINTEYUATIYEIH

RN TN
WIngaemalulagnsasunansEuAsmile
WIS ATUATUN LA
PHANTAUNIN Y

I IFAVAUATUNT
wmedeinalulagsvaenasyys
WNInedeuding
l5a5sueToenTEa01NAT

15938 UWNLTRENTE DU
l5a5sueSoenTEa0uNa"

15190 15UIUEY

(5938 uuNBEaINAUINUNNERIENTI1%Y)
159N 1TUIUY
(saSeuuesesnszqaveundn)

Y119INALDN A.AS. USTAMNS 1EAT9 15958UL8S 01N ANIUNN YR85

5A.75. L3Au VusSmul

UNINYNNYASUASUNTI LR



57.05. Tasedu Wugady
7.3 SAASH Yanszad
7.3 WanT Ssfiyading
3609, NYY F129A
IA.0T. AANA WEN

5705, WUANIIOL USeau
3705, EVENIA Leslsal
HeLAT. aegild 3137
WA.AS. g5 evila

NA.AS. AT2NTT USTAFNIE
HA.AT. WITINEG LAIDUNS
NALAT. ATNG I3RS

A
o

HALAS. FnAaU VAN

a

HA.AS. 9510500 NAUY
A3, lANATIA anesa
3. fn3u 1

3. AU AAsININT

o

.
Y

AnaunsasuazUszlivunanu (a1l
WuLen 3A.035. WAL niisde
NuLeN WALAT. BLUTIE FUUMATNUNT
WLBNMYY 3A.03. 3w w@ded o agsen
Wulvngs a3, Yian Iatn

ANZNNUUTZIINBIUSTUIDNS
WULDN SA.AT. HLAY NT9HD
WULONUA WAL LANAWeL

v
a

WULONUQY WA, alguaunid ausIvaIUN
Wup3 We.as. Useyeyd neshnity
Foulvmds Soyqydnwel LBuana

WIS ATUATUN TS
wIngaemaluladavuenasyys

IHIAIN TN

PHIAINTUUNTINIFE
wvedesvsigilaveansal Tunssusy
s1gUeiua

UMY IFENYATANANT AUNIUAU

I FIAVAUATUNS TN 1UngI18Y 5511
WIMYIFEAVAUATUNT TN 1URFT 8L 5571
wnvedemalulagnsgrsunainszunsinie
UNIneaeuding

WNInedeuding

WIngaededing

N INGIRYYTNN
WINIREMALULATTIVUAANTHNN
wvedemalulagasunadanu
UINIRUATUATUNTILIN

fu o

UAINYINYSIIUAERS AULIERN

l5a5sueToenTEa01NA"
15958 UWNLTRENTEYADUNA
l5a5sueSosnsyaauna
X RO PR LR GHIG

WuLNMEY 3603, a3ua @i a agsen
WiLeN NA.Ag. gUa U1YA

Wulvngs ag. Vian adn

SNy Nednna Bunna

lsaiuiunInedesssumans wen 99 vy 18 suanasnils dunenasvia Jwinuyusiil 12121

ns: 0-2564-3104-6 fip 2201-2204 IN5@15: 0-2564-3119 E-mail: print.tu@gmail.com



UNUSIUISNS

N3anFINNs lssFouneiesnszaavesnndn Tinquszasdiilemeunsnanuminnsifinumues
yaansmelulssFeumneiesnszaasouind) newinun newinlne wazyaravialy Tnefiweuwmnisafiusily
sumdeuasiandingmaniuazmallad wazmAdeuasianniedostunismms meihwan
Uaende uazaruiiuas 13anse Simussonlufousunesmeusiazd Insluatudagiu @ 2566) Ul 21

N3aTIvINT lsaSsuweseanseaateund nsunisAndeniinggudeyavesaudauinisensds
1sanslng (Tha-Journal Citation Index Centre-TC)) Tunsussidiugaunmseui 4 Tngldsunisdndusuli
oglungud 2 uazldsunisusesqunmauieiud 31 Suneau wa. 2567

dM3U “913a1539n13 9B eUeSaunIEa0una Uit 21 net. 2566 atiuilfiunarumsinng
s 8 unenal Wemmsiferesunanaluliiiansisaufniilunsasesdenuslvidnuivenmans
wazmalulad wu msUszgndliveluladgiiansaumdlumsieszinaudasuulasmsltifusedoya
AN dan3NNLIANFLTUSTE NI IERnuAv g InTINlEUeS warn1sAnwIUIeULBUAIAIAY
voeingsudausigsanmsmumamavesluaiiognsirauazaninnismeass dusiu

fanlansansivinis Tafeuwsdosnsyaaromnd annsaeuunauiidluefnuastagiuldan
https://ph01.tci-thaijo.org/index.php/crma-journal ﬁ’m%“uQﬁau%ﬁqwmmmﬁﬂﬁmilﬁmﬂﬁmsmi°1
yhnsmeuns a1unsold URL dididuieatu

WULON 70T @

(LAY 9119ED)
USIUIBNIS

uneraviededniiulag Ausnglunsasdussunssuvesiidou
ussansnsnselssSounesoenszqaseundilisndudesiusie
The ideas and opinions expressed in the journal are those of the authors and not necessarily those of the editor or
Chulachomklao Royal Military Academy.

Ansle  UTIAUBNIS 1IENTININSISSBULNE TR NTEYATDUNAT
99 9.83550UAT ALNTUUN B.45109 2.UATWIEN 26001
5. 0-3739-3010-4 %o 62749 INsans 037-393-0240






a15uey

= o ¢ & a a ' o ¢
asanwnauIvenulnsdiieanfgnelads luriesadsnsenueud 1
151050 9NWI9A

nsUszgnaldmeluladgiiansaumalunisiasizinnunasunlag 12
nsldiiaudedeyanaiion

alsy wauilod

FOIFNANTINTY 03, NYEY V1WA

TULONVYY §Y8eans1anse a3, name1nsal l3yxa

9anasiuwieAuFuNUSIEnIeNIsIdAnuivavyInssuluues 28
M3, USkAIs NuIsusy

NNSHAILINTZUIUNTINAIwRTUUIgNENNanaselfvas 45
nsuaalulefiwaanundiuliud
WULONWYS WAt LA

The Study of the Optimal Route for Waste Collection by Using 59
Vehicle Routing Problem in Chulachomklao Royal Military Academy

Lieutenant Witchapon Pontuethanagoon

nsAnwdssuiisuaidevesingseiiausegeannnisauaumanasluaiiedniie - 76
KAZAIINNTITNABDY

fiulen fraemans1913d Fesdna ogju

Wup3 A3, AN N1ITY

HavadlaseaienimatdulaiaiunadivurenyduisBusiaanaulinina 94
Feutonmigd Neana dunna

NsAIINTEUAUNSHER “d1veunzdnedFasy” weldiduatewszdwana 110
W3 03, Jeyeyydl Sumsoueuge
WLen 1139 TvseAUd
WULONWEY TOIAANTIANTE AT, IUAUT UAUNA






TANTIVINTLIISHUUETRENTTIADUNAT
CRMA Journal

nsAnenaLveniulnsaeaniwneladeluriasadnsenusud
Study of Development of Jade Nephrite to Reduce Toxic
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A1 0.19% Wide 0.013% awnsaanaila 0.17% Alalasarsuai (HC) 91nA1 53 ppm. de 21 ppm. @11150
anAld 32 ppm. warn1InedeuiseusnIatEud 2,500 seuseud Anadefgrsueuteuenled nsdl
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This research has the following objectives: 1. To design and build a catalog converter using nephrite
jade constituents 2. To determine the performance of the catalytic converter using nephrite jade
by studying the feasibility of using jade as an ingredient in the construction of catalytic converters.
The finely crushed nephrite jade is mixed with clay compound at a ratio of 70:30 to form a catalytic.
nephrite jade converter. Freire Soil extrusion is filtered so that the grain size is similar. when forming
to size and burned at room temperature to 925 degrees Celsius, totaling time 5 hours, resting in the
oven 5 hours, then burning with temperature 925 degrees Celsius to 1,200 degrees Celsius for another
5 hours, installed in the Yamaha motorcycle exhaust pipe. GRAND FILANO model, 125 cc engine to
measure with an exhaust gas analyzer, Gas Analyzer, test engine rpm 1,500 rpm, catalytic set nephrite
jade converter It is designed and built to have better carbon monoxide (CO) filtration performance
compared to not installed. Carbon monoxide (CO) can be reduced from an average of 0.178% to
0.012%. And the hydrocarbon (HC) gas value was reduced from an average of 51.6 ppm to an average
of 19.8 ppm, or a 38.7% reduction. 0.45% to 0.038% and can reduce hydrocarbon (HC) gases from an
average 61.2 ppm to an average of 38.4 ppm, a 62.7% reduction in emissions from motorcycle exhaust
pipes. The engine is 4,500 rpm at 0.381% and the average with the lowest average carbon monoxide is
Engine rpm 6,500 rpm is at 0.005%, which can reduce the value by 0.376%, while the value at engine
rom 4,500 rpm is 0.012%, which is the middle of all 3 Engine rpm. There is an additional test at 2,000
engine rpm, the average carbon monoxide (CO) is not installed and installed from 0.19% to 0.0139%,
can reduce the value by 0.17%, hydrocarbon (HC) value from 53 ppm. to 21 ppm. Can reduce the
value by 32 ppm. And testing at 2,500 rpm engine rpm, average carbon monoxide (CO) in case of not
installing and installing from 0.21% to 0.015%, can reduce the value by 0.19% Hydrocarbon (HC) value
from 56 ppm. to 23 ppm. . Can reduce the value by 33 ppm. in low catalytic engine cycles converter

using nephrite jade can reduce the amount of exhaust gas

Keyword: Extruded Nephrite Jade Catalytic Converter, Soil Compound, Carbon Monoxide,

Hydrocarbons
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M990 1 AUSNYUTIANIZLALAIANLLUEIYDY
LAT84 Gas Analyzer

Specification

Measuring item CO, HC

Measuring method | CO, HC : NDIR
Measuring range 0-15,000 ppm
Resolution e 1 ppm
Measuring range 0.00-10.00%
Resolution o 0.01%
Accuracy Less than 2%

nmsAnwigAsusuteusnln (CO) ey %
alalasansuau (HO) wihewdu ppm. fivasseen
1nnladesasud azvhnslssuiisulededmsu
nadllifnsauannilain Aounefines venwlisd
funsdifnsemuannilain aounesines veniulsd

AN 11 NSNAERUTIAANLELEYSNEUARAIE LATDY

Gas Analyzer

Uil 21 (2566) VOL.21 (2023) T



NIANTIVINTIUTIUUNLTRENTTIAUNAT
CRMA Journal

M15197 2 ANUATHUINTFIUVDINTUNITVUEINISUN
AususaInseuLUa [7]

’Sl‘uﬁlﬂ ' o |
. - fin wIeslan | _, |
nzidousa | Nany L | 3nsiadn
. ) WINIFIW | 759990
INTYIUBUA
anzideuneu | CO 4.50% Non- #3970
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FIaLLel HC 2,000 Vel
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n.A.2549 LU
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Saus HC 1,000
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2552
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nsUNSYUEIsUNnsEnsaNuna tarvualidu
AnsgILasadnseueud Taglduuanudsad
nanuazaavsiou Tnesadnseusudiivhanyiings
npgoUTuaamz oo Ul 31 fhiew w.a. 2558 (@
A.A. 2015) fszegnan1sltanu 7 U 21nn5059
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agjﬁ 51.6 ppm 6‘?}&Lﬂuiﬂmmi’lmmgm@imaﬁw
1NATFIUYDINTUVLUAMNUN A1UAITIT 2
4.3 NSNAADU

NOUAITVAGOU AONIINITLATIUNITAINTUTD
Inserugudlvegluanmniauinisveaeu lngld
wiesliofaduindessudsadnseuenusd B DOC-
TOR API3u Yamaha Diagnostic Tool fisnmil 8 lu
mii’mﬁhqquﬁmaaﬁwﬁum‘%aq FannusiseuTes
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5. NANTSANEN

5.1 nsdilaifindagauanmlain Aeunofines

PNMIedeUInmmsA1sUUNaUBN A (CO)
wazlalnsasuou (HO) fisousa3osens 1,500 4,500
LaE 6,500 soUsEUNT Aay 5 Ass Tanisind
Fanndl 9 Tneaadeafeansueunaueniss (CO)
agjﬁ 0.178%, 0.045%, waz 0.224% AlalasAsuay
(HO) ’ejgj‘ﬁl 51.6 ppm, 61.2 ppm, Wag 62.2 ppm.
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unAngs : mayninidunvuniiuresnesinundulymnistuegaseliies vhlimanewindeswisu3ms
% ¥ d‘a d‘ dy dl % 1 v} a wa v =L U gj a o Q’ljd =
Jansinunfauieauaiui uazdesiunansenudedngninlun1suifauluieansiln Aniuaidediel
a o N oA v | ) 9 g A ° A a o v o I3
wwmaiagthmeluladiiverdinungiglunsinnismuinui Inetinalulaggiansaumedunldon Tngusvase
A P A a a & P v & A ) P
AensUszgnAltinaluladgiiansaumainiinsgianudasunlamnisidussloniluiunveainasinanteya
Amsngaiien Mleszilagldmalulagglansaunadisiiuuseansanlunmsinsgrideya annaily
msdakasI LU iRy Meilgldaunsonsiegeuiiunuiiinisliegrssansilaglifesasliuuium
93¢ Faunnunioadunuimdssdunse TunsnwnlaldisnsduunUssiavdayauuuiiugua (Supervised
Classification) 1ngl435 Maximum Likelihood lngldtayaninaieaaiiuusineg lawn Landsat 5 Landsat
8 uay THEOS lnglaianiiuismeg1afie suaviglis dunelandilss Jamdnanys lun1s@nwiasaiiladnwun
Ussnnmisliuselovidngiu lnensiiaseideyannamaienniiieua 3 wia Ngnduiineaennst Halasien
A = 9 L a4 0 & A v A R & A P & A
WUNINTUAsULUAMIAIURLT Wi AuAurlEluasudununnensnssy WUNUGNAIN LASNUNINYATNTT
A P ¢ N aa P a X Ad 2 v ¢ O A va P
Wasumsliussleviiluiundagnasie visenunaus Wudu nsfnwessillainisnaaeuninugnieswes
Ny Tenveya lngldriaugnaessiu (Overall Accuracy) Feagluyaa 70.00% — 93.33 % feinlviA1Ady
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gndesTinfigs uenanisdinisduuaadfnumnuiues Cohen’s kappa (K) dsaglutas 0.64 — 0.92 @
vsvenfsamuifesiuromadnsnsuanmaneamifleufiifeiinn madwsanmsiasesitlidansouansdaya
fiinmaiUAsuutasuuunuiiamanifesinuszouivsenndindu nan1sinviadiduandfifudeni
wgaufiazihulilunsianis ﬂﬂiLLﬁfJ@W}ﬂﬁqﬂ§ﬂuuﬁuﬁau%aqﬂaqﬁWUﬂléfL{JuaEJ'Na

Adnfny: maluladglansauna  Jeyanimaieauiiey  nsliusylevdnauy

Abstract : Intruding to Royal Thai Army’s (RTA) Lands is continuously a concern to the organization.
Thus, RTA has to find the solutions for their lands management so that it will not impact the ability
to train and work within their military properties. This also includes the safety of life and property
of people who encroach for various activities inside the military areas. This research has brought a
technology called Geo-informatics to help with the land management. The main objective of this
research is to use Geo-informatics for the analysis of change detection in land use derived from satel-
lite images in order to monitor the change of the areas including forest, residential and agricultural
areas. This process increases the efficiency of the work, and reduces the amount of time and labors
for the monitoring without being in the areas where they could be dangerous. This study has classified
satellite images acquired from Landsat 5, Landsat 8 and THEOS sensors using Supervised Classification
with Maximum Likelihood method. The study area covers the sub-district of Huay Pong, Kok Sumrong
district in the province of Lopburi. The classification has classified into 6 types of land use, which
consist of Man-made, forests, water, agricultures, shrubs, and other types of vegetation. The results
from three different sensors collected throughout the year have shown that there are some changes
in the land use. For example, forested areas have been converted to agricultural areas or man-made
structures. Another instance is the change from agricultural areas to man-made objects or other land
features. The accuracy assessment has been performed on this research as well and it shows that the
overall accuracy has fallen in between 70.00% - 93.33 %, which considers as high accuracy. These
have agreed with the results of the Cohen’s kappa coefficient (K), which fall in the range of 0.64 — 0.92.
The results of this research have been visualized through a web application. In conclusion, the use

of Geo-informatics technology is a decent tool to solve a problematic of RTA’s land encroachment.

Keywords: Geo-information technology, satellite images, land use
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giarsauna taldlunisvigdinsieiuaziiyg
Uszansnanlunisnsiaaeunisiuiiieninnu
WasuUasnsldUszlevdluiiui fsaunsonsiageu
& Ad v a 1 g a &£ a & A
HunnguasuinveulasInsiBumasandeiui
Y A = | R Y A & A
Weeiian Faazyiglvimhe g lamguaiuiianng
Usendanauaznineinsnig o lunisasiidanaidi
WUNLNeYINN1Ta1ARTEUATIABURLATNWINUN
waznInNUNTUAMNSURATOU JN1IATIANUAIIN
Wasuulasluanipuniedifanssusing q hetuly
& A M Yo o o &
wunlagladlasuouyn wu In15un3n win1e vied



Awgnadiering 4 ieduluiiudl wheaiensziou
azanunsaldszuussyfidaifiouanaiiumianig
fluftegrautiugn Gansmsraaeuiioguasnuiiudi
Tutligtu miheuRinveuiuiidvdfinsvasy
aranszliuinisaliugnsiswazieseulunis
aansznULilenTaaey widstadiianisfiu
wiasflouaridana nsindouiilufiuiisuinvou
ieanansznulunisasivaeu fiuitvunelvgriili
llanansodifunmsnsiaaeuiiuiildogneiis
Mndymuazguassaiiiatu viligided
wnAalunisdmalulagglasaunakazinaie
n1seuklanInaNgn1 g aaeIkarUTEeNd
19 1lefnwdnuarMILanImaYeINNALTEN tas
Fnwanudsunlamesiuiiannmseruutanm
Ay lngsruumaluladgiansaumnazanunse
LLammaLLazsgqs‘hLmﬁwaaﬁuﬁﬁﬁmmim?{auu:dm
veduiifimaiiinsynsnldesnemnnduazannse
vanuuIAkazsusRiRvesiufildgniosuug
Feazdelinasnunituiiuas Tostunisyngniiud
luAuATEUATOIRLATDINBIINUNTIUTEANT AN
1t Tnefufighedrslunisinissndunsise
Uinaiuisuarelts sunelandilss Soinany3

2. InQUuszaen

2.1 losmunnisiiusslovnifinuusnaiui
suaields gunalandilss Janinanys

2.2 WiefnwinsdsunlaimsliussTomily
fifu Taensuszgnaldimaluladnfiansaume e
JinszsinnuasundanisldussTondluituiiaonn
ATy Ushaiuishets suaells s1une
landlse Jaminany3 Tusewingd we. 2543 9 2563

2.3 Iaviszuulviuinisteyagiiansawne
iueSeTe dhse s Annuaaunisel Ui
magheuamelds gunalandilss Jaminanys
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3. 1INE1TLASIUIYNLNY IV

3.1 walulaggiiansauna

walulaglansaume vanena NMsyYIaINIg
ANuskazmalulagnieniunisiuinnssesing
(Remote Sensing : RS) s¥uuaNTauUmANLAEnT
(Geographic Information System : GIS) wagszuy
asnimglan (Global Navigation Satellite
System : GNSS) titeuszgnsldamilusiusingg Wi
TWegnefiuszandam Tag@iineanisdunisivi
nszeglnadudumaluladfidfylunisdne
aeAUsTnausie vuitilanuasluduussennie e
AnwuazAamunsiuasunlasanininndenmig
sssundlalasnsidenlddoyaninanaiiendifiea
azldYATDINNLATUTELANVBIA I TIIAINTIANY
JuegiunsUszyndldluusazidos uenainiidoya
1nnsdsasanszerlnafudeyailduiegng
5057 @sanevaLInNfBINslaiuidmsy
sruvasaumagiiamans [5] a1unsndnnisteya
Fedluil Tesgidoyauaryszndlilunisnsuy
dAN1INTNeINTEIINVIRAY Ineeneliusednsaw
waluladgfarsaumaiaduineinisiidrdgd
vangnigauladiniudszmaluvainvany
U UNINeINISTINTIALALAIIAGDY LNYNT
fafles n3as19suazMIsIUAY ANNSTLAIMNGNIS
VIMNS AESTIUIIR hagNITAINGINNANITAATIEN
megmaluladgilansaumeaunsaidiulsenauns
NaununsFndulaluGewineg Ideg1sgnsosuas
TIN5

3.2 M33U3Nnszerlng (Remote Sensing)

nssunnszezlng vineds mslaunvesioya
(Data acquisition) Ingldgunsalnsraiafieglnasenty
wagyinsannansaumea (Information extraction)
#199 91ndeyailduinnnisnsaiaiierinig
Aemerinazdszanana (1] Teesdusznauiansduil
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finszuaunsBuanmsdmdanuanuE s
wislldundadoya nisafmansaume sinaq [6] oon
undeyaiilsainnismsiaialuaufenisihdoya
TWdheaduayunisdadulaluGessine moaziden
luwsiagesAusznay laun (1) n1slauvesdaya
UseNaume wiaangsany Ujduiusvesndsnuiy
Toge1e vuRalanseuun1snsiaindoyaunaznis
tufindeya (2) msatindeyaiiovhnmsinseiuas
Uszanana Usznausieduneusegie msusuiie
foyailoauuaznisfisniamm (Preprocessing cali
bration development and printing) N15kUaAA3
(Interpretation) dsfasendoiiugiueudiaza
dlavesuda wazmsnsivaeulumaau tievh
wufinazdnnisansaumeasiely

3.2.1 Mssuinnszglnawuuinad

Junsnsrafandanunduusimanlai
fildarnnsazitou (Reflect) wioun (Emitted) 910

1%
=

WuRY TegunasnasuluszuuasivianuuLnagn
Aonganuanaefinddsanunsalingd s nuing s
Salglugreedunuendiu (Visible) wazdunsise
(Infrared) [1]

3.2.2 Mssudanszeglnawuuudniiv

nssuinnsseglnawuuudniinilusyuy
fuyudaiimdsny uazdmdsnuinnsznuiag
e Tuthsndulalasnm wu ssuusns (RADAR:
Radio Detection And Ranging) Faflmnueinauy
Uszaned 1 Jaaiums 09 1 wns [1]

wwmsaummﬁmamé 170 Geographic
Information System:GIS ﬁaﬂizmumiﬁwmwﬁ'm

v v

fudeyaludanunmessuunauiiunes Aldivun

e

{
ayakarasaumnA Nilanuduiusiumunidud

WUl Wy Moy Uruaen duiusiudumnusluwnmi

e

A s duns Jeyauasuruily GIS WUu
sruutayaansaunafegluzureinseteyn wag
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Frudayanddruduiusiudoyalisiui (Spatial

=

Data) [1] &
& ° a ¢y ° vy
7199188 9LEU1SAUNLIATITINAIE GIS hazyinlids

JFUBUULAEALFLTUS YR Iy u
AnunungluEeIn1sasuwlasnduiusiunants

ad o =) =
4. 9151 UUNITANEN
4.1 fuiidnw

TunsAnwdlaaeniunusnamivanialys

o g &

gnalandlse Jwmdnanys (Junundiedsly
ANSANE LHBIINNNUNLSNWAUENINITANATUNIU
IndiAgeiuiiuninvesnesinunlaeiitudeyaved
¥ g ¥ g o o X
HUTIVNINMT HUMNBRINTTY 15a5eu Tn Nunguyy
uMANEIAY wat aunudy wuniwasgn
bidyadeyavesiuimuizand miuanuive
7199AUTENDUVBINITBIULUANINANUABUATUNIY
a v 1 d’lj Qlld‘o.l
TFegaNuN YA
a o ¥ 1 a o I~

am‘wgmizmmaqmuamaim Hanuwazlluy
¥ g o 4 - X 4 o ¥
funeeuadunsu dguiuisiunendeiiaulunis
Wsnuensiilenuseunn 42,5001 1158 68 1519
Alawns Ysenaume 12 wdtnu lawn vy 1 d1u
elda vy 2 Uruniglls vy 3 Uruagniueni vy 4
Uruvueavey vy 5 U1ua1uLenqudnd vy 6
Uruasensiuduns vy 7 druazniuuiavy 8
Uuagnuuna vy 9 Unuvuesa vy 10 Urulnday
ny 11 Uuasensiunal bag w12 Uutey

muaniglia faegh azfign 14.972 aodAqn
100.668 119918 wNaland1 159 lunaiield Jsesunn
13 Alawns W9anaIdaninanysussuin 22
Alalums

4.2 YaUANISAN®N

Jovirszuumalulaggiansaumeaiiieldlunis
a ¢ a & A 4
AL AkazATIvdaUANLUAsURUaTluN LAY
Aan13gnunIn laenisidentdnimaiiiieulnelyn

%39 THEOS (Thailand Earth Observation System)



AINANITEN LANDSAT-5 1ay A1na13Lig
LANDSAT-8 n1suszandldlusunsy Arc GIS Tu
A15ATIEREA M Re T N UTId M UNISILERIHE
dielddmsuimssinaziliouiiouiionsiaaeu
AuAs e filinduresanIniiud aanan
afiedlugranafiuanaisiy Tnenslimadingn
Pszuuiiesuwlan manufionlunsuaninanis
WasuwUasfinsreaeulaluiiuilaednlusda Tae
miﬁﬁa%amwmuﬁﬁmL%ﬂﬁizumamﬁamaiﬁa
UizmamaLLazLLamamaIugﬂLLUULLmuﬁﬁ%ma way
Msuansrailékiiu GIS Portal
4.3 FupeunsAne
4.3.1 Funouunuiinisaduay
wansladanng 1

LandSat5tm I LandSat8oTs THECS
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4.3.2 %’u%’aga‘lumiﬁmuﬂ
LAAILARIRSI9N 1

M13197 1 kAR uuntuteya

¥
Principal Components / Field Survey |

Band Composite

Classification

Masxdmum Likelihood

Method

ACCuracy Google Earth

Pro

—-___._.—-""FH_F.-._-_

G5 Portal
(Data Base)

(Azsessment)

Land Cower Data
(Raster File)

A 4

Land Caowver Map

Web Application

AN 1 LAAITUNDUBNUEINTADUIU

Class o o
No. anwazdoya
Name
. dean | Aeuywdadiaty wu 1w auu auny
a5 | Ju Tseew 1 udu
LA
2 g WUl dndlvgjegusianuuien
X
Ly | WENNAAAINETINYIR Wazuyed
3 |umanh |, »
#319%u
Wuh KA a4 o da X d
NUNUNWYBUARNEY) NLTUNUN
4 [
NYATNTTY
Ugn
Y
Y A A v X = & o
anwar v dudusie s Faluldny
5 | Wiwade | Aldvseldiduild lnetunszanely
U3
; Wl | lduniiuilas @ walasiuiiuen
U witleanfinanlitnesiu

4.3.3 Yayanniiiiey (Satellite Data)

Foyanufenildlunisdnundl 3 wia
Usznaunie Landsat 5 TM Landsat 8 wag THEOS
Uoya Landsat 5 MSS/TM

Tunidgladenldszuunistuiinan
WUU Thematic Mapper (TM) @sl#ssaziBan
mwagjﬁ 30 s laglunisanunladenly
0.60 - 0.69 (kma)
wuue 4 : 0.77 - 0.90 (Bunssnlng) uaz
wuug 5 1.55 - 1.75 (Bursnsanaudu)
AsWaENEluLUU False Color : RGB : 4,5,3 [1]

| A I3
YINAAUUDY LUUR 3

U 21 (2566) voL21 (2023) 17



NIANTIVINTIUTIUUNLTRENTTIAUNAT
CRMA Journal

%’aaga Landsat 8

Frapau visenuusTihuldlunside fe
Band 3 0.53 - 0.59 (Green) Band 4 0.64 - 0.67 (Red)
uway Band 5 0.85 - 0.88 (Near Infrared NIR) &afiaz
Guluguuuuideniu Landsat 5 flazithiludisndy
U Near Infrared (NIR) iflnauasi@lunisasvion
Igaludiiduiivnsses (1] wavvinisnaudluwuy
False Color Wulieaiu RGB : 5,4,3

Joyanuiisslnglyn (THEOS)

foyafidenlfiduuuy Pan-Sharpened 7
ydeyadimusadiuain 4 ¥1sndy (idu Be un
Sususalnd) whiutoyadaiuiivestasaiuum-i
ylldnmiifiaruasdeaifinty wieutudeyad
Tnglunsduunladenlduuusnisnandifia Ao RGB
432 Bunlsusalng was Wen) [1] Felinnsueaiua
maaﬁ%wsimLﬂuﬁLLm%’ayjaﬁLﬁaﬂ%’lﬁmﬂUSGS et
n1sailnann1uhttps://earthexplorer.usgs.gov/
Fefifoulvlunisidendeyandion Tnelvdisly

¥ '
) a

4 PN =] 1 I dy N I
NUNUBYNER malmwmqmmiuwuw uazluumag

)}

Jeglutasnanilndifsaiumniian
4.3.4 Fumounsin Principal Compo-
nents / Band Composite
%’jumausuaﬂmi'i'm%u%’agamvma'lEJS&N
AAw (Band Components) LazNISATNUANTNENE
Wi (False Color Composite Image) Wasiunn
Ttatau (Image Enhancement) laglglusunsa
Arc Map r:\husqmﬁﬂi:% Principal Components &g
¥ False Color Composite l3tayaniiiiey 3 %ila
A8 Landsat 5 TM Landsat 8 OLI/TIRS wag THEOS

LAASLAAINITIN 2
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A5199 2 LARISI8AZLDYANISEDNITLUUS LAY

a

NNINENE
Band

Band Com-
No. | Satellite | Year Composite
ponents
(RGB)
1 2543 1,2,3,45 4:5:3
2 Landsat 2548 1,2,3,4,5 4:5:3
3 5TM | 2550 1,2,3,4,5 4:5:3
q 2552 1,2,3,4,5 4:5:3
5 2556 2,3,4,56 5:6:3
6 Landsat 8 2559 2,3,4,5,6 5:6:3
7 OLI/TIRS | 2561 2,3,4,5,6 5:6:3
8 2563 2,3,4,5,6 5:6:3
9 2552 1,2,3,4 4:2:3
THEOS

10 2563 1,234 4:2:3

4.3.5 JURDUNITADNNUNAIDYN (Sam-
ple Site)

g cu & do & A A P

JupumsiaeniuidIogel Ieiayld
3 LY 1 al a L3 6
Juieganisiteuilumsiieneivesenuls lny

U = dy d‘ (% ] L = U ] v

nanlun1saonNunfeg199zsodnsog19li
ATOUARNANIEN YT YR nTaYaluT

Tnglutunoulunisideniunsese oy
nsdddeyaniiedlutndesnisduuntianly
TUsunsuantiu Tudsuauip3eile Image Classifica-
tion LaAFONLATD WOV Training Sample Manager

g.JI Y o Idg’ Id‘ L 1

ntulEvinn1seNuf (Draw Polygon) @a9819
MUANYUrYaITutayafideIn1sIUN Lilavinng
PIAANIIUIUTUTBLATNABINITIUUNITUTRUUAT
aztuiiniedanulidmsutuseulunisduunsely



29 2 TumeulunisiieniuyfIg e (Sample Site)

FelunisAnensedl TaLAudI0819m1uT

Joyainn1sdnuun 9uuns 6 udeya Useneu

a

TUse ﬁuﬁ?ﬁﬂgﬂa%a NuitUle! Hudiunaani wui
wnzUgn ﬁuﬁlﬁvﬁmﬁﬂ wazuTISuY
4.3.6 TuUMDUVDINITIIUUNUTELANTY
sﬁauﬂa (Classification)
Tunsansadsilgidennssuundseiam
auakuuiInuawa (Supervised Classification)

%
) d
Fauduitnisdunteyaninilagdesiinisiden
Fogeitui (Sample Site) Thduiuiiin (Training
areas) toifufunulumsiinnegismensdua
nsadalisudoyaninionun lunsideniiud
A2981998H15UIINBIAUTENBUNITUUARAY
amenedundn SeUszneuse mnuduvesduayd
(Tone/Colon) 4w (Size) JUS14 (Shape) Lionm
(Texture) JUuuy (Pattern) AINELLAZLIT (Height
and Shadow) 716 (Site) Aananiiawu (Association)
[4] Mntufiagyiinisinsgideyaiann
Tnedumeulunisduunidudeniniidi
Yoyannufieniidiesnisdiuun ludauauiadesile
Image Classification waadeniadesiledidadn
Classification antuden Maximum Likelihood
Classification Fsazusnguihanamiistumn THden
Input Raster Bands LHuteyamiienisdionis
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Tuun LLazLﬁaﬂ%u“aﬁuﬁﬁ'aaéﬂﬂﬁlﬁﬁﬂﬁuﬂim
Input Signature file antufivhnsdeniisaiu
Yoyafifesnis wazvimstilusunsuduundeya e
Ieranisduunfasihlugmstnseinsadasely

4.3.7 n15U52LIUAIINAIINYNA DY
(Accuracy Assessment)

TBmsnsiaseunugnfase Cohen’s
kappa (K) Arduuszansaiumastaey mqaqmﬁtﬂu
1UldAe 1.0 mnefedananidefievesnnuasnndos
vosdoyann viienstiansadnseninedliin
Wingewhefinnuiiunssiunnn @ 0.0 wneds
Toyalufinuaenaaeaiuay wiemuiuecis
aovdwlingsiu [3] A1 Cohen’s kappa @198
ﬁ’m’;mlﬁﬁ]’mgjm Kappa Score = (Agree-Chance
Agree)/(1-ChanceAgree)

namnfe WumsiuSeuiieudnsndadiu
YoumAmInidannaiiaonadoiiu (Observed Agree-
ment: OA) ffu Tomafimnnsaituaonndasiude
ANULLDEY (Chance Agreement: AC) 38 @313
Wewluansnadaemansla

Po_Pe
1-P,

1nen
K @8 Kappa Score
P, @8 relative observed agreement 51314
raters
Pe A® hypothetical probability 989 chance
agreement
K = 1 diflanuivdenndesegvauysal

Y <@ 1 1% (%
K = 0 rdanuiiuldaenndosiu (No agreement
among the raters) LanslAfInIT1997 3
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M99 3 nsularnuveneAnaaaves Cohen’s
kappa (K) [2]

Aaan Cohen’s YUAAUADAAFDY
kappa (K) (Strane of Agreement)
< 0.00 ug (Poor)

0.00 - 0.20 dov (Slight)

0.21 -0.40 wold (Fair)

0.41 - 0.60 Uunans (Moderate)

0.61 - 0.80 7 (Substantial)

081 - 1.00 fun/moutvdennand (Almost
Perfected)

Tuduneumsvhmsussidiuanugndesdarilag
uusn Fomsdandoudeyaiunisiudeyaigniios
Welflumaseudieuddidoyaiildteyanuiion
eaidungesyiiatoyaniaauiy wagdu q 7
ansndan wazsrvsnildanduilunadeuiu
fumanssuundeyaludiug wasvhnauieudiou
Inssandudeyariadunsstundelinndoyasie
filustudeulaslilusunsuduinesnuianniy
lUAAs1g9imnAn Overall Accuracy waz Kappa

Coefficient

5. HAN15AN

5.1 wan1sswunnsliuselowifiau Landsat
5TM

NaN1SIASIERNSIUABULUaI AN S1d
Uselowdiiau Landsat 5 TM tlefiansanifui
famnsasinunauLaasin1un1s19il 3 WUl
U wa. 2503 fuiifidnsduunwuaniiaade fud
Bug Swau 36,323.44 15 Tnedunanuindlng
Juftuiundafuiuilsdgaluinsmizugn
sesaanAe Muilh 8,084.81 15 seundufiuiine
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Ugn 7,038 13 Feandeyaninauiuuaznisaeuniy
wunUdnanfivdiumnndudng wasiials wasdu
ANAIRNY

1wl w.a. 2548 ﬁuﬁﬁﬁmﬁ%mﬂwwmﬁqm
Asmaduiiuiidug 21,710.81 13 wazfidenanuin
dulngduduiiuiiudntuiulsiglifinsmss
Ugn sesmnee ﬁuﬁmwﬂqmﬁ’wmu 13,374.56 13
fvdranndadudn waziivls dewnduiuiiinls
$9U 11,804.63 13 uazdus sudu

10 n.a1. 2550 Mufifitinsuunwuanniigade

ufisue $1uau 27,178.88 13 Tnedunanuindanlveg
Lﬁuﬁuﬁmﬁé’ﬂlﬂﬁmimwﬂgﬂ FOIAIUIAD TBIAN
Ao fudivn 17,698.50 1s Giau%"f]u‘ﬁuﬁl,wwﬂqﬂ
3,866.13 13 fivdruundu 417 waziivls wuieadu
wardue AUy

0T w2552 fiuifidinissuunwuandias
fio fudisug Sruau 24,332.07 15 Tnedunanuin
ﬁau‘tmp}ﬁuﬁuﬁmﬁé’ﬂﬂﬁmiL‘wwﬂqﬂ FOI891
fio fufith 17,698.50 1 sesduiiuiinzUgneg
12,335.63 15 fvdmwunndu 917 wariials wu
et wazdug auddu

Tnedinisseudisufiufinsiasunlas
waovua 4 U wuiUSunauinldainnissuwunly
auaduLsnAudataraiy TneRiiusunaui
Afiuanniu vdoanas suilewnandisnaitlgnm
aniguanldlunsiesevedludianeu vsegg
mﬂumimwﬂqﬂﬁLmﬂamﬁ’u LaEnUIUTivesa
Ugnadrsdinsveneiiuidisunnd Tasd wa. 2543
Uiy 2,337.19 15 uas® we. 2552 i

3,080.75 15 Aufifindiu 1,143.56 15 uanadsmsed 3



AT5199 4 NaN1SIATIEINSUASULUAINUNNTT I
Uselowiiau Landsat 5 TM

a | il il
Class mswasuudasivui (iae : 13)
no
Name
W.A.2543 | W.A.2548 | W.A.2550 | W.A.2552
1| Awgnass | 233719 | 249975 | 341438 | 348075
2 | fuduily | 808481 | 11,804.63 | 17,698.50 | 12,526.31
3 | unasih 449.44 | 1,990.69 | 1,64869 | 93656
it
4 703800 | 13,37456 | 3,866.13 | 12,335.63
wzUan
5 | Tawandte 686.81 | 353925 | 151313 | 1,308.38
6 | Wuilduq | 36,323.44 | 21,710.81 | 27,178.88 | 24,332.07
521 54,919.69 | 54,919.69 | 549,19.69 | 54,919.70
C"U".‘A.“F‘EI.N..E ;F ING

Q LANDSAT 5 W.A.2543
7

2NN 3 [aNSIMUNNSUsElevUNRY Landsat 5
W.A. 2543

Q LANDSAT § M.7.2548

1:12,600 e

2NN 4 [aN1IUNNIT S ElevINFY
Landsat 5 w.@. 2548
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Q LANDSAT 5§ m.m.2550
s

1:35.900 —t a

2NN 5 waN1sIUNNSUsElevuNRAY
Landsat 5 w.@. 2550

CHULA INGINEERNG

ﬁ LANDSAT 5 W.A.2552

1:13,083 — — —

AN 6 Han1sILuUNNSUsElev NGy
Landsat 5 w.f. 2552

5.2 wan1ssuunnsIUsElewiny Landsat 8
NaN15ILASIEENISIasuLUasitufinasld
Uselomadiinu Landsat 8 wilefiansanituiifianunsa
MuunauLaardnuesei 4 wuin J we. 2556

o
a a

~ ° a 2 g A o
WUVWI@Jﬂ’]iﬁ]’]LLuﬂWUSJ’mqumﬂa WUNBUS IMUIU

D

23,368.50 15 Im8'51’@Lﬂmwuiwdau’mzﬂﬂuﬁuﬁuﬁn
fufiulsfgslifinanazgn sesamnfe Mudit
117w 9,229.50 13 sesiduiiuitldvanieogsnau
8,822.25 15 wardu suddiu
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a

0l we. 2559 Aufiddinissuunnuinniian
ﬁé’qmﬂwﬁuﬁﬁuﬂ w7 25,585.88 15 wavAdana
wudnlngdaduiuiiundnsuiulsigslifinng
nzUgn J09RMNAD fudin $1uam 12,425.06 13
Giaml,ﬁuﬁuﬁmwﬂ@ﬂ I1UIU 10,362.94 135
fieruanndu 17 waziinls wazduq mudisu

Tud w.e. 2561 ﬁuﬁﬁﬁmiﬁmuﬂwumﬂﬁqﬂﬁa

[ o
A

WuNoUY 91U 18,514.13 15 Inedunanuindiulng

o

Lﬁuﬁuﬁmﬁﬁﬂajﬁmﬂwwﬂgﬂ 999R9UNAD 99891

17 '
A N

fio fufitnil 17,844.19 15 seniduiiuiinizdgney
S 7,541.44 13 fivdrnnidug fivls wasiivaiu
WAz AUaRy

Tut .. 2563 AufidnIsuunwusnTignie
fuingdgn S 17,44031 15 Tnedanamui
Hudeyamufieuiioglutisvosnismzugn Jany
ﬁuﬁmwﬂgmﬂuﬁwmumﬂ oD HuTiaue
14,595.75 13 slowdufiuiiinilogii 12,230.44 13
wardue AUy

Tnedvhnswieudioufiuiinsivasuudas
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Abstract : The aim of using Game theory in this research paper for computer processing algorithm to
predicts cybercrime and terrorist probability, that there is the relationship between anonymity and
cybercrime in almost in every domain. Consequently, this research is mixed method, and purpose
to understand cyber criminal’s decision-making by rational choice theory that has been used Game
theory as an explanation via Decision Tree, Payoff Matrix and Payoff Function. The result of this

research proved that cybercrimes and anonymity are related.

Keyword: Cybercrime, Cyber terrorism, Anonymity
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n19398 108N 193TuuuNauNanu (Mixed
research method) Win5358iBaU3unas (Qualitative
research NUayaadAnuLUUAITID (MNERaU
wuudeunnueeulall 35 $18) Lazn15ITeLTIAMAN
(Qualitative research) lagn153nvinsaAnyl
(Case study) fnen15398L0n@1S (Documentary
research) 919 917 UNAN WNATIUTEIR Lonas
519015 MUIBIN15 undunwalludesie was
Afiwnw $1uu 17 nsdl iWeAnwnsuuuulunns
NTEVNANURATEY 0 InTINlEUes LaziATzi
famudumsdunalunisdndulanszyiauie
1INMTENN1WaLTaEN (In-depth Interview) 1Wunns
dunrwalanglideyadidny 3 vivw lagliimeny
Frasauarlivsudesss innisduniuainensdng
Juefnudninesuartiagiuiimnsiuanusiung
Uaeasdelwiues 1 iy wagdn 2 vinuduednusnines
nusgluwnisledilve
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5. MIANLUNITANYIIVY

owgnslavesnuszanigidelddnulumn
N3t waznnafnu “ergyinsluiuasidudiiiuun
wazdnduladenagralumeluna” (Rationale)

awanslaueslunsidei lisudeeneans
Uselaninaddn warenwgnslaefidnfifnginssu
ANUTURIIVIANITLEMAHE IINNITANY T T8N
AdelinuevgyIng 2 Ussnnasnanluensginssy
lgues [2] msdasseavginsluvesalng
fa1uiAnuaunsage dadnuaiusalunis
Idwmalulaglvsensiuainnisgndunu (Perfect
criminal) Tneaaulugsidnwauzidu e1vginsniu
T9n1a (Occasional criminals) kage g INITAATHE
(Habitual criminals) lngdisuhuunsAnuadansgyIng
véne 2 n3dl fie Arinuiesiisnamierdu (Power
orientation) soAnlAlaaUIALASS (Super-optimism)
Franansaflagndniulnuainnisnsgyanuinves
autaslsognauiusuviesiulainnulaifinagniuls
Tnglanzluszaun1sainszyinAung hazaunsn
Wdsenlaveoy) [3]

ANYUEBIYYINT WAzTULUUNITANYDS
awansludnumesne Mndilddnwundedn ns
nszvimgAnssu endenszuaumsnetygydudey
Tunmsdaimindnaula aeandesiunguimadon
ogaduvmdunares loaamed AlFununnans
wBety

ldiug lvans (1] msdenegradumduna
84 Loaamei oSuiedigdluliiAnnsnsevinied
2 Usgmstiufie

n. ANUYUIITOUN (Desire)
9. e (Belief)
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] a Ja PR ax
Maesdti dumeraniiissmalunimisnisia
Magrinieliussauaidimung waames asulawiy
71 ANUYsI5UT daunelalden (Preferences)
~ P A Aa & &
Ausznauluaie weladenfiiiienn wazwalaidan
LASULUY
mwﬁmilﬁaﬂas}mﬂumqL“fluwaﬁmmsaLLam
W lugduuunsmivansilendusssauselovunga
19 fuld lneudazyailinfiuansld viliuenlad
yd' & 1 I~ I~ = ) d‘
Anidenagraduwndunaszidonnisnseinlanae
Iinaansasan (Maximizing utility) fieessauselew
YDINU WAAMUUTITOUNTADANUUIITOUATAULAS
= =3 A O v P & P
vsenuilanelavisetiing meelsleviaindau
Tugiuanuwe (Belief) N15995UN1SL@0NDE1S
< < o < A Aad Aa Y
Wuneduna AR UuANUDNINUFIUNATINTY
Wuhe “Yaya” InuIunINatuayy
LUUNUIIaesesUInIsidonag1alume
Duwaves waanes [1] Asuuaunfigiuil msnssih
wileq MAnTU deidunsnseyifnannsdnaula
& 1 [~ < v Va o Va 6
donadnulumalunale laug3delaiinsies
Reoulviumeladign (Optimality conditions) %1
3 Ysgns wndunsaurlasdulunisinaiuila
a 1 <3 I3 I Y
n1sAneg 1 dumedunarosa vy Insluues Lo
4
A 14

eIy
Action

Foanilforsolszlondgagn

arudainechignduld
winnaieerudnnowifiu

| wioAulunild
Desire Beliefs

(Preferences)

4 \\
+ foyemplulaBuszadtinidinty
| Information |

P ° 44 I I =
AMuil 1 wuuwudiasinisidenegnalumedung
9901 INT BB S
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5.1 A5ATIZI
5.1.1 auUsrsaun (Desire)
mnmsAnydeyasuuanniansdifing
waeARe1a9 [2] nudn egnsieiuesilu envgns
pulona uaz 01vgInsAndds fanuussauniiay
afueudsmeiugBuileainsessauselomininy
naoaan lageuUsnuvieaureuiufoa
nslugrugidu “drduindounsiivemauinis
denagnalumnluna” irssusunlenidegiaue
nshaaludetseundudulilduiuey
5.1.2 A3n3%9i (Action)
nnsAnuioyaiensdifnuuarafig
AIdpnUdn e1veyInsleiuesazaiienasivnyInssy
Tngidenvunsiifiigafiagvilvussgludsiunsou
ﬁQ5ﬁua§ﬁUﬂawuL%a (Belief) uazdoyatnansi
mﬁuipjmﬁﬁ'uﬁagjmuﬁau 938910 N091TYINTIN
lowuasviug
5.1.3 A21U1T8 (Belief)
MnmsAnwidoyainsdfinuiuazad
sne9) §33mudn Wledeya (Information) flenwayins
loweslasuiefumaluladiug wnsauiianly
Msnee v INgsy dadedn winwnazligniu uas
Ligndnduaf deaenadosfuguiuunisinves
919q)1n3 2 n3dl A Andeuesdisunamilerdu
(Power orientation) #soAnlAlaAULALATI (Super-
optimism) Fna1usafivenaniulneain s
nsghasinvesueslsoEauLouviesiuladey
Lifimegndula Tnsanielivszaunisainseyiainy
An uavaunsaeIsisenlavay
5.2 N13AA74 (Interpretation)
nsietldonenudiiudss it yingsy
Tgruasiunsliseu (Anonymity) 91nAsEUIUAIIM
Anognadummuazdunasensindulaveseweying
lwwesuudeyamaluladionwgyinsiiferfunis



VAUNUIINNTAUAIUTUNUNNGRNR LagnT5IuTIl
wenuvdngwAdaLioseaiunsgnauad

fattu laddyresnsindulasgnadumg
\Juna (Rationale) neuasileUsynauewyIngsu
laiues Ao Yadunsls@amu (Anonymous factors)
fovwgnsdendadulauszneueuginssy lag
awnsaruntadenisiidinuveanalulaglawes
Tunsrieowainssulased

5.3 15U NNIATIERAMUTUNUS
sEnInnsiiaanunuatvgyInssuleiuas

ANUAFIUN19ITY (Research hypothesis)

« v a

= (=]
A mammau%ﬂszﬂauawzgmsiulmuaiumm

v v §w

UWusAUASISAInL”
wpsnlemannemann

Hoya/mu

Anedadumpiiuna?
(Rationale)

(No)

Lidinenwnnnsalewed

rioorwinsaluiued

A 2 nszuiunisanseauladenagiadume
Junavesevgnsluiues

91NN 2 nIEUIUNIIARdRduladenaEng
Wumsdunavesogyinsleivesnuauuigu
N9338 e o1 INTWLUBSITIULAR LB laNE
NMEanaonIaT vuteyamnalulagiaunnud
aguazAuAImANNinalulagindaaeniian (2]
Wienudadenislsmnu (mullealunsided) way

al a 1 < < .

9179 1NIUN1IANDE L UUUALUUNS (Rationale)
sesindulaastionanvgnssulaiuesviui Jsldngud

& A4 A o w av g v &
wnuduwasesodAglunaidelviiusuiuuaing
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dunussgninansidmeunazorvginssulsiuesla
wadsioluil
5.4 nsldnguinuiiasizinidadenisls

FnuiianssuyRgIun1side
nufnu ndnnsilusd [a]
Perfect Information: glauiltoyansuiiuauysal
dila niin 5197 wagdnagmsilangsdu
Rationale: flauynineliteyaiinuiidndulaiden
nagnifianan egradumauaziduna

5.4.1 1541 Decision Tree

At Decision Tree Y84Nqufiny
Junsvhanudleegsiedeanunisalwandoud
sufinomgnsulriesiu Inednseimadonves
dennumsesanslumsdindulaiimadenlums
rioo1vINTIL wawiivimrhiundes (Defendern) lal
Sswiteniessvrsuiunmadululuiianida
lumsideiondsadugivhmihfiuntoadtean
wnladng

31nn15dnAUsINgNITInISLAA
p1vanssdlaeslunnussian {33ulanudn wn
o1 InTsulsuesUTEANA 91T INTTOANUN
NIAUAILIUNLMNIATYIA (Digital Detective) auvinlu
omgnssulevosUssniuiingaduogenng
veuwlazduauIunule waldanunsasiusiunenu
wdng1uATa (Digital Forensic) Lilaifiunfiloin
My EResasele pmgnssuleeiUssaniy
wdnaivtuetennsasely

Tumenssdudn minewgnssuloiues
Uszlanla aunsaduaiun1afavia (Digital Detec-
tive) audunudtogyInsld avitlieivgyInssy
lowesusuianduanategesings udideduay
Junuld LATAINITATIVTINNGIUNANFIUARIA
(Digital Forensic) wiesiflupfiaueninniserayle
omgnssulmvesssaniuazansiasegteinigs
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unuall lneWey Decision Tree YaINguny
919 NIl UOT [2] A9nnd 3 4

ARan

ondnduading

/'

Ul (Disital Forensic)

4) \ lugndnduading
\ (unilaq) \

o i

Sy

AW 3 Decision Tree YN NY

YYINT

= e
ARLWY

5.4.2 n15%1 Payoff Matrix
= U a 1 < <

a1 Insiinsandulaegraduimedu
W& (Rationale) uudeyaninulasunsivegrsauysal
31 lwvesinalulaglaagladaiusaduaiunig
A3via (Digital Detective) 16 1w 1nT9zasiions
g1vInssuiuiiiiielinulasuessauseleviggn
vaulgnavaIudunule wilianunsasiusiuneny

nang1uAINa (Digital Forensic) 1@1HANIBIYN
19 [5] 918y

o

nshdnstalminmauaznasuaiie
i = i cav vo v
Aoe1w TSy Wenuinessauselevunlasuaua
fluaUdes

A13°99 1 NISIAIAI9 Payoff Matrix UaInged)
inuovyInTulgues

#1599

4

nagmé naynd nogné

R
pd

P2 (73

prome

i
o
i
-
i
-

DIVEYINT -
W nagns

1qQ

i
o
]
o
]
-

ala |n |
Al [nla
ala [n|R
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lnglit
c A PinuARvINTINlEUesUELALA
d e S1unueAfiduauILIunNoIR NSl
s fip SrUIUARTIANINTITIVTINIUNENFIU
Aavia (Digital Forensic) iAo le
a11309 Payoff Matrix vasnguiinaldwsd
RETREIGEN
nguiinuomgynssulaiuesidu Zero-
sum game Lunuitlsifigafianyszloviiansing
saufu widwnufienvayinsldusslevtivinginie
Feuselowily uagmsuntdesusslembvoaviderdu
wihivesihsafiazdommumsuntesmasaian
ngufinuervinssuluuesiunagns
Wl (Mixed Strategies) unagméaldlunisiau
wnusenIeaeadng lnediauwdaviielalaiay
nagndlanagmsuilafiedisiien uiaziaunane T
fu Tagenaginsidudivesmsszuemnloniasy
@10 WaginTIrAReINagnslvsiUalenianisiia
awzyﬂﬂﬁuﬁ?u@gjmma [4]
omnsdainiineudumeg (Cause)
wazauluna (Effect) naaniiantunisld 2 nagns
wiouitu vianagns Q waznagys 1 - Q iilelisentiu
mstunu uagseauaINMIgnALiued 1 2 nagns
safufiewiniu 1 vie 100% (flesan Q + (1 -
Q) = 1) JusAUszneu ALBINNEBUIEIINAITN
Payoff Matrix grsied
91vsyINsHiunagns Q
nagmis Q fie NMslianunsoduaiun1aniva
(Digital Detective) Lladunue1vansle dndau
vosuuARTiAndy (o) Aunisduaudunuld (d)
fendu 0 emgInssuUssamiuIrgetwnnile

d
_:0
Cc



919 1n598LaeNnlY nagns Q lunaen
anuwiisadsuannagns P1 unagns P2
visovnmaduaudunuiewynsld danndsa
annsndunuiievyInsldianunnnafiiniu
dnamvasiunuaifiAntu (© funsduauduny
18 () fandu 1 vanefs afietusidla fanunsn
Funuldvindu nslismuanenvgnssulaes
Ussinmiiuazanaadio

d
—=1
c

LY 4
219 INTAUNALNS 1 - Q
s A 1
nagns 1 - Q Aie NsllaNTaTIVTI
WeUNENgIUATA (Digital Forensic) wilomuiuy
ARLOIRANI9RIYTLA wilavgnIunuld widImn
91w nstaninegrandumsluna (Rationale)
Tmaluladlaweiussianladinddessauselev
winuannnInenlesy wiegniunuld onwns
donasiloUsznovarvgnsusely

[ |

dndruinuiunfnanduadinule (s) ¢e

aa

mmuﬂmmmﬂm (d) dA1indu 0 91w INTILHS

1

ﬂﬁi‘?}ﬂﬁﬁlﬂ/lﬁ 1-Q lUnaen ﬂﬂ‘Uﬂﬁ‘EJ‘Vlﬁ Q B1VYINTIU
Uswmmuuﬁ]wmmmmu

S—O
7=

NINA1333UTUUABUNaENSIINNAYNS
P1 Junagns P2 aununagns P3 Wela agvili

o

dndunisinduafadinyeigyrowyInslannge (s)

Puuadndunula (d) dawiniu 1 vangfan
fiunusevansldvinla awnsasusumey

a o

q
" ﬂﬁ’]ua’ﬂ AAULLINAABIARNINIFAFUAINY

—

AN NSIEARUAINeINIINlsUasUTELAN

q
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Jyaznua bkl

=1
<=

5.4.3 n13%1 Payoff Function

970 Decision tree 1iusIAUsENaUAIS
fnduladn Jadenisiidmu (Anonymous factor)
Usgnaulumeegls auausaiinngse Payoff
Matrix TRduaveanudls Saiunadisanudusius
n1sfndulalun19ne91wYINTINYBIR1YYINTIWYU
\Ju Payoff Function garadd

SuereanssulmuesUssnniues
GRERlLRIT

+-=0 (1)

Ol

s
d

nuafogInssultussUsEIAtuRY

mmlﬂé’wwm
S
- + E =2 2)
dle
a_ 1, 2.1
c d

wInzaytuagls Jadenslsdanu (Anony-

mous factor) iAu
d S
22+ =0

fattu Tunisivedlatadunislidiny
(Anonymous factor) Weuwnunie k agld

= 2—[%+2] (3)

wle 0<k<?2
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6. NAN13Y

H338ld Matrix payoff uag Payoff Function
nsanaulaneenwyinssuleiuesresotvgyIng ou
Fuogifuiiadonislifnu (Anonymous factor) fsii
IeAnseiium Tne k Sledeus 0 < k < 2 Fedana
mouuldunsiineInssulsueslulsaztanan
uansnaity wazdideldiaTuimidionseurhan
drlanmsinewanssuleues Aetadunisigsem
(Anonymous factor) uanesriu Iagle3s Backward
induction vemguiinuldfsioluil

6.1 aludienidl 1: “wuusraesuudldiunisiin
awmﬂmaw‘l%ma%ﬁ]u Cybercrime trend curve”

910 Payoff Matrix Wag Payoff Function A314
duiusnissinaulalunisnoa v INT VRO WEYINT
Juogifurn k vide Yadensliiamu (Anonymous
factor) dUNIINFAAIUTIUIUAAAUIIUIUNIT
AUaIudUN LAZNIITIVTINNEIUNANGIUATYA
e fefilddiaseilundaiy dandadu
nseuliiftunmifievhanadnlaluguuuunsm lag

1935 Backward induction lanadl

Cyhercrime Trend

AN 4 Blusidianuduiustadenislssnuny
nsanaulalunisnesivanssulsiues

36 Uil 21 (2566) VOL.21 (2023)

mslitmesaginernlviveiadanes

AN 5 lurAdAUEUNUS LU THUNSLAR
9195y 1n3sNlwLUe3 (AIKUININ) AUT
an (Hawlsau) Ineddadenislsdinu
I3 LY}

Wuausnuau

ideledunaiuunngnsalewgnssulaues
Tudanuiuudefnunauielagiu wagldnaasain
andideuledlifiunnuduiusseninamslisem
warorrInssulylvesianudunusiuegisls
Fanndt 4-5 osuneriaiulael

Wy y viseunuse 1 Cybercrime trend wae
wunldunisiieewenssulyiues

wAW x vissunuueu LU Time wion1sULa9
na1 nUiAnevanssulsues wu U9 1 7 2
U 3.9 n iFetfuduieuriedunii)
dn1uzdi 1 Birth

91y ININGNLIN lasudeyanseinisnaaes
wasdunuitlovesimaluladludiiinduludeny
aunsausznavoInssulaluaausng lagludlas
andinluiliiedle
NUBLNE K = 2
dn1udi 2 Take off

Y138150158319A10Fe g0l T AR UL
nsziiauiin melsiuesmaluladlmivinlisondiu
NFUaIUTUNUNIRIIA (Digital Detective) Lo
WWINSEAeE 21vEINIALleNa WazeYyINTAA

LY

Ude sasudsukuUmAtaIg kazfnaulausynau



omannssuselsuesmaluladiiy

970 Payoff Matrix lum3197 1 uaz Payoff
Function Tuaunisil (3) ewgnsdaduladenld
nagmsi Q wag 1- Q laefidaldnagns P1 viily
Wl sinewanssulaesUssaniiug wuls

Wegaeg1a5ndlunaniuy

9 U

UG k = 2
amuzﬁ 3 Growth

13a13n15a319AE e80T AR UL
nszviaude melsiuesinalulaglmiinliseanu
PNFUAUIUNUNNATA (Digital Detective) louns
ﬂszmsﬂ,mqﬂ"mi:jawzyﬂﬂiﬂl’aﬂgmmsawmﬂssm
Ansfidnaulausznevetveynssuiioassausy e
FIALARNY WATWINTOS

Mlrnualdunsiinervgnssulgiuesuseinn
fu Wulpsjsgeesnenni warasumudomesie
Fmusoiilos muszoznmietutiuwtusn (5o
Fousnviedunviusn) niendusniiintuluSene
wazdaihmsaumudunulallddned Wefiansanain
Matrix payoff 1151971 1 mneauindnsaadafifies
nagnsaNnagms P1 ity
NUELNE k = 2
amuzﬁ 4 Turning point

90 Payoff Matrix Tuansnsii 1 wae Payoff
Function Tuaunisit (3) WessiaBudiuaey
nagnsnagns P1 lowndununagns P2 @wnsn
duaiudununefdvia (Digital Detective) adn
orgnsuainiuaiadiusn Jadenaslisanu
(Anonymous factor) Sufldn k feenin 2 usds
111N 1 hnldunsiieovginssuleivesusean
thiq azBuanas wuu Diminishing (Sanaivln wsilu
Snsnsiulafianas)
NG 1< k < 2
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#0129 5 Critical point

970 Payoff Matrix Tua19197 1 wag Payoff
Function Tuaun1s# (3) Wesadeuunldnagns
P2 anunsaduaIudunumM1eniYia (Digital Detective)
ladervinsuiandunfises auldiiaunnad
udegAIngm (Critical point) A1 k W1lnd 1 waziile
A1 k =1 wnldunsiinervgnssulsiuesazanas
Tadegngyiuiu wadeldmelurundedinies
NnIENE k = 1
#01uz 6 Decline

970 Payoff Matrix Tum151991 1 uag Payoff
Function luaunisi (3) lufigadedsianuny
nagns P3 aunsadvaludunuenveyInsleiuesia
NNAR LAZENUITATIVTINNG UGN IR (Digi-
tal Forensic) Wgaufinudiiuafiomnnigegy
anslavned envgnssalsuesussnntuazan
asg1eTInSauLltunsiine v Inssuluue sl
! 3 = [ a g a
Andu 0 seenazlinduuindusniay
nene 0 < k< 1

divasulssuiisuiudeiaadsludsnuiuwuy
Tavwwldunisiinervyinssuleiues (Cyber-
crime trend curve) AaneAIUUANRAIUNTDBAZISYN
11 Shark fin curve 9nuludiFuf 1 iesulsaly
v @ 3 a 6§ @ Y
duusunldunisiinevgyinssulyvesiludiuds

[y 1 ) Y % = % Y
pufutnanduindsdu Ineddadenisiinnu
3 Y o ) = [ a @ ¢
WuaUImuAN UuUIgunguAunIInAnLNea

A s P =% Ao v Y}
ADALTULIDS TUN N 6 FelldnwazniwlnalAesiu
11NGall
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msdaanusingnisal ufied aeaiduinad

iifomsAurmriunuunhgeTWe mMEngIY

\ e el ovopnimeongl

fan ; quiBsm oMM SV AT AN s g s e

P v v v & a & ¢ < & v
AT 6 dnuaisAUENTUSAR WkARDaITUWES iU
nan IneiinsauauIuny wasnsaLiuaf
a Y < v
RnlsTudulsAIvAx

N13AAY

Wnfsrreaunes [2] Tdwalulad Voice
over internet protocol UsgnauanyyINTsy 1oy
Wmhisaldaiunsadualudununiaiia
(Digital Detective) ilomfnue1veyInsnsevinle
owanssulszanisaiulnedgresngalud we.
2554-2556 quansdvauTunuafusnliiled
WA, 2557 91%EIN5INT@ReE TN Iazlodinng
UTIMNELUMENgIUAITa (Digital Forensic) Ll
fuduafinseyildderian omanssssaniuny
Agnualy

unseieevInsilasunagnsainnisly
welulad VolP uild Fake ID enwgyinssuuszamil
JanduingstuednenngiBnass ulufigadmiig
Msvansaduauiuny uagdiunfiauieian
¢ wunlduomannssulssnniasanas wazdnals
avgnssulsvesivdeululimadnduludesy

6.2 uluiiadd 2: “Arudunusszndng
919gyInssulyuasnuiadenisiiaanu aasd
anwazlunsi wazaunis egnsnuantRves
Weandudndluudea”

nuluiedi 1 wuudasauunliunisie
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avgnssalsiues (Cybercrime trend curve)
Tgnsiivsmawuy vdnnsAngaundu (Backward
induction) wesgufiinu [1] Tnstlguadnsues
wan1saiinTeanaziineslstu wdAnnosnds
nduu1mdagdu Taelduailéuiain Payoff
Matrix Tus5197i 1 wae Payoff Function Tuaunsi
(3) ofuILANUFURUSLUALUUNITLAND1TYINTIY
lowesiutadonslidm Jameneuiiasmannis
NaAMInAERS (Mathematical Model) 1nasunels
Uselovyd

TnofideldEuduiatsanainguuuuns
uazaNNINIsAdinAansvats sULUULlafiaNsan
Tuvulaazlndifgvdesinnnumanzanlunisi
N veaedltesurenieviuigevgyinsuluiuesau
fnguszasd TaedisfRansanuummansdalusiad
il

2e

AUVUTIA0ILLILUNNITLANDITEYINTTN
leiued (Cybercrime trend curve) lunlusienid 1
Taladnwauznsmaesann19@adu (Linear equation)
waz ilddnwauznsmnvesaunis wisiluan (Parabola
equation) #iTv3eindulaidendnyaznsinves
aunns Wndlniuudea (Exponential equation) 11
mamﬁqaﬁﬂuﬁﬁﬁﬁ 171 weagdlndslumsesuela
YeUGHINTEN

wanaiden Maidudndlmuudoa tedune
ANFUNUSTEUININTISAuAY Lagnisiia
a1y Inssulees IdelivenaUsenounmaudn
voq fefFudndlmuudea freluil

(n) Heafdudndlmuwdea Lifinau wazdy
MMAT y= 1

AasaudRveas faddudndlnuudea Wunsv
wazaLnINeAdiaeans Afanduuiniaie undg
NNgULUUANNSPUY Fennsnnengaldesune
syputaiunnleen wazenalianunsaigailly



iudald §a dleidudndlnuudea Sanumuieay
fign nefiguuuuaunsisil
y=a +c

ol 0<auazaz1(afla=161yaz
WU X)

nssaluimiosunemsinensansslewes
Tudnn Wofimsandmdnauass msiinaruade
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Abstract : In the present time, humans are using more and more energy, which has caused the need
to look for the alternative energy to replace the current energy. Biodiesel is an interesting one of
the alternative energy sources in the future. Moreover, if the cost of biodiesel’s production is lower,
it will make the biodiesel as an attractive fuel. So, the researcher is interested in extraction of
glycerine from crude glycerine in order to add value to the crude glycerine and help to reduce the
cost of biodiesel production. The researcher had studied the separation of glycerine by using
8 M of sulfuric acid and 8 M of phosphoric acid. The percentage of each acid ratio by weight of crude
glycerine at 6, 8, 10, 12, 14, 16, 18 and 20 were used in the separation process. After the separation
process, the separated glycerine was taken through a vacuum extraction process in order to increase
the percentage of glycerine purity. From the research, it was found that when pH of glycerine
solution was close to 2, the glycerine layer was separated quickly and there was a large amount of
glycerine. For sulfuric acid, the percentage of acid ratio by weight of crude glycerine at 10% gave the
largest amount of glycerine at the percentage of glycerine purity of 89.7+0.01. For phosphoric acid,
the percentage of acid ratio by weight of crude glycerine at 16% gave the largest amount of glycerine
at the percentage of glycerine purity of 87.7+0.01. The purification process of glycerine extraction
by using 8 M of sulfuric acid could increase the percentage of glycerine purity from 40.2+0.02% to
89.7+0.01%. The purification process of glycerine extraction by using 8 M of phosphoric acid could
increase the percentage of glycerine purity from 40.2+0.02% to 87.7+0.01%.

Keywords : Glycerine, Crude Glycerine, Purification
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ANAUILUY AIUAIGY

4.2 msanakennawesuannawesuaulagly
nse lauwn nIATaNasn (H,SO,) waznsnveanasn
(H,PO,) diovdaay Fadulunuduneunsatauen
03 4301 Wonsv [11] uldlwunadeslensonled
(KOH) unulsineulansenlan (NaOH) Tunisusua
anudunsa-wua Idunans

4.2.1 ASLENNABIUIINNADTUAY

Tneldnsadaiindn Wedsansndweduiu 60 ndu as
Tufninesauin 250 fadans antufnumiues
30% Fesinminnawesuivadudnned Auansly
funaeAnaIEIBLA3INILENTEna (Hot Plate
Magnetic Stirrer) fisgfiunnnansasou 350 rpm 1du
nan 30 uil ndaentudunsedatianeududy
8 M TngldUsinaunsadl 6% vesivinnaweTuiu
wazmusewiossn 30 vt wdmntuitninedas
e3esnIuas@ing Ysuaamudunsaua 19
Wunans uazlaselimndelnwadeudaiin (K,50,)
ﬁLﬁWﬁUﬁ]Wﬂﬂ’]’iﬁ’]ﬂﬁﬁ%mm’mauﬂ’]’ﬁﬁ 1 way 2
anmgnaulagauysal

2R-COO-K* + H,SO, —» 2R-COOH + K,SO, (1)

2KOH + H,S0, —» K504+ 2H,0 (2

Funouselunsesueninde K,S0, i
annznauean agliyansodanyyiniALasnIzny
599 Whatman wes 1 anduiindwesudinges
Inde K,SO, ponuadlUldlilunsisuenuazdasel



ndwosu nsnlviu Avaassdvetay uazdsieyy
du 9 wnieenaniulaeeieidunan 1 fu T
seuselulvhiuneuinsnedilnousasaddiuden
USunaunsadu 8, 10, 12, 14, 16, 18 uag 20% U89
dwinnawesudiu

4.2.2 MSLUNNAWETUINNAWETUAULAY
Tonsanleanasn

Feansnawesuiu 60 ndu asludnines
Ju1n 250 Hadans ntBLLNIUea 30% Yo
dvinnaweTuivadlutnnes auanslidniunaon
nadBIASINILETINa TisERuAIUEITaU 350
rom 1Junan 30 udl ndntudunsarloanesn
Aty 8 M TngldUSinansad 6% weaimiin
naweIuAy warmusioiliosdn 30 Wil wdendy
idninesasnaisiniuasidena Ysumanudy
n3n-wua idunans wasUaselindelnuwnaeunaamn
(K,PO,) ‘1'7iLﬁﬂﬁ'ﬁumﬂﬂﬁv‘hﬂﬁﬁ%mmuam'ﬁﬁ 3 uay
4 pnegnaulnyawysal

3R-COO-K* + HsPO4 —» 3R-COOH + K3POq (3)

3KOH + H3P04 —p K3P04 + 3H20 (4)

NTDILENLNEAD K,PO, finnnznoussn
Ingldyansesgeyey1nia (Vacuum Extraction) wag
N5¥ATENT0s Whatman Lwes 1 fsnwdi 1 aantiuth
nawesufinsonnie K,PO, oonudldldlilunsay
wen wavUaeslvndwesu nsaluiil AoaaBuAveY
ay unrAaFouudu q usnieendntulaesaiidly
Hunan 1 Au ludduselulivhduneudranading
wazaSdliuasuUsinansai 8, 10, 12, 14, 16, 18
WA 20% VemnnAweuRy Audy dmsu
AgnauLnge K,PO, finsedlgrsiignuazsnmi 2
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=] & A 1% a
AINN 2 mSﬂE]ULﬂa@‘V]ﬂia\‘]‘lﬂﬂ']ﬂLﬂsa\iﬂiﬁN
dayynie

4.3 NMTWENNADIUINNTA T ULALENLIaUY

du 9 lagldnsiouen mudunauues MR, Nanda, Z.
Yuan. [12] WanIRInIng 3
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AN 3 AsuenTuraanavasadluNTeLeNa
fanald 24 H7lua

vnaweiusindnunluneniontunawesy
90nANNIALYLl ABRAREAYDIAY wazdsdeuudu |
ntuantufinuiminuarUsuinsvesnawesud
wonls  sesnthndweduiivenldufiuensy 25
fladans weuazaansials 20 undt itevdansalusiy
Fnnddunawedu vdentiuhansiuldlunsouen
iiolaentundwesusonanenay wazthnawesy
Auenldldlurintausumsuun 25 fadans ant
ihlulusrsthauaugungdi (Laboratory Water
Bath) 7 70 °C iieszieisniwuiinnfisesnain
G RED

4.4 m3fdad (Decolorizing) wasfdnnau
(Deodorizing) TaunsldnsaIuANiua (Activated-
Charcoal Powder) au1a -100 Mesh m’msﬁy’umau
VI UNITIU BUYWITY [13] uadin1susudadiuuss
UNUTUARDNAWBTUATUAIIULIANLEY

Yrndweduiidiunisuendaielulaeld
nyeleninUsuAAsdunse-wa idunats Ingld
ansazanelnunadeslensonledidudu 5 M antiu
WURIEUALTIUA YR -100 Mesh Tugasidiuvesanu
Mustusrenawedudu 1:5 Tnevhwih uasthlunaunes
Tngldipdasmuansifenadissiunnudaseu 350 rpm
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Pgaumadl 40 °C Wuwan 30 wil fnwi 4

2NN 4 Ashansauiusudvun -100 Mesh
WDUINE

dleaswauiudsudesudithaisianalunses
wenuaduiudiudeaniannfwesulagldyanses
JUINIALATNITATENTEY Whatman Lues 1
Fanwil 5

AT 5 N1INTOIRIEIUMILYANTBIFEYEYINA

nFanduhndweiuuiansildainnisada
wenmegansasagyInaluiuliluriniadsunns
vun 25 faddns Teeifudedns 3 ads so 1
GURIIPRIAN Lﬁaﬁ'ﬂ,ﬂﬂébué’aeizuuqm@ﬂﬂwmﬁalﬂ



4.5 n1suindwesudilalundudiussuy
qmwgyﬂﬂmmm%’umauﬂﬁaﬁ’mwﬂsuaa g3n9n
L%@Wiﬂm [14]

vindweiuiinonlaainde 4.4 lunduusn
wnueaLarineenlngldiriosnduLuvanaudy
(Rotary Evaporator) Imaé?amﬂé"uuwaﬂmmﬁuﬁ
9oumQal 60 °C uazA NG 280 mbar fanwdi 6

P a a £ a =
AINN 6 ﬂ']iLWllﬂ')"lll‘Usq‘Vlﬁm@ﬂﬂaL"U@TUIﬂEJ
MINAULUUARYINA

Imamiéffsasiwﬁmumiﬂé"uLLUU@wmﬂ
srgnihluiuliluriniadsuimsuunn 25 faddns
WethlUlmse wazeunsan Percent Recovery
AALNTTA 5 soly

FuUNSUaTNanAwente

% Recovery = x 100 (5)

FIUIUNSUVDIANTFIDE 195 UAU

4.6 nMsmUsuanawesu lnen1shmnsnaie
asavanglyifeulansonlen ay wen.337-2538

FandwoTuogndliildinmiin 0.50 n3u uazld
Tudnines mntuisinnauuiiusunns 50 fadans
nenasUTeNlUaUgduALAWMes 5 B 7 vien uaa
YSuaanudunsa-wavesansazanglidunsa se
A1582aN8NIATATNISNAUINTY 0.2 M minanusuan
aandunse-uavesansavanesnadsliidunans dae
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ansazanslopeulansanlenmiuuty 0.05 M
anuselumseusmaluau (Blank) laglduindu 50
193305 LNUNAWBIUAIE19 warldiISnISwSeY
WULREINUNNAINIT199 U NTUTURE15azae
lowieuiUastolawmn 50 Jaaans asluaisazaiy
NAOIUMAIREMALAIAIUAN kNFTNNBIUT 9 Uay
YAR8nsLANUIRAT NTULIEITALANENAWTY
L 1 Y] g.j/ n:{'d ::4' a v I3
fegauazimuauluaslilunia Neamgiiviesdu
181 30 W9 rasINntUBNaIsaratedmulaeea
10 Na8a05 a9lUE15ALANENAWDSUAIDE1ILAY
U = s gj Qy nl'd d‘
faauay wnIsdnnesiun 9 wazasiialilunie 7
a Y = a
RN IVeIdN 20 W9l
Ua1sazaendigaiufiegauaziinliuay
PNANUINAUAIUTUSUING 300 Haddns waduily
lnmsndvaisazatsuinsgiulehsulansenlys
ANUTUTU 0.125 M Tngansazateazilasududin

a o o=

WefgegR TuiinUsunsansazanguinsguluies-
lansanleanldaindause lngaruasidunis 0.01
fiadans Faufisernmievulunszuiunisinimes

Y =
LERINININN 7

H,C—OH

10 -
Hé_OH — % s 2HCHO 4+ 2HCOOH 4 2I0;

Hzl—OH HOCH,CH,OH

NaOH
C/_\)H + H,0
N z
H, HCOONa + H,0

AW 7 aun1sURSEINANTUIENINNNTEUIUNT
lnnsandwesu

ANt USIAsasazanensgUlEAgL-

lansonlannvuiinlaluauiamusununidwasy
ANUAUNTN 6
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wUSnanAmeTUlnEMEn=9.206 x M (T1-T2)W} (6)
dlo T1 fie Usumsvesansazansleioulensonlas
alunslnmsandweiuiedne (adans)

T2 fie Usunsvesansazanelaineulansenlyn
AlflunslmmsandiweTusnauay (addns)

M fla AUt esEnsavaneledewlansenlon
PwSoufiouwinduanudadu 0.125 M

W e thninnawesusnedns (o)

4.7 mﬁmeﬁmmmﬂ%qwcﬁimsmmwmLLu'u
Yoendwosudiuenlamonissuialasunlnns
wuaanlnsiuvs (Agilent GC Ju 6890/MS $u 5975)
waaudalasuivng @ adaldinsiaTanuuimsy
loooluwdu (GC-FID) Wialudimes (Pycnometer) lag
lalasiiwes (Hydrometer)

YndweIuiilgluiiassimandediduiaim
U3avS waganamLnuy suddy Tasnsiiesgn
sxsfiumsmeliannsundounuitoulaiirnus
13lums19di 1

= - A A a ¢
M99 1 @nnigiivnvanvaaAseslolunTinTey
ANNUIEVISVDINADTUY

w3asdia (Equipment) Jouly (Condition)
Agilent GC 35U 6890/MS
3U 5975
Column DB-5ms, 30 m
Manual injection

0.2 uL
volume
Injection Model split
Split Ratio 100:1
Gas Carrier He
Gas CarrierFlow 1 mL/min
Oven Temp 40 °C-250 °C
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w3asdia (Equipment) Jouly (Condition)
Agilent Mass Selective

Detector §u 5975

Solvent delay 0.0 min
Transfer line temp 280 °C
Mass range 32-350 amu
FID detector

Heater 280 °C
Gas H2

Gas Flow 30 mL/min
Flame On

5. NAN1SANYY

5.1 Asiasieesdusznauilesfuves
naweIuAy

ndweduAuiiiidnuuzdanind 8 gauly
Anszimesdusznauiiugilaliiedos GC6890/
MS5975, GC-FID7890A, Karl Fischer Titrator,

Hydrometer Wag Pycnometer

AW 8 NAWEIUATINNNTUINIITID



WemAesiiudAnuUTavdueInawesu Lo saus
y3i Al ez dunse-wua wanis
Wasesi agulanannsad 2
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A151991 3 USunauveavasiadtazlauaauds
PAINSLRUNIATARIS Nl UNEL

d3uaunsn Jsunew JSunew AN
A9 2 ANWAUENIINEAINLAZDIAUTENBUNI (%04 Youvand | wediuen | nsa-wa
LANVDINAWBTUAUIINNTUENIITITD Y uenld () ¢ (pH)
NAWDSUAY) (g)
o , finagn19nAaIUAY 6 44.03£0.25 | 4.60+0.05 | 4.21+0.21
U ase , -
(ﬂi&l@j‘l/l‘]/l’]ilﬁa) 8 43.75+0.20 4.52+0.10 2.86+0.15
1. BNWULNIINIBAIN asiANUntaLaY 10 43.96+0.35 | 4.58+0.05 | 1.98+0.22
fEhanau 12 44.16+0.20 | 4.53+0.05 | 0.35+0.01
2. Aanudunsaua 8.72+0.02 14 44.33+0.20 4.57+0.15 0.15+0.01
3. ANUAU LY (g/cmS) 1.018+0.01 16 44.30+0.25 4.61+0.10 0.00+0.00
4. WesuduainaweaTu 40.2+0.02 18 44.34+0.25 4.53+0.05 0.00+0.00
5 LU@%L%uﬁmaqﬁﬂ 1.96+0.01 20 44.6710.30 4.56+0.05 IO.OO’_rO.OO
. - 4 NG IINITNAGDI 3 AT wazuALadeiuA S.0.
6. WUBSIUATBIFMADUUBY 9 | 57.84+0.02 ;

5.2 HaNSENALENNAIUNNAWEIUAUIAY
Tnse
5.2.1 HaNISLENNADIUINNAWOTUAY
Tneldnsadaiasn 8 M WUl @1saganeinastinnis
anAznauUifuATuL vlmAenswenmlaesEnsiu
2 wia Aewladuvesvanazegmuuu uazimadidy
yosudaogfuans uanwsnmil 9 uazUiinaves
aveMaINazTeIuTs uansfIn1sel 3

W atRT

Lo drrail

AN 9 NNTANALNOUVDINANNADUAILFL
ASALANISN

ANSULFATETHIBEN

5.2.2 NANISHLENNADIUINNNAWDIUAU

60 n5u Ineltnsanaanasn 8 M WU @1sazangnas

LAANNISHNAZNDUNNUNITUL VL ARNIT W NLWE

yosasilu 2 wa Aewanduvesvainzegiuuu
P < Vv ' o ~

waztnadureudegiua1auansfan i 10 uag

USU UV INATDUNAILASVDINDS LARIFINITIIN 4

L BTEILAE D

vl mrmaudh

] = = v a
AN 10 ANIRNATNDUUVDINANLNADUAILAU

Asanaanasn

Ui 21 (2566) VOL21 (2023) 53



NIANTIVINTIUTIUUNLTRENTTIAUNAT
CRMA Journal

A151991 4 USunauveaavediiailiasilaunand
PaINISLRUNsANeanesnasluNaw

A15199 5 USunautundwesuniwenlaannnisly
ATIULUNVDINTALAAZTTIN

Usuunsn Usuna Usuna fAn
(%89 vauwafi \ndofi nIA-LUd
Y wenle wenlg

NAWDIUAY) (g) ()

6 39.36+0.23 | 4.58+0.05 | 6.33+0.10
8 43.66+0.20 | 4.52+0.05 | 5.27+0.22
10 43.13+0.25 | 4.57+0.10 | 4.80+0.21
12 44.15+0.25 | 4.51+0.02 | 3.41+0.15
14 44.23+0.30 | 4.57+0.03 | 2.69+0.25
16 44.17+0.23 | 4.58+0.10 | 2.15+0.18
18 44.34+0.22 | 4.52+0.05 1.77+0.22
20 44.47+0.25 | 4.55+0.03 1.56+0.25

PLBLIAG YINNI1TNARDY 3 ASI kaztUIAeasiua S.D.

ANSULAATEISF D819

5.3 HANISHYNNALEDIUINNNTALITULAY
a A a %
Adevusu 9 lagldnsiouen

A o Ay v &

et wavesraifitaainnisnsaawnaseanty
Talunsrewenaaniald 24 97109 vaamallunsiewen
WHANISWENTY wazndwasuntaainniswenliaely
nsrenunianwuzidudiinia wazUSuiudu
NAWBIUNWYNLAAINNTIWYNAITVDINTALARL YA
LANIAINITIN 5
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Usuiunsa Usinautundiwesudi
wilansn | (%vanimin wenlaannsly
NAWDIUAY) nsaeuen (g)
6 22.42+0.25
8 22.52+0.22
10 23.65+0.15
12 22.55+0.34
HZSO4
14 22.02+0.27
16 21.95+0.20
18 21.75+0.22
20 21.76+0.25
6 20.23+0.23
8 21.76+0.25
10 22.46+0.21
12 22.74+0.24
H3P04
14 22.95+0.25
16 23.15+0.23
18 22.75+0.22
20 22.56+0.25

PUNELE VIINITNAADY 3 AST AZUIUIMIALRASAU
E—
A1 S.D. ANNSULAATEITAIDEN

5.4 nanstanauazidanau Inemsenedu
AududvuIm -100 Mesh

Adnduazidandy Tnensldnauiusiug
A -100 Mesh LagyiN1snIoemeynnsasgayaIne

NANTIINARDILAAIAINITNT 6



A15197 6 USUUNAWDIUNEINISUINEN IS
anutuTuAYLIn -100 Mesh

Usununsa noa .
YSUUNAYDTUNAINTS
- (%294 o aw e e .
IUANIA y YINFAIYHIATUNNNUA
WYuUn
o o a YUIA -100 Mesh (g)
NALYIIUAY)
6 20.23+0.35
8 21.76+0.45
10 23.25+0.25
12 21.95+0.28
HZSO4
14 21.39+0.24
16 21.05+0.28
18 20.95+0.15
20 21.10+0.22
6 19.26+0.41
8 20.81+0.36
10 21.61+0.15
12 21.75+0.34
H3P04
14 22.26+0.22
16 22.85+0.25
18 21.95+0.20
20 21.81+0.23

PNELIB YINNISVAABY 3 ASI LATUIUIMIANARLAU
AN S.D. ENSULAATEITAIDLS

5.5 wani1suindweiuilalundulussuu
ana

MAIHIUNTZUIUNSVINEMIENSIANRI AU UA
U1 -100 Mesh nawoIuasiialauinty udddl
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a A d' a = v & oA %
dudevunavanglalundweTunauey fAeluiielv

a a a a £ X = o a S av oy
naweIulANUIaNsuINTY endwesuile
9INNIIIRELUNGUAIETEULAYINIA Lagivug
ARIIAWT 280 mbar 04 RN 60 °C HteTeiEtuaY
WNURAREN WAz lvinAweIullAUUIEMEUINTY
TneUTurundweiunuenlanain1snauaIeszuy
HUINIA WARIAINING 11

sing ()

= v o o
E]iumﬂ RAINITNAUS.

o

_e-nindailain  —e—nsanleanasn

3UUN ALY
-
)

5

6 8 10 2, 14 16 18 20
Usuanse (%uasurninnaiwasuiu)

a a = a A Y o Y%
AN 11 Uim’]mﬂalﬂfaiuwLLaﬂlﬂﬁaﬂﬂqiﬂauﬂflﬁJ
SEUVARYRYINA

5.6 HaNSMIANUSUIINAWBIULAENISLIWSH
$1U UeN.337-2538

NAWeIUTNIUNTZUIUNITNAURIBTTUY
gayaynAgninunlmmseeu wen. 337-2538 lag
TnawoIufianals 0.5 nsu ulmnseiuasazay
Twdeulensonlyn 0.125 M lngUSinasludeslansenlus
yosthnduilfifusniuau Wity 4.50 gnuar-
WURLIAT Nansinmsanawesumeasayane lufew-
lansanles uanadanised 7 LLasﬁWﬂaﬂmU%qwémaq
ndwesudildannszuiunsatalneldnsadaiagn
waznsnneanesn uansfan g 12
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AN5199 7 USuwsladedlensenlosilalunisinmse
ARSI UNPNANALENYDINTALARL LA

Usuunsa U3u1n5 NaOH ild
¥fianse | (Yevasimiin Tunslnmsn
nAwoIufv) (cm?)
6 42.85+0.02
8 43.35+0.01
10 44.05+0.02
12 44.20+0.02
H2504
14 44.35+0.01
16 43.75+0.02
18 43.25+0.01
20 42.58+0.02
6 39.75+0.02
8 40.85+0.02
10 41.25+0.01
12 41.45+0.02
H3P04
14 42.25+0.01
16 42.95+0.01
18 43.05+0.02
20 43.15+0.02

PLNELAE TINISNAEBY 3 A9 LATUIUNMIALRRYNU
- 3
A1 S.D. dNSULABLAISAIDEY
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94

92

90

88

86 |

84 |

AnUUTAVSVRINAITaTU (%)

82 | —e-n5adalain  —e—nsavieanasn

80

6 8 10 12 . 14 16 18 20
USuanse (%vasiiuinniigaiufiv)

AN 12 ANANNUTENSVRINAWTY

%) a L2 & @ 6 =) =

VAIIINANT LAY WS UATRINAWDIULAY
aa & v | a A Ay v 1
FSn1slnmsalaesu nuIndwesunlaannnisls
nsndanasnlunsanauenndwasuliusgnsiu u
P9UIUIUNTAT 10-14% LasuNUDINAWBIUAU
%Lﬁuﬁaaﬁﬁmmmﬁqm%maaﬂﬁLsna%ufqa Lagdlan
ANNUIANSURINAeTUliuAn1iuNINTn Lana
AN 11 LANUSUIUNTATATISN 10% tegundn
YBINFWITURY anuTaanawenndwesuuTansie
YSunauuniian dewinfiu 23.25+0.25 n3u wazdlen
ANUUTFVIBWINAY 91.02+0.15% éwunsaneanain
d‘ a %’ L =) =l a
PUSIUNTA 16% LRgtntine9INAwesuRAy @11150
afawenndwesuuIgnslavsuuuiniign dadian
Winfiu 22.85+0.25 N5U wazdlAIANUIANSmNY
88.49+0.18% lun1vgaanvnssunsananenniiweiuy
rANALilaanunsaaniakentaluysanLazien
ANUIANTUINNTT 80% FetunuIdedaslaiien
U31aunIaganisni 10% aeu1ninveInawesunu
wazUSunaunsaneanesni 16% LagU1unYaa
nAwasuAU UARIIEAAI8LATEY GC-MS GC-FID
Lag Pycnometer Lile8ududininuuigninag
PIATATIURUIBUY AN URNIINIYATNYD S
a = a £
nawesuusansrealy



5.7 wan1siaszindwesudilasiuiaio
GC-MS GC-FID wag Pycnometer

W§191INNITIATITRN oS uTiuenlalagld
1583 GC-MS GC-FID wag Pycnometer Lilonen
AnuuTaviuaraudivianienm wan1siaTed
nawesudildainnsadaiinin 10% Iasthwiinves
nAweIuiu wazndwesudilannsaneans3n 16%

TAYUALNUBINADTUAU WAAIRIAITINN 8

AN519N 8 NaN1sIASIZINAweSunkenlanle
LA389 GC-MS GC-FID uag Pycnometer
WieynANAIIUTENS waradasmEnTm

asaganasn | nsaweanasn
oo ) 10% lag 16% lag
Uadeiaszn v L v L
UNNLNYD9 YNNI
NAWDIUAU NAWDIUAU
1.8NwaENIa laifduwazd laifduwazd
ANBATN AMUNLIA AU
2.ArAnudu
7.05+0.02 6.98+0.02
NA-LUE
3.AVIUNUILUY
3 1.249+0.02 1.238+0.02
(¢/cm”)
4. Wasdusuas
o 89.7+0.01 87.7+0.01
AR RE]
5. WesWudves 7.8+0.01 9.4+0.01
6. \UasdunAvas
. 2.20+0.02 2.60+0.02
dulaUunu 9

TANTIVINTLIISHUUETRENTTIADUNAT
CRMA Journal

6. dyUuazaiusnena
6.1 MylATwndeyailoaiuveindwesudu
INNTUGNNISITO
= = a 1 = < = = a
ndweTuAvYaINTUgNIMTITaLlUNAeIUAY
Alaarnnisuanluledwaarnuiuldndlaaly
Tnunadeslansenleaduiisaufisen ddnvasidu
ey daranudunsa-tuawindu 8.72+0.02
a 1 Y [ goj a0 6 @ 2
wardiaNuuwULlna@easn Ul wazlAndaswus
ANUUTEVTREN 40.2+0.02 Wi lUiUSeuiiey
AUNABITUNIINITAT WUINAWBIUAUAINA1E4
fANUO3IUAAIIUUTANTAINIIAINIATFIUTOI
NABIUNIINITAN
6.2 NMIANVLUALAZANUTUTUYDINTANTNS
AoU3unn waslUesiiusnuusgnsueindivesu
AU LT UIBINTALNAADUSUIULAT AN
UIanSueandiweiu ninnsadanududugs q
° v ] ~ a a
MrANUdunsa-wua 1nnsiudsudastuianig
anaseg19TIAsINIINTANRANLELTURY 9 FeAn
< P P ) ° v a
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Abstract : The waste problem in Chulachomklao Royal Military Academy has been increasing
and affecting the environment, including the quality of personnel’s lives. Waste disposal has
become increasingly challenging due to changing consumption patterns, necessitating more energy.
Presently, the Transportation Section of the Support Division in Chulachomklao Royal Military Academy
is responsible for collecting solid waste from government offices and residences for disposal at the
landfills managed by the Prommanee Sub-district Administration Organization in Nakhon Nayok Province.
However, the support for waste trucks is insufficient in terms of equipment availability due to the
limited number of waste trucks. Therefore, proper management of waste collection, particularly in
terms of transportation planning is crucial. This research aims to solve these issues by applying a
mathematical model for the Vehicle Routing Problem (VRP) and Heuristic Principles including the
Cluster-First Route-Second method and the Sweep Heuristic method to find the most optimal waste
collection route. Furthermore, a comparison with traditional transportation methods is conducted
to identify the shortest route and provide guidelines for resource-efficient waste collection planning.
The study concludes that the Cluster First Route Second+ VRP 2 Group method exhibits the shortest
transportation distance, reducing the original 110.71 kilometers route to a total of 75.66 kilometers.
This reduction in distance also leads to a decrease in transportation costs by 1,525.09 baht per week,

equivalent to 31.66 percent of the original transportation costs.

Keywords: Optimal Route, Waste Collection, Vehicle Routing Problem, Mathematical Model,

Heuristic Principles
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1. Introduction

Presently, the situation of waste manage-
ment and hazardous waste has been an environ-
mental problem in Thai society for a long time
due to the amount of solid waste has increased
according to the population rate, economic
growth and public consumption. Although there
is management according to the National Solid
Waste Management Master Plan (2016-2021) [1],
it is still insufficient to handle the amount of solid
waste that tends to increase every year.

In 2020, there was approximately 25.37
million tons of solid waste. When considering
the overall situation of municipal solid waste
management, it was found that 8.36 million tons
of solid waste were sortedand reused. Related
factors include: Many municipalities don’t allow
people to sort waste at municipal solid waste
disposal sites due to fears of the spread of
infection from rubbish dumping that maycontain
pathogens. The global economic crisis caused by
the impact of the Coronavirus disease in 2019
has caused many antique shops to close down.
As a result, the amount of municipal solid waste
that was reused decreased, dividing into about
7.88 million tons of municipal solid waste that
were improperly disposed and 9.13 million tons
of municipal solid waste that were properly
disposed [2].

The amount of hazardous waste generated
by communities in Thailand in 2021 was 669,518
tons, most of which were scrap electrical and
electronic products 435,187 tons or 65%. Haz-

ardous waste from other commmunities such as
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batteries, chemical containers and cans total
234,331 tons or 35%. Comparing the amount of
hazardous waste from the community in the past
year, it was found that the amount increased due
to the local government organizations and the
private sector setting up waste collection points
in community areas and department stores for
people to conveniently dump waste. An over-
view of the generation of hazardous waste in the
community during the years 2014-2021 found
that the amount of waste generation tends to
increase continuously every year and has an aver-
age constant of 1.60% since 2019. As a result of
the epidemic situation of the Coronavirus disease
2019, the consumption behavior of people in
the country has changed with increasing demand
for electrical appliances and electronic devices,
more frequent replacement of equipment to
keep up with modern technology, imported low-
quality products that shorten product life and
cause hazardous waste [3].

The situation with solid waste within the
Royal Thai Army is facing the same problem as
the rest of the country due to rising consumption
and rapidly changing technology. An example of
the problem of municipal waste management by
local administrative organizations that affects the
Army is the waste collection pond of the munici-
pality of Nakhon Si Thammarat Province. There is
a problem of overflowing waste that affects the
health and environment of the community with
polluted water draining into agricultural areas
and water sources, causing sickness among the

villagers in the area. Waste ponds have residues



in plants, local foods and aquatic animals used
as food by villagers in the area, which directly
affect the waste management of the 1%t Military
Circle [4].

The waste problem in Chulachomklao Royal
Military Academy or CRMA has been continu-
ously increasing. From the collected data, the
average amount of solid waste is 6 tons per day.
Disposing of solid waste is becoming increasingly
difficult and energy-consuming but the support
of garbage trucks is lacking due to the delivery
rate. The number of garbage trucks is limited,
so waste collection must be properly managed
in terms of transportation planning, which is to
bring solid waste collected from government
offices and residences to the waste disposal site
according to the amount of waste. The distance
between waste collection points and the number
of rounds of transportation affect waste collec-
tion within the CRMA as shown in Figure 1.

Based on this concept, the researcher stud-
ied the optimal route for waste collection using
the Vehicle Routing Problem or VRP principle to
propose a waste collection method that uses
the resources of transportation equipment cost-
effectively, reduces waste collection distance
and is beneficial to the government for the next

action plan.

2. Objectives

2.1 To study the waste collection route of the
Chulachomklao Royal Military Academy.

2.2 To design the optimal route for waste
collection in Chulachomklao Royal Military

Academy.
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Figure 1 A bird’s-eye view of CRMA from Google
Maps

3. Literature Review

3.1 Reduction and segregation of solid
waste

The Pollution Control Department [5]
explain that “solid waste” means unused items,
paper scraps, fabric scraps, food scraps, product
scraps, plastic bags, food containers, ash, manure,
carcasses, anything else that is cleared from a
street, market, animal feed, products left over
from homes, shops, markets, establishments,
workplaces, or any other place, etc. Therefore,
in order to make the management of solid waste
easier to implement, there should be a good plan
and the types of solid waste can be divided into

four categories as follows:
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3.1.1 Recyclable waste: this type of
waste will be no problem of contaminating
organic waste. it will not smell and it will be
easy to recycle by selling it to antique shops and
entering the recycling industry to be processed
into raw materials or new products such as glass,
paper, plastic, metal and etc.

3.1.2 Compostable waste: this type
of waste can be collected and used to make
compost and biofertilizer. If combined with other
types of waste, it will cause rottenness and it
is essential that it be sorted out and handled
properly such as vegetable scraps, fruit scraps,
food scraps and etc.

3.1.3 Hazardous waste: this type of
waste, when combined with general waste,
will contaminate the soil, water, air and cause
adverse effects on living organisms and the
ecosystem. It must be properly disposed such as
lisht bulbs, batteries and etc.

3.1.4 General waste: this type of waste
is harmless and not worth recycling. After separat-
ing solid waste, responsible agencies will dispose
of it further.

3.2 Definition of vehicle routing problem

T. Phannikul [6] defined VRP as the arrange-
ment of routes for transporting goods from distri-
bution centers to customers at various points to
help support decision making for system users. It
has a single distribution center and a loading
capacity constraint model that considers the weight
and volume of the cargo under the condition of
vehicle capacity with the goal of achieving the

shortest distance. Vehicle Routing Problem or VRP
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is a transport and logistics problem that focuses
on delivering on-demand goods to customers
with a starting point and ending at a warehouse.
The goal is to provide the shortest travel route
and the lowest cost. Factors related to routing
include:

3.2.1 Set of customers

Each customer is assigned to a different
node and needs to receive or deliver different
amounts of goods and additional time require-
ments may be set.

3.2.2 Vehicles

Trucks, ships, planes or transport
arrangements that provide services to customers
traveling between customers and warehouses
with load limitations may be defined as the
number of pieces of cargo or the maximum
weight of cargo that can be carried per vehicle.

3.2.3 Depots

All warehouses, manufacturing plants or
distribution centers are locations that are defined
as starting and ending points in a journey. Every
vehicle must travel from this point to serve the
customer to various points and return to the same
point. The complex problems may require many
warehouses to serve many groups of customers.

3.2.4 Routes

Assigning any vehicle to travel to different
points or any customer and how to travel in
an order that consists of sub-paths or multiple

paths.



3.3 Find solutions for vehicle routing
problem

P. Chunchaiphak [7] studied methods for
finding answers to VRP. Finding results or solving
problems has two goals. First of all, the quality of
the answers can be guaranteed by providing the
most optimal answer, specifying the scope of the
quality of the answer, and finally by guaranteeing
the timing or speed of finding the answer. The
way to find the answer is as follows:

3.3.1 Optimization

VRP is a discrete decision problem or an
integer programming problem because the answer
is only 0 or 1, i.e., the vehicle will travel (X = 1)
or not travel (X = 0). The method for determining
which option is the best answer (optimal solution)
is sequencing. The sequencing method involves
substituting all the variables to make possible
alternatives. After that, the answers are compared to
choose the best answer, which is called complete
enumeration. It takes a long time to find the answer
to a large problem and there is almost no answer
so this method is not popular.

How to find the best solution to dis-
crete decision problems. There are many tech-
niques for solving problems, such as the Branch
and Bound method, Calculation method using
the LINGO program and the CPLEX program
and etc. There are also several other methods as
mentioned above. The Vehicle Routing Problems
(VRP) are categorized as NP-hard problems and
the answers are numerous. When considering
how to find the best answer (optimal solution)

in a limited time, it’s not suitable for solving

TANTIVINTLIISHUUETRENTTIADUNAT
CRMA Journal

problems. Therefore, there are ways to find an
answer that provides a value close to the best
answer (a near-optimal solution) using Heuristic
and Metaheuristic.

3.3.2 Heuristic methods

Heuristic comes from the Greek word
“Heurisko” or “Heuriskein” meaning discovery. It
was invented to solve specific problems. Heuris-
tic methods are neither arbitrary nor fixed. The
answer may or may not be the best answer, but
it is acceptable and involves quick calculations,
such as the Saving Heuristic, Nearest Neighbor,
Sweep Heuristic, Cluster-First Route-Second, and
etc.

3.3.3 Metaheuristic method

This method is commonly used to
solve non-polynomial problems such as pro-
duction scheduling and VRP, similar to heuristic
methods. Because of the broader concept of
finding a solution, it can be applied to a wider
range of decision-making problems than heuristic
methods. The popular metaheuristic methods
used to find answers such as Genetic Algorithms,
Ant Colony, Tabu Search, Local Search and etc.

3.3.4 Neighborhood Solution Method

Answer improvements from default
answer generation to a better answer and bring
the answer closer to the best answer, such as
Swap, Two-opt, Exchange Heuristic, One Move

Heuristic and etc.
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3.4 Related Research

P. Chunchaiphak [7] applied Heuristics to
route school bus for students. There are a total of
1,137 pick-up and transfer students per day who
need to be transferred at 39 transfer points. The
first step is dividing all transfer points into groups
based on their degree. Then, all four heuristic
methods, including the Nearest Neighbor heuristic,
Clarke-Wright Saving heuristic, Sweep Heuristic,
and Farthest-Nearest Neighbor heuristic, were
applied. Three types of vehicles were determined: a
pick-up, a six-wheel truck, and a bus. The capacity
for each vehicle was determined based on
the number of seats. The results showed that
using the Clarke-Wright Saving heuristic with a bus
yielded the shortest distances at 733 kilometers
per round and incurred a fuel cost of 206,283 baht
per month. When compared with the original cost,
it was reduced by 134,817 baht per month.

P. Phanphiphat and P. Khemavuk [8] stud-
ied the route of trucks to reduce the distance in
Multiple Depot VRP transportation. The research
determines the locations of 12 factories, ports and
transported by one truck. Then it compares the
traditional transportation routing with the heuristic
method by using the Nearest Neighbor Method and
the applied Saving Algorithm. The results of the
study concluded that the Nearest Neighbor Method
has the shortest transport distance. The original
transportation route is 4,118 km long, with 40.79%
of the proportion without cargo in the vehicle. The
Nearest Neighbor Method route has a total trans-
portation distance is 3,722.9 km with 34.50 % of the

proportion without cargo in the vehicle. Moreover,
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the applied Saving Algorithm method (four stages)
has a total transportation distance is 4,008.1 km,
with 39.16 % of the proportion without cargo in
the vehicle.

P. Kabcome and T. Mouktonglang [9]
presented a mathematical model to solve the
vehicle routing problem with soft time windows
(VRPSTW) and the distribution of products with
multiple categories.In addition, they include multi-
ple compartments and trips. Each compartment is
dedicated to a single type of product. Each vehicle
is allowed to have more than one trip, as long as
it corresponds to the maximum distance allowed
in a workday. Numerical results show the
effectiveness of the model.

N. Rungrodchatchaval et al. [10] applied VRP
to find a new route for waste collection to have the
least distance by using the Savings Algorithm and
Evolutionary Method in the Microsoft Excel Solver
program by considering two cases as follows: Travel
one route and two routes. The results show that
the evaluation method provides the path with the
least distance and has a more balanced workload
than the current route and the route from the
Savings Algorithm method.

J. Banthao et al. [11] proposed the application
of a mathematical model for VRP to design routes,
reduce costs and increase the efficiency of liquor
shipments. Under the following conditions for
transportation to 24 stores, four trucks were used,
each with a loading capacity of 70% of the trucks.
The trucks were divided into two large trucks with a
loading capacity of 350 crates and two small trucks

with a loading capacity of 210 crates. The results



of the experiment found that the new route was
organized with a reduced distance of 143.41 kilo-
meters or 19.83%, and the cost of travel decreased
by 1,195.50 baht per week or 18.84%.

4. Research Methodology

The methodology steps as shown in Figure 2.

1. Study the problem of waste collection in CRMA

&

2. Collection of relevant information

¥

3. Application of a mathematical model for VRP

¥

4. Application of the program for optimal solution

¢

5. Analyze the results and compare routes.

¥

6. Conclusion and discussion

Figure 2 Research Process

4.1 Study the problem of waste collec-
tion in CRMA

The transport section of the CRMA general
support division operates waste trucks to col-
lect waste on a Monday-Friday cycle. The divi-
sion of waste collection points at government
offices and residences totals 45 locations with
the amount of waste 128.2 tons. Then disposed
in landfills managed by the Prommanee Sub-
district Administration Organization of Nakhon
Nayok Province, which has a total distance of

110.71 kilometers. Traditional waste collection
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routes create unnecessary distances. From the
problems, the researcher uses the transportation
limitation factor for designing the waste collec-
tion route to find the most optimal route and
reduce transportation cost.
4.2 Collection of relevant information

4.2.1 The Depot is located at the waste

truck stop of the CRMA General Support Division’s

Transport section, as shown in Figure 3.

Figure 3 Waste Truck Depot

4.2.2 Set of customers is defined as
waste collection points at 45 government offices

and residences as shown in Figure 4.

Figure 4 Waste Collection Points
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4.2.3 Coordinates of government offices Table 2 Distance of government offices and
and residences using geographic coordinates from residences
Google Maps are latitude and longitude as shown
in Table 1. Distance | Al A2 Ad4 A45
(km)
Table 1 Coordinates of 45 Waste Collection Al 0 0.11 39 113
Points A2 011 | 0 3| 111
Code | Waste Collection | Latitude | Longitude
Ad4 3.2 3 0 8.1
Points
A45 11.3 111 8.1 0

CRMA Transportation | 14.3060 | 101.1665
Al Section

Headquarters

CRMA General 14.3056 | 101.1675
A2 Support Division

Headquarters
Adq CRMA Club 14.2788 | 101.1633
Ad5 Landfills 14.2118 | 101.1435
Prommanee
Sub-district Figure 5 Distance between A1-A2 from Google
Organization Maps
4.2.4 Determine the distance of govern- 4.2.5 The quantity of waste collection
ment offices and residences from Google Maps units is assigned based on the equivalence that
as shown in Table 2 and Figure 5. 100 liters of trash is equal to one unit as shown

in Table 3.
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Table 3 The quantity of waste collection units

Code Waste Quantity of waste
Collection collection units
Points 100 200 | Total
(liters) | (liters) | (Unit)
CRMA 12X1 3X2 18
Transportation
Al
Section
Headquarters
CRMA General 8X1 0 8

A2 Support Division

Headquarters
Adq CRMA Club 0 6X1 6
A45 Landfills 0 0 0
Prommanee
Sub-district

Organization

4.2.6 Loading restrictions include the
type of waste truck and loading capacity in liters

and units as shown in Table 4 and Figure 6.

Table 4 Loading restrictions of the waste truck

Type Loading Capacity | Loading Capacity
(liters) (Unit)

Compacted 30,000 300

Waste Truck
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Figure 6 HINO Waste Truck Model MNKFG8JJ1XHX

4.3 Application of a mathematical model
for VRP

This research considers the application of
a mathematical model for the Vehicle Routing
Problem or VRP [11]. The variables are defined
as follows.

Index

i,j are the transport section, government
offices and residences where i or j; i,j = 1,...,45.

k is a compacted waste truck where k = 1.

p is the start and end of any i or j point.

Parameter

Dij is the travel distance from point i to j.

ais the load of a truck equal to 300 units.

g, is the amount of waste collection units
in terms of any point i or j.

Decision Variable

XE- is 1 when vehicle k travels from location
i to j, and 0 when it has not traveled.

Uik is the decision variable for eliminating

the route of incomplete laps or sub tours.
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Yik is 1 when point i is traveled by vehicle
k and 0 when it has not traveled.

Objective Function

K
Minimize = Z

k=1

k
Z Dj; Xjj (1)

N N
=1 i=1

where equation (1) is the minimum distance
traveled from point i to point j by vehicle k.

Constraints Function

N
Z X§ =1 2)
j=1

where Equation (2) states that truck k = 1
will leave from transport section i = 1 and travel

to at least one government office j.

X4, z X5 =0 (3)

i=o

N
i=0

Where Equation (3) states that government

offices will travel in and out equally.

K
Z Yi=1 (@)
k=1

Where Equation (4) states that government

offices will be traveled by truck equal to 1

N
z q;Yi < ay )
i=1
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vehicle.

Where Equation (5) states that the truck will

not carry more than its capacity.

i< Z X}% (6)

where Equation (6) states that point i can
only be reached if vehicle k travels through point

i from any path of point j.

K N
z Xi =1 (7)
=0

k=1 i
where Equation (7) states that point j will
be traveled by truck at least once through the

route from point i.
VX[ € {0,1} 8)

where equation (8) is the conditional equation
showing that all variables X can be either 0 or 1.

Equation Prevents Sub-Tour

[(Uk=2U)+(qs-a)+
(ax(x+x8)) XE@i+a)]

Uf<ay+(a,-Xg; (a-qy) (10)
N

Uk<q;+ Z q; X (11)
=1

where equations (9) to (11) are substitutions
of the variables to obtain possible solutions and

prevent the occurrence of Sub-Tour.



4.4 Application of the program for opti-

mal solution

4.4.1 Change the mathematical equa-
tions and constraint equations according to Sec-
tion 4.3 into the form of a program for solving
the best value problem.

4.4.2 Check the format of the program
for the best value solution.

4.4.3 Apply the distance by designing
the route and 45 Waste Collection Points must

be traveled.

5. Result and Discussion

5.1 Analysis of Waste Collection Route
Results with VRP Mathematical Model Method.

In problem solving with a VRP Mathematical
Model Method for 45 Waste Collection Points.
The program for optimal solution takes more
than 24 hours to calculate. The researcher
stopped calculating the program at 26 hours to
determine the reason for the long computation
of the program. The information obtained is as
follows: the route was 53.68 kilometers with a
calculated time of 26 hours. There are a total
of 6 transport routes and 1,282 waste collection
units as shown in Table 5.

According to the data from Table 5, the ond
Route has two waste collection points and three
waste collection units. In contrast, the 4t Route
has 14 waste collection points and 290 waste
collection units. These results exhibit significant
differences. However, utilizing this approach on
the actual route might result in unnecessary

distance and increased transit time.
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Table 5 Route Order of VRP Mathematical

Model
Route Route Order Dis- Load
No. tance | (Unit)
(k)

1 A1-A2,A2-A35,A35-A32, 10.01 300
A32-A33 A33-A34 A34-
A36,A36-A37,A37-Ad1,

Ad1-Ad2 Ad2-A38 & A38-Al

2 Al-A3 & A3-Al 0.9 3

3 Al-A6,A6-A5,A5-Ad, 6.16 273
A4-A31,A31-A30,A30-A27,
A27-A29,A29-A28,A28-A13,
Al13-A12,A12-A17& A1T7-Al

a4 A1-A8,A8-A9,A9-A10, 28.16 290
A10-A14,A14-A15,A15-A26,
A26-A25,A25-A24, A24-A45,

Ad5-Add4 A4A-A20,A20-A21,
A21-A19 & A19-A1

5 A1-A11,A11-A7 & AT-Al 1.9 136

6 Al1-A16,A16-A18,A18-A22, 6.55 280
A22-A23,A23-Ad40,A40-A39,

A39-A43 & A43-Al
Total 53.68 | 1,282

5.2 The observations in the relevant
research studies in Section 3.4

After examining the index values and para-
meters of equations in J. Banthao [11] research , it
is evident that the application of the VRP Math-
ematical Model is more suitable for a sample
consisting of a smaller number of delivery points.
This finding supports the theory that Optimization

is an NP-Hard problem, necessitating significant
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time and yielding multiple solutions that can’t
be feasibly computed within a limited timeframe.
To obtain a solution that is both close to opti-
mal and acceptable within a shorter calculation
time, Heuristic Methods are employed. These
methods enable rapid computations. The VRP
model offers valuable insights into the group
of government buildings with the highest waste
volume, which is crucial for the heuristic method

as shown in Table 6.

Table 6 The highest amount of waste point in

CRMA
Code Waste Collection Points Load
(Unit)
All Student Battalion 1-4 110
A25 Flat Kor.1-Kor.12 144
A30-31 Residence and PX of the 120
CRMA Infantry Battalion
Ad1l Residence C 144
(Academic Division)

Based on the information presented in Table
6, the four waste collection points with the high-
est amount of waste are Student Battalion 1-4,
Flat Kor.1-Kor.12, Residence and PX of the CRMA
Infantry Battalion and Residence C (Academic
Division). These four waste collection points are
marked with red stars, while other waste collec-
tion points are represented by blue circles as

shown in Figure 7.
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Figure 7 The highest amount of waste in CRMA

5.3 Analysis of Waste Collection Route
Results with Heuristic Method.

In the research conducted by P. Chun-
chaiphak [7], various heuristic methods were
studied for path finding. The researcher specifi-
cally selected the Cluster-First Route-Second and
Sweep Heuristic methods to identify routes with
the shortest distance.

5.3.1 Application of Cluster First
Route Second+ VRP 2 Group and VRP 3 Group
method.

The Cluster-First Route Second method
involves finding routes by grouping waste collec-
tion points based on vehicle load capacity. Then
design transportation routes within each group
before moving on to other groups as shown in
Figure 8.

5.3.1.1 Determined from the highest
amount of waste point in CRMA in Table 6

5.3.1.2 Divide routes within the group
into 2 groups using 2 vehicles. Then design the

route with the VRP mathematical model.



5.3.1.3 Divide routes within the group
into 3 groups using 3 vehicles. Then design the
route with the VRP mathematical model.

5.3.1.4 Check the results and the

distances.

o
o

Figure 8 The Cluster-First Route-Second Method

5.3.2 Application of the Sweep
Heuristic

The Sweep Heuristic method involves
dividing waste collection points into groups by
sweeping them either clockwise or counterclock-
wise. The division takes into account the number
of waste collection units until the capacity of the
vehicle is not exceeded. The vehicle then returns
to the starting point and completes all loops.
Transportation routes are then designed within
each group before moving on to other groups as

shown in Figure 9.
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Figure 9 The Sweep Heuristic Method

5.4 Results of Designing Waste Collection
Routes by Various methods

There are four methods of designing routes
to optimize distance, which include:

5.4.1 Design a route with the VRP Math-
ematical Model Method using one vehicle. The
number of routes is six, with a total distance of
53.68 kilometers and the amount of waste
collected in units is 1,282.

5.4.2 Design a route with the Cluster
First Route Second+ VRP 2 Group Method using
two vehicles. The number of routes is five, with
a total distance of 75.66 kilometers and the
amount of waste collected in units is 1,282.

5.4.3 Design a route with the Cluster
First Route Second+ VRP 3 Group method
using three vehicles. The number of routes is five,
with a total distance of 94.06 kilometers and the
amount of waste collected in units is 1,282.

5.4.4 Design a route with the Sweep
Heuristic Method using two vehicles. The number
of routes is five, with a total distance of 110.81
kilometers and the amount of waste collected
in units is 1,282. The results are shown in Table
7 and Figure 10.
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Table 7 Routing Results in Various Methods

Method | Vehicles| Path |Distance | Load
(cars) (routes) | (km) (Unit)

Present 2 5 110.71 1,282

VRP 1 6 53.68 1,282

Cluster 1°| 2 5 | 7566 1,282

Route 2™

+ VRP 2G

Cluster 1°| 3 5 940 1,282

Route 2"

+ VRP 3G

Sweep|2 5 110.81 1,282

Heuristic

From the data in Table 7 and Figure 10,
The VRP Mathematical Model Method gives the
shortest distance but can’t be used because the
set of customers or 45 waste collection points in
CRMA would provide multiple answers and take
longer to calculate as the amount of variables
increases. The distance and route information
obtained from the calculation of 26 hours of
the program is still not the optimal answer. The
researcher has applied the Heuristic Method to
help find the answer. The route applied to waste
collection is a route design with Heuristic Method,
Cluster First Route Second+ VRP 2 Group using 2
vehicles that provides an answer close to optimal
so that route design can be practical and accept-

able as shown in Figure 11.
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Distance Comparison
Distance (km)
120 110.71 110.81
100 94
80 75.66
60 53.68
40
20
0
W Present m VRP
m Cluster Route + VRP 2 m Cluster Route + VRP 3
m Sweep Heuristic

Figure 10 Comparing Distances in Various
Methods

24 points * o

Figure 11 The Cluster First Route Second + VRP
2 Group Method

Based on Figure 11, a comparison of the cur-
rent transportation distance reveals that there are
two vehicles, five routes, and a total distance of

110.71 kilometers. To optimize the route design,



adjustments were made using the Cluster First
Route Second + VRP 2 Group approach, while
utilizing the same vehicle. The waste collection

1st

process was divided into two groups: the 17 truck

was assigned to collect waste from 24 govern-

ment offices, and the 2"

truck was assigned to
collect waste from 23 residential groups.This
division resulted in a reduction of 35.05 kilo-
meters or 31.66 percent of the original distance.

The results are presented in Figure 12.

Comparison of Changing Distance

N

Distance (km)

120

110.71

100

Present Cluster 1! Route 2™ + VRP 2G

Figure 12 Comparison of changing distances

5.5 Results of Cost Analysis

Cost considerations demonstrate that route
design enables transport departments to reduce
transportation costs. Currently, the fuel con-
sumption rate of waste truck is 0.803 km/liter in
one week and the diesel price of Dec 2022 [12]
is 34.94 baht/liter. The comparison cost as shown
in Table 8.
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Table 8 Comparison of the transportation cost

Method | Distance | Fuel Rate | Fuel Cost
(km) (km/liter) | Used | (Baht)
(liter)
Present 110.71 0.803 137.87 | 4,817.19
Cluster 1°*| 75.66 | 0.803 94.22 | 3,292.11
Route 2"
+ VRP 2G

Based on the cost analysis, it was determined
that the initial transportation cost amounted to
4,817.19 baht. However, after implementing the
waste collection route design, the cost decreased
to 3,292.11 baht or 1,525.09 baht per week.

6. Conclusion and Recommendation

6.1 Conclusion

From the study, the researcher made
observations regarding the application of the
VRP mathematical model for the optimization
method. It was found that when the number of
waste collection points or customer sets exceeds
30 points, the optimization program takes a sig-
nificant amount of time to compute and fails to
provide a solution within a day. Possible answers
increase based on the waste collection point, so
the optimization method is suitable for research
where transport point variables are relatively
low. Therefore, it can be calculated quickly with
the optimal program such as the research of P.
Kabcome and T. Mouktonglang [9] and J. Banthao
[11]. In academic research, heuristic methods are

commonly favored for designing and solving
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route problems, as they are not restricted by
limitations on transportation points. The solutions
generated by these methods are often in close
proximity to the optimal and widely accepted
answers, as evidenced by the works of P. Chun-
chaiphak [7], P. Phanphiphat and P. Khemavuk
[8] and N. Rungrodchatchaval [10].

Based on the data obtained from the
research and the facts presented in the CRMA
case study, the researcher opted to employ
the heuristic method known as the Cluster-First
Route-Second Method. This approach involved
segmenting the route prior to designing the
route using the VRP mathematical model. The
objective was to reduce the number of vari-
ables associated with waste collection points,
which originally totaled 45 waste collection
points. The transportation was divided into
two groups, comprising 24 government offices
and 23 residential waste collection points, and
utilized two waste collection trucks. Following the
segmentation of the route, wherein the number
of waste collection points didn’t exceed 30, the
transportation problem was transformed into the
VRP mathematical model. The results obtained
from the optimized program showcased reduced
computation time compared to the previous
approach. Additionally, the route model derived
from this method proved effective in enhancing
waste collection truck operations and minimizing
unnecessary mileage.

Summarize the results of the study by
applying the VRP mathematical model together
with the heuristic methods, the Cluster First

T4 99 21 (2566) VOL.21 (2023)

Route Second+ VRP 2 Group vyields distance
results that are consistent with the research
objectives of the study and provide a suitable
route model for this case study. The route
model can reduce the transportation distance
from 110.71 kilometers to 75.66 kilometers
and reduce the transportation cost by 1,525.09
baht per week or 31.66 percent of the original

transportation cost.

6.2 Recommendation

6.2.1 The application of the VRP math-
ematical model for the optimization method and
heuristic methods should consider the factors
of each case study because there are different
limitations such as the number of transportation
points, quantity of demand, number of vehicles
and load capacity and etc.

6.2.2 This study solves the basic waste
collection problem to help make waste collec-
tion more convenient and save resources. Further
research is required to investigate variables such
as travel time, more distribution points or multi-
ple Depots and transit points with uncertainty.

6.2.3 The researcher utilized Google
Maps to compute the travel distance, although
there is a possibility of the route deviating from
the actual transportation conditions. The route
application should be adjusted based on the

travel itinerary.
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Abstract : This research aims to study the power of 18 types of high explosives in military and civilian
uses. The comparison result showed that the values of explosive power calculated by the simple
thermochemical principle and the ones determined from the experimental method by Trauzl Lead
Block Test were close. In addition, the study of relationship between the oxygen balance and the
values of explosive power, either from simple thermochemical calculation or from experimental
method by Trauzl Lead Block Test, revealed that the explosives with near-zero oxygen balance have
much higher power than the ones with positive or negative oxygen balance. This result can be a good
explanation for the design of Ammonium Nitrate Fuel Oil (ANFO) mixed explosives, which often have

a mixture ratio of 94% ammonium nitrate to 6% fuel oil.

Keyword : Thermochemistry of Explosive, Oxygen Balance, Power of Explosive
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AUTeU (Adiabatic Conditions) 138031 A
Fouvesnssvida Ugnsenmsseidnvesingseiin
SutudleluanavesTimamdalasundmunszdu vds
mniiilianavesingseinasuanosnifuoaouves
smifuesduszneuvasinanatngssdn wdmndy
92ADNYRIT W NLANGENINIE TN URENIT T
Buluenavunadniifenuaios dduduneutaed
NNIANENANUAIINTOUBDNINMIUYENNITVDINITAN
a15U5ENaUNAALIINDLMBNTDIETN LAENARIIUDY
w¥suaudeuiiintuainmsnuiinesesnoutes
swudIAnduasUszneufundsnuafouiiilunis
nliluanavasingszdauaneonuesneuvesinie
Anusouvesmssudatiues
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1 | eznevlalasiau (H) wWaswdulwanaveslet

(H,0)

2 | ddlezneueandiau (O) wdesy ormouAITUDY
Q) wWasnduluanaveuianisusuueuanlyd
(CO)

3 |ondeflezneueandiay (0) wheey ufia
ASUBLLBUBN A (CO) TIFNUaLHaNDaNTLAY

(O Widulanavewfamiveulasenls (CO,)

4 | ezseululasiau (N) iavuadewduluanaves

TGN (N,)

lunsAuiuausaureInsseiinvesing
eLUn L'%'mmﬂmiv‘hmawamﬁmeﬁﬁLﬁmﬁumﬂﬂﬁﬁ%m
nsaaedvesingsnda vdniusuma
Fauannisseilalagldmouialuinsgiuuenis
\An (Standard Enthalpies of Formation,AHf)
Togen AH' vnefenisdsuudasnnudeuain
nsfilismesiusEnouuFATe fuauAadu
asUszneunidsdnny 1 Tua figamgdl 25 °C A
fu 1atm InefieSomneuinynefmdsauaa
Youshudluluszuy waziaTosviangauninei
WHNIUAPUTIUBDNIINTEUY AIAINUTOUIINANT
suifnanunsaduandldnuannisi 3

Q= ZAHS (Products ) — ZAH? (Reactants) (3)

LHaWNUANIUTATNINTFIUVOINISLANTD
HARSUNNAATLIINNTTETALASLEUNAUNIN ST
Y9IN15:7nv89Tnn 81 0nNLENA1591984 [7]



asluaunis 3 azlamiAnusauveanissyidn (Q) lne
luAranuseuainnisseidnasiiniiedy k/ke
A v ' = a \ P AV v
WinlringmanisilSeuiisuaianuseuilaainnng
seiUnvesingszidausazuiia (2], [9], [11], [14]

d1uSurA1eunatlunIgIuveInNIsinved
NARSUNMANTUINNTTETA Lawn CO, CO, uaz
H,O LEAIAIAISINN 3

A3 3 ALOUTATNINSFIUYBINISLAR
CO, CO2 Ay HZO [7]

813 LRUTAUNINTFIUYBINITAA
0
(AH, , kI/mol)

co - 110.6
co, -393.8
H.0O (g) - 242.0

2

dwfusiniflegluaninsssuudnaniag
wnsgu fdaneurialunnsgiuvesnisiiadumud
(AH!=0)l¥uri C(5), 0, (), N, (3)

2.4 U‘%mmmaqLLﬁaﬁLﬁmmﬂmiaawﬁaﬁuaﬁmq
52U (Volume of Gaseous Product from Explosion)

nssziinvasingseilousazailn awlviusunns
youfaTiintuainnssudalaiviniu lunsiuaa
nnsvesufaniintuainnisssda (V) tu @unsa
funalldanwansariidusiaiiaainnsaaiesh
Y0330 33L0n (Decomposition Product) aneldde
ﬁmumﬁamwmmgm (Standard Temperature
and Pressure, STP) gaungil 0 °C %38 273 K uay
AN 1 UsIene USuansvesuiala § 91w 1
lua HAWVINAU 22.4 »3 T2 Molar Gas Volume
(2], [14]
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AsMuInUsIIRs e ET AR TUINATS
suidnvesinnseidaudazyiinflaniizansgiues
Feuseunavesingandavintuuiinm 1 ndu feify
Usunsvasutaniniuainnsszidainiaedu
gnunAfTnssensy (dm?/g)

2.5 MawweIngsuiin (Explosive Power)

MSAUINANG9YBeINgIEiln (EP) @nunsa
munlalagldaunis (@) [2]

EP=QxV (4)
Tnedi Q Ao Anudouvesnisseidn (k/ke)
V o Bnasveaiafifintuanmssude
(dm*/g)

~ v = ~ o w o a
WelranunsaSeuiisuiiawesingseiin
yilasina o Widlaladnetu Mdwesingssidn
ﬁ"auimy'%LLamagjiugﬂﬁuaqmsm%amﬁwﬁwé’waa
Woszidavinnie 9 Aumawesingseiinuinigu
dmsulssimeaansgelusng Anualuingseidn
= =3 =1 [ 5 o w v a
INTFIU AD AU (TNT) setfuinaevesingsziln
yias1a 9 zuansluguves %TNT Belunimegus)
aunsaaulalneldaunis (5) [10], [11]

Explosive

Q. xV

TNT TNT

Explosive

EP (%TNT) = x 100 (5)

2.6 MIMANANNIVRYINGTELTAINNNTNAGDS
fdswesingindn Fondsuimuaiiannm
auld Mawesingssdndauduiusivaiy
Zouiintuannmsseidn (Q) wavuAaiiAnduain
n3suidn (V) dusuisnisasavdeuiionigves

1Y a

Tngszileanunsavilalagliisnimeaeumegna
YUUTS (Ballistic Mortar Test) F5ivilagussying
52 0ANADININAERUAS IR ULI AN NTINTEUDN

TUUIUREMUANNYBIAIULNI Uaziilayin1snseiln
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Tnpsidaidioansveaey ussszidaagiilviuianan
n3anszUenuAsdaninsainAnsuninussem
Wisuiiguiunisgaszidningseidauinsgiuiiou
filg dmsumsnaaeuidaingseidndnisniaden
11 Bmmeaousewiwgi (Trauzl Lead Block
Test) Fadunmsnaasunsvenesvesuvisnzia e
ylingszidelulTunadifmunszidalusnszuen
Lwimzﬁ"w'%qwé (AW 1) vaneUsEIARE BN
A1 Trauzl Lead Block Test iflgufiuuiunasiiinan
NM3Y18INNTIELUAVRINGTELUA TNT (%TNT)
wagfvualiUiinesiAaanueefannssede
Yaaingseiln TNT dewiniu 100% (4], [5]

luse with cap

, sand stemming

A g
//// " / s
‘/ 'I'/" 4/
N A
/////r C

S 2} sample
/ 7’
’ / s
/ // ’/ &4
/ .

s

LS S
lead block ~ /'/r' /

ABUNITNAGIU

after
v

i
blas

NAINISNAFU

A9 1 nsmAiaesingseilnlagly
Trauzl Lead Block Test [7]

ad o a =
3. W/WANUUNITANE
au A a = L= = I o w

NuITetildunsfnyiieuiiuriaeves
Togszidnduau 18 alla NldannisAunalagly
B|nsmamesiualisgaheiummawesingseidn
nN1snaaadlagly Trauzl Lead Block Test lawil
TURBUANTUNNTIFLVTIVUA LAAIRININT 2
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FIWTINToYaveIngsELdn
FUNYNARAUNTLAAIINNNTTETA

4

AUIUAINRIYRINY 2N

4

T a ' o w o a
Lﬂi&JULWEJUﬂ’]ﬂ’]aﬂGUEN?ingL“UG]

4

BATRANUELIUS ST NAEUnaeDNTIaY

uazAANGIURYIng STl

1IsMsUssanuamawesingseilalagly

wesluafiegaieeduraniseaniuuingsziia

Naustan Ammonium Nitrate Fuel Oil (ANFO)

AN 2 LEUNWLARITUNDUANLIUNITIVEY

3.1 nMsnunuteyavesingsziia

foyatugruvesingszdeia 18 win WWud gus
lana ANIalueNa AeUTATLINTEIUYRINSLAN
yosluanaingsudn (AH)) wazANENnRDRNTA (OB)
sufsiidwesingszidailiannismaasslagly
78 Trauzl Lead Block Test n33U533111310 [7]

3.2 MeviueRanSasTiAna N3z

WAnfusiAna NS dnvesTngszdatii 18
¥iln annsavinungldlagld K-w rules Wlotngseidn
fAaunaanglauNINNd1 —40% wagld Modified
K-W rules ilotngszidndaunaeendiautiosnin
-40%



3.3 MIANUAINAIUBLINGTELUN

MNMTVUEREN T TR NN 552L D0
vaedngszidn vilianusaAwiiANauINnIg
suidn (Q I awannsh 3 dwsuiinpsvesufia
AAnnmsszilnvosingszida (V) anunsodua
nuansdasidufaiifeiunnmsaasiives
fnganidn niuidwesingsndaris 18 wdaay
anunsafwaldan Q wag V auaunnsi 4

3.4 nswSpuiiguAmasesingseidn

Avf§avesingszida (%TNT) Aiduialae
Tdayan1amesluaiogsdigiagAniaweeing
suafildannmannaedaglids Trauzl Lead Block
Test gniunFeudiouiu ienaaeuiiaildan
nsdwamanesluaiduiialndifesiuendls
nmsvaasaniel Tngliduuszansnisindula
(Coefficient of Determination, R%) wazA1AILARIA
LﬂgauﬁmgiaiLaﬁa (Mean Absolute Error, MAE) R
annsodunildmuann1si 6 uag 7 aaandi

(6)

AME:iEZp—yi (7
n

e y, fig Afdsvesingszidndildainnis
neaadlngly Trauzl Lead Block Test (%TNT)
y Ao Aiidsvesingszidedildainnis
AuImanesluaiieg1aing (%TNT)
Y fe Aiidwesingssidandevesdi
lpannisnaaedagly Trauzl Lead Block Test
n e dnnuvesingszdanlilunsin
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3.5 NMTIATIEYANUANTUSTEnINNAaUga
29NTIIULAYAININIVRIINGTELUN

Iu%gumauﬁﬁﬂam@aaaﬂ%muuazmﬁwé’waa
fgsuidanadildainnisduiunianedluied
agadrgharaInnITnaasslagly Trauzl Lead
Block Test azgniunldlunisfinwiaiuduiug
FEMINNANENARDDNTIAULAL ANV DITNYELTA
Iagldnisiasigiiaunisanneuidauduagnedng
(Simple Linear Regression Analysis) Iu'gﬂmaﬂ
aun1s Y = B+ B, X o X AOANANARRDNTAU (%)
Y feAriiawesingssida (%TNT) B was
B, wnuAdudszansnisanney usnainiay
vi"]mimaauamagmmaaﬁuﬂazﬁwémmmaa
Hy B, =0, H: B, #0 Lﬁammaaud’]mama
PANTLAULATAININIB TN TeLndauduRus
Fadutuvdol diliesningizidadiiidiauga
sonduduuinddwiuiies 2 gl lewn Ammo-
nium Nitrate (AN) wag Nitroglycerine Fafuzuas
Linnefiazanusaunldiinsevineadale
Selumsieseaumsnanosfaduosnaheuas
NMINAFDUANLAIUAINAIIE RN TU LN IBYaVRY

[ a

Aa a < = L]
3(5]5]58LU@‘Vlllﬂ’lﬁllﬂaE]@ﬂ%LQUL‘UU@‘UMi@@UUL‘VH‘LI‘LI

4. HanISANYD

4.1 feyjavesingsuidaidlumsfing

S daiitlumsinunifnuiau 18 «in
Tneioyatiugu 1A 3o grstuana uaenstussTon
wanslumseil 4 dvdudanalaana Aoudial
nAsgYeINIsin (AH)) wazmausaeendiau (OB)
fisausalldan [7] wamdlusnsned 5
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M3199 4 gesluanauaznisiiusylevives fa gnslaana mslirselo
) a a o =
uanatgsztiafivinnsfing Nitromethane | CH,NO, T iudemaavadly
95IRDINA
o gasluana mslusslov
Ammonium NHNO, | THiduingszidavan PETN CHNO,, | Hiniinuasudn
nitrate (AN) waztludunaalunis I N S
nanlaulust waving B
wilanaumanaisou Picric acid CH,N,0, | Tddmduriingseidn
Cyclotetra- CyHNGOy | Wamiriy TNT Wudg -
methylenetetra- seidananinsialy RDX CHN,O, TS udulsenaunsn
nitramine UNITYINAE B
(Octogen, HMX) Wouzy warldviring
Dinitrobenzene | C.H,N.O, - seLUnnay
Dinitrotoluene | CHN,O, | lfi8udiunasilunis TATB CeHeNO, | MTusdaumenilauing
(DNT) NaRIngIELdANIg swiamanadin
nadeu Tetryl CHN,O, | livhAuvenemsseiin
Ethylnitrate C,HNO, Wfudemaanadly livhingsziin Eﬁﬁwﬁu
2599 seiln wasoUsy]
Hexanitrostibene | C, H.NO,, |  ldluasaneinie TNT CHN,O | ldussegnnsvguiu
(HNS) Ingy gnszidnenie
Methylnitrate | CH,NO, M Hudunanmoade gnszilnuing fiuszdn
wasluane any
Nitroglycerine | C,H,N,O, | Tdidudu Usznouves
(NG) Audsnszauuazldii Trinitroaniline | C,H,N,O, | ‘Judwudszneului
Taunlun suilnvunaLan
Nitroglycol | C,H,N.,O, | liuanlaunluvidmiy
#luuszmen Urea Nitrate | CHN,O, | Tfiludunasiluing
INANU sudnuannedes
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M13799 5 AUIAlANA LeUVAUNIATIINYeINISIAA
0 ' a
(AH,) uazAaunaeendiau (OB) veq
wgselaminis@n [7]

%a ENPLS] AH? OB
luiana (kJ/mol) (%)
AN 80 -365.36 +20.0
HMX 296.2 +75.03 -21.6
Dinitrobenzene 168.1 -27.20 -95.2
DNT 182.1 -43.92 -114.4
Ethylnitrate 91 -190.28 -61.5
HNS 450.1 +78.23 -67.6
Methylnitrate 77 -155.82 -104
NG 227.1 -370.72 +3.5
Nitroglycol 152.1 -242.81 0.0
Nitromethane 61 -113.02 -39.3
PETN 316.1 -538.85 -10.1
Picric acid 229.1 -248.53 -45.4
RDX 222.1 +66.94 216
TATB 258.1 -139.71 -55.8
Tetryl 287.1 +20.01 474
TNT 227.1 -67.06 -74.0
Trinitroaniline 228.1 -83.96 -56.1
Urea Nitrate 123.1 -562.94 -6.5

4.2 wanfueiiAntuainnisszdinuesing
s3LUn

NMILY K-W rules uag Modified K-W rules
mmaa‘v‘hm&Jmﬁmﬁmw‘ﬁlﬁmsﬁumﬂmiszLﬁmsuaﬁmq
szidiavis 18 ¥iald uamsmamvhueswieluil
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1. AN

NHsNO5(s) = 2H,0(g) + 0.504(g) + Na(g)

2. HMX

C4HgNgOg(s) —» 4CO(g) + 4H,0O(g) + 4N,(g)

3. Dinitrobenzene

CgHaN,O4s) = 2CO(g) + 4C(s) + 2H,0(g) + Ny(g)
4. DNT

C7HN,Oqs) —» CO(g) + 6C(s) + 3H,0(g) + Ny(g)
5. Ethylnitrate

CHsNO5(s) —0.5CO(g) + 1.5C(s) + 2.5H,0(g) + 0.5N(g)
6. HNS

CigHeNeO1s) = 9CO(g) + 5C(s) + 3H,0(g) + 3N(g)
7. Methylnitrate

CHsNO4(s)—»0.5COLg) + 0.5CO(g) +1.5H,0(g) + 0.5N(g)
8. NG

CsHsN3O¢(s)—3COA(g) +2.5H,0(g) +0.250,(g) + 1.5N,(g)
9. Nitroglycol

CHaN,Ofs) = 2COLg) + 2H,0(Q) + Ni(9)

10. Nitromethane

CHsNOJ(s) = 0.5CO(g) + 0.5C(s) + 1.5H,0(g) + 0.5N,(g)
11. PETN

C5H8N4O12(S) — 3C02(g) + ZCO(g) + 4H20(g) + 2N2(g)
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12. Picric acid

CeHsNOs) = 5.5CO(g) + 0.5C(s) +1.5H,0(g) + 1.5N,(g)

13. RDX

C3H6N606(S) _>3C0(g) + 3HZO(§) + 3N2(g)

14. TATB

C6H6N606(S) —>3CO(g) + 3C(S) + 3H20(g) + 3N2(g)

15. Tetryl

CHsNsOg(s) = 5.5CO(g) +1.5C(s) + 2.5H,0(g) + 2.5N¢)

16. TNT

CrHsN3O4(s) = 3.5CO(g) + 3.5C(s) +2.5H,0(0) + 1.5NAg)

17. Trinitroaniline

C6H4N406(S) —>4C0(g) + ZC(S) + ZHZO(g) + 2N2(g)
18. Urea Nitrate

CHsN;04(s)—20.5COg) +0.5CO(g)+2.5H,0(g) + 1.5N,(g)

4.3 NaMSAWINAMMEweing szl

NaNSALIMANNSENIINNSIEUN (Q) USuns
YoaufanAnTuInsssdafian1ny STP (V) uawe
Mawesingszilnlagisnisniunesluniiegedng
LA INI59T1 6

4.4 wansiIpuiigusenineatiaeveing
521 0ANNISATUINLNDS LT D198 LaE AN
nsnAaealaeis Trauzl Lead Block Test

Amdwesingszidaildainnisduinlag
BN15MamMsluALing1wY (%TNT) LagA1n1ad
vosingszidaildannsveaedlngds Trauzl Lead
Block Test $953U5107N [7] wanaiamnsed 7
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ATINLEAINITIUS B UL UTENINAIANR VD
Fngsuidadildanmsdunlaglitoyananesly
\Ailegn19d1y (%TNT) wazannisnaaeslaegledis
Trauzl Lead Block Test (%TNT) voeingsviin 18
¥iln uanafanmil 3 InegauaninNERLS TN
Amdsiildannsvnaaslagldis Trauzl Lead Block
Test (X) wazArdsiilaannisuamianesly
wilagnedty (Y) vasingsvilausiazylla 1dunse
wansUTnufimawesingseaainnisiuand
Avidumdilgannsveasdiagldds Trauzl Lead
Block Test

a15eil 6 ArmudeuaInnisszda (Q) UsHns
vowuRaniAniuainnssade (V) was
Mdwesingszidaiildainnisdiuan
Mamesluall 9819418
Masvasing
%o Q (W/kg) |V (dm>g)| sudaanns
AU (%TNT)
AN -1,48300 |  0.980 48.22
HMX -5,014.96 | 0.907 150.90
Dinitrobenzene | -4,033.31 0.666 89.12
DNT -4,352.99 | 0615 88.82
Ethylnitrate | -5,165.05| 0.862 147.71
HNS -3,998.29 | 0.747 99.09
Methylnitrate |-5,965.97 | 0.873 172.79
NG -6,233.73 | 0715 14787
Nitroglycol | -6,763.91 | 0.736 165.16
Nitromethane |-5,004.59 | 0.918 152.42
PETN -5,794.84 | 0.780 149.96
Picric acid | -3,154.82 | 0.831 86.98
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A15199 6 AIANNTEUAINNITIELUA (Q) USRS T P
R - N189Y899MY |MAIVBIINGY | MAVBINY
YPILNFNAAVUIINNNTIZLUA (V) ey - - -
. . . . y suUnn | seleenn | seidnen
AM89999IMn T ANLARINAITAIUI U .
L . MIANUIU | NMTNAGDY | MTVAADI
Mamesluall 0813918 (5i9) 3
(%TNT) (cm=/10g) (%TNT)
f‘i'rs’fwaﬁﬂq PETN 149.96 520 173.33
o Q (kg |V (dm¥e)| szlamnns Picric acid 86.98 315 105.00
fnunns (%TNT) RDX 152.55 483 161.00
TATB 92.17 175 58.33
RDX -5,064.11 0.908 152.55
Tetryl 116.72 410 136.67
TATB -3,557.11 0.781 92.17
TNT 100.00 300 100
Tetryl -4,295.75| 0.819 116.72
Trinitroaniline 90.30 311 103.67
TNT -4,073.27 | 0.740 100.00
o . Urea Nitrate 12.17 272 90.67
Trinitroaniline | -3,693.29 | 0.786 90.30
Urea Nitrate |-2,390.41 0.910 12.17
E 250.0
M3190 7 MdevesdngseidanilaainnisAiuin & R = 0823
a0 2 2000
Maweslueiiog s delarannIsMnaes 2
1978 Trauzl Lead Block Test % 1500
E 100.0
MAswwasdng [Maswasing| Mawasing £
& 50.0
y suiaan | suean | seideann £
00 2
AMSAUIRY | NMSNNEBY | NSVINaRY € 00
3 ] 50 100 150 200 250
(%TNT) (ecm’/ 10g) (%TNT) ffsvasingsunonnrsnanoadag Trauzl Lead Block Test (%TNT)
AN 48.22 178 59.33
HVIX 150.90 480 160.00 AW 3 nsiSEuBusEnINeaeingseiln
Dinitrobenzene | 89.12 242 80.67 31NNTAIUNIANDSTLLATILAZ NS
ONT 8882 240 80.00 NAaBIRl8 Trauzl Lead Block Test
Ethylnitrate 147.71 422 140.67
HNS 99.09 301 100.33
Methylnitrate 172.79 600 200
NG 147.87 530 176.67
Nitroglycol 165.16 610 203.33
Nitromethane 152.42 458 152.67
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MMA 3 wuhAidmesingszidailian
nsAnumaneslaiiogshedmlndifsaiui
lgannisvaaedingly Trauzl Lead Block Test tlu
oghann Iaefimduuszavisnsindula (Coefficient
of Determination) %38 R? Wity 0.823 wagilen
AnALAABUAIYTEiadY (Mean Absolute Eror, MAE)
Wity 14.51%

4.5 ANNFUNUSIENINAIANNADINTIAULAE
Maaveaingsviin

N3 veIAUFITUSTENINAALARRBNTAY
(%) wazfdavesingisnda (6TNT) Aldvinnis
AuIMamaslALaraINNITVAaes Trauzl Lead
Block Test wansfanInd 4 uay 5 nuandu lngidu
ATILANILUILTNYDIANFNRUSTENINeA NN A
sondluiiduauniequiuazindwesingszidails
Mnvisansiidindn Ingldmslinseiaumsnnnes

b4

Waduagnady dansurduuselawananunluuning

Y]

duiudseninsaaunasendundanduuinuay

v

Maswesingsuinilaaniaedizaing
2000
150.0 ., . L

100.0 e 3 . \

idavInnrAm amameduail (%TNT)
-

o Y = 0.45 + 140.87X y

fdtvosingi

0.0
-120 -100 -80 -60 -40 -20 a 20 40

Ardunaoondeu (%)

AW 4 ANUENRUSTENINANANN RN TIULAL
A89U09309 58 UANNITAIUIUNY
W95 LuLALDg1997¢
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250.0

r=0.590
2000 . |

150.0 .

Unvnnriveaniday

100.0 It P \

s00 | s
Y =0.79 + 163.92X

fndsuosingsey
Trauzl Lead Block Test (%TNT)
-

00
-120 -100 80 -60 -40 -20 0 20 40

AnAuRRDINGRL (%)

AW 5 Anuduiussenineaaunaeandiau (%)
wAEANATINgs¥iUAN Trauzl Lead Block
Test (%TNT)

INNITNAFDUAIIUFUNUSLTILAUTE NI
ANANAADBNTLAULALAINIA9UDIINYTELTUARN
AITANUIUNINND S LNLALDE1918AIBN1TNAADY
amagmmaaé’mﬂiz%wémsamaa (Hy: [31 = 0,
H: B, # 0) wuliAdugasendiauiianiig
Futusidaduiuidsvesingszsdadiléainnns
furaninnesluadl Aseduteddy 0.10
(t = 1.809, p-value = 0.092) wazdiFndulszans
andunus (Correlation Coefficient, r) Winiu 0.435
(Fauanslunnd 4)

MNITaeuANNRg LY duUTEANS NS
0nnDY (HO: B1 =0,H,: B1 # 0) VDIFUUUANNTT
0A088LTUAUDE19418909MAeTNg T8 TnRN
Trauzl Lead Block Test WuIIA1ANAR0DNTLIUL
anuduitufidaduiuaidavesingszidadldann
N3MAaeeiie Trauzl Lead Block Test fisgdiu
Hed1Agy 0.05 (t = 2.736, p-value = 0.016) uaziiaAl
FuuseAvSanduius () wihiu 0.590 (Fauanslu
AN 5)



Fatunannaoendiauiiauduiudidady
ﬁ’uﬁwé’waﬁmqizLﬁ@ﬁ'ﬂﬁ]’mmaﬁ'}mmmﬁmaﬂu
AHlBE1918KAEIINNITNAGDY Trauzl Lead Block
test wanaNil AN md 4 uaz 5 Fawuilunsdlii
Aaunaeendiauiisniuay mmwesingsuilni
31NNSAUIUNIGNDSIATLAEIIN Trauzl Lead
Block Test azdiAfiumniuies 9 unTTITIA
augasendiauiianinlndaud waglunsdiiidrauna
sondiuiiinduuin Mdmesingsudannitansis
fuwnluanasidos 1 Womaugaoondaudafivuiy
tufie Mdwesingszidnaziiingaiignileirauna
sanTrudilnaviseminiugug

4.6 nM3sNsUsERNAIAGeing sl
Ingldinesluiaiag1sitgesuiuniseaniuuing
sevUaNaNYy A Ammonium Nitrate Fuel Oil (ANFO)

Tneviluingsziananniin ANFO Aitesldlusnu
mManuwilos waegnen1siededldlunisneay
ladasy elidnsrdrunauseninwenlutlonlumem
(NH,NO,) wagihifudeinds (CH,) 1y 94% e
6% Tnptviin sanunsneSuismgHaaTUaYUATS
Tamdrunandsnanls ilosndrunaudananndl
Aaunaeanduiiuaud Juilraimawesing
seilanauviin ANFO Aifldrunausanandenma
vosingszidaildanmsdnnamaneslnaodis
NugaEn Feazodunemudidudedl

4.6.1 MIenTEILNENSEI el ey
lumsnazitudemaaieliléingsu danauiia
Aaunaeendwuiiugug (OB = 0)

NNSANYIANNFITUSTENINAIaURa
ponduiuAmdsesiagssdn (6TNT) iefiv
lannmsiuinmiamesiuaiieginenayannis
AaBa Trauzl Lead Block test wuiningszidndid
AaunaeendRuilindgudarilamawainisseiin
gagn ﬁﬂﬁﬂiﬂﬂ’]iaaﬂLLUU?@Q?%Lﬁ@Nﬁ&J%%’j’N
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wouTundoulumsniviniudenasssnaswanly
Samdwiilvaunasendiouvesingseidauani
Aiugud lneaunaeendiauvesingssidnanay
wildlneldaunisdi 8

%Mass, X OB_ + %Mass, , X OB_,

OBmixedEx - (8)
100
W OB . vunghs aunaeendiauvedingsuiin
mixed Ex | a
GH
OB, Wil dunaoendlauvesingsuiie
wiai 1
OB, Wil dugaoendauresingsuile
wiiad 2

%Mass_ , 188 % lassnavesingsyiinvila

i 1 Tuimgszidanay
%Mass_ , 188 % lagsnavesingsyiinvia

7l 2 Tuingazidanay
a1usanlesidudlaeuiavesuonluiey
lunsnuazitudemadludiunauvesingsidn
ANFO fifienaunaeendiauinfuaudlalaouuei
aunaoendiauvesnenlutioulunsn (NH,NO,)
Wi +209% uasiosmindudomdaudiusea
yesansusznaulalnseivouvarsuila uiiloline
somssmalunuiaslluanaves CH, untisiy
Fownas [17] Befienaunaoandinuannadunailag
aunsil 2 Wiy -302.86% anduunuaduauns

7l 8 agld

%Mass, X (+20) + %Mass_

X (—342)

L

100

ald %Mass,  luingszilanau ANFO =
94.5% ay %Mass o=
Fuel oil
dnsduNaNsEINwaNludeulumsn (NH,NO,)
LALUNT U DLNAY (CH,) v 94% #ia 6% Laerinein

5.5% 29UEUIUNT
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Feaonndaaiudrunanves ANFO ATlgvhly [12],
[13]

4.6.2 MIUTTNUAININIBIINYTELUN
wetyl ANFO Tiflemsndunansyvnsuonluilonlumsm
(NH,NO,) nazthiudemas (CH,) vJu 94.5% e
5.5% lnemitin Ingldnsiuamaneslunaiioghs
e annsevildnudsutuneuselul

(1) wUaednsnduNaNsyInaLesluiey
lumsn (NH ,NO,) TSI ILTER (CH,) 94.5% 90!
5.5% Tneiimiin IhdusasaulneTuaiteliinese
NSUNENISINARARAUNUAIN1552L TN

ANFO Fiflsnsnaunauszwinanesluiion
lumsm (NH 4NO3) waziTudaIna (CH,) W 94.5%
#o 5.5% Tagvinin anunsnidouluzudnadiu
Tneluadusunuduiieliinesensiualadu
NH,NO, 3 lua sie CH, 1 lua (3 ua NH,NO, +
1 lua CH,)

(2) mMsywenaniueivain1sseiinued
ANFO (3 1@ NH,NO, + 1 Tua CH,)

ifiosan ANFO (3 Tua NH,NO, + 1 lua
CH,) firaugasendiautugud Fadulumsvhung
NANA A IN135EL1 AV ANFO 991Unes K-W
rules Faayldnandneindenssudngl

3NHNOS(s) + CHA) —» CO, (g) +7H,O(g) +3N(g)

(3) MITNUEAIRNSOUNNNNTIELTAYS
ANFO (3 1@ NH,NO, + 1 Tua CH,)

WieunuAtouial (AH)) v89n15iin
CO,, H,0 N5 3 AH] 28301310 NH,NO,
1NN 5 uazunudl AH, veq CH, =-29.31
kJ/mol [17] asluaun1sf 3 azlamnudouann
M53310aY8s ANFO (3 Tua NH,NO, + 1 1@ CH,)
1A 3,823.09 kJ/kg
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(@) myiwediunsveiaiinennis
5910av83 ANFO (3 1@ NH,NO, + 1 Tua CH,)

ANAUNITANVDIN TN IUUNAN A UTTNRS
ns3zLUnves ANFO (3 Tua NH,NO, + 1 lua CH,)
wuindinsssdniindnfueinuniainiy
11 la AnduuSinesufanannznsgiu 11 x 22.4
= 246.4 dm? sia ANFO 173 254 ¥ flatiud3ums
GUENLLﬁaﬁLﬁmsﬁumﬂmiimﬁmm ANFO (3 lua
NH,NO, + 1 Tuia CH,) i 0.970 dm’/g

(5) MIMMABUTUWBU (%TNT) 183 ANFO
(3 WA NHNO, + 1 lia CH,)

PNNTUNUAIAILTDUINNTTEL AT
ANFO uaz TNT USinnsvesufaiiiniuainnsszidn
93 ANFO uaz TNT asluanunisit 5 azleifndeing
5940 (%TNT) 999 ANFO (3 lua NH,NO, + 1 lua
CH,) diA 121.93% luvihueadgaiuanansamauna
paNTaU (OB) Am1useauannssziln (Q) Usuns
voufafiAntuannssdn (V) uazanihdesing
521D (Power) Ya3¥ngzLdnas ANFO Pidnsdau
wensyvinsuenluionlumsn (NH,NO,) wazangiy
Founds (CH,) Tudnsdndu q 1leaeldnnsiuin
manesluaiogaiewuiy fuandlunsed 8



M3l 8 nsiUTeuLfisuaugaoendiaunas
AMaeveIingsriinvasieuliiiloy
lunsnuagingszidanan ANFO 9
INTIENUNITNALFN )

OB Q V
(%) | (kg | (dm/g)

o - Power
0 Qi FLUN
(%TNT)

NH,NO, +20.0 |-1,483.00 | 0.980 48.20

ANFO (96.6%
NH,NO, + +7.7 |-289780| 0974 93.64

3.4% CHZ)

ANFO (94.5%

NH4N03 + 0.0 |-3,789.02| 00970 121.93

5.5% CHZ)

ANFO (92.0%

NH4NO3 + -9.0 | -3221.67| 1.030 110.09

8.0% CHZ)

ANFO (89.6%

NH4NO3 + -17.7 | 3,327.99 1.003 110.74

10.4% CHZ)

nA15197 8 uansliifiuitansuszney
wouluflenlunsniiraunaeanBauwinhu +20%
dlorwanindaesnisseidaiisufuingszde
1nsgu TNT laglduannismaneasluaiiognsdne
wudnweuludeuluasniienmdinissedn (%TNT)
Uszanad 48 20% Lesnluluianauesluloslunsy

TANTIVINTLIISHUUETRENTTIADUNAT
CRMA Journal

1UsunuernoueandlauuINnIUIuIvesnay
voseentiauiidosnsiilunsilfluanaveade
wddluingszidafnniseandinduauysal eondiau
MdudrwAudslildofiundsnulunisseila
Tuanziidaifuifuidomnss (CH,) aslulu
drunaningsziin ANFO uladngszilnnay
fiflUsuna NH,NO, sie CH, Ju 94.5% do
5.5% Hunsiiivernouaiivou (O Aluidonas
aslUlufngszfanan JsUsunadrunandanann
inlndngseilanauiiaraunaoendiauviniugug
M18ANNIUIU UL ABNVBIDONTAIUNABINS
MHlunsvinlveznouvendenisluingszida
nn1seandiaduauysalfivsuiauneiuialu
Sandnivinlifnidweamsszidagean Tuvaigh
fufuitudomasadulutagsedanauunniy
gy bidngszilanauiidraunaeondiaudnay
M1eANI USinaesnenYeseendlauiifosnns
MHunmahlezneuvesdomaduingsaidaians
pandiatuauysaliivsuiutaeninUsuiuesnoy
vostemdnhlitozneuvesdomndunie Miwes
fngszidadaddntenas FawanisAuindiuansly
%’wqﬁuaamﬂé’aqﬁ’umwwmeﬁwmwé’wmﬁg@ﬁa
1l ANFO dionasinsudiomastuneslandenlunm
figasrduing 9 deitusnglugileves Federal
Highway Administration, US. Department of
Transportation 309 Rock Blasting and Overbreak
Control [17] uaﬂmﬂﬁamﬁé’]’aﬁé’aaﬁuauuﬁauh
NsueREnfgINN35E NN KW rules way
Modified K-W rules iiiel#ifudeyalunisviiune
awweaingszilalamluagieg

Ui 21 (2566) VOL.21 (2023) 91



NIANTIVINTIUTIUUNLTRENTTIAUNAT
CRMA Journal

5. d@yunazanusiena
NIATUIUMIANG VDTN TELTAUTIZITIUIUY
18 ¥ila lngldrannismanesluaiiegisdienuin
Aiilelndidssiunsmidmesingssidnlagliis
Trauzl Lead Block Test iuagnsunn Taeifle@ou
nsmsEmIeidwesingszida (%TNT) fivnain
BnsAwIumamesluaiiogeireiuAiaes
fngazida (%TNT) ivnlaeds Trauzl Lead Block
Test wuhnswiildfidnduuszaninmsdnaula ()
Wiy 0.827 wagflenanmindeuauysalladewintu
14.3% uaﬂmﬂﬁmamaaaﬂ%mué’faﬁmmﬁ’uﬁuﬁ‘
fuhdsingsndareninnisduammaneslued
ag19d8UaraINNINAaRlagld Trauzl Lead Block
Test Inglunsdifienaugasendiaudanduaunui
fdsasinganidafieninnisduanmmanesluiad
uax9n Trauzl Lead Block Test agdiAnfianiy
5oy 9 unszadaunasendiauiianilndeud
dwiunsdlfidaunaoendiauiidniuuiniidaves
fngzidnaniaesisiuunliiuanas dufords
fngszilnazdigeaniloraunasendiauvesing
suidafiadlndaud Fsaenndostunisinuives
W. C. Lothrop wa G. R. Handrick [5] 7luandtii1inda
19430932 UnLard1uIaN15ANUIAY0ITNYSEL TN
(%TNT) 71ialne3s Trauzl Lead Block Test agiiiu
%uLﬁamamaaaﬂ%mmaﬁmqﬁzLﬁmamauﬁaaaﬂ
wazAaevesingseiinlag81unINITANUINVRTING
suiln (%TNT) azliengeaniileingszilndaraunga
sonTaudugud uanNiIsnIsFILMEINes
Togseidalagldvannismanesluaiognsieds
aunsaedutgnsesnwuuingseiianauyila ANFO
filsnsdunauszinauesludenlunm 94% sie

oY

o

udewmas 6% duduingszilanauyiin ANFO 7

[

Mawweanssuiingananlailued1ed uddedlv

Re D 2

ayaatuayuuIteyaINMsAIMNNIumesluAdl
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NHaN1INeaedbuduvssanURnnavesianasunedNediuugenY B uLETULTImElATIEIIIN et ule
miusuaeaszeaenuediigsiian lnsmanuudaussioussialfuayanudumiuusanssunnganiy
FunupoumeEV Auviniu 763 + 55 wingliama way 43 + 2 Alaga/Mauns auER Situnuaoumedn
nasnIInaaevaziinaudsmeidugulaunadnuinauimiiraiedunisBanssquisve danludiuves
AanuiiuseusimuTludunuaeumedniasuusselasaiummodilonsuoufimmaieadagan
winfu 517 + 26 wngthama (esaniinramuiniukazsiunuvesdilomiveudigs uaziduloafuoud
ArneluiunAeIfuLIFe RnaudininIeAINNUIINERL UL ITWLATNENRALIATUNNLATIATINTT
naduleansveunsanaeulaslasaiadugiuresfanrounedn ueninifanneunednnediuugsens iy
ieuuswhelasiaianismeidulensusuasansisanenuesitauiinnuvunuiuiazianuudussie
usainlA AT ANLAUULTIN ST UNNg g 1Hesanlassaiianie 2 T3 fnvwanunsalunisdsiunisy
ndoutuis 2 Amvmdlunuaruemuazeuns Jaflenununutenisiususy masunasnszeusslda
uenaniidnuarlassaumameidulonsveuameassdomenuesiiyaduiausadeamiunsvdnveadule
waggansaeaUsrauiy fitesniilassadenisvedulodnunsdu fudemalidamautininaiigduiamng
dwsuthunimwinszudaiunszguaniagwediwesneunednludiuveamunivsourulzns
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Abstract : This work aimed to study the effects of weaving structures of fiber-reinforced polybenzoxazine
resin composites (plain weave, twill weave, and unidirectional carbon fabric) on the physical
and mechanical properties to develop a lightweight and high-performance strike panel of hard
ballistic armor. The experimental results revealed that the flexural strength and impact resistance of
the twill weave structure of the composite exhibited the greatest value among other structures in which
those values of 763 + 55 MPa and 43 + 2 kJ/m?, respectively. After testing, the specimen composites
would cause damage deep on the surface area in the shape of base/cone, similar to the shooting
of strike panel. The highest tensile strength of 517+ 26 MPa was from the specimen reinforced with
unidirectional fabrics structures due to the high density and high filament count of carbon fibers and
the same direction as the tensile testing of carbon fibers. Physical properties, it was found an excellent
adhesion between carbon fiber weave structure and the polymer matrix, so demonstrating that
both cooperating to achieve good result these laminates by scanning electron microscopy. Moreover,
will weave structures of composite with low-density properties would have high flexural strength
and impact resistance composites. Due to the 2D woven structure, these were able to transmit load
simultaneously in longitudinal and transverse weave directions. Therefore, it had good resistance to
stiffness, stress, and stress distribution. As in weave structure of composite, it could be seen that twill
weave had low contact friction, crimp, and binding effect because of its minimum intersection point
compared with plain weave and unidirectional fabrics, therefore twill weave is a low level of fiber
crimp impart relatively hish mechanical properties compared with a plain weave therefore twill weave

is suitable to develop strike panel for a hard ballistic armor application.

Keyword : Polybenzoxazine, Polymer composite, Ballistic impact, Weave design
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1. uni
Tagtumnanuliasululssmalnelaeanis
lulparudaingiguauniatailvnms 61599
= = L A4 o & v % v o«
sulvimaGouluiundss Jnududedldensiog
UUTEANTAINGINIAIUNITATIUNIURTINTZUNA
gnsiuNNYIgann1sgadetinuasnindauno
NTEiUNTEEY viniunsyau Lavsanunseau
I3 salg v o A Y =
Jugunsainldlesiuvieandunsieainnsvauuy
[1] wnefunseguiigniiunaineannadagiures
Ausgnaunistisuldfe wdnuazwslin udian
AINATIUMILNLIN TIAN baziaTULIIUENEIN
= 0o 9 v a ) &’ = @
nsgguluonavibminnisuandududn 9 Fadu
duns1grounnadulasialuld Jaguediues
meunednsulasuaruaulauindudimiuiiun
Uszgndlfidunsziunszau Wesainduudnu
= [ = V1 o [
fanuudass Jugulaing wavannsadinuiuls
audflavainvany [2-4]
Tagwediwasnounednisznauniudiuy
UsznaudiAy 2 diu Ao wedweasiumin (Polymer
Matrix) uazduiduiana3uuse (Reinforcement
Materials) &sduiilunediwesiunin viwihiduy
nnuszaudadaniasuusailiiinaunsguves
Furuasunedn lngwedwesiuniniteuyiun
Uszendldndndunsziunsyquitivseansning
= 3 a oA N a8 a o«
AD LVDTUBLALITU WU DWand (Epoxy) Wluand
(Phenolics) hflateawmas (Vinyl Ester) uagwod-
wumeny@u (Polybenzoxazine) [5-15] \usiu wag
dwnduianeasuuss Jeuldduloduianasuuseds
anunsavleLinaudinienaligaumunzdmnsui
Y a < [ [ £
wssgndldndndunseiunseau Inedandule
dupsgvinfenduadansziunseguloun wule

[

a¥378ln (Aramid Fiber) vivef3inlulioninisAnme

wnas (Kevian), wdulewedieSaudminluianaas
Saem (Ultra High Molecular Weight Polyethylene:
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UHMWPE), tdulewia (Glass Fiber) wazidule
A1SUaU (Carbon Fiber) Wudu Jsdwwaldingziu
nszauTinAn9INTanmede SreamoAndm LT s
qmazﬁmﬂ’mm [5-13, 16]

NORUUTRNTTU [14,15 waz 1 7] umasuswe
sFufifaunfivedndisduilanTafilaadu Ao
Funszilddne LiAnndasusnaesldduainnig
Unueuaweslidunediwesiiatosnmmeauiou
LALNNAE ﬁﬂﬂﬁiﬁmﬁUQWﬂﬂﬂseﬁugiﬂﬂé’@ué AINT
Qm%u‘f’]ﬁw @hmmuﬁmdaumiﬁﬁugﬂﬁﬂ WAZEINITO
Mdaneudsiuiustudulivansyiin Wy svuuves
WORLUUTONGTUAUDWINT [18] WoRluULDNYITU
Auansianeulalase [19] waywedluugoneTuny
g3y [20-22] WWudu ilildsuliandiniawing
LAYVNNVANELNNY

dulomsueuusznouseunsing (Graphite) §9
Lﬁugﬂmeaam%mauﬁqwé UsENaume I 6
wiasuseRnuduSisdauiflansude trminun
:ﬁmmwﬁaLmﬁiamqﬁﬂuﬁﬂﬁqmﬂqq NUNIUKD
N1SNTEWNA NUMURasAdiarAINTauas Lay
nuran13dng audRdstanuinlinduleansveuld
Suautleulugnannssunistu 3AInssueInia
NSNVNS BRENTINEUEUA wawnsAvn LD 33
Feaulafivgldmodivurenerdudunediuesiunsn
wdnvhauuiuduleasveuiidlasiadianisme
wuUsng 9 iileAnuuaziUisuiitsunaantRnana
VBYIANABUNREN [23, 24]

Tnemnluinszudeiunszauiiennniannou-
wedAnusznausie 2 diu fididny fe wiuminde
uriuUgny (Strike Panel) vivhilvinaneanseau
THumneanduiudn 4 uaztisanauiivesgn
nszgunoufuiunamiTaLHugAduNdIY Aol
aultAfiudauss Suussznzannnszautiulaluvans
Auvils uavanssavaeanszauiiu uavaui 2



Ao UHUNAWTBLAUAATUNGIY (Support Panel)
ﬁwwﬁﬁﬁ@m%’uwé’wu NTAULITIUrnramuwuLEuly
wazsilinszquandendanuaungaludign el
auliAiviler avgu uazgadundsauléaa (1, 25]
FanaeumeanUszinvmaduusaneidlonisve S
U‘WUWlmﬂ%uiuﬂ1'u?wﬁm%umuluqmmwﬂisumuawﬁ
NUAUTEET UAUANTAIUNIULTINSEWNN Dudu
\losanTagaounednyszinniaiuussieidule
nsneiteflunivesnnumumiudonisivasusy
(Stiffness) N153ULAENTZNLLTS (Stress and Stress
Distribution)id [2] daunsiasuusesiiidudule
msnefililasiluidunsmelassaanuuassiin 49
Lﬁuﬁugmmimﬁdw fivareguuuu lan naveany
Ia555UA" (Plain Weave Fabric) N1sveaanyaeinse
aenkes (Twill Weave Fabric) wag n1snaaiesiu
(Satin Weave Fabric) Wudu 91n91u3devos
Saiman M.P. uazamy (2014) Yana3uusedis
Snvarlpssaduniseddlefiuanmsudentinase
AnanTRMInafiuansety [27] fideTafinrmana
Tunsnwauaud@ninenn wagnenavesian
woawasnaunedn neldnediuuranandustudy
wasng waglilassasnsnisnelduloaisuounuune
ANUTASIIUAT NBALEDIVTDANYNLYY LATAISUDU
ArnaLien (Unidirectional Carbon Fabric) 1du
Faguaiuuse deldlumsiamnyiinsgiunsequ
ol [5-15]

2. Inguszasn

ilefnwiuaziUTouifisunmuandinianienin
wag NanavesianaeunaaniagliunganTULITY
dSuusamglassaiensmaidulonsveudnune
9

TANTIVINTLIISHUUETRENTTIADUNAT
CRMA Journal

3. LaﬂﬁqﬁLLazﬂquaﬁﬂﬁLﬁlﬂ?%ﬁN

Murugan tagaaz (2014) [26] AnwINavas
andAmanannmsindduduvesanpeunednaes
Snendmasuusenadulouiuazsdulonsuou Tng
SuRSIAILTY warmsTREd TS LY 4 Fusy
1PENAFDUAUAUNIUADUIIAY, USIAALAT LATLSS
AEWNN AINUINIZIU ASTM D3039, ASTM D790
uaz ASTM D256 snuandtu rafilsiandifinnsdadisu
Fuluguuuu 6CCG (assasaumuiviifiduloniveu
Wuwnunan) iananuudausesausshauagAining
uausartausenszumngandinisdnddudiluguuu
CGGC Fafliintu 194.8 wnzUrana was 143.58
Alaga/m1uuns ANa1GY Tudaunsdngdudu
Tuguuuy C66C (nsearsurAviiidulourdy
wnuNan9) IiAIAULTLs oL IRALAEINTINTS
%’mﬁwé’w’u%ﬂugﬂuuu GCCG Faflanvindu 198.7
wngUIdAa

Saiman M.P. wagmAg (2014) [27] Anw
Tassadensnadulotasuussivhaniduledoudn
FruuAsULUUTILANA9U WeNalunsTEFULUUANS
nefunnssiuiioanesiiudnisudn dWesndae
duamuiuuusisesdunuld susuunmmefe
Twill 4/4, Satin 8/3 wax Basket 4/4 Tuvauzd Plain
1/1 T dunasiunsgudniuanui unIuLsag
mMsverdulefifisuuuumsmeunnssfulfsunmsusy
Tnunzaulagltiuuinansvoswananls Wisetex
Toeld nodoawaslidus (UPE) Wuumsndisdud
I%Lﬁuﬁmizmuiu%mmimai%ﬂssuauﬂﬁqmmwmﬂ
ilerARLE LT UUABIEEN DNt LLADLNEEY
UMAABUANUATUNIULTIAG Lagyinn1siUSeuiau
@mamﬁ’a%ﬁ?umuﬂauwaﬁm AINHANITANYN
wulassasnsefiidnuasumnanstudmanen
AN UL S8 ST UIUADL N AT A UL e
Tssasensmeduleveui Tnslassadsnisnediil
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Woesdudnmamdndien azdmalitununsumednd
@i'}ﬂmm’hummmﬁﬁﬁqﬁu

lsmail AE. uazanz (2015) [28] AnwiAau
AUNTULTINDITANADUND AN NOFLOAN DT LATY
usssnelassaeniserduloveui dulodauii
anldiunmmesazInseswukuLdule viinsm
Sremodieawodistu iotustduuhununoumwedn
ﬁﬁgﬂﬁwmmgﬂmqLimmﬁmmmg’mmwmaau
wazvinsTyanlusuinuieafuliuau definw
AN URLTIRT tnevinsAnwilUsdfy 2 67 Ag
fimnsvenduly uazdunutu mnuamsinunu
Aen1enismwinvendulelunisvaasulinaseng
WINFRANUAMUMIULIRTEER waldlatinaiulugda
AuBaveurastuny Saanuiunuusigean
wazlugdaves Young eglutae 27.7-30.9% uas
2.4-3.7% mudndu Taevhmsivandunulidule
aglunwIunUAgIiULTIA Tunmegey

Rios-Soberanis Uagany (2012) [29] Anwn
NOANIIUN NNV TaRARUNRFAETULS ULy
IneAnwiAnuduiusseninalassasianisvesdule
Auaduaudenieniglanissunsefsdnsy
PounaANERumelaTEiInIeveadulowt lngld
Tassadamsmodiunnsinstu fio wuuide (dulody)
LazuUUANe (unuassunuaduiy) Taelddumy
Yannonneaviugulnglidwon-tisduduaming
Unsheansyuudafigumgiias Tagld Bifunctional
Epoxy tae Diglycidyl Ether of Bisphenol A (DGEBA)
HalAU Tetrafunctional amine Wag Diamino Diphenyl
Sulfone (DDS) flgaumniigs azldTanaeunodni
dnvaglsdlatinuuds wasflauaudidenaia
e annsiieszsikarUsdnsruiunsinning
\Fevne waznalnauduvandahlgnisunninves
Tan wuhlassaiammeasuusadulesunsaavn
adlndsnaiensiinaan (Stress) SadugaiEusy
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YBIAUELNAIVDITUNY LAENITUNINTEIVDS
iaa%’nﬁﬂﬂammaﬂwmLﬁﬂiuﬁuﬁd’;uﬁiaﬂizmu
sgnadulemugnazidulenuundaglassaing
n1snefidsninaneainuduuaivenduloazii
YuuiuenInNsiviantuyyd 0 831 Wag 90 9IA7
YBINTNAABUNNEIANISNARDULIIAG
P.V.Cavallaro wagamug (2015) [30] Anwina
NIENUVBILATIASIINITND Lagn1slaseaun1sudn
(CGs) vpsianApumaandnonTIsTuliaiuussdie
lassasanisnadulewenan nsAnwnansEnuves
suuuumsmeuazasminuudlefiiresziuay
NMUMUReAIUEIMELATAINAINNTOLUNTRATU
NV TIANARNNEAVNORIDT L TIeLduly
n15Me (WFRP) annauidelavinnisidseuiisu uag
ATIFRUNALNANANLUA, NSBANIESERINLEUlY
AULUYSAD, N1SUANS1VeLUnsNG waglduly, s
Tnsshvesduledadunainainnisuanuuunsiivas
Towndin, NMSVAABURIBUSIA usIdouLUUALAY,
ANSANASEWNN, NITLALIBNFIRINNITATEUNN,
LSINTTUNNWUUUDAAEARN LarN1SUUSALUULENEIY
(SHCB) Tﬂaﬁwmsmaauﬁ’u%umui’aaﬂauwaﬁw
Snendfiasuusemslassadiesnismadulonian
$au 20 Tu Teeillassadrenisvedulowmandi
wansinsiuaugUuy lawn lassadenisnedule
AuURsTIUAT IAseEs1enTalduleatenies 2 x 2
waglassasranisneldulouuue1iu 4H andium
gnasstulnefaladnsveuuldssdy a1nuanis
NAasLanslinIINsEenldlaseasenme way
nslaszAunsudn (CGs) vesianApuNedn LUy
AUAIHATIUINABN1TNSEIN AR LT iUy
Frvaznila Wofimslvaniisuuss uazaandusywing
Wl waziuming ABamztumieaniu 1lug
ANAINTE ”Luqumaamﬁai’a@ﬁLmﬂﬁmﬂu%’juﬁ]
anaa ﬁqﬁuﬂﬁiﬁawwﬂﬁzﬁw%mwLﬁ?ﬁaﬂaﬁugmwumi



newduly, Msndnveadule waznislaseaunimdn
(CGs) UNaRBTTAUAIUNUNIURBAMUEDNIBULAY
ANuannIalunsaadundIuvesianAaunadn
wodlasiasuussmladulanisve (WFRP) e a1n
nan1sveassnuinduleffilasadrsnsmedule
aedassun (Plain) Feflsoendnunniign deuali
audfniang AULlause waznsgadundsnuld
Uoyad

4. /e ndun1sAne

4.1 AMSLHSUULURTNDLITY

LWUGeNY1TUNoUBLNDS (BA-a) d9LAT1¥H
ndaiueate (Bisphenol A) USEN PTT Phenol
Uszinalngneosunadlen (Formaldehyde) Us®w
Merck-Chemical Co, Ltd. Useineeasul hay
9zliau (Aniline) USEY LOBA Chemie Pvt. Ltd.
Uszinaduiae lusnsidiu 1:4:2 laglua f1u

LY

U AIYLATBIANNSBUNTUTUNIUANTAYAY

8
flgamgil 110 ssmwaBea Wunan 40 udi Tae
wedellldivinazate AslRaY wasthuundae
Inseunaisivazidunazlavesudedneastduns
Awdesiiguvniivies
4.2 MawisutagneAiuureneFuiliaiunss
Aelaseasreansnaduleasuauy
4.2.1 JaRADUNDANAD NoFUUYENYITU
STULESHLSIAelassastansvelduleaisueulu
Snsndn 35:65 Taghmiin auddu wlealney
wodlwurenudulinnuFouiigumgiuszanas 80
perwalud Masuulassaisnisneduloasuau
3 WUU LALA 7198197A55TUAT N19ANUADINIE
ANEVLYT LazEnAUaUTAMGRED RN 1 U

Iinau3au (Hot plate) Mgaungil 120 sariwaitya
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(n) (@) (m)

amidt 1 Taseadenismeduloasuounuusig ¢
(n) Tassadrenisneiduloarsueuaiedn
555U (¥) laseasrenisneduluansuau
aERIIoAENLEY, (A) lATIATIN1INe
w@ulemsuauanefianiaien

4.2.2 M3BesTununsuneaeaIULTan-
TuiiaSuuswnelasaiammeduloamsuousin
s 0 lunsvegeuaLTRimMenayhmsnagey 7 fuau
solassadanisne Tasyn 9 Funudisum 8 du
wirfunndusy ieldldanumuiaamnasgu
nsegeulnglassasiienimeiduloasuaouLuune
ANBUATITUAT Laza oA eLes (dulunis
VoaNuaEiiANIY 0 kag 90 aeen) dnsinisedly
fiavnadieriunndu dunsindesmedasainemis
neduloasusuinamsuoudirmanes (ldludule
n13ne) waaulvifiuludnuaeiianiey 0 uaz 90
03 uarduzuTununoumedviagliiaioadatugy
(Compression Molder) ey 15 wnzUiania
wazfigamgdl 200 ssmwaiea Wunan 2 Halus

4.3 MyTPANINLLLYDY TaaNeRuTaN YT
fesuuswhelasadainmeduloniveusianmg

ANLVLLLLYRS T e ALUUTD NI TUTILETY
wsshedileansuay Tnsvageulagisnisunui
ﬁaaﬁwmmmmgm ASTM D08-792 (Method A)
$19U 5 Tunu Jeusazdunununeaniisiuu
$u 8 Hu Tneflouin 50 faduns x 25 Hadwns
wazmsFaimindalusiniauarlud wazviing
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WigusuiuAmanunuudumumgullegliteya
USunaudule 1iveussliunnunnueusunaunedn
AurwUuAalagldaunisdelul

=4 (1)
p = 1-B Po

Tne P uaz Po A rrumuuiuvedunuuaz Y
ﬁwﬁqmmﬁﬁ'ﬁmum (NS3/au.a3.) AuEIAU
A war B fe dmihvestusuluenauasly

i (n¥) mudey

4.4 ANITNAFDUAIUAIUNIULTIAY (Tensile
Test) VDI TANNOFUULBNITULATUUTINILATIATIN
nsolduleASUBULUUAIY 9

NITNAADUAINATUNIULIING TASNAFDUAM
1A351U ASTM D3039 nadaufeiaes Universal
Testing Machine (Instron Model 8801) lagld
AU5UN1SAe (Test Speed) 2 Tadiuns/ud Aae
dudnne 100 Aladadu wazALEIvEINa (Gage
Length) 70 Hadluns 314U 5 Funy Fusaztuny
euweANTS LT 8 Fu

4.5 NMIVAFDUANUATUNIULIIRALAY (Flexural
Test) vesdannodiuugenu@uaTuLsIelaTEs
neLEUleAISUBULUUAN 9

NTYAFDUAUAIULTINTZUNA TALVAGDUAM
WINIFIU ASTM D790 nadauuy 3 90 (3-Points
Bending) FreA3es Universal Testing Machine
(Instron 3u 5567) ldAuslunisis (Test Speed)
2 fadwns/undl setmidnng 1 Aladasfu way
Sassvezvieveunsesdutue (Ratio of Span to
Depth) WinAU 16:1 37U 5 Fusu Fausazunuy
AeumeAniis LIty 8 Fu

4.6 NISNAADUAUAIULTINTZUNA (Impact
Test) VOITAANOTUUTNYTULATULTINLATIATIS
nsneLEUlyAITUBULUUAY 9
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NINAFDUANAULTINTZUND 1AENAdDY
MINNIRTFIU ASTM D256 wuulewen (Izod Type)
VAdOUFIE 1ATed Pendulum Impact Tester (Ceast
3u DAS 8000 Junion) ldgnduauia 25 9a 91U
5 Fuau Fusariununeuneaniidiuauty 8 du
ANANLUTILTIRBNITNTEWNA (Impact strength)
fnnalneldaunssollil

w
Impact Strength = " (2)

oy W Ao Awasaunsewnn (flaga, k)

A fo fuiinthavesinegna (msawns, m?)

4.7 MTBATIAATIETEEIU (Morphology)
VoA el NN TULETULTINELATIETNITNe
@uluAsUBULUUASS

A1TILATIERNITOALNIZTENINUNATATNDE-
LGN IFUAULEUTIAITUD ULATUUTILUURIY 9
AAI12ALARI8NEd0IganIIAUBLANATOULUUEDY
A3 TnethTununindeuiiufinsenesieut
Wiseiilassadredugiu deldaanudiedng
15 Alalian

5. NAN1SANYI

5.1 ANUNUIMUNYBITARABUNBANNEALU-
gonFuilaiuuselasiaienmeidilomivon
WUUFNY 9)

n1s¥aftaunutsiududed dydniu
Usgilluauanvesan Iaglidayadnumenns
nsyeiveadulluunsndvesiannedfiuesaou-
wodnsuluiinsiintesiniamiatesineweteinie
aelufan lagarauvuinduildainnig
NAABY AUNUILUUAIUNGE] wazyasinaniely
%umuﬁuaﬁa@ﬂamwa?mwaéLuusnaﬂsme?mﬁt,a%m
wssaaelasaastanisnetdulun1suauluuang 9



LanaIms19d 1 Tpeaimnuvuiuiuiilgainnng
VNAADIAIUIFIAUNIST 1 druAIAINRUILLY
gl uaztorihanglutunusundeunsi
3 uag 4 [31] muanU lneanuruliuvesdule
ANSUDUANYTATITUATLALANUEDINTDAUNLES LA
WU 1.76 NSU/ANUNARWURINT AUVUILLLYEY
w@ulvasusuatafirmaieniiniiiu 1.80 nsu/
ANUIANGUALINT KAANUVUILUUYBINDFULYEN
FULANTU 1.19 AS/nUIAAIBUALNS
1

el ) (3)
Pr Pm

Pct =

oy Pet fip Anuvuuiunivg i veianmeunedn
(The Density of Composite Material) #t3e Ag
NSU/AnUIARILURLINT

Pr fo anuniuuuvsaduluaiunsy (The
Density of Fiber) vt3gfa N3u/anunAfuuRuns

Pm fe ANURUILULYeLUASNYG (The Density
of Matrix Resin) vithigfie NSU/anUIAAIBUALIAS

Wr flo dadruiminvonduleiaiuuss (The
Weight Fraction of Fiber) #ugfe n3u

Ay = Pct—Pex @)
Pct
Ty Av o doviuameluiunu (Void Fraction)
Pct  fip Ay UyLLULmLVIo e Ve TR ARUNEEN
vl Ao NTN/gnUIARUALIAS
Pex Aa AMUAUIMUUAIUNITNARDIVBITAR
ADUWDEAN (The Density of Experimental) #1efo
NIW/gnUIANYURILNT
1/‘1’”1miﬁ’mm%umui’a@ﬂauwaﬁmﬁLa'%mLméfw
Iassasrmsneaduloasusuanuazag o et
‘W]ﬂ"]LQ%EJGU@WYJ’]SJMU’]LL‘IJWUEJ\‘]‘%UQ’M%IQF}EJNW@?WI
uarAnderessnTdndesiumeluiunuresian
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ADUNDAN AIAITI9N 1

AT 1 AUNUILUUIINAITNABDIIINN YY)
LAY I NN U LT UVRINITINGNU
FUYDITANABUND AN ALUULONYITY
nasuusemelassasrenisneiduley
AISUBULUUAN 9|

AWMLY | AINULILUY .
. » ans1du

éunu'aaqnauwaaw IANINARDY | Aangud] .

. davinanelu

U sIdelaseEiens (Pex) P y
. ) . . . L | Buam (Aw)
nafulsarsusuuuusing 9 | (nSw/gnuan | (ndusgnuaad %)
WWURLLINS) LWURLIAS)
MIneaBdAaIINM
1.428+0.028 1.507 5.258+1.839
(Plain Weave Fabric)
ASNDATYADINIDATYVLYY
1.457+0.028 1.507 3.332+1.839
(Twill Weave Fabric )
AMsneaeiANaien
(Unidirectional Carbon 1.450+0.026 1.526 4993+1.726
Fabric)

NN 1 APIUAUILULIINAISVINABITDT
FUIUABUNOANNOBLUUTON Y TUT LASUUTIA Y
Tassasnmsveaduloasvaunuunng 9 dauiidu
1.428, 1.457 uag 1.450 N3N/@nuiAliwumiuns
TuBusumounedniasuusidelase @519n1sne
EWuloA15uauanednsIsunn angaeInsaanuniles
wazanefiAmafien AUy FernunuLUuYes
FurureuweaniialatalndiAsfunnumuuLy
pamnud] dmalidndiudesinemelutunuesian
AouNaANTIAA Fim13197 1

N7 1 ANUNUILLUIINATNAEBITDT
Fununounednasuusielasaianismedule
A1SUBUANY TASITUAIAILADINIDANYNUEY LAY
aefirmaioniisnsdntesinnglutuenuiniy
5.258 + 1.839, 3.332 + 1.839 Way 4.993 + 1.726
Woddudauadu Tnedndrudesinanieluduay
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DEj5E1114 3.332 + 1.839 - 5.258 + 1839 1ol 3
aenAdesiumINIsIeueuRuaudRvesTa@n-
AeunednLiovhlassasia (Structural Composites)
futanmeunedniiieviingefunseauimiiniu
(Lightweight Ballistic Composites) ¥89 Bhatnagar A.
(2006) [32] WudATesiensluusuvestan
ﬂ@ﬂJW@?W]Lﬁ'E]VT’ILﬂﬁ?%ﬁUﬂizqu{f’mﬁﬂL‘U’léf@ﬂﬁ
Aunnndn 5 Wesidud fodndiAdorinnelutiuey
fsnnansasensuladsuanisesitsenialy
Funuiitoswayanuaiiaueneludunuusasiy
Thues uenaniudslunsmeasves Agarwal uas
Ay (2014) [31] I8dnwnssndsuduvestumu
AauNRANdNeNTLasuLsIELdulaAIsUaUTINAU
Guloufalaedisandudesitluiuanuogseuing
0.705 - 5.156 \Wasifus Fensiiamsnsndiu 989319
maslu%umuﬁi%’maauqa danaliauifninaves
Funuiidnanas uansliifiuimeaiuusenynFusiul
puaansalunsoruddlevhiwasdafntudule
asvowdueted esnwediuusenyduisdus
Qmﬁuﬁ’aé‘mmwwﬁmmwaammm@‘ﬁ

5.2 AUAUMNULTIAT (Tensile Test) ¥oe7an)
AOLNDAVNDALULYE NI TUTIAS USRI TATIEE
MINBLEUlEASUBULUUATY & FNURAMUAIUNIU
wssiaduantBianizfvesianfivavenianay
LL%@LLﬁqw‘%ammﬁmmﬂumiLﬂﬁaugﬂiﬂqLﬁ@ﬁLLﬁq
ABUDAUINTEII
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__T00 4.0
§ 600 517.7 35 o
—
& 500 416.2 3.0 =
= 25 ¢
= 400 3
t 300 -
3]
w200 10 2
§ 100 052

0 0.0

aednsTTum aefimafion
(3K) (3K) (12K)

I Auudausadousifa (MPa) m Wadidudnsiai (%)

ANENHYI

AT 2 NANSVAABUAIAILLT LI IFOUTIRT kA
WosduinsBiadvesTanmediuntensndu
Fiesuussnelasadenmsneduloasuou
WUUANS 9

INNNT 2 AR IS E LT IRsUIUen
DIAIAIUATUNIULIIRIVRITANABUNDANNOTLUY
FangTULESHLsImIElassEs e n1sneldulensuou
ANUTATIIUAT ANYABINIDANYNLEN Laza18TiAnNIg
e AAUVINAU 362 + 16, 416 + 17 uag 517 + 26
wngnaaa muady szt fanaouwedn 1
@SuLsamglassassnsneaduleasuouateidnia
Wy JeAnuudusawsefsganiniannaunedn
Pasuuserelasedd1awUUNITNeaIsTnsITLA
LaznsNeaIUdeIseaenLes Liesanlaseadig
nsnordulonsusuatefianaieafivhulddy

[

Tagratuuselianunuiwiuvesduly uasdiuiu



IS

nllevideTlansuifigandn desmnsned 2 uazdidule
VanuasuIuRufienian1snaaeuLs e sluiiAnig
At (Uniaxial Tensile Test) dafufianadissann
futiuiiniidausvesian Jedidnnuudusde
wsepaan I TanmeunednETULsIelATIEIINg
nolduloA1sUaUANETASIINAT LavangdesIeany
Ve FedonndosiuaudTeves Ismail AE. uaz
Ay (2015) [28] wuiAmenisawvesdulylu
NSNAFOUINABEIINABAIUATUNTULTIAIEIAR
waziiosanlassadrenismadulonsusuanadn
555UA7 wazatvdenIeatevLesdudulaseadng
msve 2 fafsingudulonmeauazidulomuuang
(Warp wag Weft) Tnenguidulevisansaondsyay
i (Interlacing) Aamsusnvwiadnlufiuiiduse
Uszauvilviiinsesuenuazsegunnvasianlainy
dloldsuussidlufirmaiion Feaenadosiuanuive
994 Rios-Soberanis wazame (2012) [29] WU
085111 UNTLENLAT AL AUINAI VDI TUITY
NAFOUDSUIYITOILANAINYIAEU UGN SUEN
sunEnluiuiidiuseussanussuinadulonuen
waztdulomueane wazdiseymednnsaenlnsn
voudulonuennfugnusuressesunniiiniy
iesannanuaiengsisimihidugaEudunes
soEuAN LagaInAlosidudnisdndivesianmeoy
NOANNOALUULD NV ULATULTIN8TATIFS19N1590
Wulea1suauanadnsssunl aluddnseany
LS WATAENANIGALY AAWINAY 1.27 + 0.13,
1.20 +0.09 kae 1.76 + 0.11 wWasiHus auasu wuin
Fanmounedniiaduussielassadinimeidule
asusuaeficmaiiaiifosarnsinfivesduny
W@ﬁauﬁﬁ;(ﬂsﬂmLﬁ’e]L‘U%EJ“ULﬁ&JUﬁUﬂ’J’m&J’l’JSM@’TUﬁ
g Tagneunedndiasuussiielasiaineniive
WuleASUOUAETASITUALAL AU DAL
dlosaneumunuduvesddlowazsuudulense
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Tlanmuyingandt fsmnsnadl 2 auandivedasiaiing
nsvolduleASUBULUUAN 9 AanUsdaszIsinli
Fagaounedniladuussielassadisnimeidule
A1sUBuaTETiAnILiafinnaunsalunsasad
ganiTanaeunedniiasuussiielasiainsniive
dulomsuaua18dnsIIUAILALAISNDAE@B 1T
anenues HadnsmaniTiiiiuinlaseadenisve
WulemsuauiiBNENang 19NN AOAIUAIUNIULSY
e Anuansalunisinma wagauausauild

[
=

JUSUVDITEAABUNDANNBRLUUTBNTI1TU [33, 34]

U 9

A1319% 2 AaudRvedassasansveduluasuey
WUURNY 9 [35]

. . AIMeane | nMIneanudes | KnAtsuaL
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Abstract : This research aims to develop a new type of personal combat ration for Royal Thai
Army. The ration is developed as an instant Jasmine-rice (Khao Dawk Mali 105) which has several
advantages over uncooked rice such as shorter cooking time. The article proposes optimum process
conditions for producing the instant rice. The process composes of 3 steps i.e., 1) soaking and preheat,
2) cooking and gelatinizing, and 3) drying. The optimal conditions are soaking at 70 °C for 15 min. in
0.05 w/v sodiumphosphate solution, boiling at 100 °C for 5 min., and then drying in hot air oven
at 75 °C until rice’s moisture reach below 7 percent. The product is packed in vacuum seal bag at
amount of 150 g¢./bag which gives energy of 534 kcal. Sensory evaluation is performed by 94 cadets
of Chulachomklao Royal Military Academy. Result shows that average score for our product fall into
“like” category. Moreover, the product’s score is not significantly differed to those for conventional
cooked rice (p < 0.05). The suitability in battlefield is also evaluated by the cadets with the average

score fall into “cood” category.

Keywords: Instant rice, Drying, Ration, Sensory evaluation
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