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Abstract

This article analyzes the current situation and trends of renewable energy both globally
and in Thailand, focusing on the transition from fossil fuels to renewable and clean energy as a
solution to reduce greenhouse gas emissions and mitigate climate change. Renewable energy
sources, such as solar and wind power, have been continuously growing and their production
costs have significantly decreased over the past decade. Thailand has developed a plan to
increase the share of renewable energy to 50% by 2026, with a focus on biomass energy in rural
areas. However, challenges remain in terms of infrastructure development and policy
adjustments to support a sustainable transition, particularly in developing countries. This paper
suggests that research and development of various forms of renewable energy and government
support are critical factors in accelerating the transition to a more efficient and cleaner energy

system.
Keywords: Renewable Energy, Greenhouse Gas Emissions, Fossil Fuels, Climate Change
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JaUsoUIT fodnvuzIaudaNduUNlANANYTINAMS ALY oY BnviuTesTaufiA1uLE7
Wudien 50 Jadunsaeunil uaz AWSIYUIRITeN 920 SaUseUIT LANTOEIIIAIUULAILLLY

N )~ & o a ca' ! P ) aa ¢
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N15UUNIUNANUEUAUTDN 26 HaBLUATABUN LASAINULIINHUNIYDUN 1350 SoUABUNTI d9Wa it
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aunIrddneuarsludnszaediludunuvedeustisaiianeni¥unu waghiainuudgsdian

77.16 HV
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AEIAY: NsWelduay, axaliilley, exgliileunsulnds, suniadaneunislud
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Abstract

The objective of this study is to investigate the effects of parameters on the metallurgical
and mechanical properties of friction stir welding of aluminum AA6061 reinforced with Silicon
Carbide micro-particles of 5 microns. A study on the effect of silicon particle addition in friction
stir welding using a pinless tool in the first pass showed better silicon carbide dispersion in the
welding zone compared to using a square pin tool. A study on the effect of transverse speed
26, 34, and 50 mm/min and rotational speed 920,1,040, and 1,350 rpm on the top welds
appearance showed complete welds at all transverse speed which exhibited cracks along the
weld line and the lowest hardness value of 54.21 HV. As for the microstructure, uniform silicon
carbide particle distribution was observed at a travel speed of 26 mm/min and a welding
rotation speed of 1350 round per minute (rpm). This resulted silicon carbide partical dispersed

in @ homogeneous with aluminum matrix and obtain the highest hardness of 77.16 HV.
Keywords: Friction Stir Welding, Aluminium, Aluminium Composite, Silicon Carbide Particle
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vosozgiiflonlunisldaulugnamnssueueud gunsaldianvseiindsiuldsgaamnssueinimen
uaznilslunuifouasitaunie msfinwandiniena lemsldeymadlvludolavelnseyneiild
dnlagnszaneiegpniefiuiiotisaduusnanizyn Tnodeslddmaiunseidueiin y
Fanaua13lua (Silicon Carbide) luseunslus (Boron Carbide) uazezgilillonsanlen (Aluminum
oxide) Inglugnamnssufenlddaaeumsludifumsaiuussegaunivans [2, 31 ilesinsiangn
wazannsnmselditly

Tuudsedifunsfnwerafidoufiinnfseuniaaiuns nelderqfidomnsn 6061

a o

Wesnnlusrglideniilanwuludesmnuudanss waziminuidagnihunldlugeainnssufidesnis
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o 4 a Ao & v oA < 3 v v v o = a
nsviunsunIesdy NTndudedianuuwduss widmdndeuul [4] wagldvinmsfnwinavesnisidy
Faneuasludvung 5 luaseu WueuniaEiuwse WeswinnisiiuandivesianasTuediudnsnaves
aynAEsuLss Felunuiduasatildviinisidenldnssuiunisidieuideaniuwuuniu (Friction Stir

Welding: FSW) Mduwismslunisudnezgiilonmeulnds eosndumedanisiteulavenilgamal

'
o

Andngaumginisnasuavateviseliendt nsilenluaniizueant (Solid State) Ineddeldiusaunin
815 eud ulneaiunsand nid esdgmiiieadunisin 3wy (Porosity) 5883190 E T 967
(Solidification Cracking) was9u35129azI1al (Liquation Cracking) d@4naliso8i% ouU0IT WUl

a aa

UseaNTANAGITU [5]

2. Inguszasd

2.1 Wiednwnansiudaneumslusiunisusuilasusiafinaidon

22 Anwdvsnafidinadenssuiumsiwen fulsildlunszuiunsidon Toun anu$iiudon
(Transverse Speed) mmﬁam{wﬁ'ﬁ'am (Rotation Speed) sialasaaseganiaLazautanienaly

a a a v aa 3
2EFUUTULATA 6061 ﬂ@MIWﬁG}Lﬁi@JLLNWAEJE]Hﬂ’]ﬂ“UﬁﬂE]UF’ﬂﬂU@

3. ynAdeiiiendos

nsiineyndansunsludluszgfiidounay 6061 Memadanisidoudsaniutuuniu
PreUfugnuadAimanauaglasiaiiname inadRneudwsuasmuuddldogalussansam
Tnedofivaanszuaunisil fo lassadganirasiden uaraudinidanyinguinusesideuasd way
llagdesuay [6, 7] navesnsiidaunIadanoumsiuavun 45-64 wiluns tusvaiiviey 5052
sumaddnoumiludidludariensedsufivesveuinsuaztesiunisidulnvesnsudenali
Tassaadansuiidnazidoalutinusesidon iliausadeudeldd anuuduazsnsnisin
divgatusnnniimsiiliiveynedaareumslud wavesmmiwesarusmuiadon waranu
Wudosluszgiilloninsn 6061 Mfneynndanoumsludinaseatdnisna [8] msidoudsamiu
souusndsianad suuuulliianiu Welaunauinuaulilioynianszated neunside
pdsitaoseminadeunuuiivaniy vilieumadaneumsludnssasldfuasiisnaundegaiian (9]
nadeudnuwaeiuandeiu Wmudeunuudmasuyilinisnszaefusseyniadanounilud
wuuduiedeniu (Homogeneous) Usnaitufinou (Nugget Zone) mmﬁqmiuazqﬁtﬂsmmm 1050

[ ]

H24 [10] §05787U5ENIN9AIIUNT19Y09989508L T DUA UYL IALHUHUANENA19Y DI INAT DULU U

LY =1 1

Winuniinaselaseaiamieganiakazautaniinavesianeraiideuinsa 6063 T6 MANaUNA

Fanouaslud [11] uaznisevsyniaddnounisluafigamgll 900-1,100 °C fiianfe 9 iuauts

9 Y
(3

Anueniy Minarsvudeunazuianeglusuniatinounsludled srunsnsiinduildueanlen

WnTuuUgNseeenaadu [12, 13]
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4. AFN15AEUNISANE
4.1 Faanldlummeaes

4.1.1 lanzergiifounay 6061 (AA6061) lagilArdiunaun1uainimn1sne 1 laginiey

[
a

FUMUAIINAFBIVUIA 100 x 100 x 6 mm® N5 IATINANFUNUALKLINITY U TugU 3
FHABVWIAFUHILANINAE 2 mm ANANTBIFAILWINNY 2 mm LAEIEEENIITENINUAALIINL
Wiy 1 mm

a

A9 1 drunausaiivesuuszailiilonnsa 6061 (4]

Y

Element Si Fe Cu Mn Mg Cr Ti Zn Other

0.4-0.8 0.7 0.15- 0.15 0.8- 0.04- 0.15 0.25 0.15
Max 0.4 Max 1.20 0.35 Max Max Max

%

4.1.2 ayn1pgareuastuaniltlunmmaassvuineynia 5 luaseu vinseuldanutueynia
Faneumsluafigamad 890 °C 1uszeziian 4 Talus ndnuueuniaddreuaisludsiudiiu
a¥glau Wadesiani1sussyadugiang msdveunadaneuasludluiuey uidedlamuiumen

dodhudsunsvetounadanaunisluanduiudilulusesdon e %Fraction Volume = 7.63 %

M19199 2 AnauTRvesdaneuaistua [14]

wialuang 40.10
Amsvenedaiiesainaudeu (Thermal Expansion) 4.4 x 10° (°C)*
Aeagaadaeu (Modulus of Electricity) 410 GPa
INaINal (Melting Point) 2,700 °C
AIANTOUTUNE (Specific Heat) 0.285 cal/g k
AT (Hardness) 9.0-9.5 Moh’s scale
ANUNUILUY (Bulk Density) 2.0 g/cm?
AU NINNE (Specific Gravity) 3.2

4.1.3 ¥AUaiInaLAe (Tool Rotation) WutASaioAaanuAINSDUMLAAINLTILASANIY

wWeasunseianseng wisle waznaidend viunandaquannat JIS SKD 11 (AISI D2) Wuwanndn

Aa a1 a o =
NUFIUNANYDY C ey Cr Ejfl I@EJNﬂ']ﬁ’JumﬁlWl’NLﬂll PNRITIN 3
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A15797 3 dnUsenaumanilveananndt JIS SKD11 ey %) [15]

C Si Mn P S Cu Ni Cr Mo V
1.40- 11.0- | 0.80- | 0.20-
<0.40 <0.60 <0.03 <0.03 <0.25 <0.50
1.60 13.0 1.20 | 0.50

Winadeuwuulifiiiniuiaziinaousuuiiiiniu ianeunszuIunsUsuaus
AI8AU5OU (Heat Treatment) Wngaufigaungil 1000 °C tlwan 1 F2lus dhunguaslutdiduuay
Uaeglidusdaluingdu ndsenduidiuriunssuiun1seuAuds (Tempering) igamad 500 °C
Junan 1 99lus wdrnhunguindudnasuasaselndusiluuniu [16] ldaanuudaade 60.8 HRC

Y a v N Y a ra o

WinaenlunismaassUsenaunlegunss 2 wuu Ae Linaeuiuuldfiianiu

v @

(Pinless Tool) dnwaigas3uyl 1 uag 2 MInaWeuluudininiunssdindeudnsa (Square Pin Tool)

q

PWINIWGUAE 4 mm Wae 813 4 mm anualgasgun 2 nninalensziiuilviaiuieu (Tool Shoulder)

=~ o N ¢
%QM‘UU?@LEUNWU@JUBﬂﬁWQ 16 mm

fad . 4.00

[

UM 2 dnuaginaleuL UUIINIUNs@maeudna

q
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4.2 TUNDUNITVAADY
a v ° ' a A o« 1% o v = o =
n1InaaesuAuIINAITUILUezgdidounsa 6061 Mnseuliuvitnisdudadugiuda
NSEUIUMSWaNanAI B Milling Machine Tong-IL TNV-50 LagnadauALLdmuuIninesnieLas ag
INNOYATEST Verzus 750U n1svaaasuiaanidu 2 drumuinguszanniside
4.2.1 Wefnwmanisiiseyniaddneunslualudununasldlviinnisfeansgaiy vinis
[J < a a . < a ~ Y a 1% a
AMUAANILTIAUT DN 40 mm/min wazANLTIMYUTEN 1,800 rpm tellAnAIUTaUAIUSLIN
a 19 A ! va, a v 9 v aa ¢ a ) a X A
Aanthsesitiay dwallaiadiuuulilieynia@dnoumsludiianisienszaediluusnaiunny
P [ ~ 1 a d' P 5 [ = [ a
sOUWTON aTluMsLTiINAoNADULAUTEN 2 Ul Turie 2 sou TneviinisAneidu 2 wuu kuui 1
it eusaeinaudonlidiiiniuluseud 1 wagiinald oud euuwuuianiud vd suluseus 2
WIHUWBUAULUUN 2 MNAWRULUULINUEAINNITOUN 1 waytoui 2 laedlfiavensdonsoui 1
warsaudl 2 aalugun 3 [10, 17] navesdnuasRwmisesdeuuarlasaganialugun 4 was 5 mudau
4.2.2 W BANYINANIINTTIUAIV0IDYNIATEADUATS IUALUT UIIUNAEOU L BlTNANTS
nszAeimeuNIAdanusluAinTLuI A iinAuEnveg1edy 4 mm lnevin1sleunavin 2 sou
soull 1 Weulngldminadeunuulifvinou anudilun1sien 40 mm/min AvmiSivudeu 1,800 rpm
oo ! a a & a A a a = Y v aa I3
nattunswideunawAulaNAe 2 Wi Welaiiseaidauduuulieuninddnsunslua
TuufnIuseLTeN wazsauR 2 AN lDLEIUNISAUTaUT 1 Waulneldminaonluudmniu
NS@EWRLNTRTA LaluNSWITINAWBNWUUIIINIY fie 3 unfineunisdiu Ieliiivauiunsyem
YaIUNATARBUATST LUAUTREWaNNNNUITETlaANY [7] Inedinisdiwesninisienluseudt 2
o d' N = o & ° | Iy =~ Y PN
mua 9 NM15nAaedlun1s19i 4 HANINISTRNLAARTUUALALMILINA 1T UG Y AIFUN 3
A a 6 a 14 a [ o 4 a o o |
WBILATIEANYUEYDIRIN1UVUTEET aNATlUTUN 6 HaN19lATIaT199aN AN AN YEY 200 W

Tugun 7 wagidswens 1,500 win Tugui 8 uwasnarnuudausnusesiouuandluzun 9

AT 4 WITERDIAN 9 NTNAABITIUTOUN 2

MsnAaes Anmsalunsiden (mm/min) AIE Vs (rpm)

1 26 920

2 26 1,040
3 26 1,330
4 34 920

5 34 1,040
6 34 1,330
7 50 920

8 50 1,040
9 50 1,330
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” 100 mm i

100 mm

JUN 3 AiAN9IMIAUTONTOUN 1 kagTau 2 kariLenNIIAinTuUNAaaUWSENTARLATIE

a01A LATNAFDUAIULTS

5. Wan1sAnen
5.1 NavRINSANYINSLANOUYNIATARDUAISLUA

ANBUEHINTNTOUNBNVBINITNARBITHIUNSWRN 2 58U UTIMRIMAUULTlaNvaeLey

Unailn usiinasuiiiinannislivasuazansvesevgiifoniwinaleunidvianiudmasuuay 1l

LY K 5 Ao o a a el' a aa (3 a ¥

WU waiINAeuNIiINuAAENTaUN 1 98iin13nIzatseunIndaneunsiuneanusandig

= a Y A a Y A A = = v Ao = Y
wuBdanUsaInegedalaunnanduns Adusun 4 WewTeuiisudviinaeulifiviniu

Tuseud 1 selivinaeunadansunsiuasnudiatosndi

JUN 4 SnuaizluiloumuUNkAR AT TR UNSWeNTINIUEMALY 2 SoU
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Tnssadqaniavest ununageufiiunsidien 2 seu WawSsurauuudl 1 ldivaniuseud 1
wazMunsIdmasnseui 2 wudﬂﬁmiﬂizmaé’haumﬂwaa%ﬁﬂauﬂwﬁuﬁﬁaﬁau‘%L’Jmﬁﬁmsmu
wagnuUTinanuinalndvesgianznszaediliainanelugy 5 (a) dunuud 2 Tassadiagania
fanadeuuuuiiiniudmdsuis 2 seu aenuuinueunadaareundluduinurevressiiang
\Angvusunaziinlnsenieluuinudiuawesleunsnulndsions dddusud 5 (o) Wesneynia

FamauATlufag UTINGREUSIIMNIN Feldinisusuanudnvesgiansimunsgay wielylv

De

a

Funeaeuiialnsaniglunagliouniaddneunisludnseaediegvadtane Tunsnaasddiun 2

=% a = 3
%QLW@Jmmaﬂngzmﬂ 2 mm WY 4 mm

JUN 5 lassasnaniAvestunageunidavensy 700 wi (a) liivhniu way (b)niunsedmvies

5.2 WNANI3ANYINIINIZINEFIVRITARDUAISIUA

FnvarRand 150818 ou 91nn1snaasanud1 andisesd eudiulngvdeudaadiv
Tuynmsfiwesnindon dnvazRmihsesidouianududiudond 26 mm/min amnusufudond
34 mm/min LagANSAAUTouR 50 mm/min fuauSmsuden 7 920, 1,040 waz1,330 rpm
Snwnriaduuud ununeaeuidnuusd sudeain ldifinanuunnsesuuiminsosidon usd
A nAuTond 50 mm/min feeuifmyudon 920 rpm ftunumaseuiasesiilisaiies
Uhaimihsenidon (anavdunddugud 6) SaAndusesinmuuuinmsiden Wunananufou
Wi Rennuing Fafnnnnavesluwneivesesdeuiunuuasyniunuineaeuinaiu
Mnmsfiozgiideuvasuarangliifismerisanssounaiiu enuiaseunadeufiddnumsia
mn@euduuumunIi @ eniiniseunaidiengs WesnanmsAumisseunsidengs
yliusadeamugenudmalivazidunuandsuviliiinnudeuaraunnninmnusisousn il

\eergiliowfinnisdeusnunnnit innmsvaeuvesergiliilen dwaliiinsesweuidellles Weoularn

nandn faluguil 6
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oy % \ 7
f}—f;;.’ S e

N

= 920 rpm “
N 234mm/min

- ’ . —

/
S T 920,rpn

- SN /tgn

JUN 6 AnwaurivisesideumanusAudonar AU IMLUTNA 9

lpssasneganiefin1saniiausufudey 26 mm/min Wundniianudmyudeu 920 rpm
nsnsEemdaneuansiuneutaf uinugvueu Inswualng wazlddneuniiludnszaiediey
Auvauvadlnsinluiinusmyuden 1,040 rpm nsnszatemdansunisluniludnvauziduen
1 U a d' @ 1:4' o 1
ANUKINITNIULAZINIEAGUAUALUTINGAY UasTinTmiuey 1,330 rpm fAdaveny 200 il
= Ly d'd s:l' a a [y} < LY} dl' ::l' v d‘ o w Q‘ ;3
AziinInszAeAnAuIndlalUTeuiguiuANUS TR RN TlATIAT19gan AT N sve N Bl LAY
1,500 111 wufianusmyudon 1,330 rpm fimsnszaneimdansufvazedisaiaueiian
Iﬂix‘i?{%’]ﬂqaﬂ’]ﬂﬁﬁ]’]im’lﬁﬂﬁ’mL%’JL@UL%EJ&J 34 mm/min Lﬁwé’ﬂﬁmmﬁamuﬁam 920 rpm
a U aa a’d' U ¥ q,'! a 1l a d' d' o (Y 1 1
1N15n92919A2989PAABUANS bUATNABUY19N IR WATUSUIUTLUIUIE NINNa9ueie 1,500 wWin Wuin
AsSasTan1slunluf LﬁmIWiamsﬂumﬂmﬁLauLﬁ@lﬁaugifﬁ wazlinszanedmusnalaunisniu
1 <'> @ d{' L 1 ¥ = 4:4' o w 1 1
2819aULAND AUSINYUWBY 1,040 rpm N15NTEIBAIABUTIE ANNNE99878 1,500 111 WU
aa ¢ a LYY 1 < v Y a a d’lj 1 I3
Fameuarsludiedaniulad nugnuewdndes denaialnsengluninnisiuilelidauysal uas
Linszaeiinusnalaunsnivegaiiaus nuSuAuden 3¢ mm/min wazausInyuLdon
1,330 rpm UuUADUTIANMAEIE 200 W1 wadsnulnssvuialvg wasiinasweis 1,500 1 3n1s
nsranefveseuNIATansuAISluATs widunmeznguliniusnalesunisnivegwaiiaue
ln59a5199801ARsaNNANEAALTN 50 mm/min Wurdniinnusiviyuidey 920 rpm
AMaENe 200 Wi TN15ASEAEAINA NNNFIVe18 1,500 i1 TN1515896198988AUANSIUAG WATINU
Inswwalvganmsiudelanslusesdouldauysal mnusmywdon 1,040 rpm Aifdaene
200 Wi fin1sn1snseatevesddneunsludiing wilgnuewiireudiwin anudamyudeu 1,330 rpm

1Y

MAsweng 200 Wi N15NTELFITBITAARUATT LUALIA wasnuddreunsluainizagmulnsanigly

LY

wazdgnueuuinaiddneunszaniueg o 1anuiwiy Sauviafalnswalvg inenaus iy

A v

Wounguiuly vilimsivamvesiledagldiisame Weswnanuseunauiull
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920 rpm 1,040 rpm 1,330 rpm

26mm/min

200x

34dmm/min

200x

50mm/min

200x

JUN 7 1A59a5199001A009BUUNAIEARAWTEY 26 mm/min 3¢ mm/min wag50 mm/min

fiaudaseuaniu 920 rom 1,040 rpm waz 1,330 rpm Adawens 200 Wi
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920 rpm 1,040 rpm 1,330 rpm

26mm/min

1500x

34dmm/min

1500x

50mm/min

1500x

UM 8 1A59a5199a01AT0BUNUNAMIEUAWTDY 26 mm/min 3¢ mm/min wag50 mm/min

fimnugaseusianiu 920 rpm 1,040 rpm Wag 1,330 rpm ANasveIy 1,500 L1

Tassaeganiavesnsnszaneidaneumsludifleisouiisuiinnuufiudessisiunuin
Annusuauden 26 mm/min waz 34 mm/min 9zdn1snsEaNedafiAndnfiamsnAuT ex
50 mm/min iflefiansananlasiaiisgameiiidaens 1,500 wiwuin audududon 26 mm/min
wazAaS A en 1,330 rpm dnsvanefivesidnouasludiiiiian dnaiAeinssnisluiuny

fvnadnigauazhinugnusurunalng wasvhnsmegauauudduisiasiunuell nansineuud

VOWUNUTBNNANUSINMTAUTON wazauTmyudeufidadesng 4 dwuandlugui 9
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d‘ < a B . < = a =& i [y 1%
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A~ v aa s sl | ' < o | o
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Abstract

This investigation aimed to study the energy absorption capacity of thin-walled tubes
with polygon cross-sections under torsional loading. The tube cross-sections included square,
hexagonal, octagonal, decagonal, icosagonal, hexacontagonal, octacontagonal, and circular
shapes. Foam densities of 50, 100, 150, 200, and 250 kg/m? were considered. The analysis was
conducted using experimental and finite element methods

The analysis results concluded that the relationship of the torsional moment-angle
curves from the finite element agreed well with experimental results and has an average
percentage error is 8.31%. Then, the result of foam densities was found that increasing the foam
densities at 0 ke/m*(empty tube) to 100 ke/m? increase the energy absorption capacity of foam-
filled polygon tubes. After that, when the foam density exceeds 100 kg/m3, the energy
absorption capacity tends to reach a saturation state (the energy absorption capacity exhibits
minimal variation). Furthermore, the result of the polygonal shapes was found that the
octagonal, decagonal, icosagonal, hexacontagonal, octacontagonal, and circle tube exhibit
the highest and comparable levels of energy absorption capacity. This is followed by the

hexagonal tube and the energy absorption capacity of the square tube is the lowest.
Keywords: Foam-Filled Tube, Foam Density, Torsional Loading, Polygon Tubes
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2. Inguszasd
2.1 WeafnwANUnUILUUYa WAL NT UAoAI1UA1N1TaN1TAATUNE 9 UYBIVBN 1T U9
Hunvthdaarswdeudninunelalusuidn

Y =
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3. WNEITHATIUINNYITDS
fouideiiAsdestunsfnudgmeesionifaunanieldan s luudtn ldun Weigang
Chen et al. (2000) [14] Anwuuusrassmsadnemansvosiontsursguredimasunelalumuide
nmsvineveswuudiasndunisiasananudsmeludimarafinleeldiswadsu navesuuuiiass
NeAfaA1ansIUSsuisuAunan1sI1aeamIsRaNiines ianagenmaoslUlunufediu Weigang
Chen et al. (2001) [15] M@nwin1sideunuusiaemsadinaansveiodidsuuazdulnunielurie
melaanzlumudde lnsuuudnassnnudsnisaziarsun lugnawanain 1nenNausluuaIanimig
AfAFAEAS LALUT B UL B UAUNANITIIa09ADNN AT LATHATINNITNAADIL ANEDAAR BINUR Az
AdeiaguldivedmasmAudelnuogfideuiiaumuiuiu 0.14-0.28 g/cm? TiAn1sgady
wdauduasaiuredmasyldfinTny wenainiudditnide Somya Poonaya et al. (2009) [16]
lé’ﬁﬂmmim%uLﬁEJUmmmmﬁmmﬁ@Wé’i’uwé'amusuawiagﬂﬁwaﬁuﬁwﬂwﬁwmam?{wmmﬁm
(Tapered Tube) melilangtn lngTBmsiasmsnouiiunes lasyuSen (Tapered Angle) ld@nw
WU 0, 5 uag 10 839F1 KANIIANYINUIN mmmmmmi@mﬁuwé’ﬂmuﬁuﬁmﬁaguSsnl,ﬂ'ms?’fu
wagviegUInenay ﬁguﬁm 10 99pn Wmmsam%’uwﬁwmumﬁqm i3 Surasing Arayangkul et al
(2019) [17] W@ nwnsnszAvE nagadundsnuresiosustsiuiivindanaromdey (i)
meldanglunmddn Ussnoudieviedwasy viennwdey vieudawmdsy uazvionsnau laeldisnns
naasaUIsuLisuiunsiasmsrenfiunes wadildaenndostud uaznaniTilaTzsinaYeIgUINs
YosvionanewiAen wuTianumuIYedyie 1 mm viedsnandanuaansanmsgadund LAz s AvEam
MIRAFUNGIUINATIgN waETimLUNYeNYe 2 Uag 3 mm YieuUawAesiinuaansansg e UN Ay
LLaz‘Uszﬁwﬁﬂwwmaam%’uwé’mumﬂﬁqﬂ wazdailanuideues Somya Poonaya (2024) [18] lafAn®
viagﬂﬁwﬁuuﬁmﬂwﬁwmam?{w@mh\lmma‘%mé’ﬂ wuIndlemusuiiIv s uananse
maam%’uwé’ammﬁuﬁu dauwammgﬂiwﬁuﬁwﬁwﬁ@%aaﬂawudwﬁanﬂmﬁmﬁmmngm%’uwé’wu
ladgnafumnndin wineasulsiviennimaeilitrinsgadundsnusnniian Somya Poonaya (2024) [19]
Rnuvieguieiuiivihdavarewdsmiulnunieldluuuddalneisnameaaes ity e Yagild

Tunmmeaealueaiillon nuinviernaufiAmasugaduln?iga Somya Poonaya et al. (2024) [20]
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4. FFaniiunishnen
4.1 YaulInuIY

011 Yanildluewided Wuogiidendfianumu 1 mm ermedusouisesmtiia
320 mm ANUYNIVDWIB 150 mm

0.1.2 viefll#lueniafed Ysznovde viegusrsdinden viesusrmninass vieguiuuamaes
viegUndumden viegusaBaumaen viegussdauman viegusimndumaey viegusiaudadumden
wagriogUIeNnNay

4.13 ImﬁiﬁLﬁi’hliﬂuviaLf;JuIWmﬁﬂIwﬁg%mu fiflarsmuugiy 50, 100, 150, 200, wa 250 kg/m?

a.1.4 anuiildlunisdnviongnadn 4 wiidu 10 mm/min

4.1.5 GoulvweuwalagUaevewiedniuaziuusedn drudnsuazgniauiuliliadoud

4.1.6 wamsnaassazthunlIeufieuiunanisiiassmenenfiames iieduduniugnies
YDINTTNRBINNABUTNUADS

4.1.7 ddlfannsiafe lusudSatuyude ilethludsunamdudsiddylunsiinges
Tusnddaieds uazmuaINIINTgATUNEINL

LY

4.2 AauanUR ap
4.2.1 agiiiley A1UNUY 1 mm a1u1sanlalaeldinsaamAdaouLTIRe N1SNAAOULAL
HANISVIAFRU WaRwiaguil 1 anwansnaaeualanaeauiffanveseqiiioanilanuvuiuyy 2,700 kg/m?’

Snsnauiies 0.3, fduogdaiade 32 GigaPascals (GPa), ANULALTIgAATIN 110,38 MP
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4.2.2 Wy auautATanvednunilalngn1svaaous18LA3 8IMAa0ULTINA NALNUYLIR

12x12x25.4 mm askandlugud 2 (a) lun1snageuiinisying 3 A% watildaziiuvmiAnade fady

sglaandernendainde 7 GPa wardnsndiulives 0.2 waznanisnadeusanaudunsivszning

AULAUNARAZAIIUATEANA Fa3UT 2 (b)

ﬁauamauﬁﬁﬁum‘muﬁmmwmLLu'u 150, 200, 250 kg/m? Awandldainaunisd (1) [21]

m
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Pro
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e o AD AINUAUATINGD, MPa

p
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Py Ao ATIINLUNINNEN 12T Wity 38.35 kg/m’

c warm Jupmei ansamlaannnsmaaes alaA ¢ = 0.3074 uay m = 0.503
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AovantRIanuedlny wandlun1se 1

q

@

=
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Y

commnniuirl 50 kg/m®  —naammuinivlile 100 kg/m?

Compressive Stress (MPa)
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‘Compressive strain (%)

(b) AMUFURUSIZTIINANUAUNAAUAMULATEATDILHNUAMUNLILLY 50 uag 100 kg/m>
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M3199 1 AnaudRiaguedlny

AMuILIUING (kg/m?) AMuIAUTIAATIN (MPa)
50 0.35
100 0.50
150 0.61
200 0.70
250 0.78
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(a) (b) t W esting
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| /
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4.5 MITPRINYABUNIADS
nsdransfeneuiameslumidetarldiFlwludieiamud lunsiinsgidulsiidnm fo
yiogunsiuivindavateimasy Usenoudae viefvasy vienndoy veuUnwdsy vieduimass
vieBAumass viedAumas vionnduwmaey viewadumasy uazvielnay uazvievanemasumn o i

dailvlufieumuuiiy 50, 100, 150, 200 way 250 kg/m? LLamé’fﬂugUﬁ 5

A&y o =
NINUNRUINANABLAAN

"o o >
BAUATUNRUINUNIY

AEBayu 0.506 rad/s

unudasuyussnuiivane

NEHDIRUVDIVD

UM 5 n1sdnaesneuiinesvesieguisiuimihdavangwmdeuiulvunieldluuddn

mMseosnonfiunesvesvionaewmasudslvuneldluuudSalae S lniludiedundlunisiaes
Sunnnsdendnuazdynifusuunamanidaau (Explicit Dynamic) Tnedin1sdavieseunnuiie
Froarandudam 0,506 rad/s luna 1 3undt fvaevesierisansinuBadouiudivion Tnefideuly
vouiniigaaudnansuesusuAvdoy Uanefisuluandtaliuldiangsouunuvesviowiniy dawdn
Uanesnuvisvesiodauuuliliiinmandeudiyniiana Snuazvosediuudvesusiudinasmiuluy

AwdenfiFluauuuniande (R3D4: A d-node 3-D Bilinear Rigid Quadrilateral.) @uduanunaaeusiy

Y I

vieguseiuimidavanewidenduingeudald (Deformable body) uardnuazedwudiiduwuuilden

(Shell Elements) \Juunudndsuiidlun (S4R) viegusrsiuiiviidavatewmdeuianildduegidey

= oo < & a YR =< o <) v & a Y
Falldnuauziludonediunaun Janmualulusunsuiludaniilewediy (Homogeneous) kag
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AavantRvesianvetegiiienazdanvindunniianie (sotropic) Msduiavemndurududnuue
nsdudannfuauduwuuialy (General Contact) daunsduraiuszninaviajusiavalemasy

[y

AUINY LMNUAT NEUENISEUNANULUURINBR (Surface to Surface) harNISFURNANUTENINIID

v '
! I~ a

sUiiufinidananemdsutuuiudivdsudsenuiivarevsaesduresiafuulidnfndu (Tie)
wazfmuamdsyanianudeamiu 0.1 Tnstununaaeulsifisesdon dnlvuduediuudiouuds
(Solid Element) 1d83Uls (Deformable Body) viatediudidunuugnuiadinsedivasudl 8 Tun
(C3D8R: An 8-node Linear Brick) dnilunuidedl ldvmmslinnginisgidivesunedmsvangas

W d' v a 1 ! a a I
M1AU 5 mm L‘W@I‘Viwaﬂ']i'lLﬂiqzﬁlﬂuwamaﬂ'ﬁlﬂﬁ?JULLUaQGUBQﬂJU']@L@aLllu@]

5. NAN13ATIZI
5.1 WiguileunaanmmeaasazIsnludiodiuud
NuITedlainismeaswiesusisnuiivatewi suiuliy Usenaundg Mejusedmasy

'
| ] =

NoIUTNNNLUA

Y

o3 viogUTuUamAeN uagvieguinnenay udufulriuansluvienieliluudda
Aramniuliiy 50 uwag 100 kg/m? suddu mawmaaﬂuwiawiaﬁﬁgﬂiwﬁuﬁwﬁﬂﬁwmam?{sm
98¥INSNAARIE 3 AT AR LAY WielRransaaesdau T efeNnTY 91nHANNS
Wisuiisuszninsluwud Sadilaainnisvaasswaz 33w ludiedwus LLamﬁﬂgUﬁ 6-9 NUINFUNTIN
fuuldululumaieady wavdl ot sufisuiasmAinuAa1nad ouazuanslunisei 2
wuiluuddaiedemunvosiogusei uiinindanarema sufulriuynsdafiyuda 23 o

a 2 a v
UAMUAANALARDURAYTDYAY 8.31

a & a a Ay v adl & a ¢
A15199 2 Tuus Daeasniaannran1snaasanulIs lilusodwuus

. TuwudSamds (N - m)
o AYULILUUINY ~
WIAvio . Savas
(kg/m?) nsneaas | Inludedwud 4
ANAAALARDY (%)
719739NAY 50 577.42 627.59 -8.69
100 701.22 643.36 8.25
ViouwUmag 50 515.06 537.84 -4.42
100 698.92 645.49 7.64
viawﬂmé"sm 50 425.75 482.17 -13.25
100 654.08 573.34 12.34
BT 50 438.63 448.80 -2.32
RGRIGIE
100 499,94 452.02 9.59
ALaae 8.31
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(a) (b)
800
—Dlludledmd e n1INABDS 300
700 —hlludiodmud - msnaaes
700
600
600
2 500 _
E s o 5500
2 400 e =4
= 2400
ES E
2300 ]
Z300
200
200
100 100
0 0
0 5 10 15 20 25 30 35 40 0 . 10 15 20 - 0
331A (degree) Ml (degree)

UM 6 Tuwuddanlannnisnaasawagisinludedwudvesviogussdmasy Manumukuully
(a) 50 kg/m>  (b) 100 kg/m?

(a) (b)

vov 1000
B LT T TITITr: p— 1inAned — AMDDNUUE  —enee
a0 I 1 nana 000 Tllunaduma nInaAaed

700 800

00 700

E E 600
Z  sm z

E e
; 400 “g

o g 100
300 =

300

200 200

100 100

0 0

* 3 10 13 » » 30 0 s 10 15 20 25 30
-
quﬂa (degree) HHUA (degree)

5UN 7 Tuwadaiilaainnisveassarisiludieduudvesviogusiamnivastanumvuiwiuly
(a) 50 kg/m>  (b) 100 kg/m?

(a) (b)

1000 1000
¢ Ao —Mlludadomd -~ manaaaa
900 — M ludiodummd mMInAaed 900
800 800
700 700
z z
Z 600 : 600
~ [
2 500 & 500
=400 ERRT
=
300 300
200 200
100 100
0
0
0 5 10 15 20 25 30 35
0 5 10 15 20 25 30
- a
WHUA (degree) WA (degree)

sUn 8 luwuddanlannnisnaasawagihludeduuivesvioguiauuamdeuanumuiwiulig
(a) 50 kg/m? (b) 100 kg/m?
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(a) (b)

1000 1100

P
200 —fludioduneg - minanes 1000 . —lludidnngg ... minaana

900
800

800
700

700
600

600

500

Tunndiin (N.m)
Tuianiin (N.m)

500

400 ||
i 400

300 300

200 200

100 100

[ 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

11TA (degree) Ui (degree)

UM 9 luwuddailaannisnaassuazdshvludiediuudivewieguiainay Nanumuwiuliy

(a) 50 kg/m> (b) 100 kg/m’

5.2 HATDIANUNUILUULIY
vioguseituiivindavanewmdey laun vieguswamdsn vegusivnmasu viesuinuUamasy
] A a | | Aa a ] | aa A ] ] a a ] ' a a
NaguINduminey veguIwadumasY vogUuTNddUMaEN MagUImiInduiasy voguINwUaduIiasY
warviagUsnvenay sxvimisianlvuatgluvieniadumuiudy 50, 100, 150, 200 wag 250 kg/m’

Tngldnsinseeeisinludeduud wazanuaunsalunisgadunasnumuialaainaunisi (2)

E,=[Fds=F,,x0, 2)

ave

Tne E, =wisnugadu, Joule
F = luausdannsyyinnurioddly, N
ds = m'il,‘dﬁsJuLLanssazquﬁasuaq%mm, m

F = Tuwusiaay, N

ave

0, =uuiagavng, rad

o A

NNAUN1TN 2 nuimasugaduinalianlumuidanteaunisyudngaiig Weiasan

9

¥
U = = v

ludausguiiguammualiyudagamieliavindun 23 8 dsdundsnugaduisdueg fuluuus

Y

a c{' 1 a a ¢ o a
UALRAUBYIILAYD Nammmiwmmmmﬂugﬂ% 10
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800

700 ao(-ﬁaal‘méﬂu

—a— HiaHnan
600

-m -vemlaiden
500

(N.m)

——oduvany

=
auanay

400 —— ViofaHaAL

da

300 — o -HioATFUmHALN

T

—— Viannduvdean
200
——viomlafumaen

100 ,
—e—¥1833Na3

0 50 100 150 200 250 300

anasiuIv (kg/m®)

JUN 10 Anuduiusseviluwudtamaeiuanuvuwiuliluviesusiiunmihdavaemaey

namluansauduiussenilsuidaedsfunumuiuliungluiosusisiuiing o
MaﬁaLwﬁamnﬂ%ﬁm Taun Aanunwkiulasindy 0 (ai@ululy), 50, 100, 150, 200, wag 250 kg/m>
wui dlemumuudulnudiaduein 0 ke/m? (ewaliiulng) audie 50 ke/m? azsililawudon
Wasii wiilenumuudus 100 ke/m? Tuly audls 250 ke/m? Iumusﬁaﬁlmméﬂ’wﬁaﬂnzﬁuéf’;
yiefinsidsundasiosinn duamumuiniulsfidistulinadonnuasonisgadundanures
ﬂagﬂiwqﬁuﬁwﬂwﬁwmamﬁw LLmzLﬁﬁﬂéamz@'uﬁaLﬁamﬂwmm,iuIWmnﬂﬂdw 100 kg/m? Fuld
Faandlugud 11 Hunaisufisuiesazaaniad oulumudand svostogusiei uiimingn
pangvdsuAslnutuienar (aidfslny) wuiweguirduiinddanarewma sufidalnuaylien
Tusuddaedsinnnimviean (sinly) wansiwiefifulniuazdanuaunsalunsgadundany
IgAnnvielaiulng wivieguhiufinihdanareudeuinlrufidaamuduihtuviemnnii 100

£%

Tl aglimanuranndeuluuuddawaslddsuuinin Jasdiuldainasd 3 nuiviesusis

!

[ 1
A =

Y a a Y] ~ £ ¢ a a A a ~ ) ] | a
NuANIFaaIewa s U IWLd o115 AT uYealuud Uama gLl alSeurisunuvie blmalawy
UENaUNIE Y198 LA YN M9YNLNA YN MaLUANE gl Y9aUMWa YN B8 ULA YN Iadaulia gy
VIOUNAUMA YN MobUAGULNE 83 WaVBMNaN tA8dARA 8mNY 109.09%, 69.54%, 99.20%,

95.30%, 102.24%, 103.27%, 104.60%, 110.38%, Waz 104.37% AUAINU
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160

ISR S

< — vieMmany
G 120

g - _ _ —s— v
i Shooocok--

g 100 ol
3

"o =
—Nodaultiagy

L

A

JagazANINAAIAINADY

— yegaumasu
60

v e
— faddnviasn
40

T a =
— flevnauyiagy
20

v

-& -l mnasy

—fioyenaw
0 50 100 150 200 250 300

ANy kgm)

JUN 11 anuduiusseninssesavanuaaiainfiowadlumuiin@ieiuauvuiwiully

| | dy N Y N U I Ia
GZJ%NVIE]EUTNWUVMU']@@W@WEJLﬁﬁEJiJﬂUVI@IQJL@iJIW@J

] v a X & a 4:4' = = a o ' 1 a
N9 3 @ﬁ]i']ﬂ’ﬁLWZLI‘U‘HGUENINLZM‘L!G]U@LQ&EJL&J@L'U?EJULV]EJUﬂUVI?JlZJLG]@JIW@J

Sasmsiutuvesuuddawdsdiaisudisuiuvielaidulv (%)
Binvasio 50 100 150 200 250 AaAY
(kg/m®) (kg/m?) (kg/m®) (kg/m®) (kg/m®) (%)
Viedwiae 105.97 107.45 109.77 110.89 111.36 | 109.09
Viewnwiaey 45.01 73.27 75.87 76.32 77.21 69.54
viouUndes 96.55 97.19 101.06 100.56 100.67 99.20
VieAuwidey 88.80 95.61 97.09 97.38 97.61 95.30
VieBAuwmae 97.04 102.30 103.59 104.09 104.19 | 102.24
VieAduwae 96.56 104.05 102.89 106.31 106.5¢ | 103.27
Vievnduwmiasy 98.58 104.50 106.31 106.68 106.94 | 104.60
Viowundumae 105.09 110.68 112.24 110.80 113.08 | 110.38
Vienanay 99.62 104.93 106.18 106.26 104.8¢ | 104.37
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5.3 HaveIgUTINTinvevie
Aot IdvhmsnwravesesUinmidaanemasy Ussnaudae viedmas viennwdey
vieuUnvaes viedumasy viedAumass vievndumae vieuUndumds Lagvienanay vieynuilaag
ymsdnTnungluriedidaunuiwdy 0, 50, 100, 150, 200, way 250 ke/m> NaIINNITIATIEH

WanaRagun 12

800

700
~ 600
£ —=—0 kg/m? (lsiifisilvla)
£ 500
5 50 kg/m?’
& 400
> -e--100 kg/m?
€ 300
= 150 kg/m*
3 200
|( 3
100 —+-200 kg/m
0 _.. 250 kg/m’
= =2 =2 % = = =] = =
) ) t) 20 ] () () w 1]
() ] TG G @ @ (] @ <
= 5 = & & % = = 2
G = [ = 2 2 2 2 @
@ = = G (1|3 (i 1.5 4i -
= £ § €% 5 S
= s = B8 =
2 2

viavioguinvanemasu

JUN 12 enuduniussevindumudtawieiuvegussiuimihdavaewaen Aeumuiiuliusig

aruduiusszrinlusdSaadsduresudiiufivindanaremasy feummuiuulnueig 4
wui viefifaluuuddniedegeazisuanveutamdoy iuduly auisiedumdsy viedaumasy
vievnAuwmas viewuadumden uazvennay dwiewmandaglielusudiinaielndidssiuiin
PumuwsiulaFeIfy sesaunAevievnmasy uazviedmasuarilluuddnedsingn waHa
Tumangufiauaninsonisgadundsnuresosuiniiuiividanaremdsy agnszanslunu
dumsiudavese viefididunsiudaunnaglianuannsanisgadundanuunndy dadaeeis
msaesronfiuneifeisinludeduivomesuisituiinidanarowdeumdnlnuiaumuiuy
50 kg/m” uamasaguil 13
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=i =i V.:i
nNaed IRV ALY Auwne

BRI Adumdsu WNAULUALIN wladuwasy NNAN

5UN 13 nsladvesieguswiiuimhdavaiewaeudaslinuinduvuwiu 50 kg/m’

9n3UN 13 asiiuIvennmdsufidunisiuiaunian (Junisiu 6 ) dauviedmds

| dad A v oo o | XN & = a N | v ) Y v
wagvioNdnunnfnfwakUandsntulaudnladumasunazvionsnandidunisiusindy 4 1du

= 1 ! a = o [ PN 1 a el 1 v Y & 1 &
Fe9199zaguIvennmasuinisgadundanuaniign wiannan1siasisiinuanldladuuy
wudwewladsuauiviananlinisgadundsnuannian wanadned1s lesnauaudives
wunnthdautsngluvsladulnugly ildanuaiuisalunissiunistafveswiointuogauin
Funnarnaluuudianagiudy 91n91U398989 Weigang Chen et al. (2000) [14] Taifguaunns

Mangug) 1nelindnveaunafingany HasINUeIM&IUEeRINKSINIEUDNMIAUAGNIUNTEAY

al

W luTuwmazidunisnu Inelsuduimsisinuvedwd sundsunanielaanneluuuddnnesun 14

Y

a & ¥ Y | | g A v oo P | a o a
Hanlaszvislaaunismluresiesusiiiuinidavatemieulidiuliy wandaaunisi 3

SN

A

L
7
)
w,
)

UM 14 sUsnenudemenelianneluuidnvesiodmasantsun (a) viedwaeuUaluy 45 s

(b) nsidegUvRsuAnThdiaviedvieu [14]

41



o

U7 8 aUuU? 1 UNSIAY — SWINAN 2568 MATIVINTSHIUWILFBMUINSAERS AT ALULAE

INNSTAATIEALAFUNTNA 3
T = 2t0,tA (3)

1ag? T =luuustannseynivaleveania, N-m
T = luudAdalsas (Dimensionless twisting moment) auni1seglugudnadiu
ANUNIIABANNYNIVDWID N AANULBNENSDN9DIVeT 14

o, =AnuAulianaiadn (Plastic flow stress), Pa
t = ANUNUIVBIID, M
A = NUNUTNAAUINUBIND, M2

'
a Y

naumsf 3 andiuilusuddavesieguisiiuiinddavarawdon wrlusgfuiufindda
vasve (4) aghaier aelddeuls dmualfluwudtnldag, (1) erudulvanaiadn, (o,) was
AMUVWIRe, (t) faasd ﬁaﬁ?uiumu‘i%’aﬁjﬁmumiﬁviagﬂiwﬁuﬁwﬁﬁﬁwmam?{sm [ RFIRLTe!
Euseuraii (320 mm) shliviefisaumasuiiuinnty ssdfuiividaunafiuinndy Sedawe
A luudSandsvesiofinandy Jadumguadn vowamdsuaudsionnanisfidinsgady

nasUgINIMennvRELLayiedvagy Eunivihdalarnsaadundsnusingn)

6. d3UKaINIAINANTITNAGDY
av Ay o P a | & A Y o ' v oA a
MAeillainsAnywmsdsuulaswesgusiiunnidavesie Usenauie viedndey
VIOUNMAEY NoLUAMRYY NDAUMALY YDEFUMALY NBVNAUMALY YBLUAFULMAYY LaZYIDI9NaY
viennuiinvzinnsdnlnunigluviendauruiwiu 50, 100, 150, 200, wag 250 ke/m? aeldaniiy
Luuddasaunnuvia log3snsfnwazldisnsneassuasisinludiofiuug dwuiausoaguna
=) 2R d’l
AMsIAs1ERlanail
6.1 NaSeULNeUlNLURDAN LA1NN15NAa0 WAL S kN lUA LB ALIUA WUINTAINUAATIALARDULRAE
P% = =~ & | a ~ 4 ) %
Jowar 8.31 YananuaaaAd aue1vzilunaunanvioduluiin1stusulaenisiunazdiu
N3DULTDUDINIEAUNTIUSIUTOYNU BANITAS1UUTIADINN9ALAINBT R8T 15N ludLe AL uus
viadulrnaglifiseeeuuarnaainnisidunulagnivunnewhliuinusesiuiinnisdesulugis
nanafnluuan
6.2 NaNSUALULUAIAINUNUILUUYDINL WU LEHBAMUNUIBUULNILALTY 28y lriauaIuise
mMsgadundsuiinTunauuwiudy 0 kg/m® (Wifiuly) Taudarnumunuwdulnly 100 kg/m?
MaeAINANUILULINLLINATY 100 kg/m? FUlY ArANaInTan1sRaduNasUigan1Igum
= a v
139U ULUAIUBYNIN
6.3 NaU8I3UTINUIAAYBIYE NUIIAINEINITANITAAdUNSsudiAgaaslnalAgaiuf
VowUALVAYY YIDEUAYY YIDEAUMAYN NDAAUMAYN VIBUNAUMRLY YaLUAFUMAYN WaLViaanayl

sosasuduviennidien wazviodwasulamuaNnsanI1sYAtUNSIUIER
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v
=] o

6.4 waannsAnulunuised aunsahlulfidudoyaliimnslunisesnuuuviefiigusis
fufiviinduunudouuasvieguseiuiivindanaududulrufienumuiuiu 100 ke/m? ieldly
nseenuuuiiumdundsnudesainmaeu imsedvednuurdiauaunionsgadundanugs
nelaanizluuidn

6.5 Tumsuszendnisldenasy viefAansOaiownlusuitn exliifstuodraiien q Tnednilug
finssioloafutudiusu g fsuusinauazusen faiuanauiseiiian [3] nuindlevieSuusena
yiogursiuiiniidasnaninsgndundsugean druviefifuussda viogusnaiuiivindndindss
finsgedundeuasgn wazdmudnimeriumigliivesnaranielanisnseviluuddn viegusia

(%
[ Y] v

fumhdannudeslvieinisgadundanugege [20] dsiulunisiidanuaunsanisaadundanues

¥

vosusenuiintdavatemdsuiulnuniglurienseuiuimeliivesnatanieldluuudin fae7s

¥
=

Tnludieduwuduagisnismaaes Inglanzdsnsnaassieguieiiumindavaewdsualsinisiugy

Y

[
v a =

meIsaunlidsesdeumilouuided Judusadeniraulalusuian

AnAnssuUsENA
ABIRITEVBVDUAMN UANUALUITYIINAULNTTUNITNITRANAN Y (§N0) UazumINgIdy
QUATIYENLAZUVBUANNIATVIIAINTTUDAAINNAT AMLIAINTTUAIANT UNIN1FHRUATIVENE

(Y]

flrmeaszsilunsldieiemaaounmuandiian
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Abstract

Flooding represents a severe natural disaster with impacts on human lives and property
in numerous regions, affecting both urban and rural areas. Hydraulic models serve as essential
tools for water management and preventive planning, requiring accuracy and reliability to
analyze and evaluate water flow behavior under various scenarios, thereby systematically
supporting engineering decisions and risk management strategies. This research focuses on
examining the accuracy of the one-dimensional Hydrologic Engineering Center - River Analysis
System (HEC-RAS) model in predicting water flow behavior in open channels containing
submerged vegetation and obstructions. The study compares model predictions against results
from physical laboratory experiments simulating flow conditions to develop a clear
understanding of the model's limitations and potential for practical applications. The
experimental methodology involved measuring water levels and flow velocities in conditions
with obstructions and simulated structures, then comparing these measurements with values
calculated using the HEC-RAS model. Results indicate that the model demonstrated a high level
of accuracy in predicting water surface levels across all cases, with NSE values ranging from 0.93
to 0.99. It also showed good accuracy in predicting flow velocity, with the lowest NSE value of
0.62 observed in the bare channel case and the highest value of 0.87 in the artificial grass case.
The variability is attributed to the challenges in measuring flow velocity in laboratory conditions
due to the turbulent nature of the flow. Therefore, the approach presented in this study can
serve as a solid foundation for evaluating and developing models for water management in areas

with aquatic vegetation or natural flow obstructions in the future.
Keywords: Numerical Simulation, HEC-RAS, Open Channel, Water Management
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4.3.1 Water Surface Profile
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4.3.2 Kinematic Energy Head
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Case MAE (cm) RMSE (cm) NSE
Flume 0.04 0.05 0.99
Grass 0.23 0.25 0.94

Veg 0.38 0.42 0.93
Obs1 0.31 0.40 0.94
Obs2 0.36 0.47 0.95
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A1519% 4 NansiSeuisumeAadfiueInusinsiva

Case MAE (cm/s) RMSE (cm/s) NSE
Flume 2.97 3.15 0.62
Grass 2.62 3.06 0.85

Veg 2.94 3.34 0.87
Obs1 2.58 3.13 0.86
Obs2 3.09 4.28 0.87
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warmansvatinalasiany dWedinuszansnmlunsdnmnameinusanans

Tuvauzifaiu wndidmunglunisiiuuuiassiuldviunenginssuvesnisivalusssugna
agauiug Sufudesiansanenuedendesioulunarmans TneanizA1ves Reynolds Number
v30 Froude Number dudusafiddnyfivsuendnuazasanisina mnuuusiaesdisdinanilndiaes
furesats fagthofiuauindefiolunsasuimginssumslvalusuudaesagiiouanmarunduaie
I¢agnsgnifes feifu mafinyiidelusuarmsissanveaesmelisnanisivaiivannuats Geassiilif
A8 Reynolds Number Reynolds Number @ Froude Number W& suudasiunudnuaznisiva
Prelanunsaussfiuuuudaesginssunsivaiinitu weefiudnanwlumsussandldnaniside

AUANUNITURS AN NANeUIND T
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Abstract

In this research, a simple and rapid high-performance liquid chromatography for
simultaneous determination of oxymetazoline hydrochloride and xylometazoline hydrochloride
in nasal spray formulations was developed. The separation was conducted in monolithic
column (Cig, 100 mm x 4.6 mm). A mixture of acetonitrile (28% by volume) and 0.01%
phosphoric acid (72% by volume) was used as the optimal mobile phase, with the flow rate of
250 mL/min. All analytes were detected at 220 nm. Under the optimized conditions,
oxymetazoline hydrochloride and xylometazoline hydrochloride could be completely
separated within 2 min. Calibration curves for standard solution of oxymetazoline hydrochloride
and xylometazoline hydrochloride were in the range of 0.50-10.00 mg/L with R? > 0.9987. Limits
of detection of oxymetazoline hydrochloride and xylometazoline hydrochloride were 0.03 and
0.04 mg/L, respectively. The proposed method can be used for routine analysis of

oxymetazoline hydrochloride and xylometazoline hydrochloride in nasal spray formulations.
Keywords: Monolithic, High-performance Liquid Chromatography, Oxymetazoline, Xylometazoline

1. umin

pondLuniledulalasaaslsn (Oxymetazoline Hydrochloride) 15 ® 2-(3-hydroxy-2,6-
dimethyl-4- tert-butylbenzyl)-2-imidazoline hydrochloride tazlalatunladulalasaaslsa
(Xylometazoline Hydrochloride) %38 2-(d-tert-butyl-2,6-dimethylbenzyl)-2-imidazoline hydrochloride [1]
Jugvanasadendiliiuegunsvanglunsussimeinisdnagnainniagsing 4 wu lsamin afiu
wagleifasniau s1visaesvinoongnilaenianseduiifuueari-azasiuesin (Alpha-adrenergic
Receptors) fitfaylnsaayn viiliasadennasia dewalinisuinanasuazeInisfnaynussmas
o 9mn137 oendlunleduliszornanmasengvsiionumniasnduifeslusuuuuasduassmsenayn
vaugit lalamnlsduilantiadis funaslilusuiuuidentu uidvianainisesngms iuandaeiu

v al

d{' dyd U a a = 9 [ 1< a = o 1 Ly
Wiosannendinasassuulnaisulaia 3easseinseiaduniaglulnilsauseanda wu 1sanila

e e

auaulafings viedgynuieinussuuluadeouladin uenaind nsfnwianulasndouay
Uszaninmveseandwaileduuazlelawanledudinsiaudidgyegieiaiios inelidulaingly
a1unsausTeInsAnaynlaeg1eUaendouariusedniain lassasamaniiveseandiuniledu

lalnsmanlsauazlalamleiulalnsnaslsiuansnagun 1
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CHy

NH OH NH

H,C

HC
‘HCI
(D

JUN 1 lassasumani (1) sendwsnledulalasaaslsd uag (2) lelawnnledulalasaaslsa

35191z USuveseandunladulalnsraslsawazlelasnlodulalasaaslsa
TugUuuvgminayniivaneds laun awnlnsalnd (Spectroscopy) lagdlvajiivunauvenisviteuius

PIDNITHNLANULUVUTUTDIANTNBUNITIATIZI LFIWUSNANEIADULIIUIN kazIa luNISIATIENUIUY

[ '
v [ =

[2-6] uiialasunlnns W (Gas Chromatography #38 GC) 35UATUAOUNITAAAFITNADINITIATIZY

=) ] |

Toglddinazatedunsdinmunzay wu loraslstiwmuwazlaeiiadises darssananianudufiviy

duandeu [7] wazlasunlnns v unalaussaugge (High-performance Liquid Chromatography

Xz

viie HPLC) Lt iussraunsvangluiesufiinmsvesgraminssuen Wemnidefnaneysznns
leiun Winsuend firnuannzianzas mnuusiy uazauiissgs Tnsemzogisdadelismiuing s
vindanihloanvielalononsd esniderlususuyuinindledieuiulasinlnnsilueuvan
aussauzg-wuaauninsalnd wazudalasulvnsf-wuganinsalnd [8-13] eg19lsfiniy
9INNISANYIITIUNTIN NMITBNUMTTATIFUSIaveIaTTdesazdumslinmesiuontu uasd

A58 BN T 9ITTUNTTULVINUUNILATIEN A5V S@RIvRa T WS aun umeIslasunlnns iveman

'
=

U sy v g N as oy o v v ¢ a a o
ﬂlliﬁﬂugéjﬂ LLﬁ%ﬂ@aNUVﬂ"ULUuLL‘U'U?L'JiaL‘V\Iﬂ [14] GZNENVLNW'Uﬂ"lﬁﬁqHQWUﬂqﬁlsﬁﬂaaﬂJusﬁUWﬂJau@a‘ﬂﬂU

GRELGHG!

lassnlnnsflveawaianssaugganuuiiisama (Reversed-phase HPLC) Wumaianisuen

a 1

415119051 INN5 A TAgR a1SHENLAANISWENAIUNTBNISATY (Partition) sEnI19d0Wd A9

=

Wamaoun (Mobile Phase) wagiaaeiuil (Stationary Phase) ilaindeuniJuveanaidavitming

Y

Wia1sazatgaleg 1 lnan Uy v n1sivaveslandeuiliiat uaelduseduaanevinly

(%)

wapdeuinulunsszuuvedlasinnsfvesviataussauzgs lulvuedulaey fundaudfnnuduans
PRV ! A - A A A < J ! IR ! &
Mifivy (Nonpolan) 3nnniwwaedewn vsawmandeuniiamundudinnitwaegiui AnALLAneIs
biifansnsAtusznidagnazatedunageg fun wazdgnazateiuinaimdeuiidunalangdn
Tunsuenanswadlulnuntl ansndvann swedouiieanineredutinazgnnsiviaiisnsivindudiuusn

wauedneeduiliuianduaseiiflassaiisgnsuiuuneiaaslisuanuionag1aninenins
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yonunanvaspeduliaifaiinnudiuniunisinan nienandntevis Asidureduundlaseasns
wyuiuusaileanuuiaien dwihbiamnsalddnsnnsivavewnandeuniadiuasldinailunis

4

5
Y
AATETUBY

[y

a gy s A o a ¢ = a I3 a
ATl Usrasdii oW auinsinszioanduniledulalasaaslsiuazlelawanledu

lalasaaslsansouiuluguuuvemuayn megdslasuvnsivednalanssauggesiuiuaeauyin

UIUDANTNY 59157 HAUANIZLILAY WazULTRDD

2. F/ANLUNITIY

Anwian1ed imunzay (Optimization) lunisuenanseandunledulalasnaslsduas
lelaweledulalnsaaolsdfeiflannlnnnilvonnmanssnuzgs fudsidonmfnuilunuided
fun fosazvatesdlalulasdlumlandoudl (Savas 25, 28, 30 uag 40 tnauSuns) uardnsinisiva
YouNaLAdoud (1.5, 2.0 uay 2.5 Sadansreui) MmsnTivdeuanldlaesds (Method Validation)
Tumeusing 9 uazmsUszndliisiinauenelfanngvnzaniusogisemuayniifiesdusznou
sanduniledulalnsnaslsauazlglawmlvdulslaseaslsa

2.1 asiniliuazasazaluuInggiuy
2.1.1 @l
asuasgiusendiunledulelasaaslsd AnuuIaviuinninfesay 98 anuTn

Tokyo Chemical Industry Ussinadiu ansunsgrulelaweledulslasaaslsd aruuiavdunniy
Soway 98 3NUIEN Tokyo Chemical Industry Uszmmjﬂu pe@lalulasd 1nsm HPLC USEm Honeywell
Ussinaeesiu nmeasineanesn Wududosas 85 U3t Merck Ustimeiwosiiu thusaanlessy
18 wnglevin 97n4A304 E-pure Deionization System v83u3%M Barnstead Useineigassiu lddmsu
wissLasara1enNyia

2.1.2 @138aN8UINIFIU

d1388a1811MIFIUUUTY (Stock Standard Solution) vaseandumniledulalasnaslsa

wazlelawnledulslnsnaslsinionluunuealaswiouweniuiielvideendunledulalnsnaslsd
AMULTNTY 500 Hadnsusednsiazlalawalvdulalnsraslss Aududu 500 Sadnsusodng uag
Auludifuiigumgd 4 ssmiwadea ansazatsunsgiunauvesoendiuniledulelasnaslsduas
Telamlaaulslnsnaslsa i mnududusng 9 (0.50, 1.00, 3.00, 5.00 tag 10.00 Hadnsusodng)
wisulaensUiunUiinnsivangauveudagansazarsinsgududuaduriatauiunsuun
10 fadans wasiFoneetnenlessy asazaedldnsemiluaeumuusuwg 0.20 luaseu

Aouthlviiasgimeinsadlasunnniilveavalaussauggs
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2.2 NMTWAIUIIBNITIATIEN
nsuenansazatenaneteendunledulelnsraslsduazlelawnledulelasraslsdldinios
lasunlmnalveaviatanssauzes U Agilent 1260 Infinity | ¥aeUSEM Agilent Technologies Ussineigesiiu
srmsrafauiinlalenensd (Diode Array Detector) aeduniiildAensusdn C18 vunmduriugudnany
4.6 fiaduns 817 100 Tadilums NUTEN Merck Usemaanisigesiiu anusnadudmiunmnsiain
fe 220 wlwuns dudeansiusiin Rheodyne Usunnsande 20 lulasans msyeidunuuleluasin
(Isocratic Elution) n1sUuninuazUszaanalasuilnunsulalusunsy OpenlLAB CDS ChemStation

Workstation VL (A 02.02) 989U35% Agilent Usewnrilgesiu n13in pH sasasazagiinlagldiniesin

fov gu ¢ 32 993UFIN Beckman Ussinean3gewsn

2.3 NSMSUNAEITAYa18FIDE1d

[
% =

Aregemuannldluauideld 2 8ve Ae 8denAu svydeendwailedulalasaaslsn

14 a a o 1

Fouay 0.05 (500 Hadnsusiodns) wasweanie szyindlslawniledulalasaaslsd 1 dadniuse
faddns (1,000 Tadn3udedng) Nswssuiieg e miualnldIsaaea lnemstiundiegemuayn
SaeAuLazueAn iy otz 50 Tulasans adluu3uins vuna 10 fadans MntuUSUUSINAsReLn
Usaanlossunaznsesasazatonied 199 laaaoid onsos (Membrane Filter) sialuaou auin
0.20 lumseu reuthludadiasedlasininasfivevaiaussauzgs
2.4 A15M519dUANNLTLAYRIe AL
Flasulnnafiveunmanssousgsiaundudmiviinszioondumilsiulelnsnaolsd
waglglawmledulalasraslsanseuiuluiegemuayn imsesiaeuauldldvedislumenves
YAINAVBIN1TATIVIA (Limit of Detection, LOD) Anannan1siiusuied (Limit of Quantitation, LOQ)
LﬁU@ﬁQﬂJ@QﬂSWWNMiiﬁu (Linearity of Calibration Curve) Aafies (Precision) wawATAIY (Accuracy)

melaan1evunyay

3. WawazanUsignansiag

2.1 ANSANYINATDIONTIEILYDWNEARDUN
Sovavveserdlalulasalumiamdounifutladenddglunsiieeiaswaunieislasunas il
A acs A a o = Iz al ~
VBRVRIFUTIOULFIUUTITaa 1sannsiisuntasiovazvasesdlalulasaluaindoud
=~ ! & a d' ° .. = & d' c{'
iNananN1NT IV UNALAR DUTTLALAINUTUNILLANAS (Selectivity) Tun1s@nunil waad oun
Usznaumleesdlalulnsawazaisazaiensneasn-weanasn (Sevaz 0.01 lneusung) laednwn

Sovavezdlalulnsan 25, 28, 30 way 40 WneUsURS NaveIse8arard Ll lulnsd luamd ourLan

63



o

U7 8 aUuU? 1 UNSIAY — SWINAN 2568 MATIVINTSHIUWILFBMUINSAERS AT ALULAE

] PR A a v A =~ A o % a
Pnuamvaaeiulain Weiuiesazvesesdlalulasaluanioun iliashaulagnuzesnyn
(v ¢ @ 4? = o 6 dl' QI % a 6 d' d' ] ) Vv
NPRaNIL5ITU Gwudulniianad) Lesannnisiiusesazvesesdlalulasdluamdoud dnayvinle
ANNUBLNARADUNANAY NA1IABANNLIIIUNISTEUINTUNS DAY 25 way 28 Vosazdlnlulnsd
= = L3 =l 3 U 1 '3 1 1
anseendumieiulalasaasclsnuarlelawmledulalnsaaslsdueniuegvanysal (Ansuenuinnd
1.5) duiifosar 30 wag 40 vesesdlalulngd ansnsassyiauenliauysal A Weiarsanlumey
a & 2 A P A Iz A A a & ~
ASLENkAaZIAtUNIIAIIEY FudonSoazesdlnlulpsdlunaedsund 28 Wuan1ieivunsay
wazltlunisAnwseld
3.2 MSANYINAVBIDNIINTNAVBLNALARDUT
LAANYINav998nI1NI5INaTeNHaLAd oUT A BlATUNINLNTUYDIEITAZANNINTTIUNAN VDY
sanduntwdulalnsraslsanalalawnledulalasaaslsanonsinisivavesnandoun 1.50, 2.00
WAz 2.50 Hadanseounl Han1sANYILARIAIFUN 3 Wiulainavesdnsinsivaveunandauniing
FaLunaIwmutulng nanfe Waiiudnsinsivaveunandaun Aswmutulnivesaisirazsinanad
N5 TUNDUAINIT LY NLAZLIANIUNITIATIZ FUFBNTNONTINTS IMAVDUNALARDUNT 2.50 Hadans

souiduanzivnzanwazldlunisnwaaly

50 S0
0 -
! 25% acetonitrile 40! 28% acetonitrile
30} 1
=) 2
< 20
S
10¢
0 =N
0 1 2 3 4 5
time (min) time (min)
50, 50¢
2
40t 30% acetonitrile 40¢ 1 40% acetonitrile
30t
220
£
10}
0
o 1 2 3 4 5 o 1 2 3 4 5
time (min) time (min)

JUN 2 navessevaverdlalulasaluainfeuiidelasuilninsuveansara1ginsguNay
voseondualedulalasaaslsauazlglawmlgdulalasrasls (1 As sondumiledulalasraslsa

way 2 Ao llawnlwdulalnsnastsn) onsinisiavesiawmasuiife 1.50 Nadansnauld
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40 40 40
30 1 30 30
1 1
2
20 1.50 mlL/min 20 2 2.00 mL/min 20 2 2.50 mL/min
2 | 2 | 2 '\
|
1o ‘| |\ 10 \\|' Eo L‘
| | |
| \ |
o\ o JUL oL UL
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

time (min) time (min) time (min)

JUN 3 wavesdnsINsivavevlaindounidelasunlnunsuvesasazaenTgIUNAY
voseonTualedulalnsaaslsauazlalawnledulalasraslsn (1 Ae sondumleaulalasraslsa

way 2 Ao llawalwdulalnsraslsm)

PnnmsAnsIanmeiwnzadlumAaseieandiumledulelasaaslsiuaglalawnledu
lelnsmaslsddelasinlnnsflvesvataussousge WWannefmgaudsd andouiiusznaudae
aedlalulasduazansazalonsneesin-neanain (Fegay 0.01 Ingusung) ludnsidiu 28 sio 72
TagU3uns snsmslnail 2.50 faddnssoundt waznsiaiafinrmenadu 220 wluwns JU7 4 uans
lasulnunsuvaansaratsinsgIukauvaseandwnledulalnsraslsduazlalawaledulalnsraslsn
meldanmeivangay eSsuifisunatlumsiinssifuissunssuiifedosiumsuenasiiaes

a aill | asa o 4;( lel a Y 1 1
FYUAY [14] WUINIDNWRUUIVUY asaAsEilaianga 5 win

40

301

mAU

10+

0 1 2 3 4 5
time (min)

JUN 4 lasulvunsuvesansazangunsgiunauveseendwleiulalnsaaslsd
wazlalaweledulalasraslsnnieldannzuinsgiu (1 e eendwnledulalnsaaslsn

wag 2 Ao lelawanladulalnsnanlsn)
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aa

3.3 msnsivdeumldlavedizingei

msmsaaeunuiltlivesitiengiidunssuiunsBuduanugniewesisiinneifuans
Tfuinisnisty q Wkanufiananiafelddmsumshlutssandnstinsest meuiidnw 1dud
Tadrinnisnsiadn Tadrianismuianm HunswesnsmingsIL Anufes LagauLil anne
yoslasanlnngil fe ardeuiiuszneuseerilalulnsduaransazaronsnooiln-vieavladn (Gevay
0.01 TneU3uns) ludmnsrdu 28 de 72 TaeU3uins snsnisivail 2.50 faddnsdeund wazasiaiad
ALE1IAAY 220 WTULINS

NMITATIAANITATIVTALALTATIAANITNIUTUIN F8NIITUIIINAIUTUTUVDIANT
fid0an153LAs12A T IS nsdruvesd i ed a1 asunau (Sienal-to-noise) WU 3 wag 10
AU NIINEATEIUATI99INANTATANELIATIIUTANTAFDIN1TIATIE Adudy 0.50
10.00 fiadnsusindns aun13nIIMNIATEIU LOD waz LOQ veseandwniledulalnsmaslsnuasy

lalawnledulalnsraslsauanasanisnen 1

M1399 1 aun1INTMUINTgIU LOD way LOQ veseendwaludulalasraslsduarlalaiumniledu

lalnsmanlsn
AUNISLEUNTS LOD LOQ
o VBINTINAINTFIY R? | @aén3useans) | @aaniuseans)
pondaledulalasranlse | y = 30.055x + 2.771 | 0.9995 0.03 0.10
Telawelwdulalaspanlsn | y = 24.483x + 5.695 | 0.9987 0.04 0.15

AL 9UB9I T UDNDIANUINA N UYDINANITILASIZTRFIANAUIT UL N1SANBIAINULTN &
neluiurilagnsiesgiaududuredalsasatsunsgiuveteandiunilasdulalasraslsduay

lalawsladulalnseaslsndl 3 SEAUANITUTY IRELARLANILTUTURA 10 A9 WALNISANYIAMUNLS

s117197U Mlaensiasizigidunan 3 Ju wsasTudasIzien 10 AS9 HaN1SANEIAINULAEILAAS
) A | aca faa % Yy o oA
AINNS197 2 AU UYRIIS AT IEId uanslumenvesseeazn1slANa UAY (Percent Recovery)

Anwlaenisiuasazaisunsgiuvesesndusledulalasraslnuaslalawaledulalasaaslsin 3

(3

SEAUANUNT LAl LFIBE19E1 NNISANINUINS BEaznsinnauALYeseanTwaleaulalnsraslsn o

Y

L3

Ture 97.8-99.1 ualalawmladulalnsaaslsnegluya 98.2-101.3 efaeavAnlosuuannsgudunivg
LazA1segarn1slanauAuYesansvisaeseglunasia Nl WY edion1d The Association of Official
Analytical Chemistry (AOAC) nampesesazALlssuuiasgIuduimsliiuiosas 7.3 uwavaniouas

nslanduAneglugig 80-110
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a oA v o s X Ao v o v =
M990 2 ﬂjLUSQLUU@JWWiiWUﬂ@JWWﬁ (9%RSD) SU@QWUVIWﬂﬂWEJIU'JUL@IEJ'JﬂULLagig‘W'J']Q'JUGUE)Q@@ﬂGULll@n

lwdulalasmaslsanaslalawnlwdulalnsnaslsa

AT % RSD % RSD
e (Hadn3usaans) aeluiuhenu FTWINIU
2.00 1.76 3.54
pandumileaulalasraslsa 4.00 1.62 3.31
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Abstract

Shoreline change is a crucial indicator of coastal dynamics, impacting maritime navigation,
coastal planning, and nautical chart accuracy. In Thailand, traditional hydrographic surveys are
limited by time and resources, resulting in outdated shoreline data. This study investigates the
use of satellite-based remote sensing and geospatial analysis to assess shoreline change along
Hua Hin Beach from 2012 to 2024.

Multi-temporal Landsat imagery from five periods, spaced three years apart, was analyzed
using six spectral water indices: NDWI, MNDWI, AWEIsh, AWEInsh, LSWI, and WI2015. The analysis was
conducted using Google Earth Engine in combination with the geemap Python APl on Google Colab.
Shoreline positions extracted with each index were compared to a reference shoreline from Thai
nautical chart No.246 (edition 2012), using 430 validation points at 90-meter intervals. Accuracy was
evaluated using RMSE and MAE, with WI2015 showing the highest accuracy (RMSE = 7.156 meters).

The best results from WI2015 were used in the Digital Shoreline Analysis System (DSAS) to

compute shoreline change metrics; EPR, SCE, and NSM, across 380 transects. The results showed

"Uszdnsuannenans nesvinise

Attached to Hydrographic Department, Royal Thai Navy

Email: nui.hydro@gmail.com

“HneAans1a1se MAIIYTaNTAUINA ALENYREMARSUATAIANAENT NNINeNTaYIN

Assistant Professor, Department of Geoinformatics, Faculty of Humanities and Social Science, Burapha University
Email: phattraporn@go.buu.ac.th

*Corresponding Author

70


mailto:phattraporn@go.buu.ac.th

Royal Thai Naval Academy Journal of Science and Technology Vol.8 No.1 January — December 2025

accretion in Zones A and E, erosion in Zones B and C, and stability in Zone D. Based on NSM,
shoreline change was classified into Stable (<10 m), Moderate (10-50 m), and Significant (>50 m)
categories for resurvey prioritization.

This study highlights the effectiveness of integrating satellite-derived water indices with DSAS

for monitoring shoreline change and updating nautical charts in coastal zones.

Keywords: Shoreline Extraction, Water Index, Google Earth Engine, DSAS, Nautical Chart
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1. Introduction

Coastal zones are dynamic interfaces between land and sea that are vital for ecological
balance, economic activities, and human settlements. Shoreline change, manifested through
erosion and accretion, is a critical indicator of coastal dynamics and has profound implications
for maritime safety, land use planning, ecosystem stability, and the accuracy of nautical charts
[1, 2]. In recent decades, both natural forces such as sea level rise, tides, and storms, as well as
anthropogenic factors like coastal development and infrastructure expansion, have accelerated
shoreline transformation [3, 4].

Traditional shoreline surveys conducted through hydrographic methods are often costly,
time-consuming, and spatially limited. Consequently, shoreline data in many regions, including
Thailand, are often outdated or incomplete, posing risks for navigation and resource
management. The International Hydrographic Organization (IHO) emphasizes the need for
regularly updated coastal data to maintain safe and efficient maritime operations [5]. According
to the IHO S-44 standards, the positional uncertainty of the coastline depicted on nautical charts
should not exceed 10 meters, particularly in areas critical to navigation.

Remote sensing and Geographic Information System (GIS) technologies offer an effective
alternative to conventional field-based approaches. With the availability of multi-temporal
satellite data and powerful cloud-based geospatial platforms such as Google Earth Engine [6],
it is now feasible to conduct long-term shoreline monitoring with high spatial and temporal
consistency. Spectral water indices applied to satellite imagery have proven particularly useful
in delineating land-water boundaries, enabling the automated or semi-automated extraction of
shoreline positions [7, 8].

This study aims to utilize Landsat satellite imagery and spectral indices to analyze
shoreline changes along Hua Hin Beach, a coastal city in Prachuap Khiri Khan Province, Thailand.
The region is both a tourist destination and an area of active coastal transformation due to
natural processes and human pressures. Accurate detection of shoreline movement in this area
is crucial for updating nautical charts, identifying erosion-prone zones, and informing sustainable
coastal planning strategies. By integrating satellite image processing, spectral index classification,
and shoreline change modeling using the Digital Shoreline Analysis System (DSAS), this study
seeks to offer a robust, replicable framework for shoreline monitoring in tropical coastal

environments.
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The findings contribute not only to improved charting accuracy but also to coastal
vulnerability assessment and long-term environmental management. Ultimately, this work aligns
with ¢lobal efforts to leverage Earth observation technologies for sustainable coastal

development and maritime safety.

2. Objectives

The dynamic nature of coastal environments, especially in areas with growing human
activities and natural pressures, necessitates effective monitoring and analysis of shoreline
change. This study focuses on applying remote sensing and geospatial techniques to support
shoreline extraction and nautical chart assessment in the Hua Hin coastal zone. The specific
objectives are outlined as follows:

2.1 To investigate the methods used for shoreline extraction from satellite imagery along
the beach of Hua Hin district, Prachuap Khiri Khan Province, Thailand during the period from
2012 to 2024

2.2 To evaluate the performance of various water indices when applied to satellite images
for shoreline extraction and determine the most accurate index.

2.3 To analyze the patterns and trends of shoreline changes based on the shoreline
extraction data and assess whether any areas along the Hua Hin beach require new nautical

chart surveys.

3. Literature Reviews

Numerous studies have demonstrated the application of spectral indices for shoreline
detection. McFeeters [8] introduced the Normalized Difference Water Index (NDWI) to enhance
water—land contrast, while Xu [9] proposed the Modified NDWI (MNDWI) using SWIR for improved
water detection in urban areas. Feyisa et al. [10] developed the Automated Water Extraction
Index (AWEI), with variants for shadowed and non-shadowed conditions.

Fisher et al. [11] introduced Water Index 2015 (WI2015), incorporating multiple spectral
bands, which has shown improved performance in heterogeneous landscapes. Bishop-Taylor et
al. [12] emphasized the need for sub-pixel accuracy and band sensitivity analysis in shoreline
detection.

For shoreline change analysis, the U.S. Geological Survey’s DSAS has been widely

adopted [13], allowing computation of metrics such as End Point Rate (EPR), Shoreline Change
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Envelope (SCE), and Net Shoreline Movement (NSM). Song et al. [14] applied DSAS for long-term
coastal monitoring in East Asia, while Isha and Adib [15] demonstrated their integration in GIS-
based shoreline studies in Southeast Asia.

Google Earth Engine [6] has further enabled large-scale satellite data processing.
Combined with validation datasets such as nautical charts [5, 16], this creates a reliable

foundation for hydrographic decision-making.

4. The Methods of Research

This study investigates shoreline changes along Hua Hin Beach, Thailand, using a remote
sensing and geospatial analysis framework. The process includes satellite data acquisition,
spectral water index computation, shoreline extraction, accuracy validation, and shoreline
change analysis using the Digital Shoreline Analysis System (DSAS). The overall technical

workflow is illustrated in Figure 1.
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Figure 1 Technical Workflow of the Study
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Landsat imagery was selected for five temporal intervals: 2012, 2015, 2018, 2021, and
2024. Images were sourced from Landsat 7 ETM+ for the first two periods and Landsat 8 OLI/TIRS
for the latter three. The selection was based on low cloud cover, favorable tidal conditions,
and minimal atmospheric interference. Preprocessing steps included top-of-atmosphere
reflectance conversion and cloud masking using the pixel quality assurance (QA) bands in Google
Earth Engine (GEE). Landsat 7 data were corrected for scan line errors using a linear interpolation
method following the approach of Storey et al. [17]. All processing was conducted using GEE
within a Python environment through Google Colab and the geemap API.

Six spectral water indices were employed to enhance the detection of water-land
boundaries from satellite imagery. Each index offers distinct advantages depending on surface
conditions, land cover, and image characteristics.

The Normalized Difference Water Index (NDWI), proposed by McFeeters [8] , enhances
open water features by increasing the contrast between water and land. It utilizes the strong
reflectance of water in the green band and absorption in the near-infrared (NIR) band, is
calculated as:

NDW] = Sreen—NIR (1)

Green+NIR

NDWI is effective in detecting surface water in natural environments but may perform
poorly in built-up areas due to spectral confusion with impervious surfaces.

To address this limitation, the Modified NDWI (MNDWI), introduced by Xu [9] , replaces
the NIR band with the shortwave infrared band (SWIR1), which helps to suppress noise from
built-up features and enhances the separability of water bodies in urbanized or mixed land
cover regions as:

MNDW] = &reen—SWikl 2)
Green+SWIR1

The Automated Water Extraction Index for Shadow (AWEIsh) is specifically designed to
minimize the confusion between water and shadowed areas, especially in mountainous or
forested terrain. It accounts for multiple bands to distinguish water under complex illumination

conditions and is calculated using:

AWEIsh = Blue + 2.5 * Green — 1.5 x (NIR + SWIR1) — (3)
0.25 « SWIR2
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In contrast, the Automated Water Extraction Index for Non-Shadow (AWEInsh) is tailored
for flat or well-illuminated regions without significant topographic shading. It emphasizes the

contrast between water and non-water features while reducing false positives:
AWEInsh = 4 x (Green — SWIR1) — (0.25 * NIR + 2.75 x SWIR2) (4)

The Land Surface Water Index (LSWI), commonly applied in agricultural and vegetated
zones, is sensitive to soil moisture and water content in vegetation. It is especially useful for
detecting water in floodplains, wetlands, or areas with partial vegetation cover, and is defined as:

LSw] = MIRZSWIRL (5)
NIR+SWIR1

Finally, the Water Index 2015 (WI2015), proposed by Fisher et al. [11], integrates multiple
spectral bands and empirically derived coefficients to optimize shoreline delineation. It is
particularly effective in complex coastal environments due to its multi-band formulation and

enhanced sensitivity to water features:
WI2015 = 1.7204 + (171 = Green) + (3 * Red) — (70 * NIR) — (6)
(45 x SWIR1) — (71 * SWIR2)
These indices were used to produce binary water-land masks from which shoreline

positions were extracted using edge-detection methods. A summary of index equations and

spectral band usage is presented in Table 1.

Table 1 Equations and References of Spectral Water Indices

Water Index Equation References

NDWI Green — NIR 8]
Green + NIR

MNDWI Green — SWIR1 9]

Green + SWIR1
AWEInsh 4 x (Green — SWIR1) — (0.25 « NIR + 2.75 * SWIR2) [10]
AWEIsh Blue + (2.5 * Green) — (1.5 * (NIR + SWIRl)) —(0.25 [10]
* SWIR2)

LSWiI NIR — SWIR1 18]
NIR + SWIR1

WI2015 1.7204+(171*Green)+(3*Red)-(7T0*NIR)-(45*SWIR1)-(71*SWIR2) [11]
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The accuracy of each extracted shoreline was assessed using a reference shoreline
digitized from the Thai nautical chart NC246 (edition 2012). A total of 430 control points were
distributed at 90-meter intervals along the reference line. The distance from each index-derived
shoreline to the corresponding reference point was computed using the Euclidean distance

formula:

di = /(2 — %)% + (y2 — ¥1)? (7)

Where djrepresents the Euclidean distance between the estimated and reference
shoreline points and (X1, Y1), (X2, Y3) are the coordinates of the extracted and reference
shoreline points. Accuracy metrics included the Root Mean Square Error (RMSE) and the Mean

Absolute Error (MAE), defined as:

RMSE = |~¥N, d? (8)

MAE = ~¥N, d; (9)

These metrics quantify the positional error between the extracted and reference
shorelines. The comparative results for all six indices are presented, and the one demonstrating
the highest accuracy is selected for subsequent shoreline change analysis.

The index with the lowest RMSE, was selected for shoreline change analysis. Shoreline
positions for each of the five years were used to detect temporal changes using DSAS version
5.0 in ArcGIS. A baseline was generated along the 2012 shoreline, and 380 transects were cast
perpendicularly at 100-meter intervals.

DSAS computed several key metrics. The Net Shoreline Movement (NSM) measures the
linear distance between the oldest and most recent shoreline. The End Point Rate (EPR) divides
NSM by the number of years to determine the average annual change rate. The Shoreline
Change Envelope (SCE) calculates the maximum variation between any two shorelines at each
transect location. Additionally, Weighted Linear Regression (WLR) was applied to detect long-
term trends in shoreline movement by fitting a regression line weighted by positional uncertainty
over time, following the method described in Song et al. (2023).

To facilitate spatial interpretation, the study area was divided into five zones labeled A
through E, progressing from north to south along the coast. The transects and zonal layout used

for analysis are shown in Figure 2.
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Figure 2 Transect and Zonal Map of Hua Hin Beach [19]

5. Results

The results of this study begin with a visual assessment of the water-land classification
capability of each spectral water index. By applying threshold-based methods to Landsat
imagery, initial classifications of water and non-water areas were produced to evaluate how

effectively each index distinguishes shoreline boundaries prior to quantitative validation.
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Figure 3 Water Indices Images Classify Pixels into Water and non-water Classes

Figure 3 illustrates the effectiveness of each spectral water index in separating water and
land using classified maps generated from NDWI, MNDWI, AWEIsh, AWEInsh, LSWI, and WI2015
applied to the 2012 Landsat imagery. Pixels were categorized into water (white) and non-water
(black) classes using threshold-based classification methods.

These classifications were performed within the Google Earth Engine (GEE) environment
using the geemap Python APl on Google Colab, enabling efficient processing of multi-temporal
satellite imagery. The platform facilitated pre-processing steps such as cloud masking,
reflectance correction, and index calculation. This allowed for automated classification and
rapid visualization of shoreline positions over time.

Accuracy assessments revealed substantial differences among the six water indices.
Water Index 2015 (WI2015) showed the highest shoreline extraction accuracy, achieving a Root
Mean Square Error (RMSE) of 7.16 meters and the lowest Mean Absolute Error (MAE) among all
indices. This performance is attributed to its use of multiple spectral bands, including SWIR,
which effectively suppresses background noise from vegetation and built-up areas, as shown in

Table 2.
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Table 2 Accuracy Assessment of Water Indices

Water Index Root Mean Square Error (RMSE) Mean Absolute Error (MAE)
NDWI 23.288 16.497
MNDWI 9.374 14.707
AWEInsh 27.924 23.402
AWEIsh 15.859 13.467
LSWI 26.698 35.699
WI2015 7.156 14.010

Following accuracy validation, WI2015 was selected for multi-temporal shoreline analysis
across five image years (2012, 2015, 2018, 2021, and 2024). Using the Digital Shoreline Analysis
System (DSAS), a total of 380 transects were created perpendicular to the 2012 baseline at 100-
meter intervals. The metrics calculated included End Point Rate (EPR), Net Shoreline Movement
(NSM), and Shoreline Change Envelope (SCE) for each transect. The EPR values indicated both
erosion and accretion trends along the coastline. Zone A (north) and Zone E (south) showed
positive EPR values (0.753 and 0.114 m/year respectively), indicating accretion, while Zone B
(central Hua Hin) exhibited the highest erosion, with an EPR of —0.821 m/year, followed by Zone
C at -0.413 m/year. Zone D remained relatively stable with minor shoreline fluctuations, as

summarized in Table 3 and spatially illustrated in Figure 4.

Table 3 Summary Table of EPR, SCE, NSM by Zone

EPR (m/year) SCE (m) NSM (m)

Zone
Min Max Mean Min Max Mean Min Max Mean

Zone A | -4.880 | 6.270 | 0.753 | 3.660 | 75.290 | 28.806 | -58.600 | 75.290 | 9.036

Zone B | -7.030 | 2.680 | -0.821 | 0.470 | 112.850 | 22.819 |-84.380 | 32.170 | -9.848

Zone C | -6.190 | 4.450 | -0.413 | 6.880 | 109.190 | 34.031 | -74.270 | 53.440 | -4.954

Zone D | -2.720 | 4.080 | 0.201 | 1.530 | 60.940 | 28.404 |-32.690 | 48.930 | 2.422

Zone E | -6.980 | 9.800 | 0.114 | 2.160 | 150.080 | 28.512 |-83.700 | 117.580 | 1.361
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Figure 4 The Classification of Shoreline Change Based on NSM

Based on the computed Net Shoreline Movement (NSM), the shoreline changes
observed along the Hua Hin coastline are categorized into three distinct classes. These
categories provide a framework for prioritizing hydrographic re-survey efforts and identifying
areas of concern for coastal zone management and nautical chart updates:

5.1 Stable (NSM within £10 meters): These shoreline segments show minimal change over
12 years, remaining within the expected uncertainty of medium-resolution satellite imagery.
They indicate high shoreline stability, with negligible erosion or accretion, and pose low
navigational risk. While no immediate chart updates are needed, continued monitoring is
advised. As shown in the figure, these stable areas are represented in green.

5.2 Moderate Change (NSM between +10 and +50 meters): This range reflects noticeable
shoreline movement due to gradual erosion, sediment deposition, or minor anthropogenic
influences. Although not immediately hazardous, such changes may affect coastal features over
time and warrant closer monitoring. Hydrographic agencies may consider medium-term
verification surveys in these zones. These moderately changing areas are indicated in yellow in

the figure.
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5.3 Significant Change (NSM greater than +50 meters): These transects exhibit major
shoreline shifts, often driven by severe erosion, rapid accretion, storm events, or large-scale
coastal development. Such extensive changes can compromise chart accuracy and create
navigational hazards, especially in shallow or previously charted zones. Immediate resurvey and
coastal management intervention are recommended. In the figure, these high-change areas are
highlighted in red.

NSM values ranged from significant erosion and accretion, with 22 transects
(approximately 6% of total) exceeding +50 meters of change over the 12-year period. These
highly dynamic areas are likely influenced by both anthropogenic factors such as seawall
construction, urban expansion, and coastal tourism, as well as natural processes including
sediment transport, wave action, and sea level rise. The spatial distribution of shoreline changes

is classified and displayed in Figure 5.
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Figure 5 Graph of Erosion & Accretion by NSM Value

To provide a more nuanced understanding of temporal shoreline dynamics, Weighted
Linear Regression (WLR) was applied. The WLR results revealed zones with accelerating erosion,
particularly in urbanized regions, and progressive accretion in less developed areas. This
temporal dimension of shoreline behavior is clearly depicted in Figure 6, which presents WLR

trends along representative transects from each zone.
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Overall, the integration of WI2015 and DSAS provides an effective methodology for
capturing both spatial and temporal shoreline change patterns. The outputs from this section
serve as a critical input for determining which areas require hydrographic resurvey and for

prioritizing resource allocation in future coastal management plans.

6. Conclusions and Suggestions

This study investigated the effectiveness of satellite-derived water indices and geospatial
techniques for shoreline extraction and change detection along Hua Hin Beach, Thailand, from
2012 to 2024. The findings highlight the potential of remote sensing to support hydrographic
surveying and nautical chart maintenance in coastal areas experiencing dynamic shoreline
processes. Among the six spectral water indices tested, Water Index 2015 (WI2015)
demonstrated the highest accuracy, achieving a Root Mean Square Error (RMSE) of 7.16 meters.
Its performance was notably superior to traditional indices such as NDWI and MNDWI, due to its
multi-band formulation that enhances water-land boundary delineation, even in complex
urban or vegetated environments.

The application of the Digital Shoreline Analysis System (DSAS) to WI20 1 5-extracted
shorelines enabled a detailed assessment of spatial and temporal shoreline changes using key
metrics including Net Shoreline Movement (NSM), End Point Rate (EPR), and Weighted Linear
Regression (WLR). The results revealed clear spatial variability throughout the study area. Zones

B and C, particularly within the central urbanized stretch of the coast, exhibited consistent erosion
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trends, with several transects experiencing shoreline retreat greater than 5 0 meters.
In contrast, Zones A and E showed accretion, while Zone D remained relatively stable. These
patterns are influenced by both natural coastal dynamics and human activities such as
infrastructure development and shoreline modification.

From a hydrographic and navigational perspective, the classification of shoreline change
based on NSM values provides actionable insights for charting agencies. A total of 22 transects
exceeded the +50meter threshold, indicating areas of significant change that no longer conform
to the shoreline boundaries depicted in the 2012 Thai nautical chart NC246. These transects
should be prioritized for resurvey in accordance with the International Hydrographic Organization
(IHO) S-44 standards to ensure accurate chart representation and navigational safety.

It is recommended that future shoreline studies in Thailand and similar coastal
environments incorporate WI2015 and DSAS as a standard methodological framework. While
this study offers a reliable, scalable, and cost-effective workflow, the integration of additional
data, such as tidal corrections, high-resolution imagery, and field-verified ground control points,
can further enhance shoreline position accuracy. Continued monitoring is essential to support
adaptive coastal management, particularly in regions where tourism, infrastructure, and climate-
related sea level rise are likely to intensify shoreline dynamics. The approach demonstrated in
this study provides a practical contribution to the modernization of hydrographic practices in

support of sustainable coastal development.
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Abstract

This research aims to develop an experimental setup for Physics Lab 1 at the Naval
Academy on Simple Harmonic Motion (SHM) of a mass attached to the end of a spring, making
it more modern and highly accurate in measuring the oscillation period using sensors. The
research applied an ultrasonic distance sensor module controlled by a microcontroller. The
measured value is the average time (Average time) used to calculate the spring constant, and
the results are compared with the standard spring constant from PASCO USA.

The research findings indicate that the spring constant of the experimental setup has a

deviation of only 2.625% when compared to the standard spring constant.
Keywords: Simple Harmonic Motion, Period Average, Microcontroller.

1. UNi

'
[y

nsnaassinauaInsdusniwesiafinaUsadunmeassiugiviufiansildnd 1

'
=

Fatiauardglunisdreiasulminisvuidrlandnnisvesnisied ounuuudunnislulefand 1

[ '
o & A a ¥

(nAngud) MsmwIganeaeliiinguszasAiiialasuas

q

wenuvivadekaziiuauLiuglunsin
AruNsnlslagyanaaes luiesujuanisiand 1 lnsdwvaluladiwuweivinisindiniuia
n1sduunds Yanaaesllusznaumeyaallwazinauriuiiauisauiuvisule waziwugesine

AIULATLUURTTaLanINar TupauRmes yandndyavaaadldesnuuulidaunidnnsinse

'
Y] ] a

eFan1sUsENaULardaLAU TwaluladnisTanuufdiatlstiuaukiug lun1sinaluaLas

Va v =%

gnIEAUNISEUNSAUMEmAlLLAE fasweil fidedalaaiiunisesnwuunasiauyanaaadlagly

Y
WU T InAIAUNIAWINUIRNITUNAT Watiua Rk lun1sin Tlun9idedlatigunsalngiain
srgznuudaniledatazUszananaszeznindununaileglulasaeulvsaiaes Arduino Uno R3

NANUALLRUA I UNUIETAAIUT LARINANIUANNISNINUNS DABUNILNDST

2. Inguszaed

2.1 Wermuyanaasmid@nduazinluldlunisiadimunawuuidnes Teeldlusunsumuny

&

LazKARINaNIUABNNIWRS dmTuriaslfURnsEndvadlsaseuniuise

Y

2.2 WaRAnwIN1sUT U UAAITIvRIaUTITEnINYAVAaBILUURTIa fugRaUSwInTg U

88



U7 8 atu? 1 NP — SWINAN 2568 1158193911555 HUUNEEaMUANE AR ez ALlULaE

o

3. LPNAITHAZIUILTNYIVDY

[y a

Tusideilagmainiialss (3o "Aasiialss” Ndeultdyanealin k) Inen19dulnievsy

1nafnUaaus g9l Serway & Jewett [1] T = 21 f%lmﬁ T A9 AURAINSEULNI GU, s)

wag m Ao wanurulaeauss Alansy, kg) luesuUanisildnd 1 lsasouwieise gnaaeslald
gasasimuA1AmaUIlagItdinsm Mmaseddinindunainsdulniwesnainagal3
{1 25 SeU LamwIMmAIAIURaLade ntulda T2 (runateidssniases) Wuauuwnuy y

wazldura m Auvruvatsausadurivuwny x [ oAIUIMNIAIAT AU k 270ANTUUBINTIN

1 4'7'[2 1 13 aa g =] a [ 1 1 ) ] 19
éunsa Slope = —— 28191519130 A5N15U 9190 AMUARIALAR BUINNNITIUNIAT U LU UEN danaled
ANAINAUSHARAIIURANANR [2]

Tutagduiinsdimaluladanldunuuniiniduna wu Msimungunsalluiesuf UAnsiand 1
dwsunismaianuisaiesanussliudlsvedanluyanaasuioinisunisgndueg1eite lagly
gunsaldursainatuiatedswazaivaumglulasaoulnsaiaes Node MCU ESP8266 Zauanina

a & & ' Y a P = ~ YR v
VUABURILMDSALAUNSNINY NUINANITIAIAINNARIARADUSB8AY 4.15 WalAsunuaAILsaluunig
¥99lanit Talulsznalngannan tuuInsIng1 NSENIIINGIAIEns [3] Wanani Fin1swaun

A = = a a ) P &1 Y] s .
Yanpasaiafnyinsindeuniuuuandassvesing Lagldwueesswiululasreulnsaiaes Arduino
Uno R3 Tumsianainnvesingainainugafiseausig o fu ian1smaaaunuinaininusaidesain
wsdliiuaasvadlan (A1 g) Aladianulnalfssiuaaunnsgiu Aandeuiessesas 3.55 (4]

NNSANITIAY Freaesdadivuiauaatunsidnaluladisugeiuvinisianiuia
nsduwnisluganaassi ieiiuauwiugwazaugnaas lulasaeulnsaiaes Arduino UNO R3

$AUIUTUATUTIAIUANMTTINNULAZUARINAVINIABNTIABS MIUTUT 1

TZZE\/% (1)

NGRS
WIguguAIAInaysa
1IAUINTFIY o ' A4 -
= Imasqmmmaaw AUAIAINAUTS
YANAaBY SHM
AUEN NINTZIUVBIYANIAABY SHM
YDIUSYN PASCO USA.
! dl =)
ANPINAUIY

JUN 1 UHUNNULEAINTOULWIAR UL

89



Royal Thai Naval Academy Journal of Science and Technology Vol.8 No.1 January — December 2025

4. AFN15AEUNISANE

Y

YANARBIUTENDUMEY YATAATULIAINISWNINLUUARYIE YasiafnUangause llasreulnsaiaes

(%
=1

UUUDSA Arduino Uno R3 wazmauimas tnedidisudusalul

4.1 gunsnl/nTesllolun1maass WandssgUR 2

i

L

MonitorSeesnse Sefting™

Suwsauiiimua % | dwmaiwmny [ 25 | ENTER
anousauiiimli 25 | % MASIEATAIY wuﬁmm ENTER

suanRduiimue | 25 | o
suzaniviiamla 20 Jl'ﬂuﬁmm Connect Board

MU 045624 J S COoM @m
[stop =

AU MUY

5UN 2 YaneaeinAIuaINISINIYRRNaRnaUS1Rg 19l UUATYR
1. yausznaulassaawuIual3e 2. 9aausannsgIuann usem PASCO

3. YALIANINTFIUIIN UTEN PASCO 4. Arduino Uno R3 5. Ultrasonic Module URM 13

6. ADUNHNDST

90



U7 8 atu? 1 NP — SWINAN 2568 1158193911555 HUUNEEaMUANE AR ez ALlULaE

4.2 N1FBONKUY
N13ANWLLDNIUDINITLARDUNLUUAULAIY (Simple Harmonic Motion: SHM) 21nsins11581
Wand 1 uazunanuiliiedates IinguszasAieimuynaunsain1smaaeINaunsninAIuLIaIveINS

] [ aa a [N = ) a a a o o
FULNTIIVDINIAN @ﬂaﬂiﬂl@@ﬂq\‘iﬂ ﬂ'l']iJLLiJ‘U?J']EjJ\T LW@LLmT‘ﬂQJ}WWW Lﬂﬂ"ﬂ']ﬂﬂ']ilsﬁ N13IAATULIAN

' o
o Y = CY

TAZUIRNNFTULIALUULAY TFILANLLYDNDMAT HINU F9bPTUNITINLUUIZTUUNTIAMIUNIAILUUARYA

Fansrurunistunisussvgiulagniiamunnudeunsaiiuanidaguil 2 wagdagui 4 desialuil

_____________________________________________________

IRS232(SPI)! ;

C
=
=
Q
(%]
0
3,
(@}
>
=
Q
€.
5
o
(e
]
o

JUN 3 wnunmmsdenseyngunsalluganaaes

=b.

913U 3 Jeanuuuldidenlduasa Arduino Uno R3 [5] aufiuansnsgui 4 Faduuese

adowazlasuanuienlulagiu Wewindl Shields Idenldanuvainvats uenani vesagu

q

=De

De

[

Feseesulsunsui waundululavsidsne q ldegsazaan Imaﬁsﬁagaa”uwwﬁﬁﬁmﬁdu:
FUlulasmoulnsaiand ATmega328 7159950396 U 5V, wagm Digital /O 117U 14 wosw, wesn
Analog Input $113u 6 Wasn, nszualiivesusasnesad 40 mA, nszualinluneda 3.3V 7 50 mA,
fluiTusunsumely 32 KB il 2 KB Aufiviiemiudnms 1 KB @nad 16 MHz 9um 68.6 x 534 mm
wazmin 25 ndu

Tuswided1d URM13 Ultrasonic Sensor fifidaldiuisuningudunssiisiuianiasunas
aedsegluiafeniu Wousedululasaeulnsaiassuievesaimunldvainnats Svuinidn
winzdmndulassnsiideanisanuwiugiganazanudangulunindouse 1wy usud salusdd
seuuinszoemdlugmaivnssy wazlasenisiidesnisnisusuiisusnlusi® anuusiugr £1% uaz
Amaziden 1 cm ol evisuriy Ultrasonic Sensor iq'uﬁlus] L1 §U HC-SR04 Ultrasonic Sensor
azmzdmiulassnisiugiuilidesnisanuuduggenn wu Tassnns@nwindelasenisii
sulszanadIAn azdiudn URM13 Ultrasonic Sensor ssafuaaidiasnsdmsuyavaassnnningudug

1591971 URM13 Ultrasonic Sensor ¥imrindi¥aszezsenineiumianauiuiuiiy Tngas

a

N 1 o A a d‘ v i o s a 1
WBNYIUNITINNTEYE 20 - 60 LCURALUAT PIUNLEAIAITUN 5 N1TNIIUVDWIULIBIILLIUIINNTTAS

Y

e

v A

ad o a o A oA D % v ) v U W o v
AAWABIAUD 40 KHz Banduiilassaanliazasyiouiuiiuudiasioundunndeinsu ssusanly
lun1sderdudeuazagiounduanazgninlumuiniianA1ssesiiesenitegunsalngivinuag
waneass ntululasreulnsamesazulasaszezndlunduiluamunat wileinduiuiues

n1sdeansiuueiA Arduino Uno R3 agldsuiuunisiessioru 12C

91



Royal Thai Naval Academy Journal of Science and Technology Vol.8 No.1 January — December 2025

gﬂﬁ 5 Ultra Sonic Sensor Module URM 13 29u1% 22 x 20 mm

4.3 Junsusshivg
Aveaadlaimulusunsy C/C++ dmnfunisiaaiuainsdulndsng Arduino Uno R3 lag

TUswnsuilanunsaasralnduulausisvesuase Arduino kastiauseany Ultrasonic Sensor anuda 12C

Y a

wenandgalanaunlausiiadsgen in_out dmsunisindedunanaziodinmAvian1aneuiines

saufensldauiy Ultrasonic Sensor lUsunsuaiunsaauanligunsalifensiwvienisinaiuiam,

' ¥
= o A

NTEAUANUFRINNUTENIN 20 - 60 wudwns tagkldaunsadvuaailunisinlaaindes Setting

F92zHNINIAITIUIUTOULAZ TLAUAIINGY LU MIAMUALTTR 25 SoUNTeRuAINEs 25 LWURLUAS

'
[

v av v i N s a s a
‘UBiﬂaVIVLW'U3Qﬂﬂ3$ll’3@ﬁ»lﬁ‘lﬂ']ﬂ']ﬂ’mL'Jﬁ']LQﬁEJIﬂEJi@JIﬂiﬂE)UIV]iﬁLﬂ@iLLﬁ%LLﬁ@ﬂNaV}’W\Tﬂ@NW?LG]EJi QE‘U‘VI

6 LLay 7

92



U7 8 atu? 1 unsIAU — SUINAL 2568

58153915585 UL aAWAINeAERskazwmalulad

Computer

Connect

Arduino Uno R3

Ultrasonic Sensor

JUN 6 LHUAINNNTORNKUUIAATULIAINITUNHNIARREUTI0E 198l UURTTIA

Suduyieu

v

Baidan seral dmdufadafuraufiiwas

v

Tl 12C Swfuiafafiuwinea$ Ultrasonic

-
»

-
+

k.

¥

T

fidneoufiumod

frvuRTTIuTaUMasULTIngG: EEPROM

AT UATE e S

fvumssesrinsafuasTufings EEPROM

wenluuazRRnTAHTE 9

L a1 lUdmanfunad

FodnanEudu

ATUTMIUTaUTif R

Wudafuly

FUN 7 WU MLEAINSYINUYRIYRANARBsUEes InATUNTEUTDRNARAaUSs

93



Royal Thai Naval Academy Journal of Science and Technology Vol.8 No.1 January — December 2025

4.4 AuluNTNAFeU
A8n1IMeaes UnTEuWIeLTeIRTNINAUTWRTT IR I NS auiuIIaLYIuATsUT 8 91Nt

yNSUALUSLNSULAZ 1T Serial B BUABNUABNNRLADS wazilaltau 12C 1oLt auAan U s

1w

nTudenvesiiousaludiuves Connected Board waztdan COM3 tWuraeilddmsunisansanu
ABLNILADS TUNBULALUADNISLADNAIAIINNABNAIABS LAEMITUATILIUTBUNNTIAEAT (Tuanudded

¥
a A

= ] & awv a = | Y % v o o
LA 25 98U) LAYITYLRIIINNU (IUQ']U'JG\]EJU 8890 25 [ YUALUAT) L@J@Vlﬂ@EJ'N‘Wi@iILLa'J Iﬁﬂﬂﬂqﬁ\i

Start 1ilei3umMmaassuazlddds Stop Wlelasaduiilongansvihauuasdnedoyalimdendul lu
ndifsananounioudu agviinismaasst 3 sou mumsned 1 iemAnatadsgosdmiuusiay
LIANAABIALANNIST 2 udaFIAATATUNET MnTudAATaUTRaNMsT 1 wdniwg
inUseiiiuAanuuiugnisufuaasiaUiennsgiu

t1+t,+t
bavg = 27T o

¥ Monitor

Monitor Setting

usauiimua o0 HUAT MUY 25 | s
Snusauiamlé 25 | sau AMUATEUZATINY USRS

- . | 1 -
suzenRIuiiMue | 25 | LuALHAS
_—

suzanvdiamld | 20 | 1udias Connect Board

MULRNRE 0_4552{ } Ui COM |coM3 v]’ Disconnect |
o -,
- el

AU D MUARRU

5UN 8 uansAdanuAuNITaaes

4.5 wAAsnaUsalaeisnsn

" 1 oyaaINmsd 1 umdeansmsening T2 way m lnganuduresnsimidaduniudu

1 [} 4'71-2 ¥ o
YINIINILLNINU (T) WAIAUIMN k" [2]

5. Wan1sANe

thenasiiaysa k AldanganaassnsinnunawuuidauasaasiaUTauuuninidonm
vaanFeuludnisfinw 2567 uvimsTeulisuiuaasiaUiannsgiuanuigy PASCO (PASCO
SE-8749 Spring Set) k = 8.00% 813 L = 5.5cm ay ¢ = 7mm \fenmA1evarALAaInAG U

WIguwigu

94



U7 8 atu? 1 NP — SWINAN 2568 1158193911555 HUUNEEaMUANE AR ez ALlULaE

5.1 WaN1SNA@RUYANAaRIInAUNAILazAIAINYRsaUSngldtn Ao LRIV
1514 Ultrasonic Sensor $98f1U Arduino Uno R3 kaigN15haAINAULIDADNN1»03 WY

annsainlldlunsieunisasulusedviufiinismsildnd 1 (PH102) laegafivszd@nsnin lag

nan1snaaaunlakanslilunnsen 1

= s v ° i A  a ] =
M990 1 Nﬁﬂ’?i%ﬂﬁ@UﬁﬂQUﬂim’JﬂL’Ja’]LLaBﬂ?ﬂ’lmﬂ’]ﬂﬂﬂﬁﬂiﬂluﬂ’ﬁ%ﬂﬁ@‘Uﬂ’]ﬁLLﬂ’N 25 50U lagil

JAUAINGY 20 LBUALUAT lAgYnnnaed

nanfildlunisduvesauislu 25 sau .
A (s) ﬁm’mgja 20 LYURLUAT e T2(s®) | k [ﬁ]
mkg) ASed 1 s | ks | o | T "
61.02x107 14.025 14.025 14.050 14.033 0.561 0.314 7.67
71.02x107° 14.850 14.925 15.000 14.925 0.597 0.356 7.87
81.02x10 15.825 15.875 15.900 15.867 0.634 0.401 7.97
91.02x107° 17.500 16.700 16.725 16.975 0.697 0.485 7.41
101.02x107 17.650 17.650 17.625 17.641 0.705 0.497 8.02
Kavg = | 7.79

NUYLNG mai’mqﬁLﬁmsi’fmﬁ’umim?iauﬁ (m)

- 17899991 (P = 50 x 1073kg) + wailiin m, = 10,20,30,40,50(x 10~3kg) + wiaau3e/3
aquanwammaaaﬁmaammaaq 61.02, 71.02, 81.02, 91.02 uaz 101.02 n¥u warAmnmAmafiaUss

aruauni1sh 1 ldwindu 7.67, 7.87, 7.97, 7.41 wag 8.02 ddusoluns A1.ad sa 1A U3

kavg = 7.79% LLﬁ%ﬁ’]LﬁEJﬂLUU%J’WngWU SD = 0.250

Y

A13°99 2 wandALREY (%) wardulequuuInggIu (SD) U8INISNAdaUmMeAsedliainluualva

YDIYANAAD
nafildlunisduvesayselu 25 sau (s) ﬁﬂ’:mgq
18 m(kg) 20 LWURALUAT (%) (SD)
ASad 1 ASed 2 REE
61.02x107° 14.025 14.025 14.050 14.033 0.014
71.02x10 14.850 14.925 15.000 14.925 0.075
81.02x103 15.825 15.875 15.900 15.867 0.038
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Y

M15190 2 wanaALady (%) warduleuuuiInggIu (SD) YeInNISNAgauUmeAsedila inluuflvia

VBIYANARD (919)

naldlunisduvesaysslu 25 sau (s) Annuge
W m(kg) 20 \URLLAT (%) (SD)
Aafl 1 Asafl 2 Al 3
91.02x107 17.500 16.700 16.725 16.975 0.454
101.02x107 17.650 17.650 17.625 17.641 0.014

1

5.2 wanImeaeinmeuindunalaeinitsuweseluiesu Juinisiand 1

d o

lagn1siInanIsnaaeswesiniSsuwIeEetudn 1 31U 3 nau NqNay 6 W1y U1UsEnau

N13ALIN LBLAaENFLLYIINTNAGRITITIUIU 5 AT LABNARAZIGARALAIEATI YIAINAD 3 AT

UIWNALRRLLIAVBAAENFUNARDILALIARLIIANARDY FIANTIN 3

A15199 3 HaN1INAdBUUIRNIAAIIARA LA ATWIMAIAITEUSSlUAITNAZOUNITUATY 25 SBU

s

TnefszAuaNgs 20 wudiwnes lngwinidunatluieseudiansiland 1 (3]

nafildlunisduvesayselu 25 )
w3a m(kg) 58U (s) ﬁﬂaﬂuge 20 LYURLUNT e L T2(s?) | k [ﬂ]
ngul 1 | nguil 2 | nguil 3 Favg 2 "
61.02x107 15.024 15.023 15.027 15.025 0.601 0.361 6.67
71.02x107 15.239 15.365 15.296 15.301 0.612 0.375 7.47
81.02x107 16.210 16.151 15.716 16.025 0.641 0.410 7.80
91.02x107 17.520 18.554 18.528 18.200 0.728 0.529 6.73
101.02x107 18.253 18.650 18.821 18.575 0.763 0.582 6.85
Kavg = | 7.10

EREINTS mai’mqﬁLﬁaa%aqﬁ’UﬂwsLﬂ?{auﬁ (m)

- 1avesau (P = 50 x 10~3kg) + wafivin my = 10,20,30,40,50(x 10-3kg) + waau3y/3
agﬂmamwmaaaﬁmamaaq 61.02, 71.02, 81.02, 91.02 uay 101.02 n§u wasAuIuAIAs

aUsamuaun1si 1 lewindu 6.67, 7.47, 7.80, 6.73 waz 6.85 dafuseiuns ALadsR1niause

kavg = 7.10% LLaszﬁﬂqwummyu SD = 0.502
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M15991 4 LansAade (%) wardiudeauuinnsgiu (SD) veen1snaaaumguIin1iana

nanfildlunisduvasausslu 25 sau (s) ﬁmwga

20 \wuRAT (%) (SD)

wa m(kg) — — —
naud 1 naud 2 naud 3

61.02x107 15.024 15.023 15.027 15.025 0.002
71.02x10 15.239 15.365 15.296 15.301 0.063
81.02x107 16.210 16.151 15.716 16.041 0.244
91.02x107 17.520 18.554 18.528 18.200 0.589
101.02x1073 18.253 18.650 18.821 18.574 0.291

5.3 NANISNAAIUNAIAINLALITNIINLEUAS
Tun15IAIILRNIAIAINVIEUTIDINAUNITVDINITAR BUN WUUSUDTNA D819 EANUANNIT

-dl [ [y a £ o 4 [ J o w 2
N 1IG]EH]@E‘ULL‘U‘UEﬁlIﬂ’]’isLuaﬂ@m%ﬁMﬂWiL“U\‘iLﬂ‘LJIG]EJﬂ']ﬂu@ﬂ‘ﬁLLﬂuu@uLUUQW”I’]UL?aWﬂ?ﬁﬂﬁ@fl T wag

gj [~4 1 a0 ::4' 4'7-[2 I Y]
LAUALUUAINIATIU M UANAIN (T) LWUANMUYUVDIENNTS

2
T2 = %m (3)

o a < 1] a v ! o
UIMANTIINAFDUIINAITNN 1 A INaanIIWdUnss mugun 9 waiainusunsn Slope
TagdiAANUTUINAU 4.95
Slope = 4.95 (4)
a 'S 1 d‘ a 1 (Y} Ql' 1 Y} Y} -'-NI
AUATIEANIANAINAUINTLIINANUTUNUAUNTN (3) ININUANULTUINNNTINANENN1TN (4)

am? R a o N
- = 495 azlamnsnausalu 7.97 didusowns (Kgrapn = 7.97 ;)

A51LER IANENWUS T2 mike) was T3(s?)

0.6

y = 4.95x + 0.0096

0.5 BT =0.9645 /¢
0.4 &
03 /

0.2

T(s%)

0.1

m(kg)

UM 9 nymuansruduiusseninmuidaaes T2 fuananaaaiu m
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Abstract

The aim of this study is to utilize a location allocation model (P-median) to determine
the optimal locations for tide stations in the Historic Bay of Thailand, based on three factors:
variation in tide elevation, the number of ports, and population density. Two scenarios were
considered: (1) adding new tide stations while retaining all existing ones; and (2) not retaining
the existing tide stations but instead rearranging and adding new stations. The results indicated
that the second scenario—rearranging the tide stations and adding new ones without retaining
the existing stations—provides a more optimal long-term solution in terms of budget efficiency
and coverage. This study can serve as a guideline for hydrographic offices to adopt when
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1. Introduction

Tides are the phenomenon that the body of water rises and falls due to gravitational
interactions between Sun, Moon, and Earth [1]. Tide is a crucial factor that mariners and coastal
residents must consider. For mariners, without adequate and accurate tidal information, a ship
can get ground due to sailing to a shallow area during low tide periods. Hence, navigation and
tidal information is not separatable. Moreover, people who live along shorelines are also relying
on tide information since several activities must be related to the sea, so lacking this information
can lead to undesirable outcome especially for fishery, tourism business, and hydrographic survey.

As tide information is necessary, tide stations are constructed along shorelines to
measure and predict tides see figure 1. Based on the tide station location standard, tide stations
are required every 10 nautical miles along the shoreline (18,520 kms.) to derive adequate and
accurate tide information [2]. However, it is crucial to note that tide stations cannot be set up
arbitrarily. It is necessary to ensure that a tide gauge pressure sensor should not dry out, so a
tide station location should be chosen ports or other offshore constructions [2].

Since Historic Bay of Thailand is one of Thailand’s most significant marine regions,
because there are numerous ports and marine communities as well as tourist destinations, but
there are only 9 existing tide stations along the coastline as shown in figure 2 that do not cover

all areas based on the standard of International Hydrographic Organization (IHO).
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Figure 1 Water Level Measurement System [1]
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The above-mentioned problem can be addressed by employing the fundamental of a
location-allocation model, especially the P — median models. The P- median method can
provide a solution to this issue while also taking into consideration the characteristics of each
demand point. The P -median method aims to “locate a multiple number of facilities and
allocation the demand served by these facilities so that the service is as efficient as possible” [3].

P - median model has been utilized in various cases to locate facilities or services to
meet demands. For instance, it has been applied in locating bicycle-sharing programs and air
pollution monitoring network [4]. Therefore, the P - median model is deemed suitable for
finding optimal solution for locating facility to meet demands. However, no study has utilized
P — median model to arrange tide station locations before. Hence, it is intriguing to apply
the P — median model in this study.

Given the identified problem and the capabilities of the P-median model, this study
aims to utilize the P-median model to determine optimal tide station locations that fully cover
the Historic Bay of Thailand. Two scenarios are considered: (1) adding new tide stations while
retaining all existing ones; and (2) not retaining the existing tide stations but instead rearranging
and adding new ones. The goal is to determine the best solution based on spatial coverage and

financial considerations.

2. Literature Review

Tide stations play a crucial role in various aspects. Undoubtably, tide information is
directly associated with navigation safety in the water, as depth values indicated on a nautical
chart must be adjusted with tide elevations to determine the actual depth. For example, the
Thai nautical chart number 112 employs the lowest low water as the vertical reference, as
depicted in figure 3 [5]. The lowest low water value is derived from the minimum tide elevations

in a tide cycle.
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Figure 2 Existing Tide Stations and Potential Locations for Being Tide Stations in Historic Bay

of Thailand

That takes 18.6 years [2], signifying the necessity of a tide station to establish the vertical
reference for creating such maps. Furthermore, consider a scenario where a ship with a 7-meter
draft is navigating to an area within the red circle, indicating a depth of 5.4-meter from the
lowest low water. If the tide elevation value from the tide table is 2 meters, the sailor may
believe the depth to be 5.4 + 2 = 7.4 meters, as shown in figure 3. However, if the tide station
used to generate the tide table is located more than 10 nautical miles away from this area, the
actual tide elevation may be only 1 meter. Consequently, the real depth in this area is only
6.4-meters. This discrepancy highlights the importance of accurate tide information for
navigation safety, as an error in such information could lead to a ship running aground. This

example vividly illustrates the critical role of tide information in ensuring the safety of navigation.
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Figure 3 Water Depth in Entrance to Chao Phraya River [5]

Not only are tide stations essential for seafarers, but they are also crucial for
hydrographers. As is widely known, all surveys must refer to a horizontal reference (datum WGS-
84) and vertical reference (Mean Sea Level). Similarly, Hydrographic Department of Royal Thai
Navy (HDRTN) utilizes the lowest low water as vertical reference for creating nautical charts
(HDRTN). Therefore, it is imperative to have a tide station in the survey area, and if not available,
temporal tide station must be set up [2]. Figure 2 illustrates that there are substantial areas not
covered by existing tide stations in the study area, particularly in the west. Consequently, if the
HDRTN needs to resurvey a chart on the western side of the study area, numerous temporal
tide stations would need to be established, making hydrographic survey missions more
challenging. Hence, strategically distributing tide stations is more advantageous.

Furthermore, tides and currents are interconnected, and current plays a crucial role in
various activities such as diving, water sport, and fishery. As depicted in figure 4, the water
current symbol (in the red circle) indicates that during a flood tide, the water current flows
eastward at 1.1 knots, and the water current flows westward at 0.5 knots during an ebb tide.
This information is significant for divers, as diving in strong currents is generally undesirable.
Similarly, tourists may not enjoy water sports when the current is too strong. Therefore, tide
stations serve as a source of tide information that supports various activities. Inadequate and
inaccurate tide information might impact on the examples above, leading to unexpected

incidents.
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Figure 4 Water Current in Entrance to Chao Phraya River [5]

3. Study Area and Data
3.1 Study area
Historic Bay of Thailand is located inside the Gulf of Thailand covers 7 provinces:
Bangkok, Phetchaburi, Samut Prakan, Samut Sakhon, Samut Songkhram, Chon Buri, and
Chachoengsao. As depicted in figure 5, the areas with high population density are in the northern
and eastern parts of the study area. Currently, there are 9 tide stations belonging to
Hydrographic Department of Royal Thai Navy (HDRTN) and Marine Department of Thailand
(MDT), as presented in figure 2. In the study area, 75 locations are potentially suitable for setting
up tide stations, based on the criteria from the IHO. The Historic Bay of Thailand is vital for Thai
economy due to the presence of major ports on the eastern side, such as Leam Chabang Port,
Chuk Samet Pier, and Sattahip Naval Base, as shown in figure 5. Additionally, many locations in
this area are popular tourist attractions, including Si Chang Island, Lan Island, Cha - am beach,
and Pattaya City as illustrated in figure 5. Therefore, the Historic Bay of Thailand is one of the
essential marine regions in Thailand, but existing tide stations do not cover all coastlines.
3.2 Data
Most of the information is derived from HDRTN and MDT. Firstly, locations and lowest

low water from mean sea level values of existing tide stations were supported by HDRTN and
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MDT through the Thai tide table. Also, population of each province was sourced from the Bureau
of Registration Administration of Thailand [6] as shown in table 1. Regarding the number of ports
for each province, this information was obtained from MDT in 2025, as present in table 1 [7].

Finally, Thai nautical chart number 001 and 112 were provided by HDRTN as background

information in this project in ArcGIS Pro [5].
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Figure 5 Overall Information in the Historic Bay of Thailand [5]
Table 1 Basic Information of each Province in the Study Area
Population Density Port
Provinces Areas (km?) | Population
(person/km?2) Number
Bangkok 1,571.371 5,349,004 3,404 28
Chachoengsao 5,165.910 729,140 141 18
Chon Buri 4,504.764 1,613,119 358 24
Phetchaburi 6,183.001 479,448 78 9
Samut Prakan 949.001 1,365,595 1,439 42
Samut Sakhon 856.876 567,024 662 12
Samut Songkhram 414.391 185,095 aar 5
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4. Methods
4.1 Pre-processes

Overall, the method of this study can be divided into 3 main processes. The first one is
to preprocess the raw data to comply with the requirement of functions in R. Then,
R function was used to compute P — median with different scenarios. After that, ArcGIS Pro was
used to visualize the results from R and discuss the results.

After deriving 9 locations of existing tide stations from the Thai Tide Table, those
locations were plotted in ArcGIS Pro with the coordinate system as WGS 84 UTM Zone 47 N, as
shown in figure 2. Then, 75 potential locations for setting tide stations were selected with
conditions that a tide station location should be constructed besides ports or any offshore
constructions because a tide gauge pressure sensor should not dry out [2]. Hence, all ports and
offshore constructions in the study area were chosen to be potential tide-station locations.
Next, attribute information was input, including province name, area, population, population
density, port number, and variance of tide elevation. Finally, the potential and existing tide
station locations were exported in both CSV and shapefile formats to be use in R for P — median
models.

4.2 Methods

After the raw data was preprocessed to comply with functions in R, P-median functions
in R were used to analyze 2 scenarios to derive an optimal solution.

First of all, P — median method was implemented in this study for locating a multiple
number of tide stations and allocating the demand served by these tide stations so that the
service is as efficient as possible based on equation (1), (2), (3), (4), and (5). Where i and j is
indices used to refer to a potential tide station location, x;; is 1 if demand at i assigns to tide
station at j and is O otherwise, x;; is 1 if a tide station is sited at site j and serves demand at j

and is 0 otherwise, p = the number of tide stations that are to be located [3].

Minmize Z = Y1 Y7 wijd;jx;; (1)

To1xij=1 foreachi=12,..,n (2)
Y% =P )
x;j < xj; foreachiandjwherei #j (4)
xij =0,1 foreachiandj (5)
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After that, there were 2 main scenarios implemented in the P — median method for this
study. Firstly, P — median with using the combination of population density, the number of
ports, and variation of tide elevation as weight, so the weight was created by using equation (6)
as the variation of tide elevation is affected to the safety of navigation and marine activities
more directly, so its weight was higher than others. However, it would be more suitable to use
statistical or mathematical methods to indicate weight for each factor in future research. The
variation of tide elevation was computed by interpolating the differences between lowest low
water and mean sea level for each demand with kriging interpolation. Secondly, P — median
with weight as the equation (6), but not forcing existing tide stations was analyzed after that.
With these 2 cases, it could be compared between keeping existing tide stations and not keeping
them, which one required a minimal number of tide stations in the system. After obtaining the

result from R, such results were visualized by ArcGIS Pro for discussion.

W;j = Population density;;j + The number of ports;; (6)
+2 « Variation of tide elevation;;

In terms of coverage of each tide station, although the standard of hydrographic survey
mentioned that each tide station can cover area not more than 10 nautical miles [2], the
coverage varies depending on local characteristics, especially variation of tide elevation. As such,
the radius of each station was computed based on the geometric interval classification with 10
classes from the variance of tide elevation. Thus, an area that has a high variance of tide
elevation has a shorter radius of coverage than a low variance area as shown in Table 2.
Geometric interval classification is a data classification method commonly used in cartography
and geographic information systems (GIS). It is designed to group numeric data into classes
(intervals) based on a geometric progression. Therefore, the geometric interval classification

function on ArcGIS-Pro software was used to classify variance values in this research.
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Table 2 Criteria for the Radius of each Tide Station

Color Variance REGIY

[ | < 0055291 | 10Nm
| ] < 0087424  9Nm
[ | < 0106534  |8Nm

< 0.117899 7 Nm
< 0.124658 6 Nm
< 0.128677 5 Nm
£ 0.131068 4 Nm

< 0.132489 3 Nm

< 0.133335 2 Nm

[ |
| ] < 0133838 | 1Nm

After obtaining the results, construction cost and operating cost were used to estimate

which solution is the most suitable in terms of financial aspect in the long run.

5. Result and Discussion

Since the objective of this study is to use P -median methods to achieve a fully coverage
of the locations of the tide stations in the Historic Bay of Thailand, the first scenario is with p =
17 with weight as equation (6) and forcing 9 existing tide stations, as shown in figure 6. From the
result, it shows that 4 more new tide stations are added on the western side of the study area
to cover all shorelines on the west. This is reasonable as this area shows higher variation in tide
elevation. However, there is a small gap in Phetchaburi province.

In the meantime, another 3 new tide stations are added in the north-east of the study
area as this area has high population density as well as port numbers. Finally, a new tide station
is added to fill the gap in the east, where this area is moderately varied in tide elevation.

The second scenario is P = 15 with weight as equation (6) but not forcing existing tide
station as shown in figure 7. The result shows that only 15 tide stations are required to cover
all shorelines in the study area. However, no existing tide station is selected in this case.

As can be seen from both results, P — median model assigns more clusters on the areas
that have high variation of tide elevation, high population density, and a higsh number of ports.
These can be the guidelines for arranging tide stations systematically and efficiently. Moreover,
as each radius of the tide station coverage is changed based on the variance of tide elevation,
this makes the model more realistic, because without this logic, a lot of overlaps of coverages

occur, and these make the result more illogical, as shown in figure 8.
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From the results, if Thailand decides to rearrange existing tide stations and add more 6
new tide station, as shown in figure 7, only 15 tide stations are required to cover all shorelines
in the study area. On the other hand, if Thailand keeps 9 exiting tide stations and adds more 8
new tide stations, 17 tide stations in the total are required to cover all coastlines in the study
area. However, in order to decide the optimal solution between these scenarios, information
about operating cost and construction cost for a tide station is needed, because it can be less
expensive for the long term if Thailand has a smaller number of tide station, resulting in
operating cost in the future, but it requires a high initial cost for constructing more new tide
stations. In contrary, if Thailand decide to operate 17 tide stations in the system, it may need a
higher budget in the long run, but it requires lesser budgets at the beginning, because there is
no need to rearrange 9 existing tide stations. However, there is no clear estimate construction
and operating costs of a tide station in Thailand, so estimate costs of construction and operation
from a previous study in another country were used in this study, which were 6,000 USD and

14,000 USD for construction cost and operating cost, respectively [8]. The result is shown in table 3.
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Figure 6 Result from P — median, P = 17, Weight, Forcing Existing Tide Stations [5]
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Table 3 The Estimate of Accumulative Costs of Tide Station

Year

1(USD) | 2(uUsD) | 3 (UsD) | 4 (USD) 5 (USD)

Conditions Total Stations

Keep 9 existing
17 286,000 | 524,000 | 762,000 | 1,000,000 | 1,238,000
stations

Re-arrange 15 300,000 | 510,000 | 720,000 | 930,000 | 1,140,000

From table 3, it is obvious that although the rearrangement condition requires a higher
budget than keeping 9 existing stations at the beginning, in the 2" year, the condition to keep
9 existing station condition begins to need more budget because the operating cost is greater
than construction cost around 2 times. Therefore, this illustrates that rearranging tide stations
in the study area with 15 tide stations is the most optimal solution in both spatial coverage and

financial aspect terms.

6. Conclusion

The Historic Bay of Thailand is one of the important marine regions in Thailand, so
mariners as well as people who live surround these areas required adequate and accurate tide
information for many activities such as navigation in the water, tourist activities, fishery, and
hydrographic survey. Although there are 9 existing tide stations in this area, they cannot cover
all shorelines based on the standard of hydrographic survey. Consequently, large regions are
left without the coverage of accurate tide information services.

With the advancement of location-allocation models and geographic information system
(GIS), the P — median models can be implemented to analyze how to arrange tide stations in
this study area to cover all shorelines effectively. The results demonstrated that P — median
with weight as equation (6) and forcing 9 existing tide stations requires a greater number of tide
stations than P — median with weight as equation (6) but not forcing existing tide station with
17 and 15 stations, respectively. Both results can cover all shorelines and emphasize more tide
stations in areas that have high variation of tide elevation, greater population density, and a
greater number of port numbers. Hence, P — median is also proper for locate tide stations to
cover all demands. Additionally, after considering the financial aspect with construction and
operating costs, P-median with weight as equation (6), but not forcing existing tide stations
requires less budget after the second year of operating with only 15 tide stations in the system,

so it is an optimal solution.
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Nevertheless, there are some limitations in this study. Firstly, since there is no available
data regarding potential locations for setting up tide stations, this information was obtained from
satellite images and nautical charts. However, conducting ground truth surveys would provide
more accurate data to cross-check the security and relevant conditions of each candidate site.
Secondly, having information on the construction and operating costs of tide stations in Thailand
would be more effective, as these costs vary by region. Additionally, more factors could be
incorporated into the suitability analysis, such as the number of ships, presence of tourist
attractions, areas affected by tides, and important locations that rely on tide information.
Furthermore, to capture all tidal constituents completely, each tide station must operate for at
least 18.6 years. Therefore, the removal of existing tide stations must take this requirement into
account. Lastly, population density is not the best indicator of marine activity, as regions with
higher population density do not necessarily experience more marine traffic. The most suitable
data would be the number of ships in each zone; however, this information is difficult to access
due to security and privacy concerns, and it is also highly dynamic. Thus, using the number of
ships instead of population density would provide a more accurate representation for future

research.
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Abstract

Storm Surge, a coastal flooding phenomenon, is often mistaken for a tsunami due to its
destructive impact. Although their impacts may be similarly severe, the forecasting and warning
mechanisms for storm surges remain limited in Thailand, especially along the Andaman Sea
coast, due to outdated or insufficient early warning systems and a lack of localized, real-time
monitoring tools.This study was conducted in response to recurrent storm surge events affecting
coastal infrastructure and accelerating coastal erosion in provinces bordering the Andaman Sea.
The inability to issue timely alerts has heightened the vulnerability of these regions.The
objective of this research is to explore the feasibility of using southwest monsoon wind strength
as a predictive indicator for storm surge events. The study specifically examines the official
weather warnings issued by the Royal Thai Navy Hydrographic Department and compares them
against actual sea level data recorded at four tide gauge stations: Ranong Tide Station, Kuraburi
Tide Station (Phang Nga Province) Thap Lamu Tide Station(Phang Nga Province) and Taphao Noi
Tide Station (Phuket Province) The study period spans from January 2020 to December 2021
Findings from the two-year dataset (2020-2021) reveal a notable correlation between stronger
southwest monsoon winds and periods of elevated sea levels at the monitored coastal stations.
Although the timing and magnitude were not always precisely matched in every instance of
warning issuance, the general trends show sufficient consistency to suggest that this method

holds promise for operational use.

Keywords: Storm Surge, The Official Weather Warnings, Hydrographic Department, The Andaman

Sea Coast
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Abstract

Thailand and Cambodia have claimed continental shelf unilaterally in Gulf of Thailand
resulting overlapping claim area. Negotiation between Thailand and Cambodia is contiguous.
Presently, the still agreement is the Memorandum of Understanding between the Royal
Government of Cambodia and the Royal Thai Government regarding the Area of their
Overlapping Maritime Claims to the Continental Shelf, named as Overlapping Claims Area (OCA),
done on 18 June B.E. 2554 (MOU 2544). This research aims at finding solution for maritime
delimitation between Thailand and Cambodia based on MOU 2544 that the delimitation is
above latitude 11 north. The research begins with case study from International Court of Justice
(ICJ)) and International Tribunal for the Law of the Sea (ITLOS). Geographic Information System
(GIS) is the tool for analysis the input data which are topographic information such as general
direction of the coast, relevant coastline for finding the relevant area. The overlapping area to
be delimited is from the relevant area. The overlapping area stemmed from the relevant area
is to lower the different aspects for defining overlapping independently. The maritime area from
the research is equitable because the input data, topographic information, is subjective. This
research strengthens the equitable solution for delimitation in UNCLOS 1982.

The research is from author’s analysis based on geographic circumstances. The other
circumstances such as historic title and socialites are none for analysis. The results is the

author’s opinion only.

Keywords: Continental Shelf, Overlapping Claims Area, Subjective, Equitable Solution

1. uni

aqﬁmﬁyﬁawﬂizmﬁzﬂ@dﬂﬁwﬂgwmamzLa A.A.1982 (United Nations Convention on the
Law of the Sea 1982 : UNCLOS 1982) ﬁzgaj@lﬁﬂqumeLLmumqmLaizmw%’gﬁmaﬁﬁmmiqma
uWismITlBssTIN Ailsisaanzmndeniiiaviagndngiunisussiimans 1] Ineuasfuyuididie
ssuszmalunanivlusnlng udasdefimapalunisUssmaiiuanisiudssalifnduiuiiondns
fudeunmaatu ilneuasfimuldiasamiegiseniiuineguseideunseislddniudin
anudlafeafuiiuisndnsluluaniuiudeusu (Memorandum of Understanding between the
Royal Government of Cambodia and the Royal Thai Government Regarding the Area of their

Overlapping Maritime Claims to the Continental Shelf : MOU 2544) A muafiuiiviudounameia

sonu 2 d lneldiduazfign 11 eseunile iWwduuus arszd1dlu MOU 2544 mvualiiiui
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Abstract

In the operation of unmanned aerial vehicles (UAVs) for perimeter surveillance around
airbases, communication systems are paramount, encompassing both video transmission and
flisht control. The presence of communication signals and/or similar signals can cause significant
damage to the UAV's communication links, severely impacting mission performance. This
research designs a simulation system capable of modeling signal interference, categorizing it
into two types: unintentional and intentional interference.

The system employs stochastic geometry, a mathematical model widely used to
simulate interference in both wireless communication systems and automotive radar systems,
to randomly position interference sources. Furthermore, the two types of interference are
designed to have distinct characteristics. Experimental results demonstrate that the system can
effectively simulate the impact of both interference types, consistent with the initial
hypotheses. The mathematical models employed provide a reference, allowing the obtained
average interference values to serve as a baseline for defining the lower bounds of UAV
communication systems. Additionally, this research showcases the use of a prototype
interference detector utilizing an embedded software-defined radio (SDR) device, the USRP-
E312. The results demonstrate its efficiency and suitability for further development into a

practical, deployable system.

Keywords: Unmanned Aerial Vehicles (UAVs), Signal Processing, Electronic Warfare, Interference,

Stochastic Geometry
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