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A Study of Factors Affecting The Selection Field of Vocational Certificate Students to Pursue

Higher Vocational Certificate Programs Using Data Mining Techniques.
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Abstract

The objectives of this research were; to identify factors affecting the choice of field of study of vocational certificate
students to study at the higher vocational level. 251 data at vocational certificates graduated in the academic year
between 2017 and 2020, Krabi College of Agriculture and Technology, Data classification based on the Decision
tree evaluation was performed using 5-fold cross-validation and 10-fold cross-validation methods. representing
similar efficient results. Accuracy (Precision 98.5%), Sensitivity (Recall 100%), Efficiency (F-Measure 99.3%), and 4
rules were obtained. The result of mining affinity rules using the Apriori algorithm specifies 0.3 Minimum Support,
0.8 Minimum Confidence, 0.4 Minimum Support, and 0.7 Minimum Confidence. When the rules are compared if
the Duplicate rule Data can be summed up by 4 rules. From the two data mining principles, the correlation rules
are in the same direction. Students will choose to study at the same college only if the same branch is supported

by a higher level.

Keywords: Association Rule, Decision Tree, Random Forest, Apriori.
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sex religion |blood type| branchl gpa province | district status sibling | occupation | salary | relation |Education| branch?2 | academy
M buddhist |B agriculture lhigh surat Else together |two agriculture  |mid father y agriculture kcat
F buddhist |B agriculture thigh krabi Nuea Khlonremarry  |three agriculture  [mid mother |y agriculture kcat
M buddhist |B agriculture |mid krabi Khao Phanqtogether |two agriculture  |mid father ¥ agriculture kcat
F buddhist |0 agriculture |mid krabi Nuea Khlontogether |three work for hire|mid mother |y agriculture [kcat
M buddhist |0 agriculture [low krabi Nuea Khlontogether |one work for hire|mid mother |y agriculture [kcat
M buddhist |0 agriculture |mid pnangnga |Else together |two trade mid father y agriculture kcat
F buddhist |0 agriculture |vhigh krabi Plai Phraya|remarry  |three agriculture  [mid father n work no
M buddhist |0 agriculture |mid surat Else together |three agriculture  |mid father ¥ agriculture kcat
M buddhist |0 animal high krabi Khao Phanqtogether |three agriculture  |mid mother |y agriculture [kcat
F buddhist |B animal  |vhigh krabi Khao Phanqtogether |three trade mid mother |y agriculture [kcat
F islam 0 animal  |vhigh nakorn sri |Else remarry  |two else mid mother |y agriculture kcat
F buddhist |0 animal  |high krabi Lam Thap |divorce  |two agriculture  [mid mother agriculture kcat
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Relation: EndData2
No.| 1:sex 2:religion 3:blood type 4: branch1 5:gpa 6: province 7: district 8: status 9: sibling 10: occupation 11: salary 12: relation 13: Education 14: branch2 15: academy

Nominal ~ Nominal Nominal Nominal Nominal Nominal Nominal MNominal ~ Nominal Nominal Nominal Nominal Nominal Nominal Nominal
1 M buddhist B agricult... high surat Else toget... two agriculture mid father y agriculture  keat A
2 F buddhist B agricult... high krabi Nuea ... remarry three agriculture mid mother y agriculture  keat ™
3 M buddhist B agricult... mid krabi Khao ... toget.. two agriculture mid father y agriculture  keat v
4 F buddhist O agricult... mid krabi Nuea ... toget.. three work for hire  mid mother y agriculture  keat
5 M buddhist O agricult... low krabi Nuea ... toget.. one work for hire  mid mother y agriculture  kcat
6 M buddhist O agricult... mid pnangnga Else toget... two trade mid father y agriculture  kcat
7 F buddhist O agricult... vhigh krabi Plai P... remarry three agriculture mid father n work ne
g8 M buddhist O agricult... mid surat Else toget... three agriculture mid father y agriculture  kcat
9 M buddhist O animal high krabi Khao ... toget.. three agriculture mid mother y agriculture  kcat
10 F buddhist B animal vhigh  krabi Khao ... toget.. three trade mid mother y agriculture  keat
1 F islam o animal vhigh nakorn sri Else remarry two else mid mother y agriculture  keat
12 F buddhist © animal high krabi Lam T... divorce two agriculture mid mother y agriculture  keat
13 F buddhist A animal vhigh  krabi Else toget... three work for hire  mid elder y agriculture  keat
14 F buddhist B animal vhigh  krabi Lam T... divorce seven  work for hire  mid mother y agriculture  keat
15 F buddhist O animal vhigh  krabi Lam T... toget.. two agriculture mid mother y agriculture  keat
16 M buddhist O fishery mid krabi Nuea ... divorce three agriculture mid mother y agriculture  keat
17 M buddhist O fishery high krabi PlaiP... toget.. two work for hire  mid father y agriculture  keat
18 F buddhist B fishery high krabi Lam T... toget.. two agriculture mid father n work no
19 F buddhist O fishery mid surat Else remarry four work for hire  mid elder n work no
20 M buddhist AB fishery mid krabi Khao ... toget.. five agriculture mid father y agriculture  kcat
21 F buddhist O computer high krabi Nuea ... toget.. twe work for hire  low father n work ne
22 F buddhist B computer mid krabi Nuea ... divorce cne agriculture low mother n work ne
23 F buddhist O travel low surat Else remarry twe work for hire  mid father y travel kcat
24 F buddhist O travel low krabi Khlon... toget.. three work for hire  mid mother y travel keat L
25 F buddhist A travel low krabi Khlon... remarry three agriculture mid mother n work no v

Add instance Undo OK Cancel |
A 3 uansdeyalilounnlusungy WEKA

Funeuil 4 Modeling Phase a¥1auuusiass %uﬁl@uﬁﬂum‘iL%@ﬂi‘ﬁauaﬂ@%ﬁuﬁ%l’mLLUUﬁ’]ﬁEJW’Iﬂ%EJ&Juaﬁ’ﬂL%EJuﬁ
aulszniadednsiudn 1uli 3 Inendeneasuavinalulad lulnsfine we. 2560 - 2563 $1uau 251 Au Ussneudae
15 A Serimunnudnyue branch2 (@wifiFeuse) Wuraadadudmmne Tnssmafeillfidonsanesunsi
wilastaya 3 danediiu Ae 1) Auliidndula(Decision Tree) 2) M3tFeusuuuLUg (Naive Bayes) uaz3) Urdu (Random
Forest) 1yhnsnnassuuusaesia 3 Sanesiu ezl neinauuuaesiinign fanumngauiian
LLagmf]a%’aﬁﬁmam’amnﬁaﬂawﬁmwmﬁﬂﬁﬂmLﬁaL'%EJuGiaTuizﬁUUszmﬂﬁaﬁ'm%n%%u@a Aonsteya WIATIEN
iieAuminganuduiius Taglddane3fiu elnled (Aprior) Insfmundn Minimum Support WAy 0.3 @1 Minimum
Confidence AU 0.8 iU AM%UAAT Minimum Support WU 0.4 A1 Minimum Confidence winfiu 0.7

Junoui 5 Evaluation Phase Useul UNaLUUTIa0Y 71 b9 NE9910A158S19wUUT1a09 tngazvinnisusewiiu

o '
add g adda

LUUINABINIEIS 5-fold cross-validation, 10-fold cross-validation 351 J1A5 AU luN15YIN1WIY dieldlunsvaasy
UsgaAnsamvadinaidosanmadilddauindede nefn UssAnsamdaeds Cross-validation dagyinisutsdoya
oonidumansdiu (hazuansneen k) 19y 5-fold cross-validation Al ¥innsutsteyasenidu 5 diu Tnsfusazaiud
Fruanudeyaniniu w3e 10-fold cross-validation fe msutsdieyaseniu 10 dw nefiwsiazarudsaudoyamintu nds
mm‘fwﬁa;&avrffaa':ma]ﬂ“ﬁlﬂuéf’mmaawisﬁw%mwmaﬂmma vuluuiiauasusuuiiudsld wazPercentage split 70%
35 Split Test 1unsuvadoyasnenisduesniu 2 @ 1y 70% sio 30% 130 80% sio 20% lnedeyadiuiinis (70%
viio 80%) I¥lunsadrsluinauasdoyadiuiians (30% nie 20%) 14y nMsvageuUszansnmvsdling nMsnAgeULUY
Split Test fimsdudoyafissadafedluu afdhmaduioyailflunismaseviifinuasadefudoyaildaiduna
vilinanisin Ussavdamldeanind lunsmssiminsduteyaiildlunsmaaeuiifidnvazuandnsiudoyad Téai
Tuwnaunnsildnanisiauszavsamldeanuud fedudennsldas split Test ﬁw%aﬁmwsﬁu maneqass dddinaatluns
UsziupUseansnmuasiuudnass fie A1ANQNABY (Accuracy) A1AIUKIUE(Precision) ANEnAu (Recall) kag @

Usgdvnmlaesiu (F-Measure) Wiedinsgiinnsaiuingussasinlansl vsel
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5. NAN153Y
Annesitlideifnadoniadonmuivifiedousslussiulssmatotnsinindugesindnuinendoinuas

wazweluladnszd lasldudnnisinniiosteya 2 wuu Idun msvimdesdeyauvuduunussiandeya was wuung

Aruduius wud mavdomuuuundeyalagliduneritiuliFadula vinnisussidiunuusianadeis 5-fold cross-

validation wag 10-fold cross-validation lafnasaniviniu fie AnAuusiugn (Precision98.5 %) Araauls (Recall 100 %)

v
¢ v a

nsinAUsEansNIN (F-Measure 99.3 %) wafilsannsulddndulaiingaanuduiug Al

bran:h1
= agriculture = animal = fishery = computer = travel = mechanic agri
—— N T T
agriculture (59.0/8.0) agriculture (10.0) salary agriculture (0.0) travel (44.0) animal (12.0/4.0)
= mid = low = viow = high = vhigh
/ \
agriculture (4.0/1.0) animal (5.0/1.0) animal (0.0) animal (0.0) animal (0.0)

AN 4 nanuANuduiusvedanesudulidadulalulusunsy Weka

M1999 1 HanNsasINgANNENTusLarNITLUaRLTIENg

ngildaniusunsy Weka wlaAUNNIBYBINY
1. branch1 = agriculture ==> agriculture DNAUEVNNYATANENTILLTYURD LAV AL
2. branch1 = animal ==> agriculture NAUENVIERIFNEN AL UURD L UAIV NN BATATERNT

3. branchl = fishery ==> salary = mid ==> agriculture  f1avavszauazelagUnaseteglusyduUunans
T UFD LA LN YA TANERNS

3.1 branch1 = fishery ==> salary = low ==> animal favavUszaauazeldfunaseseglusedus aniFou
AoluavIERAERS

3.2 branch! = fishery ==> salary = vlow or high or vhigh  fnuavUszauarselafunaseseglusedusann

==> animal W3age visegwn agliifenSeusdaluavnidnimans
4. branch1 = computer ==> travel fnavanreNiwesazluissuneluavinunsAans
5. branch1 = travel ==> travel fnavaIvINIsieaiienazTeusoluanv LA

6. branch1l = mechanic ==> animal VAUV NN YA TILLS HUAD MIANVENIANENS
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M15199 2 NQUBIANMUAUTUS 91NNNSYUA Apriori ANUWAAT A1 Minimum Support iU 0.3 wag A1 Minimum

Confidence wifiu 0.8 #1917 Minimum Support AU 0.4 Wag A1 Minimum Confidence Wiy 0.7

NEUDIANNTUNUS Confidence Lift
1. academy=kcat 134 ==> Education=y 134 1.00 1.37
2. religion=buddhist academy=kcat 113 ==> Education=y 113 1.00 1.37
3. province=krabi academy=kcat 101 ==> Education=y 101 1.00 1.37
4. academy=kcat 134 ==> religion=buddhist Education=y 113 0.84 1.37
5. satus=together Education=y 133 ==> religion=buddhist 112 0.84 1.03
6. Education=y 183 ==> religion=buddhist 154 0.84 1.03
7. blood type=0 Education=y 126 ==> religion=buddhist 105 0.83 1.02

maé’ws’ﬁlﬁﬁ]’mmiﬁ’]mﬁaqLLUUﬂammﬁuﬁuﬁﬂUiﬁ%umaﬁ%lwu Apriori TagAuuaAl Minimum Support = 0.3
A1 Minimum Confidence = 0.8 wag A1 Minimum Support = 0.4 1ag A1 Minimum Confidence = 0.7 Lﬁlaﬂﬁﬂgm
Wisuisufudionngiidntu dangdilien Ut desnduaziity 1 a¢ldng 7 ng usunngdilianaliadestu e
firsanmuingdenans asnsnagudeuald 4 ngfangselud

1. SrwnlinfnwniSeusefiineduinvaswazmalulagnssduinduindnwfnvdeduiesar 100 veeau

nsAnyLaeNTeuse
2. UnfinwiiitduiiemaumnsuaziseusefinerdeinunsuazmalulagnszJuinduinAnwfidnwisefndu

Far100 VoIERUNTANYTIFRNTEUAD

S a

3. UndAnwidgfisnunegluiwminnszduazifonSewieivendainuasuavwaluladnsz iaadusesaz 100 veq

U

v
o

INANNLEDNSYURDTIINUA

4. Infnwiine uil egdeiusazidenseusie 133 ausziluiomawmmsandusesas 84 vesinfAnwfidenseu

v
o

AONINUA
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nafe a1dnAnw s suanluaIvnuasANEns a1un1sviennel dndnwnnaituaziseuseluaivniy Wudu 39
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£

duldivndula (Decision Tree : J48)

a

Tngldmaliansvinmiiesteya Inuidennisiseuiisudeyametunawds 2 35 Ao

'
=

wazd1du (Random Forest) wuinAanugnssavaiadulddndulaidaiian (@auda uawe wazane, 2554, w1 1-

Y 9

11) wenaNLFanuI191uITeavul edonna 09N U3 Tes aan1slSeuiisulsedns nndanasriuwarnisAnLaen

AuANYMETmIganion1suERadug NSNS suvesinAnwseaue¥ifnw ngldimalinnisduundeya 3
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wiada loun dulddndula (Decision Tree : J48) windlawdniug (Naive Bayes) uay wiadangn1sgutle (Rule Induction)

?z'jq‘wud']ﬂ'wmmgﬂéfaaLwﬂﬁﬂﬁulﬁﬁmﬁu%ﬁmqﬂﬁqﬂ ($ma nandy warasy @I, 2561, B 1-10)
nansaengamEuiunuIn gALduTuSTld N Sane3Tiu Aprior dAranudesiuinnndn 80% virlsimanu

1 YademdnivinliinAnvidenAnudefeanufnuaeiesdauinfisesiuluntsSouselussduiigeiu uazindne

£%

adpilgianegludminianudnuwidey

) d

thanwdnlvgaghiduaiozFouse uazifimueszdeadonGoulumuivla uieziindnwdnnguiiden
Boumuafifieususiii madenlivesUnases viemsliudmvesaeuluaifu siliinAnwuvdri e1adenann
An denaliFouldlid ldfeugalunisfou Wenswdsuvdedemusgninauiou vilidonan wardwadeiodunis
denaneiiarSouselusziugaudnu lunsideluadsiifo@uumsdumauusunmsinundeliiutindne ieanns
ponnanduvesin@nwifiiousy WotnAnwidonaivldnsseanudens eidmevaussulovisves driney
ANENTTUNIINITONTIAN W BnTeAuAMAIN “Yaiiu 078RNW 2565”7 ANTuNITHULBIATIN Yeelanan1anIsinwiiy
91 Enw iU 1IYY

msviwiliosdeyauuuduunysziandeyalClassification) Ssiidnuanewadaiinaulawazirazianinisaaos
o nafile 1wy Fumeuituuu Multilayer Perceptron, K-Nearest Neighbor ,Support Vector Machine 1Hudu n5ide
Tuadsilldiunguussrnafiosiideniniu mndfaulamusadiluvssgndldiuussrnanduduld wasdsimailldly
afrafuneundiaduiiledusanuazainlunsléon lunsideluadwisluasiinnafudeyalasnisiarsanain
Awrey sinweiitvesindne eliin@nwidunuanuansafiwiiuasduuumdunsinwsoly

6.1 darauauuziily

1) twaildluahaduueundinduiiessamazanlunslin

6.2 Forauouurlun1iduadsialy

1) aodliinadinduls wu %umaﬁ%LL‘UU Multilayer Perceptron, K-Nearest Neighbor, Support Vector Machine
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The Feasibility Study of Concrete Mixed with Used EPS Foam for Load Bearing
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drunannuuUnalassuifisuiunsundauuudnalifidiunauvesdfiealriuuaznsussidiudunuuesreundndinaudi
walruflduds msmedeuauansasuidwsassmreunsaLUUUnAwasAounIafinaustoalnuildualusnsdy
0.19%, 0.2%, 0.3%, way 0.4% ﬁaﬁmﬁfﬂmaimazL?J'smLLasszmmqmiﬂmaaﬂauﬂ%mﬁmq 7, 14 way 28 U Wan1snageu
WUl Aeunafinaudfealnuildudfifiuunnd uardsmarerinisiuidssafianauiefisutunounsauuuuni
dnduvasdioalnufildudfivunzean Ao seulidifiudevas 0.3 veshmiinunasuasdonuariidadesuidussn
Uszana 218 Alandumomsueuiiuns Anunuiutuvesnsunsafinaudie alvuiewssufisusuanumuiuiuees
AouninUnAanasiiszduiadsiosar 2 e 6 Auvuvssnouniniinauditealruildudilauszana 1,980 umdegnuiead
AT SanasandunuresneunInuuuUnAUsTIN oAy 3

o

AEALY: ABUNIANANDNRALNY AuuADUNTA Bftoaluy

Abstract

This research is the feasibility study of concrete mixed with used EPS foam for loading, comparing with typical
concrete and assessment for cost of concrete mixed with used ESP foam. The testing of compressive strength
compared with typical concrete and concrete which mixed with EPS foam in rate of 0.1%, 0.2%, 0.3%, and 0.4 %
by weight of fine aggregates and the curing age of 7, 14 and 28 days. The results have shown that increased EPS
foam the lower the strength compare to typical concrete. The proper percentage of EPS foam is no more than 0.3
% by weight, average strength of 218 kg/cm2 and average density of green concrete is 2%-6% lower than density
of typical concrete. The cost of concrete is around 1980 baths per cubic meter which is 3% lower than typical

concrete.

Keywords: Concrete mixed with EPS foam, Concrete cost, Used EPS foam
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1. Ui

'
o o oA

ADUNIH Lﬂuiaﬂﬁaa%"wqﬁamzwisﬂumiaamwuLLazdaa%’wiﬂsﬂai”wﬁyugmsmS] U 91A15 auu 1udu
druUsenauvenaunIn Ao YuUBIIu iy e 11 wazthemauneunsn Jymnisidnverlnsnnziluresinudma
nsevUsiodanden uazdrsdeteyansumunuuafinv nsEnsImneInssIIHMALATAWINdeY (NSuAIUALLATY, 2561)
Tud 2560 a”m%"uﬂsswlﬂlmaﬁmﬂ%mamﬁm%qumaﬁmﬁa J1uu 45,000 aulusel waglnluussgems 91U 6,758
dilusied BsreliAnvelnlndudaunn degaandrindauandon ngaummamuas @iinnudwanden, 2564) fvun
sﬁaﬂ“zgzﬂaﬂﬁmwumumﬁawﬁﬁiiuLﬁaumﬁfﬂmfﬁﬂﬁqa W.A.2562 fsuaAnfiutuuastdaveglnesuiirniadamiiy
600 UsagnUIATINTHaATs Tedsmarafununsiidavesinu nisiinuey Sfiealnuasiinnisuand desfie CO,
919897932310 Reginald B.H. et al. (Reginald B.H. Tan, Hsien H. Khoo, 2005) laaguielidin n1svandaesfing CO,
TngUszanauvindu 0.051 uaz 0.028 Alanfusieverdfiealily 1 Alanfu dmsunisianavnasnisimivesdiloalny
mua1Ru nsidnvezdfealnulasdanldaulndudiunanvesnauninnoasaazisansununisiidnszuazan
NansEMUMsAaInden nuddeiliAnadeatunisiannianieains e1fi msAnwneunImnalAdisnadailenisanai
JouaeYd1ge1A13 (Ratanachotinun and Pairojn, 2020) o uanuduauiuiuaudounaryousensanisly
ndunglueins msdnavliuvdelduviiaanauveivaiaiunluiuneunia (@auysal AIANANAAS , 2006) Tag
ihssndenuvndisiesnisuasranfuyufunitugdutapmanlinduud duneuninuosifilsifdunauvomiary
veunieliu nansnageuUsATdLHALTINzaNvewmedi Ao ShsiduvesyuTiuud ey fo 1:0.5:3 TngUiunsg
Savrdaudrediuud 0.5 Tieidsdail 28 Tuwiiu 4.52 wnnzthanianse 46.09 Alansuden1suuiiuns waxdl o
iinl@sdnauneunislnelddndiunay 1:2.2:5.3 TneUSinasuassamadiuroduns 0.7 nadeufddnuniuuseda
flony 28 YuvesnaunIananlnuTiudausasuusssageanls 6.41 wnngliamanie 65.36 Alandudemaeuiiuns
Tugdanisuaniin winiu 1.42 wnnzdiaaanse 14.48 Alansusienisnaguiiuns n1sfnwdninavesvunadalnulndale
SUABAMNINTBIABUNTANIALUT (SUEFT 00738, wema windnwel, 2562) namsfinwamua nskaulaluwAdnazyh
Tuidssunssdavesaounindadndossudisusunstadaliuvualngy nslodalnuuiadisiudwanenin
MuTeIRUNIAENUBY T UNTISALAY AL ULLTBABURSAYZARAaIUN T uresUS I aTrluile
wazaouninfiandaluuziininigefuihgdudlonsudisusuasuninauay mstmuauanInsuhdsaves
mounsalufinauinsnia (Wang et al, 2021) HANITNABDINUIY MssuidSalneiadssewing 5.1-62.22 Alansuse
asuAunsudadiunauvasnsunsaliuiudawsia ns@nwanuduawiuiuauieuredsuionsasyuaiu
Tnenswansioalnuiiléug a%a SauluRiust, 2564) nanisnaassnuin mswaudfiealnuludgudenwazyuaiudmiu
readsemsmiluazdisanauouiitemirgmeluennsifesaiisyansamuazfunstioidnvey sfiealnuild
wilnedndiunaudfioalrlufivangauldnisiAufosar 1 veunariuasdon nedfefinarundreiufaenuindy
nsanunTanilildnudreluneuninddlianuansolunssudwiinlinntn dwiumiadeduadiiedestuns
I Tanwmasldiunisiaununeadne 81 nsAnwireulndndiuudiazaounin naveansdwmesnisutsien sy CO,
YosudenAaunIAiuIaTILs lHAasInS (Zhan et al, 2016) AnwiudenAsunIafiduiasusledad msununeadi
nsfnwimnssuanufeulszgnd Msfnwauifidsnannumunukaznsseifiuiginstinvesudeneinsnouning
snaseeunInsleia (Tu et al, 2018) AnwAnudululdnsldmouninuiasuslafa (RCAs) lilonannaunInd sy
NUNINBaseIAIs mﬁmi']z‘v‘ﬁ’aaﬁaa%’mmsmmamﬁ%’aL%wmaawawﬁaﬂﬂauﬂ%gﬁuﬁwﬁgumLLa gnasdossu
(Bjegovic et al, 2015) Anwanuiululdfazarausiuiiuneuninduiagusae Tasmaunusssumfuinndt 509 fetan

q
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dwsusufundsnuiasefinddmiulineatisetas (Bechki et al, 2019) MmsAnwinssladavoadedmiunsldanuddl
yarfisluudenasunia (Ling et al, 2018) msliveadeUszianane 1wy aouninsleida Sgua dlennlasl wimaon
uiamlymaeiss sadu iewesdnuaznssdeaduiy snfiuanuiusuutuanufeuresufenaounin :1nn1mmunu
mATeRi I lagsmiu Ssldfimstannaounianaudfiealnueguieieltauieaidlasadafiaunsnfy
dwiinldinnndi 200 Alandusenasuiiums lnedradanmsguimuaaudnuusenzvesiaglflunulasaieins

18K, 1101-64 D9 Wen. 1106-64 (nsulgs1Sn1swaziailn, 2564) wazlun1sidnvesdnealny uidefcuundenld
Jandeldusziandug nlaledfiealnunanluneunindmivnuneadne Jaduiuivesuide mAdedasinisdny
ANUAINNTONITTUM A TIONVBIABUNIANEND L aALHLN IThaL DN STULYEn NsiSeuiisunissulutniuaaunss
wuuUNR waznsUsEluuuYeInauUnInTiNaudNal i ldua?

2. Aaiun1sIve

Yy v v
o o v a A 1

mMydeiiituneulunsanidun1sasl Ae Tanlazla3owodnsuNIINAABY N1INAFDUANLENIUNIE VUINAAY

q
v

WAZNIAATHNIYDINIATIN NTBBNLUUSATIEIURALABUNIAAMTUNMIVAGEU MIASENMIBENLAZNAABUNTTUMASA
Y94AI9E19PBUNTA NTIATIRVTBYANUITeLAraTUNANTITY

2.1 Fanuaziaasiodmiunsnasou freazBondsd

n9deilldtagdmiunisaiisiiedanaaou Ao Yufwuiussnuaususznnil 1 (Portland Cement Type 1)
smsiifile danauiAniumnsgiu sen. 15 wnasivetulazanasmazdenidunasuiluiidelduasilegluussime
ng ﬁwém%’umimaauLf]uﬁwﬂiz‘uWﬁﬂamTwmmmmgwumwixmumwmq anfinsideduiesd fuRnisanuriun
Amnsaulsuazumsnuneadns umingrdesedgfunvy Siealiuildlunmmeaeudundnsasidldaudniu
Uo9Aun15nIzUNNIINAITVUAIAUAIAY 9 misjaEJ51‘7\1LaaIWMﬁI%LLé'aei’m%’uwaﬂumaun?mxﬁgﬂs’mﬂwﬁﬂﬂmmﬁﬂam
vadurgusnadlngUszaina 1.0-3.0 fadiuns wasnaluaouninfosay fovar 0.1, 0.2, 0.3 uae 0.4 Tnstmiinues
aswmazden iesdeddydmiunaaeunsiuiidssavesneunindietns fe wuundensunindiog1mssgnuiar

15¥15%15 Wufling wazin3evnaay Compressive Testing Machine Januazin3adodfgaiuisonanslatuning 1

(n) (@)

v o

A9 1 NedalnNLaLIAIRMARUNAAEMSUNUITY (n) Megrdiealluvuinysyann 1.0-3.0 Jadwnas

o

(%) WUUndDABUNINFIDL1NTIGNUIAR (A) LATEY Compressive Testing Machine
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Seefien

\’5 URNINYI[YINVNHIUNTNBU

2.2 NMSNAFIUAMNAINTNIE ?Ju'mﬂa:LLazmi@ﬂ%uﬂéﬂwaamasw

miwmaaui’aqmaim%aumaiméfqaahaLﬁawmaauaﬂ%ﬁaumuquqmmﬁﬁszéfv 110 o9AgaLdod n1s
maaummmaaﬁwauasmmQm%ufwaﬁaamaiawmuéw@ammigmmiwmaaumu ASTM C127 Standard test
method for density, relative density (specific gravity), absorption aggregate m‘iwma‘ummd’gaaﬁ’%wwsuaxﬁwmmam
é‘fmfwaa"i’aqmmmamﬁam 919891M351UN1INAABUAIL ASTM C128 Standard test method for density, relative
density (specific Gravity), and absorption of fine aggregate miﬂ/maauﬁﬁamwéuﬁaﬁaLLﬁﬁ LLazmiQWTMﬁWQWQaEJN
Hunismargedinininginieuarameuuarinanvanden

2.3 N1399NLUUINTIEIUNANABUNIAGINTUNTNAGDU

Sanaunaniiliaishegunsunininandealrudmiunaaeunisiunsiaves $19899ngigs Tsaudng
(2560) Tnen13AILIMONKUUEIUNANRINLIASFIU ACT (American Concrete Institute) Lun1smdndiunauvasnaunin
muanAsgIeRsn Miduilldreuniauuuunfiifnidsdn 240 Alandusemueufiuns lnefuuaUines 1:2:4 Ineld
Yubiuud 1 daw ve1e 2 daw wazdiu 4 daw wasdmiinvesyuduudiviiy 1,400 Alansusiegnuiadiauns tudnvemsne
Wiy 1,450 AlansudegnuiAniuns wavsminuesiumigy 1,500 AlansusiegnuiAiiins NN AU DALUY
drunauApunIn 1 gnuIAnluns Ais Yudwud wiriu 300 AlansusegnuiAniumns newiiu 624 Alansusiegnuiaiians
i 1,296 AlanSusiognuiafiuns waztwihiy 180 Alansusiegnuianiuns mMsasadiegnaunIndinaudiioaliy
aeildnduUsinnsvessiealnuiinaluneunin e Yesar 0.1, 0.2, 0.3 uaz 0.4 Ingtminvesnanuazidon lnsfmun
USunananuagdgavsensiavinay liin1sanusunamnsny n15eeniluUaIUREALAI9819ADUNIAA S UNAdDUAILERS LY

AN5197 1

M19199 1 daduvesianuanlunouninuiines 1 gnuiadunsdwiuldnegeunidadn

YU (k) 579 (kg) U (ke) 1 (kg) EPS (9% wpamiinnsy) EPS (kg)
300 624 1296 180 0 0.000
300 624 1296 180 0.1 0.624
300 624 1296 180 0.2 1.248
300 624 1296 180 0.3 1.872
300 624 1296 180 0.4 2.496

2.4 N1SHTIUAIDENILATNAFIUNITIUNIAILTIDAVDIAIDE19ABUN A

nsgevdtealnudildasdsusaduialumsananumaduingudnanddasyszunm 1.0-3.0 fadwns $1udu
HogunounIndniunsadeusedanassunuAeuN IRz ABUNIALETUMAN 10 101-2550 (Fninvauseniudl 14,
2562) fuadau 3 fegs dmdumanaaeuluawided Wndsumedafiudy 4 fegdeyaienuiniede
frognouningunsagnuiaiildlunismaaeudedndiumindy 12 #og19 uazengvesaeunInynnguiietsasdl
syEzMNIUNWINTU 7, 14 uaw28 Suutenaudadiunisuaus el saufotmagouiauawiniu 60 foens
N13NAFBUNIAISUA1A 58T URINNIATFIU ASTM C 39 (Standard testing method for compressive strength of
cylindrical concrete specimens) Tngidun1nsgIuveUsemeAansgosn1 MINAEaUNISTUAIIsISnfIat1sRaunIn
wanaanagoulumssazuiugfinmdIeudfioussninsaouninuuuUnAtuaeunindinandiealnuildudn

5.MyATeiteyanuieuaraiunanuide
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a

nsSpuiiguauansasuidedavesneunIanaudiealnuliudndndiusing 4 UwuuaNUdemeves

YegenaunInnaLsealnuldudy nsinseidunurasnsunIniNaudiealiunldudranduyuidaves diealny

PunwanlunaunIn

3. NAN1TIY

AR Izideyaite annsouiieandenadsi Ae auauiRvestanilinagou nanisvarouauALTRNITY
fdausedn dnunganudemevesnouniniinaudoalnuiliudn uaznmsussiuduuvesnouninnaudfioalviaild
I

3.1 auautRvesTanillinagou

Yudmudiduuduudvesnuaususziani 1 masmaziBeavieneveiuilinaaeuiidianudaedinzsom
RAswihiy 2.62 AnudisdnuTngeasidy 2.71 Adnsinisgedininadsrintuesas 150 warruIARaEATLLARS
Tup197t 2 aruveruvdediuildveaeuiidiaunndimgsmeasyindy 2.72 mudndiwizusngeasiify
2.79 edmmageduiiadewinduiesay 048 wazruiarasmukandlumed 3 Sfealruilliudrdmiunaaoudiany
ity 28 Alandusegnuiaduns lnevihnsgesditealniulivuinussanm 1.0-3.0 fadwns Siealnslugluuy
Hurzasiidnuasiiduituunauiesndiealiiitugidulassiunssunnildliluussydost andnuasdina
danadiaauvuLtuveugBlealniazanasUszanioay 30 YasmnuvukiukuuUng (28 Alandusegnuieniuns)
Fefuarumnduredealriuiidunez agiidsini 19 Alanfudegnuiafumsuazardnmnisgndun adeiiiy
Yovay 4 ayUnuantAvesTandmiunaaeunandlumsned 4

3.2 wan1asaUANENURAT UL D

nsnageuMsTUidausssavesieginsunIauuUnALazaouniniinaudftoalnufitisengnisunneunda 7,
14 uay 28 u warsuundadiunaud iealnusnsndiudesay 0.1, 0.2, 0.3 way 0.4 AU mtininasazidon A1ns

NAABUMAISULSIOARILAAIIUAITIN 5 DIAN5199 12 karn5iUSeuAeumImMaISuLSIOABERIIUATNT 2

A519% 2 MTUATIERVUINABLLIATINAELDYA

YUIARTHATI  WINTNAZLAST  UIMUNNsIg +  dUEATANe SeeasiiAaun Souavdvdudl  SeuariiNiu

UINTFIU ALUNTI BYUUATUNT AZUNTI ANUUATLNTS ALUNTI
(wwes) (n3n) (n3w) (n3w)

q 1,597 1,598.30 1.30 0.26 0.26 99.74
10 1,408.80 1,476.30 67.50 13.41 13.67 86.33
20 1,249.50 1,394.30 144.80 28.78 42.45 57.55
50 1,095.20 1,287.40 192.20 38.20 80.64 19.36
80 1,055.30 1,109.80 54.50 10.83 91.47 8.53
100 956 969.6 13.60 2.70 94.18 5.82
200 923.2 945 21.80 4.33 98.51 1.49
010 1,049.10 1,056.60 7.50 1.49 100.00 0

33U 9,334.10 9,837.30 503.2 100
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A15199 3 NTUATIVVUIAABLAIATINNEIU

weasunss  umdnezunse  wwihdiu+ uoindidne Sovezdidneun  Soveravandl  Sewaviiu
1INTFIU ABTUNT DELUUALUNTY ATUNT ANUUAZATY ATUNTY
(i) (n3u) (nFu) (nFu)
1 1708.9 1709.1 0.2 0.0192 0.0192 99.9808
0.75 1623.1 1736.8 113.7 10.901 10.920 89.080
0.5 1692.2 2201.9 509.7 48.869 59.789 40.211
0.375 1722.2 1918.5 196.3 18.821 78.610 21.390
0.187 1584.5 1786 201.5 19.319 97.929 2.071
017 1048.3 1069.9 21.6 2.071 100.000 0
334 9379.2 10422.2 1043 100.000
519 4 AruaNTRvesTIUdLALIIaTIN
Tan) ANUANTUNE nsgATuLh (%) ANUVUILUY (NN/aU.4)
Fuua 3.11 - 1400
A 2.72 0.48 1450
NIy 2.62 1.54 1500
EPS foam - il 28

A15197 5 NANSNAABUMAISULSI9NVBIABUNIALULUNPNALDNLELNLEREIW 0 %

9181150 Mg

= a
ABDUNIA N

YINTA AUIAMIBENNABNASA ANRILSINA (AN.) /  ALedsvasInaUsas (nn.) /

AINTYURI(TL.) /

FRE  NIeEIEs () ANAILIIDA ANaaksIonUsEae AUNUINUY
(1) (nn.) (NA./AT.94.) (nn./M5.9.) (nn./av.u.)
1 8.31 15.1*15*15.1 49230/ 218.8
2 8.17 15*15*15 47588 / 211.5
7 49061 / 218.05
3 8.31 15.1*15%15 50153 / 222.9
q 8.41 15.1*15%15 49275/ 219.0
1 8.11 15*15*15 53865/ 239.4
2 8.26 15*%14.9*15 56205/ 249.8
14 50630 / 242.80 9.5/ 2436
3 7.95 15*%15*15.1 54878 / 243.9
a 1.07 15*15*15 53573/ 238.1
1 8.47 15*%15*14.9 58478 / 259.9
2 8.31 15*15*15 56183 / 249.7
28 57791 / 256.85
3 8.50 15%15*15.1 57983 / 257.7
q 8.08 15*14.8*15 58523 / 260.1
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A151971 6 NANISNAABUMBISULTIDNVBIABUNIANALD N odLlNUFndIU 0.1 %

P1gMsUL fegns  uwiln  uadledsmeunIn  MAWSINA (nN) /  Aedevresusinalsedy (nn)  An1sguAI(ea.) /

Aoun3m 7 Frege  nINeeI*Es (a) MAssen / MAsusonUseay ANUNUILLY
(Tw) (nn.) (nn./n3.94.) (nN./93.593.) (nn/aval)
1 8.14 15*15%15 46980 / 208.8
2 8.00 15*15*14.9 48330/ 214.8
7 48690 / 216.40
3 7.99 15*14.9*15 49455/ 219.8
4 8.14 15*15%15 49995/ 222.2
1 7.92 15*15%15 56475/ 251.0
2 8.07 15*14.9*15 54585/ 242.6
14 54163 / 240.73 6.3/ 2381
3 8.00 15*15%15 54000 / 240.0
4 8.07 15*15*14.9 51593 /2293
1 8.02 15*15%15 55643 / 247.3
2 8.10 14.9%15*15 53393/ 237.3
28 54917 / 244.08
3 8.04 15*15%15 56453 / 250.9
4 7.96 15*15*14.9 54180 / 240.8

AN5197 7 HANSNAABUMSISULSI9NVBIABUNIANALDNLodlNUEndIU 0.2 %

91gMTUN Mg Uwmiln  wuadiegAeunIn  Mdwsena (nn.) /  Aledevesainausedy (nn)  Annsguda(ea.) /

ARuNSA 7 Frege  nIeeTras (au) MAssn / MAsusonUseay ANUNUILAY
(Tw) (nn.) (nn./n3.583.) (nn./n3.93.) (nn/au)
1 7.76 15*15%15 44415 /1974
2 7.85 15*15%15 44573 /198.1
7 43746 / 194.43
3 7T 15*14.9*15 42795/ 190.2
4 7.75 15*14.9*15 43200/ 192.0
1 7.85 15*15%15 44145/ 196.2
2 7.70 15*14.9%15 49703 / 220.9
14 4r177 / 209.68 55/ 2296
3 7.94 14.9%15*15 47858 / 212.7
4 7.86 14.9%15*15 47003 / 208.9
1 7.27 14.9%15*15 50513 /2245
2 7.70 15*15%15 51638 / 229.5
28 50586 / 224.83
3 7.75 15*15%15.1 52763 / 234.5
4 7.80 15*15%15 47430 / 210.8
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A151971 8 NANISNAABUMSISULTIDNVBIABUNIANALD N oalNUEndIU 0.3 %

P1gMsUL fegns  uwiln  uadledsmeunIn  MAWSINA (nN) /  Aedevresusinalsedy (nn)  An1sguAI(ea.) /

Aoun3m 7 Frege  nINeeI*Es (a) MAssen / MAsusonUseay ANUNUILLY
(Tw) (nn.) (nn./n3.94.) (nN./93.593.) (nn/aval)
1 7.82 15*15%15 40725/ 181.0
2 7.76 14.9%15*15 46328 / 205.9
7 43858 / 194.93
3 7.81 14.9%15*15 42435/ 188.6
4 7.70 15*15%15 45945 / 204.2
1 7.59 15*14.9*15 48938/ 217.5
2 7.73 15*15%15 47678 /2119
14 48639 / 216.18 5.5/ 2288
3 7.58 15*15%15 48645 / 216.2
4 8.08 15*15%15 49298 / 219.1
1 7.57 15*15%15 49365/ 219.4
2 7.65 14.9%15*15 51413 /2285
28 49088 / 218.17
3 7.72 14.9%15*15 46193 / 205.3
4 7.67 15*15%15.1 49298 / 219.1

A151971 9 NANTSNAABUNAISULSIDNVBIABUNIANALDNLDALNUFAEIL 0.4 %

91gMTUN Mg Uwmiln  wuadiegAeunIn  Mdwsena (nn.) /  Aledevesainausedy (nn)  Annsguda(ea.) /

ARuNSA 7 Frege  nIeeTras (au) MAssn / MAsusonUseay ANUNUILAY

(Tw) (nn.) (nn./n3.583.) (nn./n3.93.) (nn/au)
1 7.30 14.9%15*15 27653 /122.9
2 7.42 15*15%15 29408 /130.7

7 27218 / 120.97
3 7.51 15*15.1*15 24953 /110.9
4 7.47 15*15%15 26865 /119.4
1 7.54 15*14.9%15 30105/ 133.8
2 7.34 15*14.9%15 30375/ 135.0

14 29671/ 131.87 4.5/ 2196
3 7.40 15*15%15 31253 /1389
4 7.14 15*15%15 26955/ 119.8
1 7.47 15*15%15 32850 / 146 38132kg/ 169.48ksc
2 7.42 15*15*14.9 30983 /137.7

28 34139 / 151.73
3 7.43 14.9%15*15 34988 / 155.5
4 7.51 15.1%15*15 37733/ 167.7
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300

250 e —=—

———
.
p—
p—
.
- —

200

Ultimate Compressive Strength (kg/cm2)

150 e
‘+7
._'
100
50
0
7 14 28
Curing Period (days)
- P= EPSO0% EPS 0.1 % EPS 0.2 % EPS0.3 % e=m@u=EPS 0.4 %

A9 2 NslSeuiisuanaeenluwiardndiunauvadiealntlunaunInflng1sinnasu

INAITNI 5 DIANSNT 9 WATAINT 2 NUNERAIUVDIDNL DAL MNNLUINTUAINARDAINITTUAS IO ANanAILIID

WiguiumsunIawuuUnf dndiuvesdiealnulunsunsaiivunzandnsununeasisliiiuiseay 0.3 vastiininuiasiy

v o A

aziBeaesanilanisiuidsdaiiongnisvn 28 Suedsintu 218 Alanfusemsaeudung Taefldlidesnd 200
Alansusionsamufiuns fodudigalunisesnuuulasiadvermaiienssuimin anuausalumamvieadud
ARAagUszIIM 5-6 Wufung dndiunauesdioariuinminfosay 0.3 venimtnmanuasdenasiiimaiuiidedn
fishnin 200 Alansudenugufiunsdslimngaulunsldoonuulasadsidesdinsfudminusonaanansald
vonuuuludinnunoadeilddesnsnssudmdnanntgn 017 sumadui ueeunieneruiiugiu Hudy e
mnuuvesrounIninausfoalruilliudddanawmudadrunauosdfoalrufifissniu amuruuturesneuning
nandfealvuiionSeuiiouiuaunuuluresreuninuuuUnfanasiisssuiosay 2.3, 5.7 uay 6.1 dAmsudndiuvedd
faalily Seway 0.1, 0.2 way 0.3 AUaIRU ﬁmﬁﬂﬁuamauﬂ%wauﬁﬂLaaT,WMﬁamaﬂ%mmsaaﬂﬁmﬁfﬂmmﬂma (Dead
Load) dmsunseankuuennns wazdwasion1sanruinvedlasaienasuasUsendadunuresianneadne deg1ans
Hneuninnansiiealnudmivmuiiundsaanihorasisaunsatsandiminusmnmedldlumsssnuuulasasig
9113 NMIPBNIUVIUIALE AL IUTINTIsesTUaEiuadnawuazduuTagoadsanas

3.3 anWAILANNLIEENNEVRIABUNSANKANDNIDE NN THLA

o A

INNISNAABUNRISULSID A BULABUTENINIABUNTALUUUNA WAL ABUNIATINALDNLOE NN anyaENISIEeNIe

Y99iIeg19ABUNSARILARdlLANT 3 ANUEenevesiiegaraunIawuuUnfarddnwuzuandunuidminuazsidudu

v
=

drudiagerpuninnaudNoalnuaddnwarn1suan oo ULLIEUATIAIRIN AR ATUUSLIULUINALALAIUT 199
#2981 dadudntealiusosay 0.1-0.3 UANWALNISHANLEENINARA18AFNUABUNIALUUUNG dRdIUNELYBIDTLD
alnuAinunIu (asay 0.4) axiidnvauranudome duluinsasaanniiiudindusazisuiniswantukuinaiasuluyes
o ' a a a aa P ' o oA = a o =

f9819A8UNSH NNIAYTINANULENEYBIRRUnSANaNdNealnululdaNuLand Nt alUS suisuiUANLEE Y

YIMDUNIABUUUNR
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UM INYITETIVANIUNIINYY

ABUNSATINEL ESP 0.3% AOUNSATIEEL ESP 0.4%

= = = a o ' a a o N A aa
AINN 3 ﬂ']'ﬁLU'ﬁfJ‘ULVlEJ‘Uﬂ’J’]lILﬁfJ‘VﬂEJ?J@QC‘]'J@EJWQﬂ@UﬂiWLL'U'UUﬂG]ﬂUﬂ'E)UﬂiﬁVINﬁJJE]WLaaIWll

3.4 M3sUszliuAUNUYaeARUNIANEN BN a WL IHUED

'
°o v a

n1sidnverdiiealniueg1eirgluinungusy s198sdeyadindawinden njanmumuas (unnudwinde,

£% o .

2564) IededyaAnsunnumiuasisesrsssuideunisdanisdslna w2562 fvundnsanivvusazidnves

A7) 9

lngsudaadewiniu 600 umsegnuiAiwuAsHanss ANuvuILUuUnAvesdiitealu lngladewiniu 28 Alansuse

o 1Y [

anuAfams widlevunsutuegluanmusrardidnuurnusiiuurandiveshaiosnniaguiesdrufitugunss
faunszunn fajuiminvesmesdfealriudegnuiadumsasdaniosniiarumuiuiulnivesd foalnuiion wulae
anasUszanudesas 30 YasnITILLLLUUUAR AnuvuduveweydTiealriuadeTasindu 19 Alansusognuiard
A3 fuyuvesreuniafinaudfoalriuiliuduanddumssd 10 msvszilividunuasunininaudfiealruildudlne
vndunuidaverdfioalny nui wnliufuueouninizanasmudndiudealuinaufiuniy mslfnuaouning
nandfoalnuilliugs WoRtarsannniisfuusdaiinaaeuldtumadonldnunouniniinaudfioaln dadrugeaeld
\Au 0.3 % vosimininaruanden Faddnadousadnuszaia 218.2 Alanfudeneuiiuns uazdfunuasunin
Usgsnm 1980 umsagnuiriiuns (AuwisduuanizJaglisuusen) viefuuanasinaeuniaiuuniuseun

Sovay 3
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< U LA a £ L
i j UNINYIRYINVNHIUNTNBY

M99 10 MaUTeuiisudaadiunauvesneuninnauditoalnuse 1 gnuiAduns AuARasMAaTuLIEn wassunu

La?{a

EPS (%) 0% 0.1 0.2 0.3 0.4

g (nn.) 300 300 300 300 300

7318 (nn.) 624 624 624 624 624

i (hn) 1296 1296 1296 1296 1296
EPS (nn.) 0 0.624 1.248 1.872 2.496
MATUULTIEA (NN/R5.81.) 256.9 244.1 224.8 218.2 151.7
sunuadeidoiu (m / aua) 2039 2039 2039 2039 2039
funuiaAsiiadiealviy (Um) 0 20 39 59 79
ﬁunmaﬁa (Uw/av.al) 2039 2019 2000 1980 1960

4. #5UNaN1339Y
ANSNAFBUAIUAIUITOSUMAIDATEWINeABUNTALULVUNALALABUNS AT NN NLeal WU N I Tha L udns 1@ 0.1,

0.2, 0.3 4y 0.4 % FOUMTNNIATINALBANSTULALNYILIYNITULVRIRBUNTAN 7, 14 UaT 28 TU NaNITNAFBUNUI

'
v a

ADUNI ANNALDNL oAl WU NLNINTUITEINAADAINITTUNGID AN anadlBisuiuAaunIaLUUUNR kazdadiudniaaluu?

I o o w v

wizay Ap MiiuSesay 0.3 veauniiasitazdenazdamMassulsionusyanad 218 Alansufams1auiunsdal

eundn 200 Alansusemsrswuiwmsiiluasgaluniseenwuulasiaditeinsiionssudmin aanuaunsatunis

oA a

WvSeasuiiARfuegUsean 5-6 WwuRwng dadiunauvediealnylupeuniniininnitdesas 0.3 v muniasy

'
= P v o v A

ALl uadlAINITUANSIOATIAINTT 200 AlanSumamsIasuRunsdalimunsaulunisidesnuuulaseas1anaesiinissu

o¥

o '

YIMUNES ANUAULUUTDIABUNSANNALD e d U TELA AN anadImUdndIUNALYD DN ea WU ANLNNT UEINARD

Y

oe

YN UDIADUNIHTIANAY AUNUILUUVDIABUNSANNELD DAL NLE DS s UM B UAUAMUN UL LUYBIABUNSAUNFANASN
S¥AUSREaY 2.3, 5.7 way 6.1 @usudndlunaudiealiuseausasay 0.1, 0.2 way 0.3 AINAIAU ANWwULANULEENNY
\19997INNSNAFRUANAISULS IO AvBIRB UNSAFRag1kansliiuIn dndrudfitealnufisesusovay 0.1-0.3 Idnwaens
wanidemevesdiegisnauninlaenmsinliuanaisuintnidailsuiisuiunsuniniuulnd nan153ATIERauNY

a A aa A Y Y 4w v o w a A | a A aa ANy Y v o 1 A
AaunInNnaudNeallulduds@winandununsdnvegdfiealy wuin reunInfinaudiealnunldualudagdiun
Wingay Ae Sewar 0.3 veadmtniiaTINazidenliunuemaunInUTEIIn 1980 UMABNUIANLUAT Y3BAUYUANSY

NADUNIALUUUNAYSEINUSDERY 3

5. aAUseNa

dnduvesdioalnudildudrdmiunanluneuniafianzay fie dndquldiiudosay 0.3 vostminuasiu
avBundadianmassunssdneds 214 AlansudemusuRunsdusimasuusiavesnsundadetaldiosnin 200
AlanSusensaauiunsfimunzaudniuauesnuuulasadeialy anununtuvesneun3afinausiiealnuile
WguiteuRuAurunLLuTesneun3nUnAlisnsfianasseninedosas 2 8 6 wardwasotiminuesnounInnaySie
aiWuﬁamméﬁﬂamﬁmhaammﬁ”mﬁﬂmmﬂma (Dead Load) @1%15UN1588NLUUBIANS Wa¥NITO0NLUUYUINYD
Tnssadsonmnsiidnawazsendndunuuasianneatns egumadenldrouninnaudioalriudeainsiundsaanaii

911 TIEINTaTIANTIMINUTINNAIBYRIReUNI A lasdmaran seenwuUlATEs eI T dTINALENaaZan



Facult (X)) NIATINMTINGENENS 2

< U LA a £ L
i j UNINYIRYINVNHIUNTNBY

suuianneade duyuasunsaraudiealnufldudiuseunn 1980 vindegnuiaiuasdmsudadiudiealuuiosay
0.3 uagdnsdunuanaulielSeumisuiuasunInwuuUnfvssanusesay 3 duunisldneuniniinaudiitealnunldua i

ANUMgaLiununeaiiisensreuniasuuikarnsuiledymnisidnveeig

6. TolduBLUY
funounisnaudealnufiliudlinsmdfioalnuadlutmunidesanagiilndudafudunduuaslsiians
nszesluilonsunin daiuimsldaslutazdruiionsnszanesegnaiaie niswauiinislafiazdeniionudese
Aswa ns3seluswianalsiintsnaaeudndiunaud fealnuildudslunaunialaenisnawnuuiasivasiden was
Anesianudullimssuussaiimnzaudmivnuseniuulassains mutiauaunsnanfuyuasunisfinauies

Usunawnaniuazdeafianadaenismaunuueditealnuuazn1sitesizvilsunaing CO, anmsmanvaglny

7. AnAnssuUTEANA

MAelasuNsativayuInItesulssanueld Yssinduussana we. 2565 unine1desvigunsinuy

LONE1581994

nsuAURIMATY. (2561). uaSeusiSamarainuasnieantymauinden [Raans]. nsumuAuLaiy

nsulesBnsuasiaile. (2564). wmsgIunmunAmanvazanIzyedianlvlusulasiaieeIns ek, 1101-64 &9 ue.
1106-64. nsulys1B3nsuaziailo.

a3a Sauleftdun, Ny Aegusssy, ledunt SaulyAdun, uuims andan, wsa vedne waseigds aeusying. (2564).
nsAnwanduauiutuaudeuvesdsudenuazyuarulnensuauditealnuiildudn. nisusyauivinisuay
sinaueHaI ISR Snenmans Smanssumans invasmans uasmalulad ased 1, wninendesedy
UMAIIAN.

a%a Saulvftiud. (2563). MsAnwUIEANEANRIARUNIATINaNTInLWaNaRnTTLER. 29575997775 EAU Heritage,
14(3), 15-126.

518551 Im0158, wna uwdnwal. (2562). dvinavewwindinlnulnddln3usonunmusInaUNIANIB. 215975 398UAY
WINNTINNITOITIANY), 3(1), 11-18.

auysnl AsEUANARS. (2006). nsldaulnasnyiTaamauvenuiiaiulunuaeunia. 27599539n75maluladenamnssy,
2(1), 65-69.

g
o o A

a¥an piatad, Foeins Fumsarssa. (2547). aaautRvestrulnddlaiudniunsieneinesadeuisinlunediud,
msUszAnnisiaievieinngsaIasnaunyszmanensii 18, veuun.

dihavdanndon. (2564). gliauuanemssaivasssudeunssnmsasfnauazyasosvoinsanmumniuns. §10097u
Faundou, NFANNUNIUAT.

evigys s9u3nne. (2560). Concrete Laboratory. guéanisizsuuniinerdomaluladnszaeund mszuasivie

An Tu, Chen Chen, Dawn E. Lehman, and Zhanggen Guo. (2018). Mechanical properties, durability, and life-cycle

assessment of concrete building blocks incorporating recycled concrete aggregates. Journal of Cleaner

Production, 139, 136-149.



Facult (X)) NIATINMTINGENENS 23

< U LA a £ L
S j UNINYIRYINVNHIUNTNBY

Bao Jian Zhan , Cai Jun Shi, Chi Sun Poon and Dong Xing Xuan. (2016). Effect of curing parameters on CO, curing
of concrete blocks containing recycled aggregates. Cement and Concrete Composites, 71, 122-130.

Djamel Bechki , Hamza Bouguettaia , Nadia Nadir and Slimane Boughali. (2019). Use of a new agricultural product
as thermal insulation for solar collector. Renewable Energy 134, 569-578.

Dubravka Bjegovic , lvana Milic’evic and Rafat Siddique. (2015). Experimental research of concrete floor blocks with
crushed bricksand tiles aggregate. Construction and Building Materials, 94, 775-778.

Tung-Chai Ling , Kim Hung Mo and Yazi Meng. (2018). Recycling of wastes for value-added applications in concrete
blocks: An Overview. Resources Conservation & Recycling, 138, 298-312.

Jaran Ratanachotinun and Pithan Pairojn. (2020). Assessment of the Feasibility of Autoclaved Aerated Concrete
with Perforation in Thailand. Journal of Applied Science and Engineering, 23(2), 249-259.

Giorgia Peri, Marzia Traverso, Matthias Finkbeiner, Gianfranco Rizzo. (2012). The cost of green roofs disposal in a life
cycle perspective: Covering the gap. Energy, 48, 406-414

Azad AMohammed. (2017). Flexural behavior and analysis of reinforced concrete beams made of recycled PET
waste concrete. Construction and Building Materials, 155, 593-604.

Reginald B.H. Tan, Hsien H. Khoo. (2005). Life cycle assessment of EPS and CPB inserts: design considerations and
end of life scenarios. Journal of Environmental Management, 74, 195-205.

Xiaojuan Wang, Lu Liu, Hongyuan Zhou, Tianyi Song, Qiyun Qiao, Hong Zhang. (2021). Improving the compressive
performance of foam concrete with ceramsite: Experimental and meso-scale numerical investigation.

Materials & Design, 208, 1-23.



nsSEUigUNava Uiz aYinuLLiNeandIfle sTEzANEINTEANT LA e s atin dlse
AMuaNTalun1TassusslutnARIIeUeIBUY
The Comparison of Knee Angle while Foot placed on the Starting Block among Shin and

Dominant Length on Ability to Produce Force in Young Swimmers

SumgNed §Ued’, susse Ungen, Uaudy wedsiud’, suns luydn,
wuw Jgassal’, aigian Juwe®, amdad yRuna’, uaz asas Uszala®™
Thanatpong Sukwongl, Thanawat Bumrungwongz, Papinwit Meksiriwit’, Thanakorn Kaimusik’,

Manop Phoosuwan’, Nattida Bungmeks, Ladawan Chutimakul’, and Vorramate Prajongjai®*

1236568 grg3gnIng1emansnsiniuasnsesnindinie winine1desvdgiunsinun nsannumuas Yseinelng
" Anendomsiiniinag wnIne1desieignszuns ngamnauas Ussmealng
1.2.5.4.5.6.8 Department of Sports and Exercises Science, Faculty of Science, Chandrakasem Rajabhat University, Bangkok, Thailand

" College of Teacher Education, Phranakhon Rajabhat University, Bangkok, Thailand

v

UNanga

N5398ATeliTngUszaeAlite e uliigulssgeanuaz I IN S LI SIFURNSY U1 VUL U TULLYIUBBNA Y

q
v

srpvALEINTEgNUT LAY sre D Titrerwansalumsaiusdludnfwrhedue sy nquiegts dnfwiieihi
Andoudmumswstuiionundude aluaslsadouasamingdoaiundunsilan Unutu ong 14-18 T S1uau 11
Au TANTEULUULNIZL1E93 (Purposive Sampling) Tas@iduaniusndidumsiayuigivesniiegsiuvdsvengy
fegiiegluvhmeniseaniuuiiusendalngBunuuiiinrinunauuiidudunds (Kick Start) lusserntin 91ntu

nageulalawnsndalndnaluyuinninu damisienn dulunsinuuivesiiegmunaavenaudiegiiogluiimg

L]

n1seaniIuULINBaNAIlALE UL UUWINIININNUUNAUAUNEY (Kick Start) Tuszegarueninsegantiuds a1nty

v
v a o a

nageulaluiunsndalnanaluyuuininu MaATeluasel dulunsiayunlagliussiniayy (Goniometer) Uuwyiu

anivuuuifidusiings (Kick Plate) susgvaaeuleluunindalndyavuuviuiaussufAseraniu anudlumafudeya
600 1850 myziteyalngldanade dudsavuinasgu Wisuidisuauuandaduses lnensmeasud “i”
wazen “8” MmuafudiAgmnaaiafissdu 0.05 nansIfenudn wsigaadivg uazdnmnisianusIgegaduing 5
FU9 way a 9393a1 30, 90, war 150 Tadiui "Lm'LLmfwi'mﬁua&iwﬁﬁf&ﬁﬁmmqaaaﬁizﬁu 0.05 Lilesanyimanisosns
vuuviuoandlasBunuuiminimumesuuiidudunds (Kick Start) vesszevinauazauirg 2 Su ldunnsnedy udd

wwilduinluszesanueninsegnuinudeduaunsaadiausiaianuarsn s M siauksduimslafnd unlunditu aaw

'
o v o o

wlanswmazndinduiediuasdinadudddgidinaounarininemansnisinaaslimnudAyuasnaunaegly

vy

LRUNSHNTBULEND

v

AdAgy: 19t MseandIIeln USIEIER SMIINIHAILILGY

* Corresponding author : p.vorramate@gmail.com

Received: 6 11n3A1 2566 Revised: 25 1n31M1 2566 Accepted: 6 nunius 2566


mailto:p.vorramate@gmail.com

Facult (X NFATIVIATINGNFERS 25
Sefeng

y AMMINGIAYTNTNIUNTNBU

Abstract

The aim of this study was to compare the relative peak force and rate of force development between the dominant
and shin-length feet placed on the starting block in youth swimmers. By using selective sampling, 11 swimmers
from the Pathumwan school club at Srinakharinwirot University were selected. The kick start position was shown
by participants during the first week of data collection, and their back leg's knee angle was measured. After that,
isometric mid-thigh pull testing (IMTP) with a similar knee angle was performed. Participants exhibited the kick start
posture on the starting block the following week while data collection was taking place, and they also measured
the back leg's knee angle. After that, IMTP testing with a similar knee angle was performed. This current research
was measured knee angle by goniometer on starting block (HX-09, FINN Forest) and utilized 600Hz force plate to
performing IMTP testing (400S+, Fitness Technology). The mean, standard deviation, and comparison of the data
were determined using the paired simple T-test and the Wilcoxon signed rank test, with statistical significance set
at the 0.05 level. The findings demonstrated that there was no statistically significant difference at 0.05 between
the dominant and shin lengths of feet placed on the starting block in terms of relative peak force and 5 second
rate of peak force development, 30, 90, and 150 milliseconds because the length and knee angle were the same.
Although, the results were no different between dominant and shin length, shin length showed slightly higher in
relative peak force and rate of force development. Additionally, coaches and sports scientists should continue to

emphasize the value of lower-body strength and power and include it in training plans.
Keywords: Swim, Swim Start, Peak Force, Rate of Force Development
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Butter Cookies Supplemented With Dragon Fruit Peel
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Abstract

The purposes of this research were to 1) study the standard formulation of butter cookies 2) study consumer
acceptance for butter cookies supplemented with dragon fruit peel and 3) study the nutritional value of butter
cookies products with dragon fruit rind. The results showed that from the selection of the standard formula, the
most accepted recipe was the second formula because of its liking scores on color, smell, taste, texture and overall
liking. The highest score of formula 2 was compared with formula 1 and formula 3 with statistical significance (P <
0.05). Therefore, the researcher chose formula 2 to develop butter cookies with dragon fruit rind. The development
of butter cookies with dragon fruit rind was found that consumers gave a sensory liking to the product of butter
cookies with dragon fruit rind that used dragon fruit rind at 6% higher than other formulas. Consumers were most

interested in buying butter cookies with dragon fruit rind at 96.70%, followed by very interested and wanting to

* Corresponding author : charisa.s@chandra.ac.th
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resell at 3.30%. The nutritional value of butter cookies with dragon fruit rind, 50 grams per serving size, was found
to provide 190 kilocalories of energy, consisting of 1.66 grams of protein, 20.12 grams of carbohydrates, 11.58 grams
of fat, and fiber. 0.27 grams of food, 1.41 milligrams of calcium, 0.28 milliecrams of phosphorus, and 6.45 millisrams

of iron.
Keywords: Development, Butter cookies, Dragon fruit rind
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Ay Tnedinainsiazuun 1-9 sedu wudn Anfueangesi 1 {uslaalinsuuunudnuuzaiu & ndu savd eduda

o w

wavANuveulneTulageglute 4.0-5.3 Avwuu (seauliveudntosiiaae ) unnsnsegalileddgyneeda (P < 0.05)

fuansi 2 wag 3 lneAniiugangasi 2 guilaalinguuunadnuuesu @ ndu savid Weduda uaraluveulaesiug

agluYa 7.1-7.6 Aruuu (szAuvaulIuna) duaniiueanansi 3 Juslaaliasiuunudnuazeglugie 7.1-7.5 Azuuy

(srAurauUIUNa1Y) Faansi 2 Tdunudeduignnitgnsi 3 easuldindndugianiueangnsi 2 danumunzauiay

° " & T -1 a a v o q‘ '
hluvaundundniusianiuganasuiudanwiisansiwansausely
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4.2 namsinsiinauudenudadensiimaneauluniaaiuaniuedn

TumsfnunuiinavendienufdansfuansadludnsusianfiusanasuUFenudaiiing o 3 sedu dun
qmﬁm?umﬁamlﬁuﬁaﬂs Seway 2, 4 uaY 6 Y09UTUN AT UHANT TN mami‘dizLﬁumwizmwé’mﬁamaawﬁmﬁmeﬁ@ﬂﬁ
weanasuUdonuilinsludnsdiunng o lnedduduindnw 919138 wazynaInsvewmIne1desadgunsine

MU 30 AU LAAIAINITNT 3

M19199 3 NsUsEllunUsEadulavemdndananiuganasudenuiidans

1% a = Y o S a a o ¢ X
iaﬂazﬂimmuﬂaanLmeﬂi‘wLaiﬂuwaﬂnmmqnﬂmﬂaﬂ

AMANEY - o - - - -
3998 2 (6.8 nNTY) 088z 4 (13.5 NTW) 3988z 6 (20.3 NY)
anr 6.1+1.7 6.5+1.8 6.8+1.9
naw"™ 6.5+1.7 6.6+1.8 6.8+2.0
FaAyE" 6.4+1.6 6.6+1.7 6.8+2.1
ileduita™ 6.8+1.6 6.7+1.6 7.2+1.9
AnuraUlagsIn™ 6.6+1.5 6.7+1.7 7.3+1.9

*NULLUA ns not significant

31NM15°99 3 nansUsunsUsEamduavesiuslandiuiu 30 Au lunismaaeundniueianiuganasy

v
3 a

wWaenuiagdans wudn nislafenumdansiasulundndasinniuean 119 3 sgau dauwaneng egr9lifideddgms
atn aguladnmsasudenuiidnsludSunaunniigafiseduosas 6 vesUSunadiunauymue Ianumanzanly
nMsmuIARSTiAnAuanEuEeNuALNng

4.3 wan1sAnwanadaiivvasfuilnafifidendndusianiueanaiuUdonuiadns

Tunsfnwaudaiuvesuslaaiiidendnsusianfiueaaaduudenuilinsgasildidenuiulins Sevas 6

FuslaafiauAniunanifsnsned 4

a ' a

A151971 4 AuAnTiuvesustnaTidnendnsiual

anuAniuvasjuslnadifisenansiueiluidesnsseusunansioei 31U Jouay
yoNTy 30 100.00
laiuadla 0 0.00
ligausu 0 0.00
33 30 100.00
anudadiuvesduilnaiifidenansasiludamsindulade Tnefindnfudianiuean  stuau Souay
wsaURanuAaians aandvingluuTuia 100 n3u fal ndas :IAINGRNEE 35 UM
avlade 29 96.70
lajaulade 0 0.00
laiuaila 0 0.00
aulaneyNinmvese 1 3.30

39U 30 100.00
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MMIT 4 wud wansussdiuauRniiy wesnsseusuRdndusianflusanaiuuFenuinslneguslan
sl Anendenasgdunsinsusiuu 30 au Tnglduuudssidunnufadiu wagnssonsunanfuraniiuanias
Waenufsiing wamsUsaidunsseusuvesiuilaarlulfssensuiuesiui 30 au $osar 100.00 fuilnasiuuy
29 au ($owaz 96.70) Ianuauladendnfaurianfiusanasudonuiasing tnefl 1 au (Gesax 3.30) Tanuaulatiay
Wl mesie

4.4 NANSANEIAMAIMNNLATUINTVRIHARS AIIANNLLEaAERNURBNUATINS

A135197 5 AuAlavuinisveswandusinnfiuganaiuddenuiidensse 1 misguilaa Weiisuiuaniiugan

AnTUINTZIU
wanfusianiusaaaSuenuiasiang uilwiaeuilna windu 50 ndu

WA ey aslulawmse losiu Teewns weadeu Woawada wan
(Flaunas3) (n3%) (n3w) (n3%) (n3%) (iadn3w) (iadn3w) (iadn3w)

190 1.66 20.12 11.58 0.27 1.41 0.28 6.45

wAnSusignAlusangasInsgIL inniaeuilna wihiu 50 n¥u

WA Wshiu  aslulawmse losiu Teewns ueadeu Woawada wan
(launas’) (n3) (nFu) (n3u) (n3u) (iadn3u) (iadn3u) (fiadn3u)

233.50 3.00 34.50 9.50 0.40 14.50 0.28 1.10

HansANwANAIMATWINTYRINGR ST AN AeanaSuUFenuiding Tngn1sAuinanmisdenisne
AAMlATUIN1S Tudiunfuld 100 n$1 AM15199 5 W31 AuAmElaTUINISYBINER AN AusdnESIUAaNW
fans 1 mihwuilaa A1 50 n$u Feasdindaanu 190 Alauaass Useneurme WA 1.66 nsu aslulansn 20.12 nu

lusiy 11.58 n$u Toa1vns 0.27 n$u weaw@ou 1.41 Daansy Weawesa 0.28 Taansy wasivan 6.45 Jaansu
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5.1 8AUs18HNaN1598

nsenfiunsiveses “nsiaundndausianfiueanasuudenuiains” lunmsdndunuiulunuinguszad

' v
1 a o ¢ d

VIR wIHARS AN EangATIRTTIUlaelaenin 3 gas druvitnisusediunisdszamduda lilednlien

q

' '
a =

Wied 1 gnsfinfian fie ansh 2 JedidnvarUsing fie Roaziden veuiues savmuAy waznseu ntuianAnwdnsndin

Y
Mnzanlunisiasuldenuidainslundndusianiuean wuin naadusianiueaaiiasudenuidinsiosas 6 vaq
Saa &

USunaudiunauvianue Sddsensuwdy dedudannifiivenuidintes fsau@ivau hu uazeeni3endia o wazdien

q

AYLUUTEAUANUYBUAIUE NAY SanA adudd wazanuseulnesiu laAzluLANYeUTEAUUIUNATE LagauiTeves

ausiny auwuiy (2551) ladnwnistdimauaindenusunilundnsiosiani 4 sedu fie Sevas 0, 2.23, 4.44 Uag 6.66

'
a a a @

wudiAnAEsumARunseRuTesas 2.23 fRunmniUssannduialuiiu Snvaedsing & ndu sa uay dnvusiiledula

v o
a a 1%

gananAminnaiy Sesar 4.44 uay 6.66 laflauuanssegalnedAgynisadfdvansatuau (P >0.05) n1siiiy

Yunaunefuluioesas 4.44 uaz 6.66 vlimnadamunwliluiseusuvesiuslnaiosinnindue Tsaused wazdl

q

anwazwlleifamniulin 31NN1TIATIERIRUTENEUMAANvBIRNALESIINARUNUT AnALETIINARUT R 2.23 1
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arwilutasdosay 5.68-8.47 luulurasdosay 16.81- 24.17 USmanudu uazlufuvesaniiaiumaiuanandod
USinnunefuiiiniu (P<0.05) anfasumafuilusiulutisioray 7.27-8.12 uasnuilushudanfistudovsinaumeafiu
Wiy (P<0.05) drutSanaudrveanaiuria 4 gns darlugaedosas 1.50-1.84 Famaifiud uveanaiulidmasionis
WasuuasTinaudluani (P>0.05) :nnimadeumanisnatn wuin guilaaynieliasuuuaureureseniiaiy
LWﬂﬁuqaﬂdmﬂﬁﬁmamu fosnanagsitfodrdameada (P<0.05) MnmsdummuiAnfias ey fovay 2.23 3
Funulunisudn 89.1 vindelaniu ievnasunavesnisuilaaaniiasumaiusogunmvasuilnemuin fuslaa
wunliilumsidsuuasdndiunieanas wagnuinisudlaeaniaiy efuriliansivesiieans was arwd luns
vilnronssewinsiioanas Tviilimnuilunistudisvesivasouiiintu

5.2 YalduauuLnIsIY
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1) mrssinsdnwlunisldwionnaldl vietngaudu o lumsvhndadusianiueaniioiiuamuAmnialnwuinis

o

2) msfimsfinwindnludnreinsiaonglunsiiuinwvewdndousianiuesn

q
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N3350 N3, Uguan 1309501, 991 ugded way dwiin Wleslaf. (2556). waasdwsiluladnainuddensugideyrine
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syUU DiRNANYeIYYIlng. v ineduaavanuaIums.
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gl yaydl. (2562). msliivdenuifsnmaununimyuazarsiumsvlundndusiunug. uUseyuivInsseduyIf

a

YNNI TIaN Uszarl 2562, U INGIRUSIER.

o v a

Utmatnfiuriuidnudnie. (2559). tuine3 wymd. drdnfiuriuidog 91,
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I~ o a

Fvaws AsUg. (2552). uavuanAniuayleansa. NuviaTsil 10. uasuaa.
wiTugnad SUuzie. (2561). a19iaAnA. fuiased 1. nadad.
aussml auuum. (2551). MINawNEnduAnEUWARUINWERNNEUN. 919575097 INeaesinDas, 11(2), 39-55.
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Factors Affecting Japanese Learning Motivation for Small Sample
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1234 Department of Mathematics and Statistics, Faculty of Science and Technology, Thammasat University
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UNanga

v
Ay Aao

NuieiiingUssasdiiefnundadeninadeussgalalunmsdeunndgiudiofegfivwiadn uazmfuuunsneinsel

q

Arsgauksgdalumassunivdgdu Tnevinnsidieuiisudauuunisinsizinisannssuuundsulng (Quantile

Regression) fiufawuun1sannesnlsulnawuuynawnsy (Bootstrapped Quantile Regression) Inglda1Anuninavests

AudeliuvesAduszdnsnisanasedunadilumsiuieuiiou Ussmnsi@nw e §AiSeunwdJuszau B1 Tu

] o

andulelengTueendny) uninedussiumans wagldnisiiendiegaiuy 13123 (Purposive Sampling) NETLSEU

AMPYUTEAY B Ju 11 1w 37 au Inglduuvaeuniy ussgdlalumsiSeuntwngdu wasladenfnw laun viruad

nideUszimagJu, vinuaanidenudl

@9

W kazn nanwalresUsemag Uy nan153Tenuiniimsinsieinisannsuuy

o

meulndissiumesingd 2 \Wudwuuidarnumuizauiian wazladendnaseusgelaluniseunwgyuesnad

3

' a

v AgNseia AenndnwalvesUszmeagu TnsdiaUszanaduyszansauduiusalesunu windu 0.541

]

Ardnfy: fegwuadn wssgslalunisiSeunwdiu msanesesuuumeulnd n1sanaseuuuaeulndynaunsy

Abstract

The purpose of this study is to examine the factors influencing motivation in learning Japanese with a small sample
size and develop a predictive model for motivation levels. Two models, quantile regression analysis and
bootstrapped quantile regression, are compared using the width of confidence intervals of the regression coefficients
as a criterion. The studied population consists of individuals studying Japanese at the Bl level in the Institute of East
Asian Studies, Thammasat University. Purposive sampling was employed, specifically selecting 37 participants from
Batch 11 of the Bl level Japanese course. A questionnaire was used to assess motivation in learning the Japanese
language, focusing on factors of attitudes towards Japan, attitudes towards Japanese people, and the stereotype of
Japan. The research findings indicate that the quantile regression analysis at the 2" quartile level is the most
appropriate model, and the factor that had statistically significant relationship with motivation in learning the Japanese

language is the stereotypes of Japan, with a Spearman's correlation coefficient of approximately 0.541.

Keywords: Small sample, Japanese learning motivation, Quantile regression, Bootstrapped quantile regression
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1.1 finuazanuddnyveinisise
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andout netafiesied (2564) nai1 “ussgslatinaseustaviamlunsSounwdiumnnidadelusesveane
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Keiko Yoshikawa (2013,pp 117 ,124-125) §19@dlu nun eAsAna wazane (2561) wudn wlfiSeuasiiusegela
wazauFenslunsssun g ussdvgslutaniufou uienaazlddeidedunissnussiunussinisouauds

o o ' v £% '

FIIAGANIEVBINTSTEU Asludaeunsiianudftysdensnseiunnudenisegeiaiios 1nnin anud A iuwss
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Furuoka et al. (2019) Ainw138n15TiAs1erinsanneealeulnduvuynaunsuludiog1auuimannisdiu
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U

@
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o w

wuuyraun s iuisiaian eindgmnsasifinauy Aguvesisidsaeniosfigauasmsimiiaund wazazuitisns
yaauasy annsahulduidymiuieginnin uagisnsinszinisannssuuumeulndanunsauidyymaRauni
g1

0.John (2015) Anwiarmunsavesisnisinsesinsanaesuuumeulndiuteyaisifinun laeAnwiaindeya
fnlsaufe ArSuannandugisanlulsemne (Gross Domestic Product: Implicit Price Deflator (GDPDEF)) $1¢/lasuna
MNFUIMINAIveIsEImAluTeRaAY 2000-2012 wasiishuUsdase Iaun MR SRS INEUNYATNTIN, NER N oeis
ANURAAINTTY, NSmﬁmﬁﬁsauéﬁummsLLaz?%wavﬂa%N, HANS U TINAUEIA IR daLAIUAN LaznEniuTINAIUNNT

U3n13 IneUssanananiglusunsy R g3delavinisiindeyariauniasiuludayadiudsny 2 a5 lneasennis auen

Y Y

a 8%

Y93oYaNIY 5 UarA3IN 2 ANANDITEYAMIY 7 NUTIHARNSIINNITIATIENAI8ITNTIATIEINISann e TiA1Rde
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v S a 1 a

(Mean Regression) lnagwsiuansaiusg1auinseninsyadayaifuivyadoyadiiuadaunid1ly sou fefianig
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ANuFNuSIENIeiLUsBasEiuduUTey vesusagduuulinansaiutiuiy Tuvuenisnsinsginisanneguuy
meulndfirsisegu (Median Regression) Tinadnéailiuasuuvausifinddaunfaduludoya 1losniBnsiaszs
nsannesuuumsulndazylridiUszinadldfaumnsauazindefewiaziAndfAnunadiunn (Extreme Outliers)
Mnfinanunisdiu HdeTaulafinuiadeifuasoussgilalumaiounundiu Inevinsdrsamednaan i
Anwawdiuu sedu B Juil 11 JadansiSeunisaou Tl wa. 2565 Adnlnsguinwinas iamsssaneids duduau
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mwduanney wiunsieusemehenuihlafigniestunviluniws
sAdeiaulafnndafeiidnadoussgdalunsdsunvduu Ineduanmsldnmsdinseinannnssnyea
(Multiple Regression Analysis) u#itosandeyafitanldlunisieszvfivuindn deoradauandanldduluay
aunfgiud safuresnisiinszsinuannesnyan Wy TeyaiidiAaund (Outlien) uazdoyadinsuanuasuuulsiund
(Non-normality) 3383 siansansauuuiifiaanunnss (Robust statistics) ingaelunisiiasiesidn 2 35 Ao 35n1samasy
wuuAIBUlYE (Quantile Regression: QR) war3an15aATIEinIsannempulndwuuynawnsy (Bootstrapped Quantile
Regression: BQR) uaﬂa]wﬂﬁ;ﬁ%’alé’mmmé’uﬁuﬁ‘iwdwﬂﬁmﬁaﬁ] ﬁ’“ungﬂﬂumﬂ%‘aummzﬁﬁu (Learning language
motivation) Infladelafinuduiusunndian ezt luldiduuuimslunisdanisieunmmdyuliundiaulali
UsyAvsnmBedu
1.2 noufiiiieados
1.2.1 MIAATILINITAN0080E191Y
detdunumslumsvianudlaferiunsiieszinsanaey azveuuzimsiiaszinsanneyegiadeg

(ordinary least squares : OLS) lngdlgunuuanns fadl

Yi = Bo+ Pix; + & (1)
he y;  fe fusnny
X, Ao duUsBasy
B, e Fnsiivesaunisanney
f, o dulsdvinisonnos
g o Aeaaiedoudy
way Vi = by + by x; 2)

& Y 1
aums (2 Juaun1sn1sonnegveddiegg
il by, #e AnsiivesEunsanaeiietinas bolduAlszanaes B,
by e duuszdvsmsanassiietiauas b uruszanames By

TneFBidsanstioniian aunsomtieindeiu (1—a)x100% veos 3 16an
(b1 =t ) SE (b1, by + ey SE (b))
(3)

b SE(by) fio FiAALAROUINATTIUYEY Dy

v

ta (n-2) Ao A1adA t AINUNUaIewIINITLanuaY t Wiy > Nosrdasy (nN—2)
2’

K

1.2.2 WA ginisanneeuumeulng (Quantile Regression: QR)

Wasieginsannesluumeulnawaulng Koenker & Bassett (1978) Judiuvengreinsanneguuy

o

& a g vax i ad o o d' = 12 aNa v = gy |
ﬂQLﬂ11‘1/]1611'35ﬂ']iﬂié‘ilnm@"liﬂﬂ')ﬁﬂqa\iﬂaﬂu@ﬂmZ‘j@l sﬁﬂﬂ"lﬁﬂﬂﬂaﬁLLUUﬂ'JE]uVLWaISﬁUﬂimVW@HaNﬂ'ﬁLLf\]ﬂLlf\NﬂJaﬂwmﬁ‘lll



Pacalt(X)  NIANTIVINTIMEIEERS a4

Selend®D. & o o o
S A NMIMENAY TN IUN TN Y

duunsrseinnuy wiedleliymiARaund I8nsaAszvnsanaeswuumeaulnaldudnnisanaunisanasslunis

'
[ =

Uszanauenalsegnu annsamanuduiusseninsiiudsdassuazmindsaudildldfiansan amsuunltudnganads s
asnvauduiug o 9alegavdsvesnisuanuamieseiume ulndiidnetu Tasuvudtasssiiaseinisanney
wuumeulvdfuuuusiaesiicwuely ¥ lusudsdulasileiduresnauanuasnnuasdu il
F(y) = Prob(Y <y) (4)
Taofl Y Ae fuusiimdsfionsan
y e seufidosnsmeanuinasdy
aumsiuuumslaszimsanaesiuumeulnddmivsziumenlnai T (0 < 7 < 1)
Vr; = Bocr) T Bim) Xix + - F Bpo) Xip T &
(5)
Tol T fo o sedfusineg vesmeulndvestoya

n13UsEaNAIMIEmesTuAILUUNI50A008LUUAIOULVE F8AIUTENIMTEY B TIAINATINY9A

o

ﬂmmﬂﬁlauﬁmyjiaﬁd’mﬁmﬁ'ﬂ (weight sum of absolute value of vertical distance) mﬁqm
Fmshenzinisanaesuuuasulndwanaisnnisiinszianaesineiily assfinislnsizdinisanaey
ilvegldeduussanseonuiiiosrnfisafidiade wiiinslnsginsanaesuuumelndeglimduusyanioonuls
WaEAIRNNNTUIsEAUTeIeUlng 33n1sannssuuumeulnd \usnuilsiinisadAiifianuunss (Robust statistics) 7
inlglunsundgmnisiieniiauni@ (0.John, 2015).
1.2.3 Baslasgrinmsannssaeulnduuuynaunsy (Bootstrapped Quantile Regression: BQR)
3'§m'§3Lﬂiwﬁmiamaaamauvlma‘l,wvgmaLLmUWLﬁaLLﬁlﬂJ{]mmLﬁmﬁ’visLﬁwf’iﬁiumiﬁﬂmﬁ’gaﬂwﬁumm
8N Furuoka et al.(2019) wugilWsnAsnmsmeadafiiussansaim 2 35 Ae BasysaunsiuaziBnisiinszsinsannes
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srldduUsyansanudusenun R &

¥

3. AnNUNAIARIARaBUNIRSEIY (SE),) Beiasnsaeil

R by b ;)2 1/2
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1.2.4 Mylasigianduius (Correlation Analysis)

v &

myBnseanduiusidunsfinuanuduiussenindeyaviosuusae 2 fmauluifianuduiusiuuin

Weaiiiedla wazdfianisanuduiusiduuule nsalnfnwmanuduiussendneiuds 2 dusendranduiusedneine

Nl v o s

(Simple Correlation) nsfiAnwIANATUSTENIMIMUTINNNT 2 617 Bendt anduiusidany (Multiple Correlation)

& aad

duUszandanduiusuuualesuuu (Spearman Rank Correlation Coefficient) luafianldldnisdines @4
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Bootstrap Confidence Intervals for the Parameter of the Poisson-Garima Distribution:

A Case Study of the Number of Thunderstorms in the USA
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Abstract

Recently, the Poisson-Garima distribution has been proposed for studying count data, which is of primary interest
in several fields, such as biological science, medical science, demography, ecology and technology. However,
estimating the confidence interval for its parameter has not yet been examined. In this study, confidence interval
estimation based on the percentile, basic, and biased-corrected and accelerated bootstrap methods was examined
in terms of their coverage probabilities and average lengths via Monte Carlo simulation. The results indicate that
attaining the nominal confidence level using the bootstrap methods was not possible for small sample sizes
regardless of the other settings. Moreover, when the sample size was large, the performances of the methods were
not substantially different. Overall, the bias-corrected and accelerated bootstrap methods outperformed the
others for all of the cases studied. Lastly, the efficacies of the bootstrap methods were illustrated by applying

them to the number of thunderstorms in the USA, the results of which match those from the simulation study.

Keywords: interval estimation, Poisson distribution, parameter, bootstrap method, simulation
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1. Introduction

A thunderstorm, also known as a lightning storm, is a storm characterized by the presence of lightning and
its acoustic effect on the earth’s atmosphere. Thunderstorms are usually accompanied by strong winds and can
produce heavy rain, snow, sleet, or hail, and sometimes little or no precipitation (Wikipedia, 2023). It is estimated
that there are as many as 40,000 thunderstorm occurrences each day world-wide, which translates into 14.6 million
occurrences annually (National Weather Service, 2023). The USA certainly experiences its share of thunderstorms,
and of the estimated 100,000 occurrences each year around 10% are classified as severe (Florida Division of
Emergency Management, 2023). Figure 1 shows the average number of thunderstorm days each year throughout
the USA from 1993-2018. It can be seen that the most frequent occurrence is in the southeastern states, with

Florida having the highest number (80 to more than 105 days per year).
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Figure 1. Average number of thunderstorm days each year throughout the USA in 1993-2018

Source: https://www.weather.gov/jetstream/tstorms_intro

It is well-known that that the number of events happening in a specific region of time and/or space has a
Poisson distribution (Andrew and Michael, 2022, pp. 190-192). Data such as the number of thunderstorms or other
meteorological events occurring in a particular locality over a given amount of time, the number of orders a firm
will receive tomorrow, the number of calls attended per hour at a call center, the number of defects in a finished
product etc., (Siegel, 2016, pp. 176-177) follow a Poisson distribution. Although the Poisson distribution is a basic
model for the analysis of count data, its use is restricted due to the equality of its mean and variance (equi-
dispersion). A popular alternative when the count frequency data exhibit over-dispersion (the variance being greater
than the mean) (Ong et al., 2021) is to use a mixed Poisson distribution in which it is assumed that the Poisson
parameter is a random variable that has a single parameterized distribution (Tharshan and Wijekoon, 2022, pp. 33-

51).
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Recently, Shanker (2017, pp. 48-53) combined the Poisson and Garima distributions to produce the

Poisson-Garima (PG) distribution and investigated its mathematical and statistical properties. The PG distribution

arises from the Poisson distribution when Poisson parameter 4 (the mean number of events) follows a Garima
distribution. The method of moments and maximum likelihood estimation were both used to estimate the
parameter of the PG distribution and when it was applied to two real data sets, it was more suitable than either
the Poisson or Poisson-Lindley (Sankuran, 1970, pp. 145-149) distribution.

The Garima distribution is a lifetime continuous distribution introduced by Shanker (2016, pp. 275-281)
with a probability density function (pdf) defined as

f(x;9)=$(0x+9+1)e"”, x>0,60>0. )

This distribution has been applied to model behavioral science data. Furthermore, Shanker (2016, pp. 275-
281) also showed that the Garima distribution is a better model than either the exponential or Lindley (1958, pp.
102-107) distribution. The mathematical and statistical properties of the Garima distribution were established by
Shanker (2016, pp. 275-281). Plots of the pdf of the Garima distribution with some specified values of parameter

6 are shown in Figure 1.
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Figure 1. Plots of the pdf of the Garima distribution for 8 =0.5, 1,2 or 3

In statistics, the confidence interval is a range of values that is likely to contain the true value of the
population parameter of interest, which is a key output for many statistical analyses and has a critical role to play
in the interpretation of parameter estimations (Tan and Tan, 2010, pp. 276-278). To the best of our knowledge,
no research has been conducted on estimating the confidence interval for the parameter of the PG distribution.
Bootstrap methods for estimating the confidence intervals of a parameter provide a way of quantifying the
uncertainty in statistical inference based on a sample of data. The concept is to run a simulation study based on

the actual data for estimating the likely extent of sampling error (Wood, 2004, pp. 180-182). The objective of the
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present study is to assess the efficiencies of three bootstrap methods, namely, the percentile bootstrap (PB), the
basic bootstrap (BB), and the bias-corrected and accelerated bootstrap (BCa) to estimate the confidence interval
for the parameter of the PG distribution. Because a theoretical comparison is not possible, we conducted a
simulation study to compare their performances and used the result to determine the best- performing method

based on their coverage probabilities and the average lengths.

2. Theoretical Background
The Poisson distribution is a discrete probability distribution that has the probability mass function (pmf)

of a Poisson distribution as

—A y

A , y=012,.., 4>0, 2)

p(y:4) =2

where e is a constant approximately equal to 2.718282 and A is a Poisson parameter. Let X be a
random variable which follow the Poisson-Garima (PG) distribution with parameter 8, it is denoted as X ~ PG(8).
Shanker (2017, pp. 48-53) defined the pmf of the PG distribution as

0 Ox+(0°+30+1)

0+2  (0+1)° ,x=012,..,6>0. -

p(x;0) =

Plots of the pmf of the PG distribution with some specified parameter values @ are shown in Figure 2.
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Figure 2. Plots of the pmf of the PG distribution for 6 =0.5, 1, 1.5 or 2

The expected value and variance of X are as follows:

6 +660%*+1260+7
E(X)= =272 ang var(X):GZ:( )

~60(0+2) 6*(6+2)°
The point estimator of @ is obtained by maximizing the log-likelihood function log L(x;8) or the logarithm

of joint pmf of X,,..., X,. Therefore, the maximum likelihood (ML) estimator for @ of the PG distribution is derived

by the following processes:
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% log L(x;;6) = a—%{n log (%) —iznl:(xi +2)log(0+1) + .an“ log[ 6x, +(67 + 30+1)]}

2n nx+2) < X +260+3
- _ > .
00+2) 0+1 T ox+(6°+30+1)

Solving the equation %Iog L(x;0)=0 for 8, we have the non-linear equation

2n _n(2+2)+n X +260+3 B
0(0+2) 0+1 Fox+(07+30+1)

where X = in /n denotes the sample mean. Since the ML estimator for 8 does not provide the closed-
i=1

form solution, the non-linear equation can be solved by the numerical iteration methods such as Newton-Raphson,
bisection, and Ragula-Falsi methods. In this paper, maxLik package (Henningsen and Toomet, 2011, pp. 443-458)

with Newton-Raphson method was used for ML estimation in the statistical software R.

3. Bootstrap Confidence Interval Methods

In this paper, we focus on the three bootstrap confidence interval methods for the parameter of the PG
distribution. The bootstrap methods, that are most popular in practice, are the percentile bootstrap, basic
bootstrap, and bias-corrected and accelerated bootstrap methods (Chernick and LaBudde, 2011, pp. 76-98). In this
study, boot package (Canty and Ripley, 2022) was used for estimating the bootstrap confidence intervals in the
statistical software R.

3.1 Percentile bootstrap (PB) method

The percentile bootstrap confidence interval is the interval between the (a/2)x100 and (1—(a/2))x100
percentiles of the distribution of @ estimates obtained from resampling or the distribution of ", where @
represents a parameter of interest and « is the level of significance (e.g., @ =0.05 for 95% confidence intervals)
(Efron, 1982, pp. 78-79). A percentile bootstrap confidence interval for 8 can be obtained as follows:

1) B random bootstrap samples are generated,

2) a parameter estimate 0" is calculated from each bootstrap sample,

3)all B bootstrap parameter estimates are ordered from the lowest to highest, and

4) the (1—)100% percentile bootstrap confidence interval is constructed as follows:

Cl [0 @

where é:a) denotes the a" percentile of the distribution of 8" and 0<r <s<100. For example, a 95%
percentile bootstrap confidence interval with 1000 bootstrap samples is the interval between the 2.5 percentile
value and the 97.5 percentile value of the 1000 bootstrap parameter estimates.

3.2 Basic bootstrap (BB) method

The basic bootstrap method is sometimes called the simple bootstrap method and is a method as easy
to apply as the percentile bootstrap method. Suppose that the quantity of interest is € and that the estimator of
0 is 0. The simple bootstrap method assumes that the distributions of #—6 and 6 —@ are approximately the
same (Meeker et al., 2017). The (1—a)100% basic bootstrap confidence interval for 8 is

Clg, =[20-6,,26-4,, ], (5)
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3

where the quantiles HA(*r) and é( , are the same percentile of empirical distribution of bootstrap estimates

s
6" used in (4) for the percentile bootstrap method.

3.3 Bias-corrected and accelerated bootstrap (BCa) method

To overcome the over coverage issues in percentile bootstrap confidence intervals (Efron and Tibshirani,
1993, pp. 325-328), the BCa bootstrap method corrects for both bias and skewness of the bootstrap parameter
estimates by incorporating a bias-correction factor and an acceleration factor (Efron and Tibshirani, 1993, pp. 325-
328, Efron, 1987, pp. 171-185). The mathematical details of the BCa adjustment were provided in Chernick and
LaBudde (2011, pp. 85-87) and Davison and Hinkley (1997, pp. 203-208). The bias-correction factor Z, is estimated

as the proportion of the bootstrap estimates less than the original parameter estimate 6,

2, =07 [#{é*—Sé}j,

B
where @' is the inverse function of a standard normal cumulative distribution function (e.g.,

®7*(0.975) ~1.96). The acceleration factor 4 is estimated through jackknife resampling (i.e., “leave one out”
resampling), which involves generating n replicates of the original sample, where n is the number of observations
in the sample. The first jackknife replicate is obtained by leaving out the first case (i=1) of the original sample,

the second by leaving out the second case (i=2), and so on, until n samples of size n—1 are obtained. For
each of the jackknife resamples, é(_i) is obtained. The average of these estimates is é(,) =Zé(_i) I'n. Then, the
i=1

acceleration factor 4 is calculated as follow,

n R ) 2 3/2 "
6{ (‘9(.)—«9(_0)}

i=1

With the values of 2, and &, the values ¢, and «, are calculated,

o = cb{io +—f° T Zat2 } and a, = (D{io +—f° T Piar2 }
1-4(2,+z,,) 1-4(2y+2_,,)
where z_,, is the @ quantile of the standard normal distribution (e.g. z,,,, = —1.96). Then, the
(1-)100% BCa bootstrap confidence interval for @ is as follows
Clcy =[0Gy ) )

where 6, denotes the " percentile of the distribution of §".

4. Simulation Study

The confidence intervals for the parameter of a PG distribution estimated via various bootstrap methods
was considered in this study. Because a theoretical comparison is not possible, a Monte Carlo simulation study
was designed using R version 4.2.2 (lhaka and Gentleman, 1996, pp. 299-314) to cover cases with various sample
sizes (n = 10, 30, 50, 100 and 500). To observe the effect of small and large variances, the true value of parameter
(@) was set as 0.1, 0.5, 1, 1.5, 2, or 2.5. The number of bootstrap replications ( B) was set as 2000 because
Ukoumunne et al. (2003, pp. 3805-3821) claimed that 2,000 bootstrap samples are sufficient to estimate the

coverage probability for the 95% confidence intervals with a standard error of just under 0.5%. Bootstrap samples
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of size n were generated from the original sample and each simulation was repeated 1,000 times. Without loss of
generality, the confidence level (1-«) was set at 0.95. The performances of the bootstrap methods were
compared in terms of their coverage probabilities and average lengths; the one with a coverage probability greater
than or close to the nominal confidence level (meaning that it contains the true value) and the shortest average
length can be used to most accurately estimate the confidence interval for the parameter of interest for a particular

scenario.

Table 1. Coverage probability and average length of the 95% confidence intervals for @ of the PG distribution.

Coverage probability Average length
N 0 PB BB BCa PB BB BCa

10 0.1 0857  0.846  0.865 01391 01395  0.1232
0.5 0868 0862 0882 09790 09827  0.8421

1 0896 0839  0.889 27551 27413 25326

15 0938 0822 0916 44281 43673 39742

2 0974 0752  0.969 55189 52922  5.4295

25 0964 0668 0972 56139 55344 54501

30 0.1 0921 0919 0931 0.068¢ 00685  0.0650
0.5 0908 0899 0915 0.4083 04078  0.3822

1 0931 0912 0937 10184 10201  0.9358

15 0924 0900 0944 18834 1.8708  1.6632

2 0925 088 0921 30302 30398  3.0255

25 0921 0866 0918 44960 45218  4.5366

50 0.1 0930 0916 0928 0.0514 00515  0.0498
0.5 0932 0920 0933 03038 03032  0.2916

1 0942 0920 0948 06969 06970  0.6639

15 0933 0917 0933 12763 12764  1.1950

2 0928 0922 0925 19560 19593  1.9139

25 0909  0.899 0908 28694 28717 28378

100 0.1 0937 0924 0934 0.0359 00359  0.0353
0.5 0938 0928 0941 02061 02060  0.2021

1 0927 0931 0931 0.4905 04895  0.4776

15 0945 0931 0949 0.8232 08245  0.7980

2 0926 0926 0929 12497 12492  1.2339

25 0938 0909  0.940 16926 16977 16718

500 0.1 0961 0959 0958 0.0160 00160  0.0160
0.5 0947 0937 0944 0.0902 00904  0.0899

1 0948 0947 0945 0.2097 02094  0.2087

15 0949 0945 0949 03516 03516  0.3493

2 0950 0924 0949 0.5047 05044  0.5031

25 0938 0932  0.940 06973  0.6966  0.6954

The results of the study are reported in Table 1. For n =10, the coverage probabilities of all three bootstrap
methods tended to be less than 0.90 and so had not reach the nominal confidence level. Nevertheless, the BCa
method outperformed the others in these scenarios. For n =30 and 50, all of the methods once again provided

coverage probabilities that were less than the nominal confidence level of 0.95. For n> 100, all of the bootstrap
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methods attained coverage probabilities close to the nominal confidence level and provided similarly average
lengths. Therefore, as the sample size was increased, the coverage probabilities of the methods tended to increase
and approach the nominal confidence level of 0.95. Moreover, the average lengths of the methods increased
when the value of € was increased because of the relationship between the variance and €. Unsurprisingly, as
the sample size was increased, the average lengths of all three bootstrap methods decreased, with the BCa method
providing the shortest average length for all of the situations studied. Moreover, the average length of the BCa
method was significantly different from the others when the sample size was small (n =10). In summary, the BCa

method performs best in terms of coverage probability and average length for a large sample size (n > 100).

5. Empirical Application of the Confidence Interval Estimation Methods to Thunderstorm Data from USA
We used real-world count data to demonstrate the applicability of the bootstrap methods for estimating
the confidence interval for the parameter of the PG distribution. Falls et al. (1971) reported the number of
thunderstorm days per month at Cape Kennedy, Florida, USA for June, July, and August over 11 years from 1957
to 1967 (Table 2). The total number of thunderstorm days for June, July, and August, are 330, 341, 341, respectively.
For the Chi-squared goodness-of-fit test (Turhan, 2020), the Chi-squared statistics and the p-values were calculated
(Table 2). The results can be interpreted as PG distributions with 0 =1.6906, 1.4726, and 1.5801 are suitable for the
data-sets for June, July, and August, respectively. The 95% confidence interval estimation results for the parameter
of the PG distribution are reported in Table 3. The results correspond with the simulation results in that the average

lengths using the BCa methods were the shortest.

Table 2. The number of thunderstorms events per month for the month of June, July and August within 11-

year period
June July August
Number of
Observed Expected Observed Expected Observed Expected
thunderstorms
frequency frequency frequency frequency frequency frequency
0 187 183.011 177 179.438 185 186.226
1 77 82.91 80 86.656 89 86.024
2 40 36.597 a7 40.743 30 38.708
3 17 15.846 26 18.782 24 17.082
>4 9 11.636 11 15.381 13 12.96
Chi-squared statistic 1.5060 55272 48714
p-value 0.5624 0.1370 0.1815

6. Conclusions
Three bootstrap methods, namely PB, BB, and BCa, were proposed for estimating the confidence interval
for the parameter of the PG distribution. When the sample sizes were small (n =10, 30 or 50), the coverage

probabilities for all three were substantially lower than 0.95. When the sample size was sufficiently large (n > 100),
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the coverage probabilities and average lengths using all three bootstrap methods were not markedly different.
According to our findings, the BCa method performed the best for almost all of the situations in both the simulation

study and using real data-sets.

Table 3. The 95% confidence intervals and corresponding widths using all intervals for the parameter in the

thunderstorms event examples for the month of June, July and August within 11-year period

June July August
Methods Confidence Confidence Confidence
Widths Widths Widths
intervals intervals intervals
PB (1.4755, 1.9837) 0.5082 (1.3055, 1.6865) 0.3810 (1.3765, 1.8233) 0.4468
BB (1.4135, 1.8975) 0.4840 (1.2592, 1.6334) 0.3742 (1.3362, 1.7678) 0.4316
BCa (1.4639, 1.9415) 0.4776 (1.3051, 1.6744) 0.3693 (1.3800, 1.7947) 0.4147
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Abstract

This research investigates the feasibility of producing bio-polyol precursors derived from natural rubber, waste
glove rubber, and waste tire rubber. Bio-polyols are low molecular weight oligomers with hydroxyl groups at the
end of the chain. The experiment was divided into 2 steps. Step 1: Prepare bio-carbonyl telechelic oligomers from
natural rubber, waste glove rubber, and waste tire rubber. Step 2 was the preparation of bio-hydroxyl telechelic
oligomers from bio-carbonyl telechelic oligomers. Carbonyl end group formation was examined and analyzed by
FT-IR and 'H-NMR. It was found that natural rubber is more easily oxidized to the carbonyl end group than waste
glove rubber and waste tire rubber, respectively. Proton signals can confirm carbonyl group formation at positions

2.1, 2.25-2.49, and 9.8 ppm, which are protons attached to carbonyl groups on both sides of the molecular chain.
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Molecular weights of all 3 types of bio-carbonyl telechelic oligomers ranged from 1,500-2,500 ¢/mol—successful
preparation of bio-hydroxyl telechelic olicomers. Since no signal was found in the 2.1-2.5 ppm range, proton signals
were found at 3.65 and 3.8 ppm instead, which are the positions of -CH,OH and -CHOH, respectively. The proton
signal at 3.65 and 3.8 ppm confirms the formation of hydroxyl groups at the end of the chain. The molecular
weight of bio-hydroxyl telechelic oligomers was 1,500-3,500 g¢/mol. The FT-IR functional group analysis showed
the formation of carbonyl groups at the absorbance wave number 1,720 cm™, and a change was observed. That

shows the formation of hydroxyl groups at the absorbance band in the range of 3,325-3,500 cm™
Keywords: natural rubber, waste rubber product, oligomer, bio-polyol
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HARAUIIINE 1IN (eTanilug) lanunsagevaanglaniadinmuasUsunavesmdndueiensignitdlutagdulivsunu

Wadwduduaun nsiuduegrefivedidgyiuilugUgmdwindousieg saudawaivnamaunuaznni deu

o

msslAadedinuddgdusgneds welraansouslgvumail ndndusiondagamzuansiueinunangranisiiivane

v a o 4

UszinnusazUszianiidnisndsldnududunnldunesosuduasgeiionanisunmd wJudu \Guitgiuadndnsdose

[

wardindsnlinuwezgnidndumisfrgninluiladandunldludn vazvesasiufuii Foniesesuiviosade
Fregransienauvluliusloviinuieeesudnansmiunediedaui ousuussweailadlvfiannuduniunis
Aonan muaziaiosnmennudeuinty (Ma et al, 2022) ﬁ%am51%8Nﬂ%ﬁiﬂLﬁ@U%UﬂjﬂﬂmﬁﬁﬂmmLL%Q‘U@QEJ’NWEN‘S’]
(Rattanapan et al,, 2022) w3an1sungadewnnduuadunsldiduansdufulug1sdunsizi (Dahham et al., 2015) 1y
#u wagiBndrnuinniiliausatnduasludaldnaeiduregnidnlagiBunmseilonay Wunisawafivaiistam
TﬁﬁuﬁaLmé’auLflué’umwd%umsmmﬂLLa3?jaﬁﬂﬁuaﬁismNmﬂ'1ﬂ‘vﬁmmgmmmﬁﬂuﬂmﬁu
dlofanstudernamaridisnssladasudbuldsuanuadlasgiann faduiiinvenisdnuiuegag
A998 wuanemdefilanuntifenisdauase Hydroxyl Telechelic Oligomers Ex Hydroxyl Telechelic Oligomers
HuweRwesidiwiinluanash leluanadu Tassasmaeifiduendnuaiuasanauifiivarnuas shlnduiidesns

dmfunmsltdnuiivainats msiiegveanguuatefidaauylliaiuisaaiuanujisenasnisvirnuldegusugl

o
5% [

arwannsolunmsuiuussivhliamsalfifududszneviiugiudmiunmsdansy TanTuge 1y wedgsinu N1 @13
wdau analaues wazpoulndn 1udu (Dworakowska et al,, 2013)

Hydroxyl Telechelic Oligomers w3anedosa Jagtundnldainnszuunstinsaiidudulvg luewpnenaas
GumLmaudama’lﬁ'ﬁﬁmﬁ‘qﬂ‘ﬁyu Hydroxyl Telechelic Olisomers 7 da1As123ilda1niizL3en31 Bio-based hydroxyl
telechelic oligomer (HTO) a15UszLAN HTO Luansidvy vareifunylansenda (-OH) nieiFundnogreimmedona
(polyol) uazdufinsutuiinasdsundnlunissdanedefimuffonedosadsldangnamnssutiased Wuassman
wedloawos vieweddines Yaatulffaulauarlivinmsmasoniensssumfndaulslasaadussessumanddmin
Iul,aqas?%l,aﬂﬁﬁmgﬂmaLﬂwgiamaﬂ%a (Kébir et al, 2005; Panwiriyarat et al, 2013; Rattanapan et al, 2016b) &1

[

Faindunedesariianiisnldniniiy (19535u915) 38n31 bio-polyol anunsathusseulunedemunsenedesinulny

a 13

ﬁ’q%umwmaz%m{uiﬁ 5uNI0 bio-polyurethane (bio-PU) (Rattanapan et al.,, 2016b; Ruamcharoen et al., 2022)

Uagludswalvedonindransdsiuiiothundnnedesimuuazilundndundndasiieldnuludnvaeiie msldnu
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Snguuuunildaduiaulauaesdaduiitenfunndomslinududnvarnussau wundaduiiuaumeunysyad
Tngthenssasudiinanuadudaldnmedemuszauinduiu vievdunmdielilunuesiies W
Fewmuainuinnivesnngdownmduazasraineissnsud dadundnsusiildane i aede
Hu HTO Ssfinsfnwties uarlnslamznawien HTO Mnvsgeilownnd Seliumngauideiidnuidest dafudmsy
AT salafnunsaSuansReiy HTO 91ne879s533%79 (bio hydroxyl telechelic natural rubber, HTNR) 99n2e
qdﬁaLLW‘w&’j (bio hydroxyl telechelic waste glove rubber, HTWG) wazainugzanssasus (bio hydroxyl telechelic waste

tires rubber, HTWT) wia@nwianudululadinsunisnsouanssasunadonaainvuskan aaie1anis

2. InguszaeAn1sIdy
2.1 WiefnwuarinszianudululdlunswSeuasiswunedesatinmainessssumd vezgellounduas
VL NITOLUA

2.2 WBANWINaTDIYINVDLELINKNAN UMY BN EUNDRDDATININ

3. AFANUNTIVY

3.1 Jain gunsal uaziadesile
Tan Usenausiy 819555uYIR ¥lla STR 5L (natural rubber, NR) HanlaguTEn aaaaqmammwﬁwmﬁu 31in
vgrangsiiownng (waste glove rubber, WGR) thasiiounnsfiiunsdaiianunasiBonferiosunuaudosgnnas way
YYLIINBITLUS (waste tires rubber, WTR) fIN1UNTUALAZLINIUIALEINT 801915 8T 1819AFUUME 981Ma (crumb
rubber, CRM) w119 40 L

gunsal Usenaudy vinnunauinee vinnunauaeifed nsievenans Jnines wingueasy N3IBuen N5IUNTes Nseay
N384 UaraUnIninsasuuuaneI LY

winaile Usznaudae Tuaaaina ndesds indosnmuans Ju RW20 digital nAnlasu3sh IKA feuaruiau (oven)
U UM-SERIES wiinlngu3em MEMMERT ¢augsysy1nie Lﬂ‘%"aaizLmﬁaﬁﬁazmmwwgu (evaporator) NanlAgUTEN BUCHI
Rotavapor s esiuadesuuniufnslowuudauninsfimes (nuclear magnetic resonance spectrometer, NMR) A sd 500
MHz ey Lﬂ%‘laﬂwuL%EJ%VH’MHW?J%@J?JUW?’]Liﬂﬁmﬂiﬂﬁﬁmag (fourier transform infrared spectrometer, FT-IR)

3.2 351573y

Anwnawisuasnadunedesatanimainian 3 vila Ao 8195355091 (natural rubber, NR) 18z ng3ilounme
(waste glove rubber, WGR) LATVBLIINYNNTAYUA (waste tires rubber, WTR) LﬁammazmﬂimmsL%‘aﬂs?iawaﬁaaaﬁ?m
Toalniuo$ (wedwed) Aflumanavuiaiinuardvarsaslddumlonsonda (or) fafudusunsmanosiasSonde
wedeeatinmiludniedn “leasendamaanledlnues@inin’ (bio based hydroxyl telechelic oligomer, HTO)

o
° [

dmsutumaun1sm3ey HTO 910 NR, WGR waz WTR sndudsaiuanniswmisuduledlnuesiiluanasun

Bnuazinguasaelnidungaivetia (-C=0) dewdudunouusn Fond1 “msveliamadnlodlnuoi@anim” (bio
based carbonyl telechelic oligomer, CTO) ntiuth cTo Mwseulluldiduasidudmiumion HTO

sl CTO Fiw3eua1n NR 138n37 bio-based carbonyl telechelic natural rubber goifiu CTNR

CTO w3ex91n WGR 5801 bio-based carbonyl telechelic waste glove rubber goidu CTGR

CTO #w3exa1n WTR 38031 bio-based carbonyl telechelic waste tires rubber gallu CTTR

HTO 7iw3eua1n CTNR S6n1 bio-based hydroxyl telechelic natural rubber gowdu HTNR
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HTO 7iw3euan CTGR 138031 bio-based hydroxyl telechelic waste glove rubber go1du HTGR
HTO Tw3ewa1n CTTR 136031 bio-based hydroxyl telechelic waste tires rubber gailiu HTTR
3.2.1 w3sumsuatiamaanlodlnuesiinmaINg19eITHTRALAYVLTNAR N 1819
nawssursveiamawdniedlnuestinnenenesssurfuaz s snansaeiens 5uanl NR feseuls
Nntredwihugisertunsadesledin (periodic acid, HlOy) lnevenansazarensaeslofnluivhazaemnselalasy
usu (tetrahydrofuran, THF) asluansazanewes NR flazanseglusiniazats THE vuiisefigumail 30 sswniwaifea
\unan 24 Hlus Lﬁamunmﬁﬁmqumﬂﬁﬁ%muasmawzﬂauﬁq mMdnfaviazaty THF eenlagian1ssemenivi
avaneen (evaporation) antutifegnaiildinazaslu CH,CL uavafndasaranandeledionluasuaiun (sodium
bicarbonate, NaHCO,) a1savanelafsallvledaimn (sodium thiosulfate, Na,5,0,) warvaisazansluifsunaslse (sodium
chloride, NaCl) anuansiu weniendrufiazangludwhavaiedunid mdndvhazaeeen a¢ld CTNR 11 CTNR fiweuls
UAAs1g9ia18 FT-IR wag 'H-NMR wazd1su CTGR way CTTR ¥n1sinssunaz a1 inieisiduiieanyu CTNR 9196
uslABuTanan NR 10U WGR wag WTR unu nalnnisiiaufasenvemyasusdaiisiumisuarsvesansls vas CTNR,
CTGR way CTTR fanmil 1

HsIO¢

THF, 30°C,24 h

NR, WGR, WTR cTO

A 1 UfAsen1smIen CTNR, CTGR wag CTTR

aunIAINUIMENIENaINNTIATIERME TH-NMR fdadunisi 1

M, = {M}+100 (1)

Igg

a a

o 4 < ! 1 A o ! = & v ' aa
ivuald 1, WuAnduinsadayaniidiumis 5.12 ppm Jadudygalsnouremieniay

o = o

loo Dudyaauisiiumis 2.2 - 2.6 ppm Fuludygralusneuvemywiia
3.2.2 w3sulansendamiadnloalniue st N NANg e TTUY A LA VUL NANH U9 1INIS
Fuanmsmisunwedseadanmuis lensendamiavanledlnuesiininaings NR (bio based hydroxyl

telechelic natural rubber, HTNR) theng CTNR 7ilaainnisdaasigvinsiuazareludivinats THE uaAsysmenadluyan

Uffsefiiasaranelafenlulslalasd (NaBH,) figaumad 30 ssmivaided eveaaisazaly CTNR ©ua 9INUULY

gamgilunsinfisendu 60 esrnwadea inufsesdesunsu 24 lus deasunandidvun ngaujiseiidlilmau

]

a =

W THF wanduddlunaufisen twdnduaniliundsieaisazals NaCl wasifin MgSO, Wamdnauaiy nses s
Aiagatueen waadilUeuludevagqinia aeld HTNR 11 HTNR w3 eulaludinsieise FT-R way 'H-NMR wag
dW5U HTGR waz HTTR vnsn3eunaziingisiaiedsnmsiguieany HTNR 919y uiiudeuansaaduain CTNR Wu

CTGR uag CTTR N ﬂalﬂﬂmﬁmﬁﬁ%mmaamﬂamaﬂ%ﬁ@hmeﬂaﬂa%aqmaiszi 989 HTNR, HTGR W@y HTTR fan1nil 2
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NaBH,, 24 h

THF, H,0, 60 °C

AA 2 UFATEINw3e HTNR, HTGR wag HTTR
aunsAnadmEnlianaaINNITIATIEReag 'H-NMR feaunisi 2
21,X68

M, = (#4104 2)

I12

° 1 @ 1 a a A o ! = & o I aa
Mvualy |, \JuaBuiiinsadayayaiidums 5.12 ppm dadudygialusnouvemiofiau

o

suauauisuiis 3.63 ppm Faludyaalusrewvemylensenda (OH)

I, \DuAdunTedey
4. NAN153Y

4.1 nsduassiarsuatiamaaniadlnuesdanmainegesssuviiuasvesnanineie1awis (CTO)

CTO ¥4 3 wilaftldneusssumnAuazssransasfomns Feismsiuiasedaasldfensaiveloonnd
gaungdl 30 evnivaidiea vdmnThuiAsefetuneuliisnmeaestisiunds thlvinseidndnuaidae FT-R uway H-NMR
iWosmnmssaudslassainswesessssuminarsssnansusionamnsisensaessnasiiiAnUfAseoont g sy
Y9saTIITALAvBKAR a5 VileleluanavewssssmAuasusznandasiosnagnialtvuaiiduag
dwaliidmminluanas InsianzsssmAiiddliiunssuumstamlud avgneentladldieniesnansusioam

dwaliiminluanavesesssundaulsifinivareiunsveliaanawiie daman1svaaedunsd 1 wasnsievyvane

sveliaaninsnduduiasAnaumiinlanaldnnsnseiiig FTIR wag 'H-NMR fanmil 3 wae 4

0.9

0.2

]

0.7

0.6

rmalized Intensity

=1
b

M

FTUPETTIIETTY FRTRTPTATY (YT PETNI FPTTIPTTe PTTRRTTRd FARTI AR TNA [RTRT ARATARTARN FAUAT ARTRANTTRY RARTUNN)

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5
Chemical Shift (ppm?

AN 3 HANISATIEY H-NMR aUnnsuuadenesssusi (NR)
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WNINYRETVAYTUNIINYY

' CHCL;

; 2
A CTNR ) JJL L

rmalized Intensity

N
$

. ceR | _JL _ 1l
CTTR ALJL,
- 1
AR R RN LR LR AL AR RS RLAAN RARE) LAREE ALY LA IRRREREN LLEAE RELRE )
Q 2 i [ 5 iq 3 2 i

Chemical Shift (ppm)

AW 4 1an151ATIER TH-NMR @lunnsuees CTO 91N81985SHTIALAY LT NANUINYIINIT

HAIINMTIATIZREE 'H-NMR 2839 NR uanafanmdi 3 Usmgé’zyapmmaﬂﬂsmauﬁa@ﬁ’uﬁ’uﬁz&wma‘uaﬂa‘l%w‘s‘u
TulAT9AE190981959509R (-C=CH-) shuvisdl 5.12 ppm waznudyaalusneuvemyuiiau (-CHy) uay wiia (-CHy) il
Fuma 2.0 WAy 1.67 ppm MuEFU 1ds91nthens NR, GR uag TR svihmsdaasigvisiauuslassaiailoliifomateas
Tofdumjmiueia 1h CTNR, CTGR uay CTTR lWUiasgiiitofudunaniniomymsveiiady 'H-NMR dauanddunwd 4
wuiUsraunrudsalun1nasen CTNR, CTGR way CTTR iesnanianuduanasiiutudslinululasadwsses NR
SuRedaanaiidiumis 2.1, 2.25 - 2.49 waz 9.8 ppm %aLﬂué’zyzmmmaﬂﬂﬁmuﬁﬁmﬁ’wyjﬂﬁuaﬁaﬁaaaﬂﬁwumaﬂaw‘lﬂi
Tuiananeasdeadauandunsnd 1

A13197 1 Andeyeyruvedlusneunyineg Aasaadnldves CTO dae 'H-NMR

Functional group Chemical shift (ppm) Functional group Chemical shift (ppm)

—C(OH 9.77 (Hs) CH,C(O)CH,CH,— 2.25 (Hg)
—C=CH— 5.12 (H,) CH,C(O)CH,— 2.13 (Hyp)
—CH,C(OH 2.49 (Hy) —CH,— 2.00 (Hy)
CH,C(O)CH,— 2.43 (Hy) —CH, 1.67 (H,)
—CH,CH,C(OH 234 (H,)
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A15197 2 HaIINNSEUATITYIANSUBTamaLANTeA LN BSTININAINENSITURRALVULHARN YN (CTO)

Synthesis of Carbonyl Telechelic Oligomer (CTO)

Condition: Temp. = 30 °C ; stirring = 300 rpm

CTO Code
Reaction Time = 24 hr; solvent = THF
Type and mass of materials ~ Mass of HsIOq4 Mass of CTO Yield Mn (NMR)
(9 (9 (9 (%) (g/mol)
CTNR NR 40 10 33.92 84.83 1913 (~2,000)
CTGR WGR 40 10 30.59 76.47 2690 (~2,500)
CTTR WTR 40 10 8.82 22.05 1497 (~1,500)

KATINNTIATIZ CTO ¥ 3 wila fae 'HNMR annsatandwamisinluanazes CTO usazeialdain
aunnsil 1 uazldnadauandunissil 2 99nnsmeassuitnseion CTNR azliien %vield figandn CTGR uaz CTTR
Addy 1ieaan CTNR wienanerssssumandaliiunmsianlud lifmadenvnssevinedleluanadawalingn
wesleAnidhufAsonduiiussglulassairsweserssssundlaienindlefisuiuiavgaiiosrmensunmdfuiavens
SOEUR ém%’uﬁ’mﬁﬂimaqaﬂuaa CTO #a 3 mﬁmﬁm?aﬂé’ﬁma%ﬂuﬂm 1,500 - 2,500 g/mol mﬂwamaamﬁmﬁn‘maqaﬁ

Ml lulgiemumaluniswseulansendamawanledlnuasdaninluidedal

4.2 PM5AATILTIENTINTAMALYAN oA NI TIN TN NGNS TTUBIRLALVYLHANNTIE19WI51 (HTO)
NaINATHSEN CTO Tumns19it 1 dhanldwsey HTO wag 11 HTO lunedeuiiiolmsieionanwalnie FT-IR way
H-NMR sy Uanglansendaanunsad uduldriensiiesien 'HNMR dannd 5 s1eazidendaandunisnd 3 uay

anunsoAmnaniviniuanaldanaunsi 2 lanamsvnaewiwnsed 4

17 ‘ rl' 34 |1
) W

MNormalized Intensity

. I
HTGR A i
16
A 1 HTTR ‘Mﬁll

Chemical shift (ppm)

MW 5 #an151ATIER TH-NMR @lunasuees HTO 91ng19535unAlasuaskansiaeignanisn
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HARINNTIATIZNRIE 'H-NMR v8d HTO iieBudunamsiiavylansendasmumistaeaslgvedinana dauandy

Al 5 udszauanudnsaluniswsen HTNR, HTGR wag HTTR ewndayaailugie 2.1 - 2.5 fuandimyansueila

Asumisvargvesanglyliusngiviulusumiaiaing 1 Wesnnmyarsveliavinufisenduladeululslalase (NaBH,)

nanerdunylensenTaiisiumialanevesaalaluanaunu dyanadusneu -CH,OH uag -CHOH azUsIngisuvius 3.65 uaz

3.8 ppm auaey agnalsAnmdwsy HTTR MwSeulaanniaweasasudinmudyanadusnouisuvus 538 ppm ualinulu

HTNR uaz HTGR Wesmnduvisanaraluduvimedlusreunaglumealgluanavesenimmladudaluenduaszindu

drunavsoilusnsilduaunsuivensssunannulalugesasus (Rattanapan et al, 2016a)

M19199 3 AdryeyInuvedlusneaunyingg inTiainlaves HTO fae 'H-NMR

Functional group Chemical shift (ppm)

Functional group

Chemical shift (ppm)

—C=CH— 5.12 (H,) —CH, 1.67 (H,)
~CHOH 3.80 (Hyy) —CH(OH)—CH; 1.20 (Hyg)
(0]
—CH,OH 3.65 (Hy,) N 2.7 (Hyy)
—-C-CH-
—CH,— 2.00 (Hs4)

A15199 4 HANATALATIEILENTDNTALMALANLEA NN BSTININANNYIEITUYIRWALVELNANN UNYINIFT (HTO)

Synthesis of Hydroxyl Telechelic Oligomer (HTO)

Condition: Temp. = 60 °C ; stirring = 300 rpm

HTO Code Reaction Time = 24 hr; solvent = THF
Type / Mass of CTO ~ Mass of NaBH, Mass of HTO Yield Mn (NMR)
(9) (9) (9) (%) (g/mol)
HTNR CTNR (33.10) 4.73 29.52 89.18 2820 (~3,000)
HTGR CTGR (29.00) 4.14 27.90 96.21 3504 (~3,500)
HTTR CTTR (8.30) 1.18 3.59 43.25 1550 (~1,500)

HAIINNITANATIZILAZIATIEN HTO 713 3 ¥ia ¢ae 'H-NMR anansathunduinmivinluanaves HTO us

avviinliainaunisi 2 uaglanadauandlun1sned 4 91nnisveaeanuiimanien HTGR glviA1 %Yield figends HTNR

waz HTTR suansu a814lsinny %Yield Aenuialalumisnad 4 1uan %Yield Aienwaladludunaui 2 an CTO W

HTO mnAnA %Yield INTUABULSNABAIN NR, WGR wag WTR aunaneidu HTNR, HTGR wag HTTR wu31 %Yield va9

HTNR 9¢g3n31 HTGR uag HTTR sua1du dvsuilminlaanaves HTO e 3 wiafiwSeulafiAnaglugag 1,500 - 3,500

¢/mol MnuavasAnmtnlanaidiwnlsilinsukaraunsadenlilagnseanunisliau wu wmndeanisih HTO

TWliluanssiudmiunssunedeSinuiidy wie Inu mnden HTO viind
AU minluanangs

AndanIndlaisuiunisid HTO 71

9
il

v

wwiinluanatesaylanedysmuid

o

aNYEUL
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% Transmittance

2853.86
6

1243.58

% Transmittance

1313.31

836.87
1448.80

1373.72

3500 3000 2500 2000 1500 1000

Wavenumbers (cm™)
AW 6 FTR alnasuves CTO wag HTO

HaN1TBAsIzIviilanduTes CTO uag HTO e FHR dauandlunnd 6 uazseaziduntuansei 5 wandliiui

aunasuves CTO wumMIUTINguesdyaunIsaanauladiiavaay 1720 cm™ wandiimsinduiuudugavaaisueia
(V (-C=0)) uagaznumsilasuulasidyaruuauganiuilinnudusnnduluainniuves HTO Fauauganaui 3325 -

e

3500 cm™ Fududygyrameinsduwuudavemlansenda (V (-0-H))

A5197 5 Yrsnnuemnauvemyilaidures CTO uag HTO anMTlasesisig FT-IR

Wavenumber (cm™) Functional group Wavenumber (cm™) Functional group
3473 (CTNR) V (O-H) side reaction 1662 V (C=0)
3385 (HTNR) V (O-H) 1451, 1375 & (CH, CHy)
2730-2900 V (CH,, CHy) 836 d (C=C—H)
1721 (CTNR) V (C=0) 1240 Symmetric V(C-0-C) in

epoxide groups,
1737 (HTNR) V (C=0) 870 Asymmetric V(C-0-C) in

epoxide groups,

V = Stretching (n3duuuuin), & = bending (M3dUKUUIB)
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5. afiuseran1sideuazdaiauauuy

2AUTENANTTITY

WoAeeatIN NAIN TS EULAINE1ETIUNIA VuEANQITBUNNGLazVErIINE1ITAEUA LWTaulAINNITIN
Ufiseneendladuasiuszalulassadevetensita 3 wia Aunsaieilefn

nseTen CTO 910 NR azanansaiiavymiueilafdumisuaeanslylfiienin WGR wag WTR Suduainmsny
ToyaunadlUsnaudisiwmis 2.1, 2.25 - 2.49 way 9.8 ppm 6‘5@Lﬂué’fgzgmsuaﬂﬂwauﬁamﬁum&'m%vaﬁaﬁqamﬁm%aaﬂsﬂszi

lutana umnluanaves CTO s 3 silanwIeulatianeglugag 1,500 - 2,500 g/mol NM53kasnzvinyleidusie FI-IR

U

= o

wandliFunnfnvesjemivetafifumisnisgandusanauaiu 1,720 cm’ navesithmiinluanaiedeuuasduaald
ansarnluldid edunaluniswssulensendamawdnledlnuesdinnluiidedaluls nsw3en CTNR azlian
%Yield 7iganin CTGR wag CTTR #1 %Yield Winfu 84.83, 76.47 way 22.05 % muady

N3Le3e HTO Uszauaudnsalunisim3en HTO (HTNR, HTGR wag HTTR) uduainmasmelivesdayain
Tusmoulutag 2.1 - 2.5 ppm ﬁLLamﬁwagmi‘U@ﬁa‘Lu CTO uiusngdnanalusnouiidiuma 3.65 uag 3.8 ppm unu Fadu
Funsves -CH,OH way -CHOH muanu Lﬂué’l’mzymﬁ§u§umﬂﬁwgiamaﬂ%aﬁﬁﬂLmiqﬂmamaieﬂmaqamaq HTO vmiin
luanaves HTO LLﬁfazﬂuﬁmﬁm%aulﬁaaﬂw&N 1,500 - 3,500 g/mol @8nAdIfiunNISNAa8Iue Jaratrotkamjorn Lag
Tanrattanakul Tud 2020 i3y HTO mﬂmﬂﬁiimﬁﬁﬁﬁmﬁﬂiuLaqa 1,420 g/mol (Jaratrotkamjorn & Tanrattanakul,
2020) MyATIzivfileidusng FHR wandiifiunsiinveslansondaiisumisuauganduuadutiag 3,325 - 3,500 cm’
! @ msu HTTR s suldanevenssasusiin mudanadusaeuisums 5.38 ppm L‘TflusﬁLmuwaﬂﬂimauﬁazﬂuaww
Tuanavesesdnledutadusnsdansesiidudunaniindlslunssoeusd

Ffunnmanaasmuinszavarudniaianudululdlunseieumedooatnnmaine e vesanngs
HoUnNg LazruzINNIYUA ﬁwu%’vﬁwlﬂﬁwuw%’UWLfJumsé’?ﬂfﬁuLﬁamimﬁmwaﬁgiwﬂugﬂLL‘UW}'NS] 1 ey Tny

o

Jauadou wise N WJusiu

UaLauauuy

9INN1INARBINUTT %Yield ¥os CTO wag HTO MnTonldarnvesndndnsiondaeii udilleiFouiiouiu
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