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ABSTRACT

The purpose of this research was to optimize rower weight position for Competition
Development using Ansys Workbench. A rowing model was made to calculate results. There were three
types of analysis, as follows: 1) rowers with a heavy weight were seated at the front of the boat; 2)
rowers with a heavy weight were seated in the middle of the boat; and 3) rowers with a heavy weight
were seated at the rear of the boat. The results obtained were compared to identify the positions of
the weights of the rowers to ensure the boat reached maximum efficiency in racing. According to the
study, the positions of the weights of the rowers that enabled the boat to reach maximum efficiency
in racing was assigning rowers with a heavy weight to sit in the middle of the boat since the weight was
distributed appropriately, and the resistance affected dragon boat movement was at the lowest,
339.156 Newton and the lift was at the highest, 9,268.35 Newton, the highest speed in rowing was 3.817
meter per second, and the least time spent on rowing was 53.00 seconds, compared to other types.
Therefore, the arrangement of the positions of rowers is essential for dragon boat racing. The
information obtained from the analysis can be applied to achieve the maximum benefit for dragon

boating accordingly.

Keyword: Dragon boat, Rowing, Rowing boat.
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F, = % C AV (3)

A '

dlo p, Ao anuvuwiwvesene (kg/m’)

C, Ao duszdvtusswnuvetonea
(N/m?)
A e Nuivihdningiidudaeniea (m?)

v, feo anusuade (m/s)

WA UL UTENUlUAIY LSIATUNIUAIL
WWHIaeIng (Skin Drag) UIIFMUNIULTLDRINUT Y
(Pressure Drag) WagWsIA 1UNIUY0IAa U (Wave

Drag)
Fyp = FHDS + FHDp + Fyp, @)

e Fy, D ussimumuauiniiivesing (N)
Fpe #8 ussiumuiiieannnusasiu (N)

A v S
AD LIIUMUVDIAFU (N)
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Fips = 2“’ C, AV} (5)
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dlo p, fo muvuwiuveni (kg /m’)

A o

C Ao dUUsEEVBLIPURIN
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A fe fNuimhdavesingidudair (m?)
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anududuvesddenldogsiussavsnmusanddleflatiosniinisgady Weldnssumumsnaunaiuszwing
nsgadusamiulelausendiatuluszuy 3 Jgniafianzarudunsanislunan 20 uni ansaanay
Wuduvesddonluaisazarsls 98.7% wazanA1@ledls 60% a1 160 me/L Lae 64 mg/L a1nA1SANEN
Iaumansvein1sMInddenndecuedn 36 nuinisgadusiuivleleusendinduaenndesivuizedusu
aoufleuiidiAnsiisnsunnninisensusuasaiisnveanisgadunielelausendiatustadie iiuldi
nIgUILNTWUURAINA AN so i Sumadenvidunsaanannstidatidsldegaiiussansnm
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AdnAty: ddoumionadnie nIgadu egiuiuliug lelyueendindu

ABSTRACT
This research aimed to study the decolorization and degradation of acid yellow 36 in an aqueous
solution by comparing three different processes: adsorption on activated alumina prepared from
aluminum packaging scrap, oxidation with ozone, and a combination of adsorption and ozone oxidation.
The effects of pH, initial dye concentration, adsorption time, and ozonation time were investigated.
The results showed that activated alumina adsorption and ozone oxidation with a single process could

remove 98.2% and 97.5% of the dye concentration and reduce the COD by 95% and 65%, respectively,
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in 50 minutes. The ozone oxidation process could effectively remove the dye concentration but reduce

the COD less than adsorption. When using a combination process between adsorption and ozonation

in a three-phase system at acidic conditions within 20 min, achieved 98.7% removal of acid dye and a

60% reduction of the COD from 160 mg/L to 64 mg/L. The kinetics of the acid yellow 36 removal were

studied. It was found that the combined process corresponded to the pseudo-second-order reaction

with a higher rate constant than the pseudo-second-order reaction of the single process. The combined

process can be used as an alternative method to effectively reduce the wastewater treatment time.

Keyword: Acid yellow 36, adsorption, activated alumina, ozone oxidation (ozonation).

1. unih

gnamnssud meidugnavnssuni siidena
Tnenswionafivmah osnluszarinensyuiuns
namdmeiinslduindudiuddysionsyuaunisien
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gou answiivanilolunsdendulefeaddon wu &

a

fouwedn (acid dyes) unidewldlugmamnssuns
Fouddmeamunzdmiudondulelusiiu wu audns
Inu waziduleduasigvivnseia laun luasu 1dule
wodlowwn feg1eddeuidu ddeuiniaedn 36
(acid yellow 36) viefifeSen metanil yellow acid,
adeu acid yellow G Wudluanwdes & uae Juiy
manudunsarnsuesansavane
adounedaduddouiifilaseadrdlasiuves
(chromophores) Usgnaus1eiuszaveslulnsiau
(-N=N-) Wousorwwelsufind 2 29 ilviindanla
wazid ifleazansthudiluenadaziseaduauis

Suni1 deuuaulesnu (anionic dyes) iflasand
yiafiannsonszaedluiildd Tuanavesddoulsl
ingdudungug Sevihlildnanisdeudfiaiiaue
lassasluanavesduedadrulvgidundeledey
veInsndunidarunsadounazgadadulelidly
ansazawddoniifianmdunsatae pH 2-3 Fanaln
nagaRndiinduseninmgiodiu (NHy) ludulefy
wifauinvesddon (NaO,s) lasendulelnsiaulonsu

(H" 37nanzauiunsavesansazaneddon &

dounnilimiuamudeuauan nsdnguasyuse
nsdndneeyluinasiviunatsdefiuin 4 ely
nszuaumslendeudniinsudesindedifansiad
wariileuuegasgunasinnounisttnaenoliin
uafivniai paonudsnansznudediiTinfiondy
ogluuna s 1 esanddoudosdUsenovves
asdunidiiduansions3s 1wy ansuszneudiman
welsuind drivsunnasvandiiouuluigeasi
Tiiusinaeendiauludne wasfinnududgaihas
wadunm Fadnsaruaun unmeosdiiaan
nsgvaunendon Tneldnmsthdntidedemada
msvrdaninignm n1suidanaaiinaznisuidna
NIIT 30N (physico-chemical and biological
techniques) LY U N1SANALNOUA1BAITLAN Y30
NIEUIUNITALENNLETY  N1IAATUAIEE1TRATY
iar199 [1, 2, 3] n15vUgAselulaiadeqe
UV/H,0,/0; iadsunladiaseadiavesddon wax
nsldlelausandindulunisyesanieluanaved
gou [4,5, 6] d1un15U0nE daun19g1n 1wl
UsrAvsamesutnsiuosanideangaaunssu
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Wondoudiauduiiy viliqdunidluaunsages

aanelsogradiusyansam
wenanilafinsiaumalulagnssuauns

Vitnthisuusaunanugieisnstidaniamenm

MaAiiLagnszuIuNITeenBindulugs (advanced



18

oxidation processes; AOPs) 1 lauangiadusuiu

lolguaandiadu (coagulation-ozonation) @119

°

enddauluui swazareanA1Aug 09013
pondLauni1aAing adlof (chemical oxygen
demand; COD) lauanniadusiununisnady
(coagulation-adsorption) Warn15QAdUIINAUNT
MUfATelnlaadl (adsorption-photochemistry)
anusaanaudutuddeusuansinvateyiia (1, 7]
LAENINENNATUTEIINg el uRaNTLATUIINAUNTS

U

AngU (ozonation—-adsorption) 935N 1SNANNEIU

' a =

Freiulszans nmlunistidadnde wunsided
gouwedn ddpuludn warddauSuaniiv 8, 9, 10]
AsMdRansounsgImInasusyneaviiuea [11, 12,
13] waznsidnlossuveadlans [14] iewinloloy

= a sl ° aaa @
Wuanseandladfienuguussanusavitfizendv

< a &

a158unsgmdudia

a

Alnsian (electrophilic) waxil

' o

AUMUIRYUYBIUTEIAUNIN FUAAUATE U
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guaslulnsiay (-N=N-) i eusiafuluelsiind
Tnemslididnaseuiisumisosslsuazumtanis
Aanisunuiisaglensenda (—OH) wiaweilu (-NH,)
wariinsgevaaeansdunidineUdsulnseadives
ansdunidluthiisnaneduansdseneveiasmeg us
nszuIuNslelwuesnBinduansnana@len lntoy
[4, 5, 8] Fadn15lEnszuIun1sgaduidunT A Y
LﬁawWﬂawsgmsﬁ’uﬁﬁuﬁﬁmmuazﬁmmmmsﬂu
miqmeﬁ’umsﬂizﬂauﬁﬁiuLaqasuufmiwguazsuum
Enld waidesrinlusmunissansninvesud i

arsgadunsenisiinaunildivg i arudusdiud

a a

(activated carbon) 1uansgaduniusyaninmuay

v
o W

Jeuldlunisidnarsduns dludnde usn1suan

' v o eda S 9w ' v = v v
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Wuarsedunidadinuiiiuinuazianuaiuisaly
n1sgaduddenuedaldnnieldaniizainundunse
Tagvilwan i uAavesansgaduegdufusiudd
Usgquanuarisgaiuddeunedniazatslutiud
wand L duuszgauldd wunisgadudden acd
orange G Wazddau acid yellow36 [3, 15] uaﬂmﬂﬁ
wnuegduldgninllddudas wWiisenes
Uz leleusandintu (heterogeneous catalytic
ozonation) #111908AA139UNTIAITUBUTIU (total
organic carbon) laeg19fiuse@ns nn wazaaeli
Usuanisldleleuanand owisuiunisvilelou
panTLadus1aien [8] TuiulainsHaNNay
waanisneniniazniaaiilun1siinasdunid
Wy ddouluindeurendusnndmiadendd
Uszansam cuiseissladnunisiidaadonly
ansavarglaglinisnaunaiuseninanisgaduniy
saliuiuiudsuiulelyueendintulunisanainy
Wuduvesddeauuarardlofluaisazars i oudu
Lmef[,umiﬂ’wﬁmﬁmﬁwaﬂqumammimmﬂ
Foulvivssans mmuazdufinsrodaundon
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LA BILeT A 36 (acid yellow 36, AY36) Taaldas
NAUHAYBINNSATUMIBERT U NN N
wivussasueieaiiilonsiuiuleleusendindu g
Anwndadediinadenisananududuvesddouuas
Arglodluansazaty 1w Anudunsn-a1e A
uduBuduvesansaraneddon natlunsgadunay
naniildlelou vnsieseiieudfisuaaumans
2915909 lolgueandindu wavnszuIunIg
HANNATUTENINN QAT UAIg gl uANTuAT IRy
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3. 38ANIuN1TITY
31 aniuazgunsal
asgeduogluniududinienniayussydue
ogiionseitnmsnnaznevluaiseiiiun (15
nanadag Uil 1 Fiasevitlavesegiiunfusiusdisieg

Bruker D5005 X-ray diffractometer (XRD) danway

Juunusiegiu (y-ALO) 3miwﬁﬁuﬁﬁulﬁz§w§u
§28 Surface area and pore size analyzer fifuiiin
Fmg (BET surface area) 286 m*/g U3uaugniu
(BJH pore volume) 0.36 cm’/g LazaLATI¥H A Y

Particle size analyzer ﬁsummaymmaaa 2.554 pm

JUN 1 ANuENINIEnMUBAYUTTYTN

pqillllsnuararsgaduegiiuniuiug

ddonundnaladn 36 (acid yellow 36 #ia AY36)
Juddensiawoulosain fgnsiall CgH;N,NaO;S
1aluans 375.38 ¢/mol ﬁmmi@mﬂﬁuumﬁmm
g1Adugean (A,,,) 414 nm dnwagnInenILas
Tassadavnaaiidaguil 2 inswieuasazaned
fau AY36 Anududu 1000 me/L WWuasazaneia

v <

sudubilurade deldlunswieuasavaneddou
Afimnudutws udu 50, 100 waz 150 me/L lae
USUA1 pH 3, 7, uag 10 saensalalasmasin 0.1 M
videlaeulansenlad 0.1 M ansazanesauamses
Freundu (@siad il unseinsiziaes Ajax
Finechem Pty Ltd.)

3.2 Tvmaed

Tngeanuuunsnaaendu 3 sUluu Al

1) n3mdnddeumenisgady
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thansazanedden AY36 USuins 150 mL 94l
aanduduEugu 50, 100 waz 150 me/L U¥ur pH
3, 7 uaz 10 suaau lalurnujisewazifuans
paduagiiuniudud 0.3 ¢ n30 2.0 /L NuNaNAIY
A211L5250U 200 rpm tutian 10, 20, 30, 40 way
50 min ANEIRY LENA1IYATUBBNIINAITALANY

wazihlAwsginiand

o

JUN 2 dnwaigninmenmiaglasaaiiamiaaiives

v

ddpumtownada 36

2) msmdnddeunulelgusandindu

Wransavatedden AY36 Usues 150 mlL il
rrududuSudusayen pH Wudeatute 1) Tdlu
naUfiseuazinraaiostuielolouiu N1668 il
Usiainsuanlelgy 500 me/h wWrhuimsesiie
Fefiunmsdudaleloutuansavareddon 1snsns
Ina 1.5 L/min nantunisidileleu 10, 20, 30, 40

v o

wag 50 min ARy (Usanaleleuimviegnand

Y

gvansazarlnunadeulelolag, Ki 29%) antuiiu
fhegasazareddoniliiiasgimani

3)  msmdnddeusmenisgaduiauiulelou
20NTLATU

Wansavatedden AY36 Usums 150 mlL il
aududuBuduuasan pH Wudeatude 1) ldlu
Usen Wnasgaduegiuiiudud 0.3 g vise
20 ¢/L uwazitlelgumesnsinsiva 1.5 L/min
niauun1sgatu éﬁgﬂ'ﬁ 3 lmeldian 3, 6, 10, 20,
30, 40 wag 50 min AIUEINU nndufusetig

asazaeddantluiesieimaed
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WINTY

ulolauy a5azany 2% Kl
sindulelauniuae

o

asavanuddou AY 36

o[ TIuAgeal AY 36

P4 ansgeduagliunfusiug

o o a =

WAIDIANUA  LATRINIUNEY
Tolasu

3UN 3 gunsaiveaadddszuuleleuniouiunmsaadu

3.1 msaATIzinNAd

1) ATIEHANUTUTUVRIE S au AY36 Tu
#@13azany Iﬂﬂi‘fﬁﬂ%‘m UV-VIS spectrophotometer
(HACH §u DR 6000) 3af1n1sgandunasina1ae
ﬂﬁuqqqm 7\,max414 nm 14 quartz cell ¥u1m 10 mm
WUl uAunsmMunsgIusEnieR I utuveed
fouluansazarsfiumnisganauuas

2) Awsgirdledvevansazaruddouniein
SlanduuuUauaznisinmse [16] laeldarsazane
Tnuvadeslalasuaiaznsadainsndufeentlad
Inmsalnunaidoulalasiund indogdroines fa
waslufleudawn laeldieslsdududuminmes
wsmnuUsnavedniadedlalaswaildluns
dovaameuaziieudunilen

3) FipsieesrUsznavvesasluaisazaied
At uniendanisvinlelousandiady aaemaia
GC/MS (gas chromatography/mass spectrometry)
7890A 5975C MSD A3naaeu FAME_SPLITLESS-1.M

4. wansIvBuazafUTIeNag

4.1 Han15N19nadouina ovlodn 36 lu
315928716080 179ATU

msmidnaden AY36 Tuasavanefifiannududu

SuAuvesddenlugisazany 100 me/L warAdlen
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Sudu 160 me/L USUAT pH 3, 7 wag 10 AuaIsy
MIBNTEUIUNIYATU (adsorption) Tnglduunamens
gaduegiiuniudud 2.0 ¢/L fesidudnisidnd
gou AY36 LazA1Tlon LLamﬁ’qu‘ﬁ 4 wuinsgn

a

Fuddou AY36 7iiiA1 pH vesansarvaesiaiy 3
Uszansannisiidnddeunaznisana1dled
uansnstudaiu deansgeduansazaneddonunield
anzidunsaan pH 3 areluiaan 30 wait
Wesdudnisidaddeugatis 97.0% uazaunsoan
Aglofla 90.0% 911 160 mg/L 1udae 16 mg/L

v o &

wandliiuinmsgeduddendisegiuiuiudniels
an1zgMdunsaaiuisandnd douldayad
Uszangam lnefinalnnisgaduluanavesdday

YR

AY36 MUnsNIrAeUUNURIvetegduiuiug uay

P
A A

wdeuludegnguniegnnelueuninansgaduniinui

Hadmzann waztinnsgainegiiinielugnguy

U

v v
o

wailiflesanddou Av36 uddeuriiaueulessin
diearansluthaunsaianisuandalilessuaud
L uny daina (NaO,S) wazn1suTuaninves
ansazawddonliianudunsnvivdmaldiuiin
v03a139aduegduiiuiudiilalasiaulossu (H)
a”amauﬁqmmmam%’uLLazLﬁmLLiﬁmmﬁmﬁuﬁgau
Fuwandudulessuauldd [15] faunis (1)
deRansuinisidndden Av36 fiAn pH 3
rrududuSuduresddeuluasazans 50, 100 uay
150 me/L wazABlofisudu 88, 160 uaz 232 me/L
auay fen1sgadulaglduiunuaisgadueqd
wnusiud 2.0 o/L fiesidudnisidnddon AY36
wazAglon LLamﬁ&gUﬁ 5l orududy
Suduvesddenluansazaneiseiu fimspaduddon
meegiluiuduiannananududuvesddouuay
Adlofldd wazfidnnmsgadusunsiidenatd
U 50 undi Imeilivesidudnisidnddon Av36 lng
e 98.0% waziesifusnisand1dleflneiade

91.8%
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@N/GL N//N\©\ Na®
S}
H PAY
7N\
AY36 o ©
\O\
+
Al—OH; + AYSO3
e
O
100
_ 80
g
© 60
E ==@——pH 3
5 40 == pH 7
E 20 ——d—pH 10
® 0
0 10 20 30 40 50 60
Time (min)

Electrostatic

21

~o
N n _
/AI —OH; AYSO;3 (1)

0

attraction

acidic pH

100

80

60 @ pH 3
=l pH 7
40 —&—pH 10

20

% COD removal

0 10 20 30 40 50 60

Time (min)

JUN 4 UseAnSannisidndden Av36 memiaaduiiloansaraneddeuiininuiduduiusii 100 me/L

100
T g0

g

g 60

_‘g 40 @50 mg/L
S 5 ~—{— 100 mg/L
X

et 150 mg/L

0 10 20 30 40 50 60
Time (min)

42 wani1smonaddouivaeauada 36 [y

o

arsazargneleloueandinti

nsmdndden AY36 Aflaududusudu 100
me/L A19107160 me/L A A1 pH 3, 7 way 10
prua1n U nrelolguoend Ladu (ozonation)

Wasidudnisidnddon AY36 wazagled wanasa

a

SUN

il

6 Wiuldnszuiunislelausendinduiidnd

| v
£ a A o

gou AY36 luansazarefidan pH anenulu i

o v A

UsgdnsaimnisnisnddeulalndiAgany Taed
Woasiudnisidnddaulauinia 97.5% aeluian
50 uil weiesidudnisanandlofsnafudntos

Fansidlalausandnduluansazanefiinnudunse

100
T 80
g
g 60
g 40 —@—50mg/L
:\; 20 —— 100 mg/L
et 150 mg/L
0
0 10 20 30 40 50 60
Time (min)

3UN 5 UsednSamnisindnadden AY36 memsgaduiiloansazaneddeuilen pH 3

pH 3 anunsaandlefldunnitaisazanefid pH 7
uaz 10 lppanA@lanann 160 me/L ids 56 mg/L
viofeddudnisanddled 65.0% Gerrdlofanas
iesnnluanavesddongneesameiduasuszney
AequasusdIudsnseg luasazanvilia@led
anaslddosninnszuiunsgadu Tneilelaudums
pondladfidnaugunss 4 afdneninnisiia
29n% LA TU(oxidation potential) 2.07 V [8] @11130
\AaufAseeendinduiulianavesddon Av36 G
UfAselelauoondinduiniukiunalnuutlagnss
meldannziidunsa luanaveslelouidvi

UAsenduluanavesddon AY36 Ndlassasieiusy
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viialad udaiunaiussgvesnniuau (-C=C-)
Wwuszvedlulnsiau (N=N-) waziianisaany
Tassadalaslunosvesluianaddouiiiauelsuing
viliAnn151U4 sulassadrsluanananeiiy
asUszneunneg vanelailiid anududured

¥

fou AY36 Tuansazaneianas Tunasiiansazaed
Foudi fanuduvaausaiiajasoalelou
sondndunuilnesay dnmsaansiavedelauluh
Lﬁmﬂua%alamaﬂ%a (hydroxyl radical, sOH) g
Aneamnisiineendiadugedia 2.80 V a1unsnges
aansluianavosansdundslad (8] Fafuufasen
Tolgusondindudsanainuidud uvesd douly
ansazangldncluanneidunsauasiva
IINNIINABONIATAZATET N IUNTZUIUNIT
Telyusondinduluiinsziesnlsznauvesasnigeg
fautnAl A GC/MS (gas chromatography/mass
spectrometry) WuiﬁﬁaﬁiﬂizﬂauﬁLﬁﬂ%uﬁ]’mms
dogaaigluianaddou AY36 Lu bis(2-ethylhexyl)

adipate 79.98%, palmitic acid 5.64%, stearic acid

100

% Color removal

0 10 20 30 40 50 60
Time (min)
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2.03%, octadecane 1.39%, cyclododecane 0.58%
ward u91038% Fuduarsuszneud luda
Wuligatunan1snaaesi 19nssuaunislelau
pon@atulun1sndndsuaafin orangel6 viluAn
a1sUszneuiildiid 5]

dofiansuinisidndden Av36 fifian pH 3
AU S URY 50, 100 war 150 me/L Adled
88, 160 Wag 232 mg/L ANUATAU AIUNTZUIUNTT
lolguaandindu Wesidudnisidnddon AY36 uay
ATlad LLamﬁ’quﬁ 7 wiulgamsldlelaurdnd
fou AY36 fidanududus uduvesddousieiu @
Usg@nSarnnisindnddeulalnatAeeiy uadl
Wesdusnsanadlefisnstu Feanslilelouaunse
anAItutuTesddoutazAdlonlasins1nnely
nasEanm 10 Wil Felldnsinsiinuiisetanas
waziSumaiilonaniuly 50 wifl nedwesiduinns

fdnddou AY36 lnuwade 96.8% waziUasidudnig

anANTLOR 55.5%

100
= 80
s
g 60
e
8 40 —@—pH3
: 20 el pH 7
e 0 ——t—pH 10

0 10 20 30 40 50 60

Time (min)

JUN 6 UseAnsamnisidaddeu AY36 melelwusendintuileatsavaieddouiiauiduduisusu 100 meg/L

100
T 80
o
§ 60
%- 40 —@—750mg/L
;: 20 ~fli— 100 mg/L

b= 150 mg/L

0 10 20 30 40 50 60

Time (min)

100 @50 mg/L
== 100 mg/L
T; 80 =150 mg/L
[=]
E 60
2
a
S 40
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Ao AY36
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ABSTRACT

The study of electric vehicle charging stations by simulation aims to analyze and assess the
service level by using the queuing theory. To be a guideline for implementing the business model of
electric charging stations to increase the incentives for using more electric cars. The sample group in this
research is plug-in hybrid electric vehicle and battery electric vehicles The Arena program was used to
study the simulation by using the number of queuing, waiting time. It is a measure of the characteristics
of the model in order to optimize the resource model for service traffic. And analyzed to analyze the
return on investment in the electric charging service station business. After analyzing, it was found that
There are electric vehicles, battery electric vehicles. 50 kW direct current and 7.4 kW alternating current
chargers can be used, while plug-in hybrid electric vehicles can be used. A single 7.4 kW AC type charger
can be used. The average charging time for 50 kW DC is 35.5 minutes, charging from 20% battery to
100%, while charging time for 7.4 kW AC is 28.9 minutes, charging from 20% battery to 25.7. % so that
the driver can drive back to the residence and continue charging at the residence. To account for the
future demand for stations with the small size, the researcher simulated the service management model
of 6- charger station and found that the 3rd model with 2 fast chargers and 4 slow chargers is the most
suitable because the results of waiting time and the number of queues are significantly less than other
types. It can accommodate 63 cars per day for fast chargers and 98 cars per day for slow chargers. The
internal rate of return is 14.23% and the payback period is 6.1 years. If the utilization rate increases by
20 percent, there will be an internal rate of return of 20.90% with the payback period of 5.0 years. If
the use of service has decreased by 20%, yielding an internal rate of return of 7.08% with the payback

period of 7.6 years.
Keywords: Simulation, electric charging station, electric vehicles.
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o = g v o A = N v o ' o
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BNIINTITLUNYUNTIUTUING

ABSTRACT
Impinging stream drying (ISD) is technology that has been studied worldwide. This article
reviewed the principle of impinging stream, and research of ISD. Most research were focused on designing
and verifying factors affected the efficiency of ISD. Drying materials a variety of materials can be used
for drying. Drying materials are mostly agricultural products, including okara, rice paddy and parboiled
rice. To assess the efficacy of ISD, volumetric water evaporation rate, volumetric heat transfer coefficient
and energy consumption were determined in most research and a study by using a simulation for study

the variables in an impinging stream dryer

Keyword: Impinging steam drying, Agricultural products, Volumetric heat transfer coefficient, Okara,

Volumetric water evaporation rate.
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gﬂﬁ 1 ¥dnN15983 impinging stream drying [1]
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Frdden dradentls uazdandesils saludens
ihlldluTanduilaileagnisnisinumsitu diufiu
Judu
2.1 MTATNUUUTIAN NALNMIANT
MIBATiEulUTLnsInsReNiumed wied
1580717 NNTESIUUUIIA0INIAMW AATERS

(mathematical model) Tagn1531884 (simulation)
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TASIEANAN1TNAABILAR 1UTTUUADNTNIADS AD
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aUINENG11U (Energy Equations)

Tusu3deves Khomwachirakul et al. [2] lald

TUsunsu computational fluid dynamics (CFD) Wag
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TUsunsy computational fluid dynamics and
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ABSTRACT
This research project aims to design and develop a solar powered brown rice milling machine.
Solar powered brown rice milling machine consists of five main structures: 1. solar panel 2. battery 3.

inverter set 4. charger 5. brown rice milling machine with five rubber rolls. The motor speeds were set
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to 1,300, 1,400, and 1,500 rpm. The clearance between the cylinders was set at 0.8, 0.9, and 1.0 mm.
Three varieties of paddy namely Thai jasmine rice, Pathum Thani rice and jasmine 85 rice. The moisture
content of paddy in the range between 13-15 percent (wet basis) was used in this study. The
performance parameters investigated were machine capacity, percentage of broken rice and husking
index. The research study was conducted based on Thai Industrial Standards 888-2532. The machine
performance test for Thai jasmine rice revealed that the optimum speed and clearance between
cylinders were 1,400 rpm and 0.9 mm, respectively. The machine capacity was 17.25 kg of rice per
hour. The broken rice was 0.46%, respectively. The machine husking index was determined to be
96.85%. For Pathum Thani and jasmine 85 rice, the optimum revolution speed of motor and clearance
between cylinders were 1,500 rpom and 0.9 mm, respectively. The machine capacity was 25.01 and
21.51 ke of rice per hour for Pathum Thani and jasmine 85 rice, respectively. The machine husking
index was determined to be 96.87 and 96.87%, respectively. Based on the analysis of engineering
economics, it was found that the rice milling machine worked 2,400 hours per year, with an average
cost of 1.68 baht per kilogram. The break-even point of the machine was 337 hours per year with a

payback period of 0.62 years.
Keyword: Brown rice milling machine with 5 rubber rolls, solar powered, husking index.
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ArdnAey: Sansladeveain nsidalusiu nudaudauyu Biufitneuauss

ABSTRACT
This research aims to study the optimization of ultrasonic-assisted extraction of protein from
jackfruit seed powder by response surface methodology (RSM). The effect of the ratio of enzyme to
jackfruit seed powder, temperature and extraction time was investigated on protein removal. Box-
Behnken Designs was used to determine the optimum extraction parameters. The result showed the
optimum conditions were the ratio of enzyme to jackfruit seed powder 3.5 ml/10 g, temperature of
50 °C and extraction time about 15 minutes. The protein removal percentage was 64.42% at the

optimum conditions. While, the jackfruit seed powder remained protein was 3.15%.

Keyword: Ultrasonic-assisted extraction, protein removal, jackfruit seed powder, response surface

methodology.
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s Uszanad 1.00 ndu wanhansiegnadidsld
aslurIn Keldahl dlnunadeudams 5 nsu aeu
Wesdan 0.50 n3u wag LAunsagaa3niduduy
U 20 Jaddns 98199 Hevam Kjeldahl uuan
Faaglugaiu annidugosasazaeiiognalngld
\A3 83808 (Digestion Unit) aunsevisla ddldiaan
Uszanas 2 $9lus wdadaiislauansavaneladuas

n135nd u wazgn1vuawenluds Yivan
Kieldahl #lédipiaendu Tnoserusinasinnauy
50 dadans arsazarelafesdlansenlen 75 daaans
oA Mixed Indicator 2 &1 3 nen asluldvinvumds
fansazangnsaue3nidiuiu 50 Haddns warild
afivatenseenvensunueeslasfiliaieres
ADULAULYDS UBY LAHIY0IA15AYANENTAVBTN
nagaan vn1snd uwenludelagldiag o
Distillation Unit 3.30 u1# azdanaiiudvesdudia
o Wi suanduluidudifen uasusuns
ansavanefilauszuna 150 fadans 9101 us
a1sazanensavesni susenluileliunlawmsniu
asavateuInIgIunsatalasnaein 0.10 luans
Junseiedufiamesiud sudainidendudaing

AvUsedbulnsLauAYENNISTA 4
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Tulpsau(Fevay) = Wr‘@% X 100 (4
e

W = Ymifvesansinesns mhedu Jadntu

V, = U?mmmaamiazmam@mﬁamm@mﬁlﬂm
wsniuansazaneasineds oy Nadans

V, = ﬂ%mmmaqmiazmaﬂimﬂﬁammyuﬁiﬂm
WAty blank wuleidu fadans

N = AnudutunsandaNInggu (N)

wWoesiudvadlusfuamsaduialilnegu
Wesdudveslulnsiauniy 6.25 dmsusyite o

AN 5

Tsiu($evaz) = lulnsiau(%esar) X 6.25 (5)

235 m3Tesevusuramdeyiavnua (Total

starch content)

o

Fareg19Uszna 10045 fadndu (audn
uuueu) ldasluvasannass LlANLENIUDA AIM
Wudusesay 80 USu1ns 0.2 dadans wavliu
Dimethyl sulphoxide U3u1ns 2 dadans viudl 1wen
Thdtu weshlulluidendunan 5 wiindann
ﬂ?ulﬁu a1savansieulesl Thermostable Q-amylase
Usinms 4 Tadans viufiwazthlulludiienfunan
6 U1 Nsiegmng 2 niuazinansaraeIeg
uninlalugrshauguil 50 esawaieaiiols
fedvansazanelgumnglananiu 50 ssrvadoa
nnduifuaisavaisioulel Amyloglucosidase
USuns 0.1 fadans welidndunazdnluvuluens

a

%muqmqmmm 50 esd Ao Wuan 30 w1
Ingvinnisiugng 5 wii

anvarsararslunaonnaassadiurinusulining
yun 100 Tadans Wurnduauivsuns 100

fiaddns werlidiu dilunyusiesfianusaseu

NIENTIFINTINAEARS WINeTBATUASUNTILTRI

o -

Uit 19 atiufl 1 \éou nanAu e 2566 — funaw w.a 2567

1500 g 1duaan 10 wavigaaisavareludula
U5U105 0.1 Ta8 87T a9Na0ANAABILAZLAY
@1998a18 Glucose determination reagent (GOPOD
reagent) U3n1ns 3 fiadans weilidniu wagily
Usilughahauaugamgifl 50 esmneaidea Wy
a1 20 ufi SaRInsganduLasesiIRg i
g1nau 510 wiluuas wazduumulaimuad

aunsii 6
U%M’WliLL‘l’]Q%ﬂWJW (5o8@%) = AE x (F/W) x 90 (6)

o

AE = ﬁhmi@mﬂﬁuLLaqﬁdm"LG’fﬁmmmm?{u 510
UULURS

F = @1 Factor aeansiasunvamihedulalasndy
Suaaﬂgiﬂaiumsazma GOPOD reagent

W = dnfhuiesiiedne @adniy) Feuaadldns

aunnsi 7

W = dmdnsegneiithaninsness x [(100-USuna
AUTU)/100] )

2.4 niseenuvunnaeilagld 75 Box-
Behnken

ns@nwie Mdnlusiulunandasdavyu vii
n1seenLUUNAasslngldid Box-Behnken Designs
8] 7 3 a9 3 s¥eU vhnsVRaewianun 15 A3
nAaes Nsnaastay 3 11 tneldensaiusening
wulilusfeanensudaudnuyu 1.00 3.00 waz
5.00 fiadansiouleslusfiioasns 10 nuuds
gaunqil 30 40 uag 50 srugaea srezIanly
nnsafe 10 20 uaz 30 uadt TaetAn RO 200

a aa ' < 9 Y =
Uagang WE]LL{]QLﬁJa@GULq!'U 10 NN LEAAIPINITIN 1



NMIENTIFINTINANERS W INSUATUASUNTI IS0 71

U7l 19 aduil 1 ou AANAN WA, 2566 — TUAN W.A. 2567

msaft 1 sedudadesine lumsesnuuunisnaaes 7 3 Yade 3 sedu uasdosaznisidalusiu

a1u | Usunaueuled RAVHH AN Fevarmsmdalusiiu ALARIA
X4 mL/10g | X, °C X3 i 91AN1T ORlalalebl wiou
7NAaBY yhung (Sovaz)

1 -1 1 -1 30 0 20 47.99%2.40 43.59 10.10
2 1 5 -1 30 0 20 | 38.85%1.34 37.03 4.93
3 -1 1 1 50 0 20 | 52.80%1.82 54.87 3.78
4 1 5 1 50 0 20 | 58.3812.88 63.03 7.38
5 -1 1 0 40 -1 10 | 52.42%0.88 51.73 1.35
6 1 5 0 40 -1 10 46.6212.63 43.33 7.61
7 -1 1 0 40 1 30 | 35.4512.91 39.01 9.11
8 1 5 0 40 1 30 | 48.08%1.07 49.01 1.89
9 0 3 -1 30 -1 10 | 30.31%5.42 35.73 15.16
10 0 3 1 50 -1 10 | 66.59%3.35 63.75 4.46
1 0 3 -1 30 1 30 | 40.50%1.09 41.59 2.61
12 0 3 1 50 1 30 | 56.01%5.65 50.85 10.15
13 0 3 0 40 0 20 | 52.34%1.89 54.42 3.83
14 0 3 0 40 0 20 | 55.67%1.27 54.42 2.30
15 0 3 0 40 0 20 | 54.8810.87 54.42 0.85

2.5 msanwinisaranlusiudgiouleily
shoasusvedusansilainyiarn

a1 pH 10 USURN pH Aasd1sazvans
lndeulansonlad 0.1 luanedns 200 Jadans aslu
IngUTNYRIN 500 Jaddns drvingusunnaly
g19dansledla 1Weaind USvaungll (@aumagilu
MsMAaDs 30, 40 WAL 50 BIMEALTEE) TTUNTTI
qmwgﬁmaﬂﬁﬂudwmﬁ Fauandlugud 1 iy
mandaudnvny 20 nFu wazvieulyulysiion
(Fnsrdrutouladinonsuts 1.00 3.00 wag 5.00
faddns toulesd ao 10 nduuds) wioududuiian
(szezarlunsana 10, 20 uag 30 ud) dleasu
LarmuAmue iiudannsesaeias sanses

qgyna dauindwiieddeulesieanvasy A

Jrudeiiiunisnseallaun 55 asrwailod U 8
Flus ntiuihluue warfmuenvunalildauiadn
A1 90 lulasiuns Alenzwnsauas 100 Wusnw

lulagarnuduiesednldinsien

3. HANTVIAABILAZNITILATIZANANITNAADY
3.1 wavasnsltadusansiladndisarnlusiu
InnsfnvnUssuiieunavesnsldndusans

Tofiagaeaia fianzsnsdiuveneulediusiie

asoudaudnvyudu 3.50 faddnssouds 10 ndu

gaumdl 50 esrwalded szeziiailunisanna 15

il (U 2) wumsidalusavluseudasdnuyu

saotoulgulusAlealiese1afien @auisanian

TUsiulasauay 44.61 drun1simanlusaulunaunts
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widswyumeieulsilsiealunisdeslsiiusauiu
nslindusansletaiisatnannsamialsiuoen
nulandavuuligsdosas 64.42 uandliiuiang
weSugvdtuvesndudansiledaiivaelioulsllusi
wavhauliAstulunsatalusiuoananuiiasgn

vy [5]

YAAINANNIOU

Ultrasonic transducers

JUN 1 mydshuerdudansileliamndou

Towandeindusinans

100
80 64.42

TUshu

o

60 44.61

o

40

20

I9YATNIINIIA

v

1ddansluiia lildsanslalia

JUT 2 msdalusfulunsudaudauyuimeieuled

WsAealunsdeslusiusiuiunisidnaudansn-

Twilateann wazlildasasdansleiia
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32 segasmImialusau

nmsAnemdalusiulunudsudnayues
afoeuleilusiieasuiunsldadudansilstinge
arplusAusonanutiusdnuyy Tastaduidnu un
dnsdruszninueulullusfieadonaudaadavyuy
1.00, 3.00 uag 5.00 daddnsioulwilusfteans 10
ATuwY g ﬁ'qmuqﬁ 30, 40 kA 50 a9ALEALT ua
szezIaIlunIsana 10, 20 waz 30 Wil Sepaznis
fdalusuitlianimaasauaznisiuneeglutas
589113 30 £ 67 wansans19di 1

3.3 mnsIiAuiimeUaUs

1nM15197 2 uanstayaniaddilaainnns
20NLUUNIINAADY V03A1 Coefficient (O ) FUAI
P-Vaule &1 P-Value axuansdsanuiideddayes
wiaziulsfiAnwindnasgdlsdonisadalusiiu
Pnudasdevyulaglisansleiariearin lasfinn
#in P-Value 11 @ uandliidiudndaudsi

lufiveddty uadiAn P-Value Upsnin O uandli
WiuduUs 5‘143?‘137&1??%?&”1 fisgduanuidedudesay
95 Fapn O axdlAwviniu 0.05 anA1e Adtule
3161 P-Value wosgaumnfif lflunsafadiaminiy
0.004 Fatfosnin 0.05 Fsannsnaguldifudsis
wasensafinunignAegumgifldlunisadalusiu
nulsdavyulaglidansiledagawaria (9]
ArduUsyans vesaun1suuuTIaesiiddes
annsaiduaunsuuuassiidsasadieldlunis

PUNYHANITNARDINILEAIUANNITA 8

Y=-30.7-6.51X,+2.35X,+3.07X5-0.875X,%-0.0129X,”
-0.0515%,7+0.184X,X,+0.230X,X5-0.0469X,X; (8)

P
e
Y fe Sewavlumsmanlusiiu

X, Ao onsdueulsdlusios

&

X, A9 gumaiinldlunsaialusiu

i u

X, Ao nafldlunsadaanalusau
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13197 2 ToYaveaiinaINN1TORNLUUNITNARDS

Regression Term Extracted Protein (%)
Coefficient Probabiity
(p-value)’
Constant (by) -30.7 0.000
Enzyme ratio (b;) -6.51 0.834
Temperature (b,) 2.35 0.004
Time (b,) 3.07 0.391
Enzyme ratio” (b;,) -0.875 0.255
Temperature * (b,,) -0.0129 0.655
Time” (bss) -0.0515 0.117
Enzyme ratio/ 0.184 0.291
Temperature (b;,)
Enzyme ratio/Time 0.230 0.139
(bys)
Temperature/Time -0.0469 0.133
(bys)
R? 0.8872 -

*The p-value more than 0.05 is not significantly

different at the 5% level.

nafilaann1sviunesesasmsiisalusivenn
a1n15 (8) wasnan1InAaasn1InIalusAuanuds
winvyulaglisansledarisatauandlumsei 1
wuihdidanuaeedeudosas 1 81 15

duen R SAviiu 0.8872 sauanslunisnsd 2
fodraunisindeaei Auralddwduaunisd
anunsadnuviutenanisnaassla uiefininu
Udedelunslivhuisranisveaes

3.4 waveslaven 197 sasagazn1sn1vnlUsiu
[10] [11] [12]

ﬂﬁﬁﬁ/\lﬁuﬁﬁmauauawaaﬂa%’a@m6] fosoay

N133lUsAU Laneiagun 3, 4 war 5 wuIuile
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gaungilunsadaiinduiinalvisesagnisidalusiu

°o W a

WNTuesltdAty 21nR15199 2 (p<0.05)

Surface Plot of %Removal vs Enzyme Temp

Contour Plot of %Removal vs Enzyme, Temp

Enzyme

¥

JUN 3 NuRaneuaues seninsdesayn1sminlusiu

gnaaueulel uazgnmgl

UM 3 uansiufiiineuaues seningsesasms
Adnlushiu dnsdueulel wazgamgiilunisadin

wuidnflegungdlunisadauazdnsidiuiouled

a

dinguinalvisesaznsidnlsiu agegavensim

e

a '

Wi meuauaanIATosazNINININTIan B¢

dmsrarwauleliviniu 2.5 Jadansee 10 nSuutl

a

wasfiomuund 50 asAlwaldad 31nnSINANSLANTY

3 y

V899NN ANFINT1 50 eamnaaigya Juudltdunay
segaznImdnlusiuindy win1smaaesdin
gun iadgan 50 serngalded 1oa1nan1Izn

wizandmsunishnureseuleiey sening 40-
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50 saAwaLdyd vngumiilun1snaaesgeniniaz

Flieulediduaninaisvinau

Surface Plot of %Removal vs Enzyme, Time

A ————
|

40 £
Enzyme 55

Contour Plot of %Removal vs Enzyme, Time

time

JUN 4 NuRaneuaues seniedesarn1siinlusiu

ns1dauley wagian

g‘dﬁ 4 uansiiuiifianevauss stwinedouaznis
Manlusiu onsrdueuled wazszazatlunsanis
wudisnsarunisldieulsdsini 1 daddnsee 10
nfuuds Anfevaznisidalusiuanacd ey
szuznatlumsatn ssndisnsdiunisldieules
gail 5 daddnssio 10 nfuuls Arfovaznisida
Tsiufuduiedfiusseznailumsain Tngdndey
agnsidalusiuunniian M uAmeuauas
agfisnmaueule 3.5 faddnseie 10 nfuud uas

valunisana 15 ui

MIATIFINTTUAERNS UM INBNFBASUATUNT IS

) -
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Surface Plot of %Removal vs Time, Temp

time

P

U9 5 NuRImeUaNne s¥irineiasazn1snaniushu

€N

1187 uaTgUNNI

UM 5 uanansmiuiineuaues seninsesay
nsmInlusiy an uavgungll wudrvailunis

o

afa 10 il ilegumgfifiud uasvinlisesaznis
fdnlusiuiutuegiann dawfnarlunsatn 30
uit ogangiifinduagyiliesagnistinlusiu
Ao ufindu nsAnfesaznisidalusfuuniian
mnﬂiﬂwﬁyuﬁmamuaaaqﬁ gaunnd 50 99"
wadva uazianlunisain 15 undl

3.5 anniziimnzaslumsidalusiu

91n3U7 6 wansmsvinueangimnzanly
nsmdalusiuanudandavyulaglidanslyia
Favain wuiniisnsdrueuluii 3.50 faddnsde

10 n3uuds gaumgdnldlunisadawindu 50.0 e
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waldua wazlaafilvlunsasaminiu 14.85 wadl
melfannzidnnmsviunenasyliafesasidn
TUsiugean 64.92 uazdlovinismeassdnfianigii
Sinarilefudunantsmaass nudldandesavnis
ealusiulndieetuil 66.40 Fsanunsonniosay

ANUAAIALAREY 3.08

Al Enzyme Temp time
50 .0 300

Cur 135051) 150.0) (148485
10 300 100

| /\

Composite
Desirabilty
D: 0.9951

%Remove
Maximum
y = 64.4225
d=099514

JUN 6 uansiansianzaunianlunisiida

Wsfiunnudaadnuyu

3.6 anvaigyiangnmyeaudinudenyuiuin

Mnnsthudasdasyuisdeunisddalusiu
wagndan1smdalusAulidesdiondesganssad
frdsey 40 wih wudwiudenountsfdalusiu
wazullsiinunsidalusiuuda fdnvazadeiu
Tnefdnuazidunsanay uiislaudsisiiunisindn
Tushuuda afaualngnindesananmsogedui
Igfnindstinisweadaunnnin uansieguil 7

37 mﬂUﬁam;Umﬂmz/wﬁmwamﬁuyﬁmwyu

Mnnsvaaesiaeuviavesutlauianianidy
wéavyy Tnstaudauudavyu 1 nfu dindu 10
fadans Rnduthundiesgianuniadionies
Rapid Visco Analyzer (RVA) Tagi3 u31as193a1n
gaumgdl 25-100 ssrniwaldea nudrflgamaiiniEus
nswasuutasenuviingl 80.80 ssrwaidoa fien
Anuviadign 91.67 RVU gaumgiifitinnnumie
gagafe 91.95 samuwaidea daAnuniagagn

98.58 RVU finAumilagaving 133.67 RVU Hasi

75

seniAnnunilagaiteiuaunilngsga 35.09
RVU wagHasi1esenineaanuvilagnvinegfuaing
NIARIEA 42 RVU a8aAa 04i U1 T804

Rengsutthi kazAn (2011) Anuiudausansanisy

ada

winvyy Teaumginisufinisdsunlasninumilad
81.58 sargaded dA1Auntaign 215.92 RVU
fiA1AUnilagega 255.58 RVU Avmuviilagnsing
YBIN1INARDY 364.13 RVU HAsi195¥nIN9AIAY
nilagaeiuannuningegn 148.21 RVU wagnasig
' i - 'Y A o
senInAauningsaniuanunilanign 39.67

RVU [13]

()

'
a

JUT 7 dnvareadaudeniindwens 40 wi
(n) wlswdevyuieunismdalusiiu

(@) wlandauyundsnsidalusiu

A5 sunlasauniaintud swdalasu

pufouuiaarAluedy Wawdenmsagadui
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waziinnsnesda Jan1swesiavosautdadnali
anuniiafiunniy mnmingsaniatuidielia
YousuAntaailuieduanysal ulazaniiamun dn
auniingaineldusddnvasvomdadusiaaing
wioradiintu derrauningaieun uanyi
Juudafiviinaeslulagas diunasavesmumile
aavheiuanamindign wansis Anwansnsaluns
nesdalmiveserlulaauazezlulamniiu nians
Ausvasutlegn (Retrogradation) SdAINNN UaASI
wlalauanunsalunisdniesialdd waskaniaves
anuniagavineduanuningegauanadianiuuds
yoaaNAnAuI TsiiduIn vnenNaIeaTiiaL
Wi [14] 1nn1smaaeanudwdsanisnudnvyy
annsalinudunings iesainuszneudies
Tulaage 9naAdefiiuswuinesddseneuvoses
Tlaaluminvyuiiuunagsdedonas 26.4 [15] [16]

3.8 nrinaaIfluetuvesutuuanyyy

nsiAnanAluedu Inedaiiedie 10 fadnsu
adlu davaunuLad (stainless steel pan) wazfiuni
nduasluludndrudmdnuds 300% 91t
Twrsigviauauyan1siineand lulgtun e
Differential Scanning Calorimetry (DSC) Tagldensn
mMifinduvesgamgiidaesng 10 ssriwaidoase
it :ngaumgdl 25 fa 150 svruwaiTea ndanu
angUNYIMEENITINITANaY 60 BdrLTALTYaAsia U
nazlinsiifignmgdl 25 ssmneadoa nan1MAaeq

wanalumnsai 3 nuinAtaavaiisudulunisiing

il U

andiluedu (T,) gaumgiigegaluniaifaailuedu
(T,) uazgamgifignaugaluniafneaiiluedu (T)
vewdatiansiindlanliunnsetuedelideddy
(p>0.05) Inaudumdavyunounisidalusiuden T,
T, uag T vy 81.34 84.24 uag 90.35 04en
wadea aua1au drundeudavyundinisnide
WUsfudan T, T, uag T wi1Au 82.17 85.95 uay

91.70 a9A YA ed ANNAIAU daAAABINUIUITY

NIENTIFINTINAEARS WINeTBATUASUNTILTRI

o -
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993 Kittipongpatana haganiy (2011) wuiuwis
a £ ¢ 3 N | o
uigniamsuuanvuu 91 T, T, bag T, wiifu

82.92 86.01 way 91.23 parwaidad auasu [16]

A13197 3 gaungimsifaanilugduvesutauda

YU ULALTEINIMANTUTHY

ARl PRGN gaumyll
To To Tc AT
(°O (°O) (°0) (°C)
wlaundavyunew | 81.34 | 84.24 | 9035 | 9.01
nsidalusiu t166 | *1.46 | 162
wlaudnuyunds | 8217 | 8595 | 91.70 | 9.53
msfidnlusiy t164 | £171 | 174

aa v

Wle T, Ao gaumgiisudulunmsifaandiluedu

§
yndugalunsAnanluedy

q

AT (T.-T,) fie Frvgaumiiiaaanitludu

3.5 avAUsznaUvesuTuuan YU

PMNMTIATIEiasdUTEnouredutladnuyud
azthanldlunisvaass wuindesrusznovdliulng
JuasTulawmsndesas 79.12 fndeiiusfiudosay
9.42 lasfudesas 1.01 winfesay 7.18 wazdeledes
av 3.27 Tneuminuks dauesAusznevveuis
ansvudavyundwunsidalusiu wudnd
asrUsznavdlugifumslulawmsniosay 86.92
Tngshuidn wazdquiilildndlulowmsn dedulng
Julusiiudesar 3.15 laetmdn Mndoiduluiu
Zouay 0.98 Tneumin Whdevas 6.98 Tngumin
waziioledevasy 1.97 Ingumin fanns1ed 4
donAdasiuridees Zhang uazany (2016) 1
nuTnudavyuaudesdUsznovaulvglu
aslulawnsnineay 60-80 lUsAuspeay 8 lusiudew
av 1.5 uaziinfevay 2.2 Taenhwidn [15]

131971 4 psAUsznevveuudnuyy
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p3AUIENaU udenaunis wdandenndnm
(evazlng MInlushiu TUsfu
Prvnuts)
ailuleinsn 79.1213.92 | 86.92%4.15
Tusiiu 9.4240.46 3.1540.15
Loty 1.01£0.05 0.9810.04
i 7.1840.35 6.98+0.32
dole 3.2710.16 1.97£0.09
4. @ayuna

winmyuudufivdefisannmsuilan aunse
thusdndundsuigniansnudeuyulaenisida
Wsfuanmawdandauyulagldioulailusiiealy
nsgeslusiusauiunisldndusansleda vinliid
Uszansamlunsidalusiufiumntu utsamse

winuyunldasiianuuigrsvedindusanilsngedu

a

NnnEITenuManeminzanlunsidnluseiy
dnsdenled 3.5 faddnsee 10 nuute gaungll
50 oA aLdEd wavszeziIalunsanna 15 wnil
aunsansidalsfuanudaudavyu lasesas
64.42

psdUsEneuaalivosutan vy
nsnaalusau JeosrUsynovdulvglu
aslulawnsnioray 86.92 Tavtwiin TUsiudosay
3.15 Tngidwidn Tausfufesas 0.98 Taetuidn iéhies
av 6.98 lanthwiln uandelefevay 1.97 lavtwuiin
annsagaduildd uarlianudunings 133.67
RVU gaungiilunisiinaandlugdusglugae 81-92
RNGREBIGE]

NnAEutAvesuamSvwdauundsiuns
dnlusAuanaausalUldiluansiianudu
nialdf 31NN15ANw1YDe Rengsutthi LagAY
(2011) ledhudeansvudavuyuduarslinnudu
wilaluroansn wuitwleansnudavyuaunsali

v A = =3 = I3
ﬂ’l']ll"l]uﬂuﬂﬁjj\‘i W esanndandeduuiaian wag

7

Usznausigerlulaags uenandudaiiuniuns
WA ULUAIIAIUAINNS DPULATNINATENINGNNS
U30013laA MIuenduveIveunaIinsEnienis
& o < A o v a

U LagtJungausun1enunsuseiliudseayn

dueia [13]
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ABSTRACT

The paper presents a comprehensive review of the current state of predictive models for non-

communicable diseases (NCDs) prevalence, specifically focusing on utilising social determinants of

health (SDHs) as features for model training. The review's search strategy employed a thorough

screening process to select sixteen studies for inclusion. These studies used supervised, unsupervised,

and other algorithms to forecast NCDs' burden; the most frequently applied attributes were age, gender,

Fasting Blood Sugar (FBS), physical inactivity, obesity, and smoking. The evaluation methods for the

models included a range of metrics, such as Percent Accuracy, Receiver Operating Characteristic (ROC),

and Hamming loss. The review concludes that predictive models have the potential to forecast NCD

prevalence accurately and highlights the need for further research that focuses on incorporating SDH-

related factors as features for model training.

Keyword: Non-communicable diseases, social determinants of health, prediction, machine learning.

1. Introduction

Non-communicable diseases (NCDs) are a
significant public health issue that accounts for
approximately 71% of global deaths, with low-
and middle-income countries being
disproportionately affected [1]. The burden of
NCDs is increasing, primarily due to ageing
populations,  changes in lifestyle, and
environmental factors such as air pollution and
diets.  The

unhealthy prevention  and

management of NCDs require a comprehensive

approach addressing the complex interplay of
factors contributing to their development.

The social determinants of health (SDHs) are
crucial in developing and managing NCDs. These
determinants encompass a wide range of non-
medical factors influencing health outcomes,
including income, education, employment, food
security, housing, and access to healthcare.
Individuals with lower socioeconomic positions
have a higher risk of developing NCDs and

experiencing worse health outcomes. For
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example, low-income individuals may face
barriers to accessing healthy foods and adequate
medical care, increasing the risk of developing
chronic conditions such as diabetes or heart
disease [2]. Research suggests that addressing
SDHs is crucial for reducing the burden of NCDs
and improving health equity. SDHs can impact
health outcomes more significantly than lifestyle
choices or healthcare, accounting for up to 55%
of health outcomes [1]. Thus, a comprehensive
approach to managing NCDs must address the
underlying social determinants of health to
reduce health disparities.

Forecasting models can be valuable in
predicting NCDs prevalence and mortality rates,
as they can consider the complex interplay of
various factors, including SDHs. Such models can
help policymakers and healthcare providers
allocate  resources

and develop targeted

interventions to manage NCDs effectively.
Accurate forecasting models incorporating SDHs
can help identify populations at higher risk of
developing NCDs, allowing for the
implementation of timely interventions and
preventive measures. Managing NCDs requires a
comprehensive approach that considers the
complex interplay of factors contributing to their
development, including social determinants of
health. Forecasting models can be useful in
predicting NCDs prevalence and mortality rates,
especially when incorporating SDHs as an

essential  feature.  Addressing the  social
determinants of health and developing accurate
predictive models should help reduce health

disparities and effectively manage NCDs.
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This review aims to investigate the current
state of predictive models in NCDs prevalence,
specifically focusing on using SDHs as features for

training.

2. Related Works

There is considerable evidence linking SDHs
and NCDs, as demonstrated by several studies.
Braveman [3] found that individuals residing in
neighbourhoods with poor  socio-economic
conditions had higher rates of NCDs than those in
more affluent neighbourhoods. Similarly, Vallejo-
Torres and Morris [4] used the corrected
concentration index to measure inequality across
time and areas of England and found that
smoking and obesity contribute to income-
related inequality in health. In another study,
Stringhini [5] observed that low socioeconomic
status was associated with greater mortality, with
smoking  having the

highest  population-

attributable fraction, followed by physical
inactivity and socioeconomic status. Moreover,
Hosseinpoor [6] found that wealth and education
were inversely associated with the prevalence of
certain NCDs, such as angina, arthritis, asthma,
depression, and comorbidity, with the strongest
inequalities reported for angina, asthma, and
comorbidity.

Despite the evidence linking SDHs and NCDs,
it remains to be seen whether predictive models
have incorporated SDHs as features in their
training. This is a gap in the literature, as SDHs
could be essential in understanding and

predicting the risk of NCDs. Furthermore, by

ignoring SDHs, predictive models may only notice
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critical features that could significantly impact the
development of NCDs, resulting in less effective
interventions and policies. Therefore, it is
essential to investigate and incorporate SDHs in
predictive models to enhance our understanding

of NCDs.

3. Methodology

A systematic search strategy identified

relevant literature from several databases,
including PubMed, Scopus, Institute of Electrical
and Electronics Engineers (IEEE), and Random
Search. Appropriate keywords and Medical
Subject Headings (MeSH) terms related to NCDs,
SDHs, predictive modelling, and review articles
will be used. The search strategy will be refined
using Boolean operators (AND, OR, NOT) to filter
the results. Additionally, the reference lists of
relevant articles will be examined to identify
additional sources.

A screening process was employed to select
articles for inclusion in this review. The first stage
will involve screening the titles and abstracts of
the articles, followed by a full-text review of the
selected articles in the second stage. This review's
inclusion criteria include peer-reviewed articles
written in English and addressed the research
question. The exclusion criteria include articles
irelevant to the topic, not primary research
articles or limited scope.

A structured data extraction form was
developed to extract relevant data from the
selected articles. The extracted data included the
author, SDHs used,

year, study objectives,

modelling approach, model evaluation, and
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outcome measures. The extracted data were
synthesised according to themes such as the
features used, the modelling techniques
employed and the limitations and challenges of
the models. The review's findings were
summarised, and conclusions were drawn based

on the evidence.

4. Results

The escalating incidence of NCDs has led to
an increased focus on developing predictive
models that accurately forecast their occurrence.
This review presents a literature review to
consolidate criteria-met predictive model studies
for forecasting NCDs prevalence. The systematic
search vyielded thirty-two studies, of which
fourteen were excluded for not meeting the
model criteria or not being applied in NCDs
studies. Two were excluded for not being
machine learning modelling studies.

The remaining sixteen literature sources
encompass Vvarious algorithms, encompassing
supervised, unsupervised, and other
methodologies (Table I). Each of these sources
specifically examines the prediction of NCDs,
either from a diagnostic or an epidemiologic

standpoint. In these studies, the algorithms and

attributes employed for developing NCDs
prediction were thoroughly reviewed and
extracted.
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TABLE |
Algorithms Used by Category
Category Algorithms
Supervised: ANN, SVM, LSTM, Logistic

Labeled training
data to make

predictions

Regression, Decision Tree,
Naive Bayes, Random

Forest, KNN, AdaBoost

Unsupervised:
Exploring
unlabeled data
to uncover

patterns

K-means clustering, MAFIA
Binary Relevance (BR),
Classifier Chains (CQ),
RAKEL, ML-KNN

Other: Algorithms
that might not
fall into
supervised or

unsupervised

DeepSHAP, GBDT, GAMM,
Fuzzy Logic IF-THEN rules,
Dynamic population
model, Combination of
evolution tree model and

Multilevel Modelling

Evaluation

Method

% Accuracy, Algorithms
comparison, 95% Cl,
Kappa statistics, RMSE,
Precision, Recall, F-
measure, ROC, and

Hamming loss

These sixteen  studies highlight the
effectiveness of supervised learing techniques in
predicting NCDs, emphasising the importance of
algorithm selection and the potential for tailored
interventions based on these predictions. Several
studies have utilised supervised leamning
techniques to predict and model NCDs. For
example, Ngom [7] employed artificial neural
networks (ANN), support vector machines (SVM),

decision trees, naive Bayes, logistic regression,
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and random forest. Equivalently, Keerthi
Samhitha [8] and Mohan [9] used decision trees,
K-nearest neighbour (KNN), K-means clustering,
AdaBoost, and logistic regression in their
supervised learning models. Hu [10] utilised
gradient-boosting decision trees to predict non-
communicable diseases and improve
intervention programs in Bangladesh. Hu [11]
employed a stacking ensemble model that
combined linear regression, support vector
regression, extreme gradient boosting, random
forest, and gradient-boosting decision trees to
predict admissions  for

daily  hospital

cardiovascular diseases. These studies
demonstrate the effectiveness of supervised
learning techniques in predicting and modelling
NCDs.

Banu and Gomathy [12] utilised various
unsupervised learning techniques, including K-
means clustering, Maximal Frequent Itemset
Algorithm  (MAFIA), and C4.5  algorithm
(supervised), to develop a disease forecasting
system. Equivalently, Sangkatip and Phuboon-ob
[13] employed multiple techniques, such as
binary relevance (BR), classifier chains (CQO),
random k-labelsets (RAKEL), and multi-label k-
nearest neighbour (ML-KNN), to classify non-
communicable diseases. In contrast, Davagdorj
[14] utilised a combination of both supervised
and unsupervised learning techniques, including
hybrid feature eXtreme Gradient

(XGBoost),

selection,

Boosting logistic regression
(supervised), random forest (supervised), KNN
(supervised), Support Vector Machine - Recursive

Feature Elimination (SVM-RFE) (supervised), Multi-



NMIENTIFINTINANERS W INSUATUASUNTI IS0

o

Uil 19 atiufl 1 iou naAu wa. 2566 — dunaw W 2567

Layer Perceptron (MLP) (supervised), Neural
Network (NN) (supervised), and random forest-
based feature selection, in their learning models
to predict smoking-induced NCDs.

And  other  various  machine-learning
technigues have been used to investigate NCDs.
For example, George and Thomas [15] developed
fuzzy logic-based IF-THEN rules to forecast peak
demand days of chronic respiratory diseases. Hu
[10] and Hu [11] employed machine learning
techniques to examine NCDs. Hastings [16]
utilised a dynamic population model with
regression to project new-onset cardiovascular
disease by socioeconomic group in Australia.
Davagdorj [14] used an Explainable Artificial
Intelligence  Based Framework for NCDs
Prediction, incorporating Deep Shapley Additive
Explanations (DeepSHAP) to enhance
interpretability. Wang and Wang [17] combined
the evolution tree model and Multilevel
Modelling (MLM) to model and predict global
NCDs. Lastly, Stringhini [5] applied a generalised
additive mixed model (GMM) to study NCDs risk
factors in older adults. These studies collectively
demonstrate the diverse  machine-learning
techniques employed in investigating NCDs.

Based on the reviewed literatures, the
evaluation methods for the models included
Percent Accuracy, Algorithms comparison, 95%
Confident Interval (Cl), Kappa statistics, Root
Mean Square Error (RMSE), Precision, Recall, F-
measure, Receiver Operating Characteristic (ROC),
and Hamming loss. Five studies (table II) used
non-individual factors as attributes, eleven used

individual factors (Non-SDHs) [18][19][20][21], and
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the rest were excluded due to unidentified
attributes [22]. The studies that used individual
factors proposed the outcome as an individual
diagnostic result based on individual input factors
rather than SDHs-related factors. Examples of
studies that used predictive models for
forecasting NCDs include those by Wang and
Wang [20], Stringhini [18], George and Thomas [4],
Hastings [9], and Hu [12]. These studies employed
different algorithms, attributes, and evaluation
methods to obtain the desired outcomes.

Numerous recent studies have been
conducted to develop predictive models for
NCDs using a variety of attributes. Eleven of the
nineteen studies reviewed selected individual
factors as the primary training attribute, while five
opted for non-individual factors (SDHs). The
attributes used in the remaining two studies were
not explicitly specified. Among the five studies
that explored non-individual factors, Wang and
Wang [20] investigated a predictive model for
global NCDs deaths, incorporating socioeconomic
factors, country development level, income at
the country level, and the number of NCDs
deaths. Their study proposed a novel algorithm
that combined the evolution tree model and the
Multilevel model (MLM) and evaluated its
accuracy in fitting the data. Comparing it to linear
regression (LR), the proposed algorithm achieved
an R-squared value of 0.7932, while LR yielded
0.7005. These findings underscore the notable
association between socioeconomic factors and
NCD-related mortality.

In another study, Stringhini [18] examined the

relationship between low socioeconomic status
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and NCDs risk factors, such as diabetes, high
alcohol intake, high blood pressure, obesity,
physical inactivity, and smoking among older
individuals in multi-cohort populations from 24
countries. The study used generalised additive
mixed models (GAMM) for analysis and found an
association between socioeconomic status and
physical functioning. George and Thomas [4]
developed a model for forecasting the peak
demand days of chronic respiratory diseases using
Fuzzy logic and applied environmental factors to
predict the peak demand day. Hastings [9]
deployed a dynamic population model to
determine the new-onset cardiovascular disease
(CVD) by socioeconomic group in Australia, which
included parameters such as population, risk of
new-onset CVD by socioeconomic quintile, and
utility and found that 8.4% of people in the most
disadvantaged quintile were at high risk of CVD.
Finally, Hu [12] developed a predictive model for
the number of CVD admissions using air quality,
hospital admission, and meteorological data. The
authors used the stacking model and Sequential
Forward Floating Selection (SFFS) for feature
selection in training the model. Their study found
that the stacking model outperformed RF
regarding MAE, RMSE, MAPE, and R square.
Among the various attributes, certain factors
were frequently considered in the analysis. Age
emerged as the most applied attribute, appearing
seven times. Fasting Blood Sugar (FBS) and gender
followed closely behind, each being utilised six
times. Other attributes that garnered significant
habits, Blood

attention included Alcoholic

pressure, Exercise-induced angina, Family history,
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Maximum heart rate achieved, Obesity, Physical
inactivity, the slope of peak exercise ST segment,
Smoking, and Thalassemia, all being taken into
account four times. Several attributes were also
considered moderate, appearing three times in
the analysis. These included Serum Cholesterol,
resting blood pressure, psychological stress, and
Diabetes Mellitus (DM). Additionally, a few
attributes were considered two times. All of these
attributes were considered individual factors, risk
factors for NCDs but not SDHs. While individual
factors were the most commonly used attributes
in the reviewed studies, insights from the five
studies (Table 1) using non-individual factors
highlight the association between socioeconomic
and environmental factors and NCDs. Therefore,
crucial to consider various attributes when
developing NCD predictive models. Hu’s [12]
study is particularly relevant to SDHs, and its
model development method will be modified to

be used in this experiment due to the similarity

in study design and selected attributes.

5. Conclusion and Discussion

The objective of this review is to synthesise
studies focusing on predictive models that
forecast the prevalence of NCDs by utilising SDHs
(non-individual factors) as features. A systematic
search strategy was employed to identify relevant
studies, resulting in a total of thirty-two studies.
After applying inclusion and exclusion criteria,
sixteen studies were considered eligible for
inclusion in this review. Out of these, only five
studies incorporated relevant SDHs as features in

their models.
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TABLE Il
Summary of Forecast Model Literature Review

for Studies Deploying Non-Individual Factors as

Features
Authors Features
Wang, Y., Country type [income] and
& Wang, J. | Country development stage,

(2020) [20] | NCD death, Socio-economic

status
Stringhini, | High alcohol intake, Low
S., et al. socioeconomic status, Current

(2018) [18] | smoking, Hypertension, Diabetes

Mellitus, Obesity, Physical

inactivity
George, N., | Nitrogen Dioxide, Outdoor temp,
& Thomas, | Particle matter, Relative
J.(2018) humidity, Sulphur Dioxide, Wind
(4] speed
Hu, Z., et Air quality, Hospital admission,
al. (2020) | Meteorological
[12]
Hastings, Population, Risk of new-onset
K., et al. CVS by socioeconomic quintile,
(2022)[9] | Utility

The identified studies employed a variety of
supervised, unsupervised, and other algorithms,
with individual factors (Non-SDHs) being the most
frequently used attributes. The studies also
utilised various evaluation methods, including
Percent Accuracy, Algorithms comparison, 95% Cl,
Kappa stat, RMSE, Precision, Recall, F measure,
ROC, and Hamming loss. The review
demonstrates the growing interest in utilising

machine learning algorithms for predicting and
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diagnosing NCDs. Examples of studies that
employed predictive models for forecasting NCDs
include those by Wang and Wang [20], Stringhini
[18], George and Thomas [4], Hastings [9], and Hu
[12]. These studies employed various algorithms,
attributes, and evaluation methods to obtain the
desired outcomes. The review also reveals the
effectiveness of supervised learning techniques,
such as ANN, SVM, decision trees, naive Bayes,
logistic

regression, and random forest, in

predicting and modelling NCDs. Moreover,
unsupervised learning techniques, including K-
means clustering, MAFIA, and the C4.5 algorithm,
were employed in some studies to develop
disease forecasting systems. From the results of
this review, it is evident that the features
considered SDHs have rarely been used. A few
studies integrated SDHs (Table 1) into their
models in conjunction with non-SDH factors.
However, no study exclusively employed SDHs to
predict NCDs' prevalence directly. This
perspective could be attributed to the prevailing
focus of model developers on training models to
predict NCDs diagnoses primarily based on
individual factors, such as laboratory testing or
other disease risk factors, rather than considering
the broader epidemiological context.

The results of the study showed that the
SDHs categorisation identifies some categories
deployed as features in NCDs prediction (see
Table Il). However, several categories [21] still
have not yet been deployed, especially for NCDs
prevalence prediction. These categories include
education, social protection, unemployment and
food

job insecurity, working life conditions,
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insecurity, social inclusion, and non-
discrimination.

Determining the accuracy and effectiveness
of either comparing SDHs as features amongst
themselves or pitting SDHs as features against
others is a premature endeavour, supported by
the following reasons. Firstly, several categories
of SDHs have yet to be utilised as features.
Secondly, the variations among studies
encompass diverse deployed algorithms and
selected features. Thirdly, the outcomes of this
review indicate a scarcity of studies that have
tested the approach of employing SDHs as
features for predicting NCDs prevalence.

This study provided insights into the methods
employed and outcomes achieved in recent
studies focused on developing predictive models
for NCDs. The findings of this review can inform

future studies aimed at developing more accurate

and effective predictive models for NCDs
prevalence.
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ABSTRACT
This research aimed to study the factor affecting the brass clay forming process by sculpting
and applies with the method of factorial design of experiment and using the statistical program to

analyze and transform the result to find the optimal conditions for forming brass clay. The study starts
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with leaming about controllable factors. The four independent variables were the type of binders,
percentage of binders used in mixing, temperature and duration of sintering. The results of physical
and mechanical properties obtained were analyzed and sorted the optimal condition to select the
most optimal condition for forming the brass clay. It was found that the most optimal condition for
forming by sculpting is carboxymethylcellulose 1% sintered at 900 Celsius for 1 hour. This condition
has volume shrinkage after forming about 0.76%. The physical characteristics of workpieces after
forming and removing the binder have good stability, no separation of layers or cracks. After sintering,
the workpiece has completely combined and the volume shrinkage was 17.4%. The density was 5.31
g/cm? and the surface hardness was 37.73 HV. The result of applying the aforementioned conditions

by sculpting shows that the clay has the flexibility and be able to sculpt to any shape easily. Besides,

it can be applied together with stamping, cutting, rolling, patching and forming.

Keyword: Factorial design, powder metallurgy, metal clay.
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Analysis of Variance

Source DF Ad)SS AdjMS _ F-Value P-Value
Model 4 595088 148772 8106  0.000
Linear 2 519794 259897 14161 0.000
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wafiduddnistau 1 346002 346002 18853 0.000
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1

1

1

2-Way Interaction 75106 75106 4092 0.000
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Analysis of Variance

Source OF AdjSS AGIMS F-Value P-Value
Model 12 258120 21510 4593 0.000
Lunear 4 215307 53827 11495 0.000
wladniszaw 112813 12813 2736 0000
wahidusdninan 1 16834 16834 3595 0.000
Qoanndl 1 159255 159255 34009 0.000
fEWN 1 26406 26406 5639 0.000
Square 2 0197 00983 210 0132
woldudbunmurwafiduddinmu 1 01885 01885 403 0049
ROV ROIOG 1 00082 00082 017 0678
2-Way Interaction 6 40846 06808 1454 0.000

wiadusan waiduddnan 101921 01921 410 0047

viadnisran aawni 1 25925 25925 55.36 0.000

viadnisraw norom 1 00837 00837 179 0.86

wahidusddninmuaannd 1 03695 03695 789 0.007

wahdusdnlamuroom 100798 00798 170 0197

Qeannil sronon 1 07671 0767 1638 0.000
Emror 59 27628 00468
Lack-of-Fit 23 095098 0039 077 0744
Pure Error 36 18530 00515
Total 71 285748

Model Summary
S R-sq_R-sq(adj) R-sq(pred)
0216396 90.33% 88.36% 85.39%
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CMC Waesiudmuszanu 1% wdunosfigamgd
900 pernwailea Wuan 3 Filus Aanumuuy
WU 6.10 g/cm3 laeiiarpnuianelasiumionu

0.873 (flagudl 11)
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Response Optimization: Aunuiuiu

Parameters

Response Goal Lower Target Upper Weight Importance
Ay Maximum 388375 642 1 1

Solutions

vlad  waditud stor ammnuiu Composite
Solution Ystaw  dstans aamallvan Fit_ Desirabilit:
1 1 1 900 3 6.10000 0873829
2 1 1 900 2 5.91500 0.800887
3 1 2 900 3 589000 0.791030
4 2 1 900 3 581826 0.762745
H 1 2 900 2 581500 0.761459
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Analysis of Variance
Source F__AGISS AdiMS F-Value P-Vale
Model 2 125846 10487 30347 0000
Linear 4 122059 30515 88302 0000
1
1
1
1
2

=|o

viladniran 117591 117591 340280 0.000
wahuddnirmu 1093 1093 3164 0000
Qomndl 1372 1372 39N 0.000
oM 2002 2002 S794  0.000
Square 050 025 072 0492
wahidudinrmuwohduddninan 1 0.18 018 051 0476
LM RLIOM 1 032 032 092 0341
2-Way Interaction 6 3738 623 1803 0000
wladhautwafisuddran 1 186 1186 3431 0000
viadistaw aunnd 1 533 533 1543 0.000
vladlan oo 1 17.09 1709 4945 0000

1

1

1

wahiduddniramuaanad 145 145 420 0045
wahduddninan soom 019 0.19 054 0464
aamaiistorom 146 146 423 0042
Error 9 2039 035
Lack-of-Fit 23 818 036 105 0440
Pure Emror 36 2 034
Total 71 127885

Model Summary

S R-sq R-sq(adj) R-sq(pred)
0587853 9841% 98.08% 97.60%
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Response Optimization: Usunasswsutila

Parameters

Response Goal Lower Target  Upper Weight Importance

Yhnasgmauda  Minimum 0.18 124156 1 1
Solutions

Yhnass
wiady  wasidud stor  wswila  Composite

Solution dsvau  énlsvan  aaumndl LA Fit D 1

1 1 2 900 2 0255 0.993870

2 1 3 900 3 0.290 0.991010

3 1 2 900 3 0295 0.990601

4 1 1 900 3 0.300 0.990193

S 1 3 900 2 0.320 0.988558
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Analysis of Variance
Source
Model
Linear
wosiduddnlsan
s
Square

]

AdjSS AdIMS F-value P-Value
221873 44375 1044 0000
164044 82022 1930 0.000
42841 4234 1008 0.008
121203 121203 2851 0.000

57788 28894 680 oon

~ow

wohduddnnanwohduddnsan 57041 57041 1342 0003
sERATEON 00747 00747 018 0682
2-Way Interaction 00041 0.0041 001 0924
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Error
Lack-of-Fit
Pure Error

Total

5.1010 04251

01392 00464 008 0967
49618 05513

27.2883
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Model Summary

S R-sq R-sq(ad)) R-sq(pred)
0651987 81.31% 73.52% 58.89%
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Response Optimization: Anaruudy

Parameters

Response  Goal Lower Target Upper Weight Importance
aanuuds  Maximum 3646 4111 1 1

Solutions

wafifud swur Awnuude  Composite
Solution _énlsvan  vua Fit Desirability
1 3 3 40.8839 0951374
2 3 2 39.7422 0.705854
3 1 3 39.6889 0.694385
4 2 3 39.0922 0.566069
5 3 1 38.8739 0519116
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unawiidiauemainssithdsunmuvesandusiaUaeildluiiuge3s FHWA uaz Tomlinson
Tnglddoyannmsiazdnamalgiimnssy aunsusadeanuuazusaunmuaneiedudiilduiiudwom
MnALUTUTENRUME BinTiu ANNEIaU (A1 RQD) seAuAuRie MAsTuLsdaunufevesiuuas i
dnuszduvenoundn i duizauaiduriugudnas 0.80 uaz 1.00 wastwaneluiiuunsdanisuunansgn
thundinsgithduunmu anmaioudisurenssmnamuiniaosisliiusadoamulndifstuuiitues
Tomlinson MWAussuunmuiivaneiaiduganiisusnan Wewisuifiusemssuntuimdnnageugagn
InmMsnedeuEndumeitatnmansluauiu wuinmstmuaszezilduiu 3 viweaduiuaudnanvhlinléa
dhsdumnulasaiorouiiguiunnudiiu Finseuommaingissesilssyaviuaiieansogildu

lvaenmdaaiuadnsdiunnulasndeimunzeay
AdAey: leadnvaneilslufiu Mdwunmuvesiu landuee negeuady

ABSTRACT
Bearing capacity of pile socketed in moderately weathered granite was statically analyzed using
FHWA and Tomlinson methods. The capacity equations for the pile socket including friction and tip

resistance were based on several geotechnical parameters such as type of rock, rock quality designation
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(RQD), degree of weathering, and compressive strengths of rock and concrete. Two bored piles with a

diameter of 0.80 m and 1.00 m were selected for analysis. Calculated results of the methods are then

compared. The results show that the friction resistances yielded from both methods are comparable,

however, the tip resistance of Tomlinson method exhibits much higher the magnitude than FHWA. The

results were also validated by static pile load test results. Comparison between the calculated results

and the maximum tested loads implies an ample factor of safety. Therefore, an analytical approach

for effective socket depth is proposed herein to reduce the embedded length in rock for yielding

appropriate values of factor of safety.

Keyword: Rock socketed pile, Rock bearing capacity, Bored pile, Pile load test.
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i 3 whwssdurinugudnanaandy Fseguuuuifn
wwuidsrduivaniulufulaglildoguuiiugues
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“ummé’ur:im@uéﬂmqLmvﬁﬁuiﬂ PINANRILUNNIY
I3 a A I3 1o @) £ o ==
Jasandudigananludndudsaiinunszesiladn
vty 3] vandund el sluiiuasud 1980 Fnasdl
a & & o ° o Aaa A
ngAnssuluandudsaniu [4] dmsunsaiiuinile
Yanganduiianundeaunn wsadsaniuasiaunld
ABULSIH1UNUa8g19un taganizeg198aile
srerilannnii 2 wiwesdudugudnatsandy (5]

o A '

donndesiunsAnwansvedlugdanngusening
funazaeundmandunuindalugdadnneuvefiu
gendneeunIn seerilindstondt 4 wivesdus
gudnanaanduieliussduanduuisdiuannsa
dvasluiivaneduancld Twuiuuseiiuasinen
wsadeammuiiesegaien [6] safunsldinasises
Heludiulaidosnin 3 wiwesrunenidaandulagls
il ad e def iunud e arnduiuerndunis
ponuuufieydngioumniiuliidesannisieaismgu

A lvgflufiusiadiiunisassnn [7]

v
A v Ado

mumaummqﬂszaﬁﬁ%uamLmeamﬂﬁaﬂ
AFILUST T auL i e AW S UL UN T
vpuanduridavaredsluiunieiSves FHWA way
Tomlinson denldanduinzauaduriugudnais
0.8 war 1.0 tums 1nlassmsuismildludmiavays
MINTUT IULTBUAIINNITATUI A UNANAGD U

anduluauiudresadnaiansive 2 du il

o

ATIVADUANNABAARBITENINAU UagvineNani
LALLM TIAT e ragilsUanetanduluiuidl
ANUADAAR DIAULITIH T1UIINT WA ULATANE DA

pauNsauaulivaLady

2. mdwunmuvaaanduielareludiu

2.1 pivasyesineins

Frareud A.A.1976 f51eunmBnnisietu
nduvaneildlufivdiuauosuinaunsei ey
5e17190 A.A.1976 99 A.¢1.1988 1T U297 41

AuAIndIIngmidaluniswauiesdanug

NIENTIFINTINAEARS WINeTBATUASUNTILTRI

Uil 19 atiufl 1 Hou sanau wa. 2566 - funAu . 2567
denduianduvanediduiivegradussuu [8] fse
NUITRALLENAIITNIITYINITINE NS T LAUBLT
VN9N1T0BNKUY GATNITAIUIN Uagndninmet 6199
sudunnguildundstiagiu

uITeR d1dyuseneudlsnani1s@nuives
Horvath & Kenny Tul a.@.1979 8198 3lu [6] uay
Rowe & Armitage [9] TILl@URANN1TAIUIUNUIBUTS
Fonmuifadudaimluguiuuanuduiusiueisn
AansvosindssaunuLisrvesiugudeainad
AUN3TLaUeH NN TIIAOUADIT IR IV DIANNTT
fudoyananmsnageuanduluauy Fefuinduis
usn9fignnededrunusnnuagldsunseensuindu
FAldalad [10] viheusadeaniuainuanisin
fanaigniunAnwi adsluauves Carter &
Kulhawy [11] leWaiuseseniiniseonwuuidiy
Uaneilduiiulagyinnisiesesiiuduangiuteya
nanadeuafulusuuiinnntu namsinuiudu
Ivisusadeanuianuduiusiuaisindiass
YIANFIDALNULABIVDIRY LAZLAUDANNITUIAY
ML TUAIANIUGIER (fmax ) Lilugunuudisaunis
i1

fmax = APa[Qu/Pa]O'S (1)

dlo A AeAnsiifien 0.63 f9 0.95

P,  fAoAuauusseInie (101 kPa)

qn AOAINIAIBALNULABIVIAY (Uniaxial
Compressive Strength) Sty kPa
wonanil fadlaufnuives William & Pells [12] 71
AnwmAnuduiusveamusLsuduaniuiuiasen
wnuRvesiudanuimiteusadennuanaude

fdadaunumeIvasiufinduwaslfauaaunishisa

AUNNSN 2

fmax = B4y 2)
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& Y o

do B AeddudssAniduanainadiuiuud
wazladuannau
aun1sdnsunLIBusILUANIUE s AT Uane
@ tduludiy (Maximum End Bearing in Rock) %138
Gmax JHIAAVENRY 3 WWINN e gnsedredielng
Wﬁﬂmﬁqmﬁwﬁﬁﬂﬁdé’ﬂmeﬁm [9],[12] Aialana
Tuaunisi 3 uwamedl 2 wauelae Zang & Einstein
[13] WugmsadofuiuImieusn eawafiiungin
nMsitaseviaumsidunualiud Avaa (Best Fit
Curve) vugndoyananageuanduluauiy viluld
AuduRusiuiaBaunuielugluuuenigs n

fanandluaunisi 4

Gmax = Cqy 3)
Qmax = CQun (4)

Mo € AsAtandeUsyaunisal (Empirical
Constant) Fafianuusnstaiulunsazanuise
PN & a & =
w1 3 L TULUIAA UL UL INAUAN Y
989 Hoek & Brown 81989%u [11] TagA1vul8ws

wunmugsgaiivateianduuansluaunisi 5
_ 0.5
Gmax = (M +577)qy (5)

We muay s AsAInIs Hwesdelssaunisal

uunmuviiauazAuaNTRRMANYR I RY

22 75989 FHWA
Tud A.e. 1999 O’Neil & Reese ladnvigiionns
1 U < a Y v
pankuukaznoas1ad uuared ludulwiu
Federal Highway Administration %58 FHWA [3] Tu
A1UU09N1590NKUULATIUTINGATWAT AN
nddelusinfilanaidll sudeuseaunisaiann

ASNAFDUKALNIT FNURT LU SU AR M auiy

a aa

35091338

=>

nsihluldeanuuulaasaluniau]vi
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ANUNTOAUINLAZATINEOUTIENI AR B
gnuwuziilugiloves TRB [14] uazeileves AASHTO
[15]

'vm'wLmLﬁ'mmuqaq@iu%ﬂuﬁuw% Fmax

ANMUININAUNTITN 6

fmax = 0-65Pa[qu/Pa]0'5 (6)

v
o

&
YNU

v

pefiAnlaliiu 0.65P,[f) /P,]%°

We P, AeAnuAuUsIeIna (101 kPa)
= U o v w a a . .

qu  AeAINAIdALNULREIvRsAY (Uniaxial

Compressive Strength) Snaedu kPa
! & 1 J v v (2 a

fe AeArmasdauszdevnsnouningy
nssnszuenilony 28 Tu fwheidu kPa

AUNTTVUIBUTILUNNI UG A AVBITUT Uane

I3 =] 1 a 1
ENTUNTD Gax (MU28LTU kPa) A5 INAN
MAWALNULABITRITRUNTD qy, wazlUasidudn
soiaswesiiagrefinlusuuuuresan RQD (Rock
Quality Designation) gnsuuadu 3 nsdl

n3e7 1 fudan RQD Wiy 100 wazszuzilill
Weunin 1.5 wihwewwindunugudnaisandy Ti

Tdaunsn 7

Gmax = 2-5qy )

n3al7 2 fiudlAn RQD 381314 70 fla 100 508
laisaideslaaininsdireudiseglunuisiuuagan
qy liesndn 0.5 MPa (gasilldnuse Mpa) Tild

aunsi 8

Amax = 4’-83‘73'51 ©))

AseiN 3 Audlseelinelesduiuunn uaazwu?

yuuana1aiy MIYTeliuanInseefananaunsa
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lamen1syanagey dediasansuiy viaiu
AR wazawlisiewtios Tildaunisi 9

9max = [50'5 + (mso's + S)O'S]Qu )

Tagen s wag m mlaann1s19i 1 wagas1ai 2

M999 1 dydnwalstaiudnsulalunisei 2 (3]

Rock Type Description

A carbonate rock with well-
developed crystal cleavage (e.g.,
dolomite, limestone, marble)

B mudstone, siltstone, shale, slate

C sandstone, quartzite

D fine-grained igneous rocks
(andesite, dolerite, diabase,
rhyolite)

E coarse-grained igneous rocks and
metamorphic rocks (amphibole,
gabbro, gneiss, granite, quartz-
diorite)

M13197 2 A1 S WA M IIWUNAUAUNINLAZ YA

Yo3%U [3]
Rock S m based on rock type
Quiality* A B C D E
(1 1 7 10 15 17 25
) 01 | 35 5 75 | 85 | 125
3) 0.04 | 07 1 15 1.7 | 25
(4) 10* | 014 | 02 03 | 034 | 05

*Quality of Rock Mass by Joint Description and Spacing
(1) Excellent: Intact (closed); spacing > 3 m

(2) Very Good: Interlocking; spacing of 1 to 3 m

(3) Good: Slightly weathered; spacing of 1 to 3

(4) Fair: Moderately weathered; spacing of 0.3 to 1

NIENTIFINTINAEARS WINeTBATUASUNTILTRI
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2.3 35989 Tomlinson

1Juislumisde Pile Design and Construction
Practice Usziuslng M. J. Tomlinson [6] € 91
gumsnamddeddyluennfindifsiountii un
L%‘&JUL?ﬂqwuaﬂﬁ'u%aLLuzﬁwmmg’LwiﬁaLf]uqﬂﬂaﬁ
TaSuniseensuegenitwidasanizogdaly
esesdnnuiuasyssaunsalifeafugusiniandy
3850 dusniswileil i F edold misde Pile Design
and Construction Practice fifiusindsa1naduil 4

(@™ Edition) 1 un1sUseRussudu J. Woodward

=

[16], [17] FadnsuSulsuiaifudniosuasdngg
na1304 Euro Code 9gUn9 ulagsaudandansenan
Tuatunauntnenld agralsinny aunisAvdunlely
=~ & Aad ' . <
n1s@neriiduyeaunisidaiaus Tomlinson 18w
HUsEiusIAedavaiseninitves Tomlinson
Aun15A eanLuulsENaunie NUIEwsLEen

nugsaasouadulutuiu dndaunisi 10
fmax = aBqy (10)

e « Aedadvannaunias (Strength
Reduction Factor)
B Aomusuninlisefloweowia

91U (Mass Correction Factor)

fin a Suudsiumurmdsaunuiendomnle
n3UA 2 A1 B uUsHuAmNAN mass factor j §a
wanslugudl 3 Inee1 mass factor ] finnsanane
RQD Tumnansdl 3 dmsuiindidian q, gandn f) A

AMAUFIANIUUTERIAUINDIN frqy AMAILAUN

a o W v

AIFUNALATHITA8DNT1dUANNUaBnAY (FS)

a o v w

WU 2 wazdpalianldiiuridednuesnauninisay

¥
& A

Wi f. 71 6 MPa audneiuiiviidiniady
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0.6

305

Loa

19
©
w

<03
9
502
°
0.1

0.1 1 10 100
Uniaxial Compressive Strength (MPa)

5UN 2 Yadeanneumas (a$rlnianteyalu [6])

0 01 02 03 04 05 06 07 08 09 1

Mass Factor j

U7 3 Adsuudrulsdseiomewiaiiu

(@$elninndeyalu [6)

M1579% 3 Mass factor j FILUNAUAMNINYBIAY [6]

RQD (%) Audsosuan | Mass factor j
YRIRUYN 1 4.
0-25 15 0.2
25-50 15-8 0.2
50-75 8-5 0.2-0.5
75-90 5-1 05-08
90 - 100 1 08-1

AUN1TVUILLIIUUNNIUGIAATYDITUT Uang
< =) 1 < a U
VIWYUNTD Gy (MUBLUY kPa) WANTEUNIRNNAN

Mdadaunuiel g, wasAsadsanumeluvesiu

pauanslugunisi 11

Gmax = 2Npqy (11)

107

o Ny = tan?(45 + g) Taganusaldan @ 4

wuztlunnsnen 4

M15199 4 Ay @ Wzl [6]

SEAUANULE YA winitu )

U

Low friction Schists, Shale, 20 - 27
Marl

Medium friction | Sandstone, 27 - 34
Siltstone, Chalk,
Gneiss, Slate

High friction Basalt, Granite 34 - 40

119997nA1 RQD dANAFDAINUILLIILUNNIUY
geanvesfiuegeilduddny n3dl RQD deundn 70
WoslHud M1 gmax MHANENNTSA 12

Gmax = 0.33qy (12)

& RQD 1A 70 wWesiustululi g aus
0.33q, §30.8q,

Yonani mnfuaAeaTELAIaeade
(FS) lanzaiurousadoaniunaidaiuinnii 2
whwesdwiinussnldau Snvagdamnsooyuu
laussazareasllisansandudssunnield

Uminussnni nsdillvildan FS lddeenidn 3 win

I
o o

MR DINTIA UNIELTISAluABUNS ALE LAY

Teweliiy 6 MPa

3. msAurafauamuLE Y
w@dufidneidonanlasinmsuianilsludmda
YAYIIIWI 2 AU Usenaumeidunugudnans 0.80
waz 1.00 WAs 817 189 way 19.5 luaT uazdsyey
Halufiu 2.4 uag 3 LA MUY HALDIZENTIINT

UgiinutuiiuwnslinswaUiunarsmanudnyseunn
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o '
' a

16.50 LUAS AaLAAIIUAIS199 5 AuddA i gvss
ANFIDALAULAET 44 MPa A1SILASIZILS H1ANS
. - L., v o .

A LdgamulutuRudIuuLLai lUTwAY

° v S a a0 aa v v o
1 ququuiu‘sﬁuﬂuwﬂqu'gmf\]’]ﬂjﬁiuﬂﬂmaw 2.2

way 2.3

a ° ~
AN 5 Na L'i]’]%ﬁ'ﬁ’}ﬂm']\'iﬂiw

ANEN IUAVDIAU/HAU SPT y
(n9) N | (kN/m?)
0899 | nsevunsrendaiiuy 24 21
UUNa19t sy (SM)
9 fis n518UunIewdaniy 50 21
16.5 110 (SM)
Sy RQD 22
165 9
48 - o A
175 Fuunsdedm
175 §a AVSTRGRN
35
18.5 qy, = 44 MPa
185 B
40
19.5

3.1 maudganulusuduanivy
aunsaludmiuniteusaudeaniugiansou

3 & 4y ° -
Lﬁ?L?JlIiu‘U‘LJVﬁW %3 fS ATUIUIINGFUNITN 13

fs = Kstand Py, (13)

EY a £ v v v

dlo K, Aeduussavdusadududng

§  Feundsanusznineauniniuiusey
@l (0.75 wihwes @ yudeavnuuasi)

Py fomiagusanaiuusednsuaind ol
Asnanstennueaandiludunse

namsAwanlumsned 6 ldamiaemin
quif 11 kN/m® nduldaunsd 13 fusamiae

WSUFEANIUEERluTUNTI8Y29ANED 0 D4 9 LunT

NIENTIFINTINAEARS WINeTBATUASUNTILTRI

o &

Uil 19 atiufl 1 Hou sanau wa. 2566 - funAu . 2567

16 16.5 kPa wagniisussdeaniugeantudunsie

YWANVEN 9 B9 16.5 1uns e 58.4 kPa

A157991 6 W15TLABIVDITUAUNT Y

ANEN Py
(n3) $| 9 | K (kPa)
49.5

08949 | 3¢ |26 |07 |
AN (11x9/2)

. 1403
9 &4 .
AN

(11x9)+11x(16.5-9)/2

41 | 31 0.7
16.5

3.2 mIAImIEwIIuluIA 35 FHWA

n1sAINiIgLILdsanIuggaluiuie3s
FHWA niil A1 gy vosfiudA1gInIMS s Ay
YaIpUNIAgUNITINTTULN (fL WU 24 MPa) ey
TFAUNIIA 6 ATUINAT fimax M4 TU 1,012 kPa
mMsfamsLs N ugegadivaretan fuludiu
\donldaunisit 9 1flesane1 RQD vesdaegefiud
\Aunvauanzlulasanig (Alade RQD Uszana
41%) fAsninnmueivesaun1si 7 wazaunisi 8
Wiefiansansziunisyis §ndreglunmninsedy
“Fair” aun1399 1 wazfiuunsindneglungu “c”
Aun15197 2 Flldamnsives s uaz m Wiy
0.0001 uaz 0.5 ARy WUATNISTNos e
Tuaun1sf 9 9 Guax WU 4,170 kPa

a

3.3 nrsmana s unIuluiug 1875
Tomlinson
nsAamigusudsaniugeanldandads
aavnourinds @ Useanas 0.04 (5UT 2) A1 J iwindu
0.2 (AN5197 3) wazA B wiiu 0.65 (gﬂﬁ 3) 370
aunsit 10 a8ldAN fogy WU 1,144 kPa
nsAIAMIELs TR ivaeLady
Tuiithdenldaunsit 12 esnsegsitunuses

LANNINWDAUAIT (RQD < 70%) A1 Gy ATUIN
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21nA1 0.33q,, AWINAU 14.5 MPa asiadeuLdtioy
N1 f7 (24 MPa) Ldenld 14.5 MPa

Maudeaniugean (Q) vosumazy13Auan
(L) Auadlaann fi w30 frngx @mﬁwﬁuﬁﬁﬁuﬁa
(Ay)

M15197 7 waRINanNISAUINAMSLdeaniu
gegaveaazy19audn Tunsdids Tomlinson
n3IvERuAT Q2 levinfu 4,187 kN vmuzfifndsdu
dhmifnuasaderenandumuinainididaes
reunIndndianli 6 MPa Sy 3,000 kN de

gla

M50 7 HANTATUIUAE UTIANIUGIG AV

I3 ¥ 1 L1
FENTHYUIALAUNIUAUTNAN 0.80 Lung

As FHWA Tomlinson
L (mz) fs Qf fs Qf
and and
(m) (kN) (kN)
fmax fmax
(kPa) (kPa)

9 22.62 16.5 374 16.5 374

75 | 1885 58.4 1,101 58.4 1,101
24 6.03 1,012 | 6,104 1,144 | 6,898
R 1,579 8,373

Mdwunmugeaadivansiands (Q,) duia
N Gmax qmﬁwﬁuﬁwﬁﬂﬁm 0.50 AI3IUUAT AW
78 FHWA fiAwviniu 2,097 kN waz35 Tomlinson
ANy 7,294 kN

13797 8 uARIWANISANLIAMA LA BANIL
guanvawiazdRANUENdmS U INTIAEuNY
AugNane 1.00 s (szezdaludiu 31uas) 19
MANNIAIUIANINATSIT T gl O mwdT
FHWA Wiy 9,543 kN wagis Tomlinson 111y
10,788 kN suanfiu

M&swunmugegadivatsiands (Q,) A

AN Grax AMAWNUNNLUIAA 0.786 A1T1UUAT

109

A1NTE FHWA S A 1N AU 3276 kN 4agdd
Tomlinson dAwyindu 11,397 kN

A15197 9 wansAdsunnIuUsEae (Q,) 34
¥9inrasnves O wag Q, Masunmuiienly
(©,) 18970 O, mseae FS Aty 2.5 dwsuis

FHWA uag 3 @195u Tomlinson

H15197 8 HANITAIUIUAIS AL ANIULENTUIUIR

WURTUANENA19 1.00 LS

As FHWA Tomlinson
L (mz) f;‘ Qf f:c Qf
and and
(m) (kN) (kN)
fmax fmax
(kPa) (kPa)

9 28.64 16.5 473 16.5 473

75 | 2356 | 584 | 1,376 | 584 | 1376

3 943 | 1,012 | 9543 | 1,144 | 10,788
Rt 11,392 12,637
An5197 9 HansAIAME UM IIYA

fn YuUA 0.80 YU 1.00

kN FHWA | Tomlinson FHWA Tomlinson

o | 7579 8,373 11,392 12,637

Q, | 2097 7,294 3,276 11,397

Q, | 9,676 15,667 14,668 24,034

Q, | 3870 5,222 5,867 8,011

4. nmswWBauigunazaiuaena

4.1 WWTHUEUNANITAIUINTENT I FHWA
ag Tomlinson

HANSALINA2870 FHWA wanslidiuinands
deussiuInasdsanulundnvseduaduy
ey (Friction Pile) Antdusesay 78 vaannds
LUNUT IManE 961991035 Tomlinson AiAnf&s
Feoamuunnisdssnumufivasandudnies
vl 9991nA MU BRs L UAMIUT Uanetand ud A

ABut1age MIniasaulanizdIuvesmdudenniu
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Tuduiiu 38 FHWA uay Tomlinson lauansinsfuann
1in Tae#i3sudsliangenindnies A laisadumn
vl 99910 FHWA 9214 idad 1umiuusad suves
pounIaunuilefiufifidsgsnitneunin (aunsi 6)
d7u35v01 Tomlinson L7 0 15A1 @ Ay

o v o a a

wunsml Tugui 2 wudemaedavesiuiigandn 20

a

MPa i1 a \ipuasfiaglusedugniuszana 0.04

Faduernthurfuandisriinadnsogluyaed
P a @ Yo Y o w v &
WguAgaiulaiua1ialuresindeduusadauves
ABUNSA NLANAIIAUNINABAIGIATUNIUT Uae
< | aa . a ' |
W@ WUTIs Tomlinson dA1gendiuszana 3 wh
dudunannisaesisldgasuaramsdinesids
UsEaunIsaiuuN ug I wansinaiy viliindawun
n1ui veulviganiiussuiusesay 30 w7138
Tomlinson 148ns1diumnuUasasie 3 widaaaind
3% FHWA 919 2.5 11 wids FHWA d9linanas
Awndudeysnylisundt
agalsAniy mﬂwﬁﬂmmﬂﬂaamﬁwammﬁu
(Que) HUALABINTIVEDUMGITUUMLNUTINNVDS
wduiinuaulnedadiiadidavesneuniniie
ngnsznsINmnlneatui 6 we.2527 [18] fvuali
| o a oA v ° o v
nurBusIanauninoanli (f,) d1usunididn
ABUNSARIUAD 6 MPa Tu (Amdlauiuiunuug
g Tomlinson) il R asief ufinindnazlanid
| a o v o
wunmugeaEdnfgenllngnaunin (Q,) AAITU
Uminusimnuasnds Q) idenadaenin
39N Q, U Qpe ATUAT Qs VOUANTUVUIN
0.80 WAy 1.00 LUMSFITA1LMIAY 3,000 kN way
4,716 kN (Agaserimuall 4,500 kN) anuansu
4.2 WSYUEUSENINEANTTAININAUNANIT
NFOUT T
nsnedeuLaduIwIn 0.80 waz 1.00 was (§U
7 4 way 5) lugunyimlgisatineans (Static Load
Test) AuuadiviinnagauLa i uvune 0.80 LuUAS

guanlif 7,500 kN Anidu 2.5 wiweshudnussnn

MIFANTIAINTTUAENS UNINY 1S UATUASUNTILSAL

U7 19 aliudl 1 Wou ganau w.a. 2566 — furay e 2567

Tdudidmualiai 3,000 kN dwiuaduvuin 1.00
a3 Avuadmdnnageugaalin 11,250 kN An
W 2.5 wihwesdmilnussynldaunisnuali 4,500

kN #15149 10 uansdeyadiAyainuanisvadey

<
[GRISEY

JUT 4 msvadeutmidnussnnaduvuia 0.80

(Mwenedlouil 18 w.a. 2564)

(nwenewioTud 2 nw. 2564)

AN5199 10 HaN1INAA@ LAY

gwn | thuivageu AMIAFY | AN
GG NG 0133
(kN) (ua1) (1)

0.80 7,500 10.59 543

1.00 11,250 8.35 4.95
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NHANTNAADULEWINNS 2 YUA LiaRII5UN

1 '
11 o o a

NANNIATIGIGANUIA M NNAFDUZ AN
1g8alalamAvinlmfansiiidsaanndasiuaain
ASATUIUNIADITD WAREUDINNAUIAUTEANTI9 el

a & ¢ a a a < ° '
n1sAnnsgunsaliiaylaisinluandy il
ANUNTDTLATITI LS AT UAMIULATLSIH1UT Uane

I3 I3 v & ]
nduannniadaudndule Wunaldldaiunsa
53ulAd198nI1935 FHWA wag Tomlinson 351ail
AMULUUGINIINY

o ' =

aealsAny UseiiudAyognsanaugaliigs

DA}

o

gnainitneunindaiiaussinulagain lagund
wwndnendeusadeaniu fdsdeamuaziamuiney
Mg umuiivaeiada funsdi wu anda
IR 0.80 LUAT Qp VAU 7,579 kN (FHWA) ua
8,373 kN (Tomlinson) Afleu1AnI1 Qe 7 3,000
kN agjun wdldgnadiuanuvasnds 2 i (i
1IN Tomlinson) AiannIegf i@ dusuin
1.00 wasAdualdluianiaiea iy nanseiis
Hoddnyimaeduilsduiuifiidsgeaniiaeunin
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vasmounsnludnmadoniundszendlale

A29819n15A1U (D = 0.80 m)
NnnAmiineslunsed 6
dadeamugegalutufuiearudn 9 s

fo = 0.7%tan26%49.5 = 16.5 kPa

As = T00.8%9 = 22.62 m’
Mdadsanugegalutufiuanudn 9 i1 16.5 wns
s = 0.7*an31*140.3 = 58.4 kPa

As = T00.8*7.5 = 18.85 m”

76 FHWA

dadsanugegalutuii

fmax = 0.65%101(24,000/101)°° = 1,012 kPa

As = T0.8*2.4 = 6.03 m?
ﬁwﬁuﬁsmmuqaqmﬁ”’wm

O = (16.5*22.62) + (58.4*18.85) + (1,012%6.03) =
7,579 kN

sdauunmugegalutuiiu

Gmax = [0.0001%° + (0.5*0.0001%° + 0.0001)"’]
*44,000 = 4,170 kPa

Q, = 4,170* 0.8°/4 = 2,097 kN

Q,=17,579 + 2,097 = 9,676 kN

Q, =9,676/2.5 = 3,870 kN

35 Tomlinson

fdudeamugeanluduiu

@ =0.04 (§U71 2) ) = 0.2 (137371 3) uae B = 0.65

(U7 3)

frnax = 0.2%0.65%44,000 = 1,144 kPa
ﬁwﬁuﬁﬂmmuqaqmﬁ”’wm

O = (16.5*22.91) + (58.4*18.85) + (1,144*6.03) =
8,373 kN

fdauwunmugegalutuiiu

Gmax = 0.33*44,000 = 14,500 kPa

Q, = 14,500* T0.87/4 = 7,294 kN
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Q, =8,373 + 7,294 = 15,667 kN

Q, = 15,667/3 = 5,222 kN
Aduunmuvstandunnmieussafivenlvves
ABLNIA (6,000 kPa)

Q.. = 6,000% T0.8%/4 = 3,000 kN

Qu < Q, ot

Qac = Qsafe = 3,000 kN
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ABSTRACT

This research aims to analyze the characteristics of construction projects under the supervision
of governmental organizations whose contractors abandon the work before the end of the contract.
The factors to be analyzed are those that cause the projects to be abandoned and the protocol and
methodology for selecting the construction contractors to ensure they will not abandon government-
led projects. The research was divided into two parts, including analyzing the companies who
abandoned work from the blacklist reported of The Comptroller General’s Department for the fiscal
years of B.E. 2555-2559 (2013-2016) and analysis of data obtained through surveys using statistical
analysis of the surveyed component using exploratory factor analysis. The research results found that
the type of construction projects that are abandoned most are 1) roads, bridges, and square tunnels
construction, 2) projects procured under The Regulations of the Ministry of Interior on Procurement of
Local Administration Agency, B.E. 2535 (1992), 3) the companies who are registered as Limited
Partnership, 4) the company registration funds are less than 1,000,000 THB and 5) the values of the
project are between 100,001-500,000 THB. Whereas the types of construction project that has a high
overall value were found to be 1) building construction projects, 2) projects procured under The
Regulations of the Office of the Prime Minister on Procurement, B.E. 2535 (1992), 3) the companies that
are registered as Limited Partnerships, 4) the company registration funds are more than 10,000,000 THB
and 5) the project's values are more than 10,000,000 THB. Analysis of the components of the factors
contributing to the abandonment of governmental construction projects from 20 variables resulted in
4 categories of elements. These four components include 1) an inefficient financial and work
management plan, 2) a lack of readiness of the main factor, 3) a lack of understanding of the required
work and its working process, and 4) an inefficiency in the coordination of the project. Meanwhile, the
analysis result of the components for the selection of contractors to prevent abandoning of
construction projects under the government-led projects has 11 variables which can be categorized
into two categories of elements: 1) work potential analysis is number 1 on the priority list, and 2) the
failures in the past projects is ranked 2nd on the priority list. The results of this research should be
used in considering the selection process of contractors for government-led construction projects to
prevent abandoning the project at any point. Standardized criteria for selecting contractors should be
set based on the company's potential to carry out the project. The first five variables that should be
considered based on its priorities are 1) criteria for the appropriateness of personnel and personnel

management plan, 2) financial status or cash-flow criteria, 3) criteria for assessing past projects or work
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portfolio, 4) criteria for checking the contractor's registration or license and 5) criteria for assessing the

availability of machinery and machinery management plan.

Keyword:

organization.
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