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Study of the mechanical properties of asphalt
and old motorcycle inner tube mixture
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Abstract

This research studied the mechanical properties of asphalt and old motorcycle inner tube mixture,
whereas the percentage of the inner tube 0-5 % in compare with the total weight of the mixture has
been assigned. The mixture has been tested for 1) penetration 2) softening point and 3) ductility. The
laboratory results show that by increasing the percentage of the inner tube, the penetration is increased.
The softening point is decreased and the ductility is reduced as well. For working, it is recommended
that the old inner tube 1.5% should be used, because it can provide the standard requirement for the

ductility test.

Keywords: asphalt, old motorcycle inner tube

12 919158U 51 NIAIYIAINSIUIEST INUNFEIFMINTTUAERS UM INe1S5IE

01Sa1sIFIONSSUAMENS S1BUVAASTYUS




1. uni

INATAAUINILATEFAIRAsFIAL VINlA
ANNABINTITIUNITITInIN T UEUA lUSEINA el
FIUIUNIND 1,199,152 Aunal wardlAusAaInsly
g19lUARINTLUEURUSEUN 4,088,757 1@UADU LAy
EJWﬂuﬁisi’fLLé’aﬁ?uﬁﬁﬁi’mauqﬁa 3,404,478 \&usal
Foilndntymussanendusednseueudiniatu
Tnewszwaniazldszornanlunisesaansunumansd
Mmlvignson1snnem [1]

wnAlunsUiuUsRaaL TR Tauaailad ALY
Jutagdeuvszaudaianudangu Witiernuguny
nan151de5Ue8190195 (Permanent Deformation)
LaTVUNIUR DAL AN 809N 1ANS 109970
ANET (Fatigue Cracking) wagnsuandadlesann
Qmﬂgﬁ(ﬁl"’l (Low Temperature Cracking) lnan1sna
gslusadnseueusildudidnfuseailasn wsizen

'
a0 =

Tus03NTYUYUATULFIUNFUVDIWNNITT FIA1U1TD

a

Wldudanmauld [2] uenaniwdlunisiazvae
gralusndnseugudiudedldgamginas Isaunse
HgUesiunadsvegannds o Mellnuideiimun
Thfinsnauweaian fuenalusadInTeIULUAT LY WA
Taelgons1dIunauuaIgnalum U NUNSINYD
ANUNANYINAUSE8AL 0 D9 5 TAgNa151NNAIUARY
A ] o Ao X
ANeta9 Yeileadl

suNs (2544) lafnwiamautfvesiaailan
ABUNIANUTUUTIAUAINAIEHIE A DTN ITINUUAT
[3] T3S NISHANLUUENLASWUUBIA HANISIVENU
I aa = &, | v Ny v
1 Fnsuaukuullenazidunisiansssansanigenu
LANAUNULDANAATLUUANDU LAIINAUAULIATIY
Y = P wa o a a Y a
Fou Feaglanuantinmunzsauiandoldusuinms
g19ansanlvuLaINallusnsdIuSesay 15 D 20
YRIUNNUNWEAN AR TLUURN WALITNITHNANLUULAS
aztdunisldnssnsdesaildaundnauiuulIas
Founou uddwmaniuwoaiiaddiuud Jelanuauds
MnzaugailoldUTinunNee 198 T It ULa WY

Tudnsidiudosar 1 09 3 VBUNNUNLIATI INANT

01Sa1sIFIONSSUAENS S1BUVAASTYUS

= = wa s a Ao
wWisuguuauURueaiiadaeunIniuTulsnunm
fukoafiafAouNINgITUAT WU Leallannaunie

[y

USulsaqaunnaiegnadetldauudisinuaudi

9 9

) =)

NILeENAAABUNINGIINAN

dn313 ansiny uazesses LigIuns
(2552) leAnwenssasusinuran vzl
Fueailanduud [4] nansITenud srsznesdia
MMSLRLNIB195a8URTUSATI@IuTIReT Y 0.95:0.05,
0.90:0.10,0.85:0.15, 0.80:0.20 Tmaﬁmﬁfﬂ LLazﬁsuum
FNaNUAD HIB1ITOEUATUIA 40 1 (425 lulasiuns)
LAYUUIA 8 LY (2.48 UAANAT) INNANIINAADU
WUIAINITIUFIVOITLUINTFIY (Penetration) %
ﬁmqqﬁmﬁaqmﬂﬂmamﬁ’aﬂaamqmauﬁ et
waufuLeailas avyilensiiaugeuiiuiniy uas
dlefiansanainUsuiuvesnsenssasus gy
Tuneatladss 4 §ms1du Ao 0.95:0.05, 0.90:0.10,
0.85:0.15, 0.80:0.20 Tngdntin A1nnsaufives
dumesguilddanlndifssfuneaiadilaldi
NIBIITABUS AD NITLHUNIEITOUURTIERTIEIUT
0.85:0.15 Tagtinvtinvesnssnssnoudauin 40 we
(425 lulasuns) Arenumieasiiandisas dWeswin
finsiiiunsgasasus funiuly vildueadas
finsBanefunsessoouianas feuiiofunsens
sapudfisasdR 0.85:0.15 Tnethwiin vesnaens
e 40wy (llasuns) sefidnarnumiend 24.2
URLUAT mamﬁmaammauﬂ’amamqﬁgq 2 A1
yilaguladn nsiiiunsensiisnsidiud 0.85:0.15
Tnetdwin fanlndiAssiuaueaiaddilaldifiun
£19500UF FatudienAsnsidd 0.85:0.15 Ty
dmdnlunagey n1seenuUUNISNAEaULBET A
AounImlassinduvad Faaguldin anniseenuuy
nsnnapdLeaianmounInlagdITusuas taednns
PONUUUAIUNANYDINIUNY U 3/8” WU 17 Yy %~
Aeludnsnanuii 50:20:20:10 vilsilgrnsng  AfUsua
mmzamﬁqﬂﬁa ¥awaz 5 Inethvinunasiy Famsidu

Wudevazuetwnesenan azvinlviaanesnain



wniige wazdalndlfsaiuueaiiadaeuniniliing
LALHIE1ITOEUA

ansni ITevady wazamy (2552) ladnwn
AslseswAsnanetsngaogltluaunie [5] 3nns
NAADINANSIILAITIHIUNTZUIUNITHARDE 199718
loun eraivuasiavesunusuaiunadfukeaiian
Tnelddsuanauiuweaiadiudnsidiu 1:1 1Ju
Master batch neuthlUnauiuueadiad agulad
annsaonaursililiiunszuaunssdn (910805
W30 TIMARaINNTEUIUNITNAR (AwensunusuaTL)
uldusudgsautvoailadunuionaduiidesiiu
AsTUIUNINAALAZTITIAILIenIle urazdesinens
wirsuuaNauly Master batch neunauiuLeaias
TudnsnSevay 5 Inonanisvageunanstilunised 1

A13197 1 wan1smadeuenuauiiidinavesiiosaudis
Tugnauznos [5]

Samdaumilosnauis
AnEUTR Tusnsuznoy
0 % 2% 5%
Penetration (0.1 mm) 65 56 52
Softening point (°C) 48 50 61
Ductility (cm) 150 37 33

Fedulasansite it atuiivsdeantiym
Usnamezendusndnseusudliudiisleglutiagiu
Tiidosat Tnsmsthenslusodnseusudildudomnme
fuueaiiad@iuud (enaeme) Ingnaddnagnafianmi
3wlasu fie aun90USUUTIRUN MBI UL UUEAEY

TraTuld [6]

2. /A NdUNISINY
Usznaudnedusg « fail
2.1 Sanitliluns3dey 13aquan 2 vilafe
- upafasdiuud (AC 60/70)
- weenslusadnseIusus vuadnUszan
80 Ll
2.2 JumBUANSHZELR0E1
1) therslusodnserueudilind udagn
19080 wanhlumnuis (U7 1)

U

2) deenaduiwdn 9 uanhluaed wazvih

WSS (3U 2)

U7 2 enslusadnsenueud@egndniduiugn
gniludng wagtnanilvius

21Sa1sIFONSSUMENS S1sUVAasTyusS K]




3) e Wiensldurlululasiuman
deviensegluanusiduveswdstivay wdauun

Juwiuil aunanedunsensvunndn (Uil 3)

JUT 3 Mg 19UUIAAN

4) MAUUUINIE9LUT DU IUALLATIUDS

80 e bilaannandedivuimdnuszun 80 W

2.3 YuABUNINAFDU
1) wanleaiadduunnuenslusadnseueun
- Fuoailas@iuud (AC 60/70) wazneens
Tnelddnsdr1unanvesensludotminsiuvesdu
NaslnnUSesas 0 69 5
- Anueaiiadlvisou (@umaiiuszanm 90
19 120 peAwaldes) Laldufunseatnl lngvaugiig
wiostagnmnivnade iielalliAu 120 ssrivadoa
wszziivikenfladneunindonmnin uarazsadny
drunaunaennaLiionszateausou wazyiliens

nanluiledeiuieailadliinedu (U7 4)

01Sa1sIFIONSSUAENS S1BUVAASTYUS

JUN 4 Mmanauweaiadiunsenslusadnseueus

2) dhdunandils luinsveae e

Bena dedl

- N1SVAABUNITINAIVOUTUUINTFIY
voeianUyilda (Penetration Test of Bituminous
Materials) lenaasumnuudsvesianuiinfauds
AN UBN.1201-2536

- NNINAFBUINB B UM VB TaR Uy ITd
(Test for Softening Point of Bitumen: Ring and
ball Apparatus) Lﬁawmaaumﬁma'auﬁasuaqfiaa
Unfidaludiegaumall 30 1 157 esrwalod any
uan. 1216-2537

a

- AINAFRUAINEARIYeITan Uy ila

=

(Test for Ductility of Bituminous Materials) W
nageuAIN1sEaRIesTandmIntyida a1y wen.
1202-2536

3. NANINAFDULALILATIEINE
wanadouiannandiuIu 9 dregradenis

Sn9rdumay udnhanAnatade Wudsd

3.1 HANISNAFBUNITIUAIVBATUNINTFI
911997 2 Wudn ilelfiudrunanvedeng

Tusadnseueus A1N1TINRITeTNLIATEIUIZEN

a¢ MinuannsgIu 18n.851-2542 ueanandiud

AC 60-70 6p4iiAN a8 dNINATgLaE I



60-70 FatUALTNEITNTIEIUNANFEY AB 95 1 5 &Y
Lanunsad gl iselenfisnninnaeiuinsgiu

AT 2 mamsmaaumﬂ'wmi'«m@maalﬁWMigm

ININEIUVDIEIUNEY . o
. o . AINIFANVDIVUNINTFIU
728191USAINTYIUYUR *
v Y o [0.1 mm]
(5evazlaguuiin)
100: 0 63.11
99:1 63.11
98 :2 62.67
97:3 61.22
96 : 4 60.44
95:5 58.89

3.2 HANINATIUNIAIYATIUA?

1AM197 3 WU lunndnsmswa e
SasrdunauvesenslusadnseueuduIndy A1qn
goufhavasiudos 1 Radnuuasgiu 4en.851-2542
waaflan@iaus AC 60-70 Azsdiingngaufiagsening
45 4 55 eariwadua faiuTanuaunSnTIAILNE

Inaaeutiudageeousululumunnnsgiu

M5 3 HANITNAADUMNAIYABBUG

ans1dUVDIEIUNEN
damﬂumﬁngmuﬂuﬁ AnaauAa [°c]
(3owazlngunwiin)

100: 0 45.13
99:1 45.90
98:2 46.80
97:3 46.80
96 :4 49.70
95:5 49.50

3.3 NINAFBUAUEARIVDIITANEY

NS 4 wun enanenslusadnse e
asluludrunanluuSinadiinndy Ansinfsazanas
LLazLﬁaqmﬂﬂ"}%ﬁmmmmgm 19n.851-2542
szdedliidosnit 50 wuRlwms Feadeihnisuszann
AsnsIduvesssluimnzay TneRansanYai
AINNSEARIDYTENTIN 48.00 AU 52.33 LWURLUAT
NUIT ANOATIAIUNANESIUIDTNTEIULUALYINAU

14

Sovay 1.5 @oUNNUNUDIAIUNANNINUA LY

Y IS IS

TanuauilAnszerdans 50 Wwuinsnutenimualy
UINTFY

A15197 4 HANISNAFDUMIAIAIILEARS

n31dUVBIEIUNEN
segndlusadnseubud ArAUEARY [cm]
(Govazlagumniin)
100: 0 150.00
99:1 52.33
98 :2 48.00
97:3 42.67
96 : 4 39.33
95:5 34.00

4. unasuuazdaiauauus

IIANANITITENUIN n1sHaNensluse
Fnseueusilduddniuneaiiaddiuus ausate
UsuUssqunmvesueailad@uudle nande el
drunanveseslusasnseueusildugs avinlien
nsfveaduannsg L (Penetration) anas vaied
A1nBaus (Softening Point) Lt uairANLEnds
(Ductility) azanas wsizensluazyinliueaiandiuus
fauufannniu widauaudAaisanas ua
n1snedeuiilaaenndasiunanisisevesamsny

FRVaTY LarAe

01Sa1sIFIONSSUAMENS S1BUVAASTYUS




Tugruraan st lUlgau wuii AdwsiaruNay
% o’d' VN ¥

Y9819 USDINTNULUANAISIAD oAy 1.5 Lag
UINUNYDIAIUNAUNINUA WS 1ElAAIAIUT AR
Fuduluauuinsgrufiveuli feazdeslininia
50 %3, (U9N.851-2542) INIILD1IAINAMADNNTLANSID
YDIRINUY

aguledn edlusadnseueudanldua a1wnse
PN uweaiad TLuUR e WS dIuNaNntA Ty
a o./Qd{ <
HnuanURgalulunuannIgIuvesun e Lagainse
YFuupsnuantivesieailaddwudlinvulusiuves
ANULTY ABANSTHZAUTBUTNUINTFIUAZARAY T
ﬂmﬁ’umﬁLﬁUgU@Sjwmawaaﬂmuuﬁ warludiuyeg
A1gneous Wenanelusadnseueuinly agvinli
A19AB8UAIEITY FIUNARADNITYILAANITLEUAT

& ¢ A X Ny A A

vosueaiiadiuudilogungiau [7] uilldeldefe
MEURENIANANUENRIanad

nstinsihlUldnuludgeamnssuiuazdos
insvegeuiufnluwddy 9 Neseuaqunisidau
a o o P = A A '
FIVINUA WALABIAS1ATBIL NI IUNTEREYUNR

v = A ~ % v &
g19lALanas 3oLA309laldN1sUABNILA LT UNIEN
o) a Al v v o ¢

SN WATBIL DN I UNTNALNIBIUA LA A ULD ATl A
~ Py & ° Y a ~ a
FLUUAleR suNaneassiluas1nuuase Weuseiiu
AMNNYBINUY kasfnwianuRuulunisneasie
23999l FeaziduusyleviialuwiveiAINssunN1TnI
wazdlsanUsuezendlusadnseusudnilegidu

Y

unanntutdagdu

5. inANssUUsENIA

YOUDUARLMTINNAE AN NlirteyATIz
Vol UANTIMNTINNIINNG UarvevaunmlsInIdY
HYI39Y Uare19138UURNTUSEIoaU UR n1s
aadrimnssules nutiuisnlnesuvesading
(Wszmelng) $rin @vnvw) ddldeynnevinoadlad

[y

= 6 o U a o o ¥ a dy
Fuupdmnsultluanuldy auyinlranwldell

o

59989

LR

01Sa1sIFIONSSUAENS S1BUVAASTYUS

LONATT91994

[1] gwsadnseugud. aanludesa. Lsajmainuan.
lopulad] wWidelaain: http://www.
positioningmag.com

[2] The Use of Recycled Tire Rubber to
Modify Asphalt Binder and Mixtures :
Understanding how tires are used in
asphalt. [online] : https://www.fhwa.dot.
gov/pavement/pubs/hif14015.pdf

[3] SUINS wﬂua’j’aﬁ, 2544. pasanwnUsauLiiey
AuauURvasLaanadsssuafuLaaad
nanensdasafildundllneidnsnatuuy
[WUNUAZIUULHAL. INETINUS IFINTTUAIERNS
WU @19713Anssules. UnnInede
\NYATANERS.

[4] dn5930d gnEsnY wazesses tigduns, 2552,
A5UNE195 AL UAANUHENAUEIIUZADULAD
viuaanandiauun. e Inus Ienssuaans
NAUUTR @1U1IAINTIUAL. R INeaY
YOULNU.

[5] qunshil ATnvate wavAne, 2552. “Msldenauiie

fa o

naNg1aunagldluaIunie” audifeens
WANT F0TUIWN.

[6] Understanding how tires are used in asphalt.
[online] : http://asphaltmagazine.com/
understanding-how-tires-are-used-in-asphalt

[71 Oliver, JW.H., 1997. “Critical Review of the
Use of Rubbers and Polymers in Bitumen
Board Paving Materials”, Report AR 1037-1,

Australian Road Research Board.



ns:uouMsANIsivenséinAnwoagSinunasoumalulas/unluBasuudnnoanadmndhel 100%
ADEINSIUDUMSUWUINAGOUIIUU One lla: Two Steps Spraying Method
A Finishing Process of a Mixture of Polyurethane Binder
and Micro/Nano Silk Particles Coated on Plain 100% Cotton Woven Fabrics
Using One and Two Steps Spraying Method

wnsnil Losvay' audin deiny’ war aAvA ausauds’

Noparat_n@mail.rmutt.ac.thl, somnuk.s@en.rmutt.ac.th?, apichart.s@en.rmutt.ac.th3

unARsio
Ao Ao ' A

NATpEnLmneeANYINSTUILAIAALAILUU Y (Wumﬁaué’wmw'uﬁ) FIANANAINATLUIUNTT

q 9

1Y [

ANUs b UUTN-Uuda-Muise (Dip-Nip-Dry Finishing Method) ﬁﬁwiﬁﬂuqmammsu%waaﬂwLLWi'MmsJ
N3¥UIUN15 One Step Spraying Method (ansinfinnefigTinuanuidudy 10% wauivaisazatgeunialilagy/
uludadmnudadu 0.5, 1.0, 1.5, 2.0% anuansu) wuuufmigmoansdaiiie 100% Faimiing wdsaniu
auuis 1200C Wuran 120 3wndl thdlunull & Heswageuunsgiu waznszuiunis Two Steps Spraying
Method afsusniuniswuedousisansBafadeu antuniuadsiiaesneasazarsoumealilas/uludad
Freanudutufimiloudunszuiunis One Step Spraying Method WuRwiindmeanedniine 100%
Fahmiing wianiueuuds 1200C Wunan 120 3unit shinlufuly u Femaaeuinsgmu aniuthin
UIMAFBUANIUAMNURDNITTAY (AU Uawllen) MAdauAINAImUABNITENA1S (20 %) vadeunal

¥ ¥

Tunn38uri LaEATINABUTUIALAT AU IVBIEYAATINEag UURIM i Nadendes SEM aguina
msmaaqmmmwum’amﬁmgﬁﬁ”aaazﬁmﬁﬂqmtﬁaagiiuﬁawﬁ"wzjm -0.114% f3g9gn -0.510% DRCER
ATPUINT wazna UM STUT YA E0INTELIUNTT WANTEUIUNITLUY Two Steps Spraying Method
wuAnfinuAmuRen1SENANRNIINTEUIUNTT One Step Spraying Method Fvaenadasfunmainndes
SEM uansieynialulas/ulufadinmanmdesguuiniinnussisaninszuiuns aguiiniiumannuss
Two Steps Spraying Method 813aggnidenynltiunisanusshdmiunuath Lﬁaamﬂmi%ﬁmgﬂwﬂmﬁau

a

A v 2 & A a Y Y o= = P~ Aa
UUNUAIMNBDULANNUNVDINIVUINT IIUIITUNITUARNANAANIN.

AEAy: sumalilas/wluian dveanedniie 100% nszulunIswUATey N1Wud

o

Un@nwUsyaln avindme Aad¥3imnssudme angdmnssumans wninedumalulagsvaseasyyl
22 g13dUsEIINIAIRIAINTINAIMNG AMEIAINTIUAENT unTInedemalulagsvuenasyys

1

01Sa1sIFIONSSUAMENS S1sUVAasTyusS g




ABSTRACT

The aim of this research was to study the new finishing method (Spraying Method using
a Spray Gun) which is different from the Dip-Nip-Dry Finishing Method that is widely used in the textile
industries. One Step Spraying Method, the solutions were prepared by mixing 10% Polyurethane binder
solution with Micro/Nano Silk solutions of the amount of 0.5, 1.0, 1.5, 2.0% respectively and the solutions
were sprayed on the surface of plain 100% cotton woven fabrics, weighed the fabrics and then dried
at 1200C for 120 seconds. The fabrics were put into a standard condition at textile testing laboratories.
Two Steps Spraying Method, the solutions were prepared by mixing 10% Polyurethane binder solution,
sprayed on the surface of the fabrics, weighed the fabrics. After the first spraying, the Micro/Nano Silk
solutions of the amount of 0.5, 1.0, 1.5, 2.0% respectively were sprayed on each fabric, weighed the
fabrics again and then dried at 1200C for 120 seconds. The fabrics were tested for the percentage weight
loss after abrasion resistance (dry and wet conditions), after washing fastness (20 times). The fabrics
were tested for wicking time and they were investigated the size and morphology of the particles. It was
concluded that the abrasion resistance test results had weight loss percentage (-0.114% to -0.510%).
Both methods gave the same wicking time (water permeability time). Nevertheless, it was found that
the Two Steps Spraying Method fabrics showed less percentage weight loss after washing process than
that from the One Step Spraying Method. From the SEM images, the fabrics from both methods showed
that the particles remained on the fabrics. It can be concluded that two steps spraying method may be
used to finish the fabrics for spa purposes because the binder was firstly sprayed on the cloth. It might
have possibilities to contact much more surface areas than that from the one step Spraying Method

before spraying the Micro/Nano silk particles on top of the fabrics again.

Keywords: Micro/Nano Particles Silk, Plain 100% Cotton Woven Fabrics, Spraying Method, Spray Gun.
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Utilization of Melamine Formaldehyde Waste as Fine Aggregate
in Lightweight Concrete
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Abstract

This paper presents utilization of melamine formaldehyde waste from Tableware industry.
The melamine waste was used to replace sand in lightweight concrete as aggregates by 25 wt%.
The melamine waste was in the form of granule and powder, mixing ratio between melamine waste
granule to powder were 100:0, 90:10, 85:15, 75:25, 50:50 and 0:100. Concrete sample was prepared
with water to cement ratio of 0.5 and the density of lishtweight concrete are 1,100 kg/m’> and
1,300 kg/m’. The samples of lightweight concrete, at curing age 28 days, were tested for compressive
strength, water absorption and thermal conductivity. From the testing results of lightweight concrete
containing melamine waste compared with reference lightweight concrete, it was found that,
the compressive strength was increased. It could be considered due to better gradation of aggregate,
angular shape and rough texture of melamine. Water absorption was also increased which is due to
the melamine waste has higher water absorption than sand. Thermal conductivity was slightly
increased, it might be discussed from more compacted of concrete containing melamine waste.
The sample with 10% of melamine powder (MFGP90:10) was conform to Thai Industrial Standard
(TIS 2601-2556) in term of compressive strength and water absorption. This results yielded
the opportunity to utilize melamine waste granule together with melamine waste powder. Therefore,
it could be concluded that the melamine waste could be used to replace sand to produce
lishtweight concrete, which not only improves the strength of lightweight concrete but also reduces
the use of natural resources (sand).lt could also takes advantage of melamine waste by recycling

and can be developed for commercial production of lightweight concrete in the future.

Keywords: Lightweight concrete, Aggrecate, Melamine waste
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LAWLIANHY kazaSiNUNDY

211 YudnudiduyuBuudvesnuaususuiani 1
MINNINTFIU ASTM C150-12

2.1.2 msflaLinﬁflLﬂumaimamﬁammummgm
ASTM C33 HIUATIOUMIENZLNTITOUUDS 16 duiR
INEAIMLasIenawanslunnsIei 1 N388UI
Wudeuuuiinsey é’]’mamﬂugﬂﬁ 1 LagnN1sNIZANYR
mawmmaqmwuamﬂugﬂﬁ 6
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wiaUsyau
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wsiianTunuuudsuanduguil 4 Faeduiidnuoe
Hunaden uarlugul 5 Wunmusnevesmwmaniiy
WUURY

JUT 3 mmwenevesAmtaTuLuuEin (UShiveu)

el uLU U auTANIen N NLaZ NN
NAKEAIIUAISI9N 1 N1SNTLAYAIVDUAUATULUU
< = @ 1 I d'
Wauazimwiuarduwuuiliadeuuudy uanslugun 6
ANLUINTFIUNTVIVUINABLYDIUIATINALLDLANY
UIMIFUY ASTM C33

JUN 4 LA iuluuRy

X500

JUN 5 nwvenevaAwilaniiuiu Uy
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A5 1 @NURANIINIPAINLAZNINAUDILIATI

AnantR | lupda . A5
: v AU o
A . AT
N ~ Fun vy
Yo avidun 11
NIy 1.42 2.52 0.33
LAwaniudie 3.56 1.50 551
50:50 1.84 - -
WY 75:25 2.70 - .
wandiy
wUULInsD
wuudu | 85115 3.40 - -
90:10 3.45 - -
A
e Tury aUNIA™ 1.15% 146*
34 lUm

* NARDUANNINTZIU ASTM C128
*awiadiuiuuduldannsanegeumlugdannuaziden

a1 ASTM €33 18 tilosanniluunndn

2.2 NSLATBUAIBENN
NINANABUNIALIAUNNBAT I TUNAUFILEA
Tumsedl 3 dydnualfiléde MFO AounIaRIaLL
AIUAY, MFG ABUNIAIIaHaATIaTiuL UL
MFP ABUNIANIALUIHANAWLAITULUURY, MFGP
ABUNIANIALUINANLALAITULUUALAZWUUH Y
(Fns1dawda: u 50:50, 75:25, 85:15, 90:10)
g‘ULLwﬁuaqéhaEiwqﬁm%’umsmaauﬁﬁaﬁ Juiagns
sUgnuAfvun 50x50x50 mm® Tidmiunismazaeu
ASTM C109 Fusiragns
sUgnuIAnauIA 100x100x100 mm’® lddmsu

Y U

o W w 1Y

NIAJTULIIBA ATUUIANTZIU

mi‘wmaaumﬁam%mﬁmmmmgm ASTM C642
warduiogagunsensruanuwImd U UL nang
69 mm a4 65 mm ldmunisnageunisihauiou
AIUNINTFIU ASTM E1225



region of fine aggregate from ASTM C33

ASTM sieve number

200 100 50 30 16 8 4

@ O
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;\a 70 F— T
2 60 4 —
-5 50 — /l
L/
LGy
n A1 A
10 i.‘— MF;_‘ [
O -
0.075 0.75 7.5
YA (Mm)
—&— sand —— MFG
--=---MFGP90:10 oo MFGP85:15
—— MFGP75:25 —e— MFGP50:50

JUN 6 NMINTENUMIVRIIATINALLDYA

AN5197 2 FUAVDIABUNIAVADNUIALUILUULANNDIDINA
(Uen. 2601-2556)

vila AUNUIUUY usedn | gaduun
(kg/m?) (MPa) (%)
9 801-900 2.0 25
C10 901-1,000
25 23
C12 1,001-1,200
c14 1,201-1,400 5.0 20

FURBUNITHANABUNIAIZLINNAITLAT Y
drunanlaohlUnaussIAsosnal dunaLSu91n
Yud e wandiu uagt sud iy Woduway
a3 e stedniusmeniesdalnunoutluneas
Tureun3a 35n5h3unin Preform-foamed method
AIAIAUAAMUAULUUVDIABUNTANIAL UL D 1984
MINNIRIFIUNERA T OAAINNITUABUNTAUADNNIA
LU ULANNDIBINA mmg’]mamﬁ 19n. 2601-2556
Faanslumsedt 2 :uddeiiesiruanumuLy
WU 1,100 kg/m3 (C12) way 1,300 kg/m3 (C14)
dlenauldaumuindumufisnunud19simauy

NAOAIDYAUVUIATNLTNAGDU NTEVIABUNIAAEY

weNaLLNe IR UNSAALLUUNED NENAIAINNITNED
ApuUNIARIULU 1 Tlasagyinnnsuinntineegdlms ey
[ Qy a Y & o £ a v =
wdnsrsunsaliudeiinieldoungivesdunan
24 7134 e lrraunIaude Wansuiiruaasyinnig
OALUUTADDON WarunlUuumenIswuidunalain

JUATUBYUL 28 T

PN 3 drunauasunInlaguIniln (kg)

oL L. LB y
dnwal o | Ny [ . 1
Wea | U

MFO 6.56 6.56 0 0 2.94
MFG 6.56 4.92 | 1.64 0 2.94
MFGP 90:10 6.56 492 | 1421022 | 294
MFGP 85:15 6.56 492 | 139|025 2.94
MFGP 75:25 6.56 492 | 123041 2.94
MFGP 50:50 6.56 492 |0.82|0.82 2.94
MFP 6.56 4.92 0 1.64 | 294

Ve Neegnununmeiawiaiiudesay 25 laguimvin
ﬁwé’m’]dwmmumﬁmwuLﬁmﬁimmw’guwhﬁ’u 100:0, 90:10,
85:15, 75:25, 50:50 ey 0:100

2.3 NINATFBUADENN

NINAABUAINITULT DA 158’%14@1"3@8"1&@
QnUNARYLA 50x50x50 mm?® flenguy 28 $u Jninn
voadaetuazilunaasulasldiniosnaneunin
wuulansedn Massuussdmdudndiuseninausine
awprefuiiniivialumiae MPa

nannaeun1sgadut THegnasugnuind
YUM 100x100x100 mm3 flengusl 28 Ju ¥degn
uttinduna 48 $alus ensutmunaziiluds
devmihuiinden uazihdesadulleuiionmgd
110 °C 1Hunan 24 $lus deasuimuathosnain
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w1oyu Uaeelvliudingumgiiieawdidadivinuis

Y
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X

n13RATHT (%) = 100 (1)
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n1snagaunIsiIAuTeu lifeg1aguns
nszuen feguu 28 fu luneaeuluedemasdoy
msthanaseu Ingliimnudou (Q) vuindulasumds
wariduiadndunilsazgniinlidgungfinini
deliiAnnsdisauieu antushnisingumgd
apsgaLiionnan1suesgangil (AT) fnvundiud
midnAIeg1 (A) uazszezn1satemauiey (L)
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3. NANTSVNNABILAZIATIZINE

n53ldarawuaniiulaginluunudinge
Wusnaswlursuninuiawn wuitauisatiunes
TumpUNIANIALUNLA LaZHANSNAABUABUNSALIALU
naAwaniiy Ianadasold
3.1 NSNAFBUATIRITULSION

HANSYAGDUNAIS ULSISATDIADUATANIALUN
LLaqugﬂﬁ 7 AUNUILL YT DIABUNSANIALUT
WinAU 1,100 kg/m’ Wag 1,300 kg/m’ MIsE1AU WUT
AR ULTIOABIABUNIALIALUINANLAMUANTI UL
Tfsdudoifisufunrouninmaiuiaiuau (MFO)
AunuLUudRalaensineraunseen esen
AOUNSAINAUNTIRALLILLILLN 92inssnfuly
vildanunsoduusssnlamiu safurddunsidnes
ADUNSALNALUTIEANMUILLY 1,300 ke/m’® FadlAn
InnPeUNIANIaITITiAILIRYY 1,100 ke/m’

ABUNIANIALUINANL AL A UL UUH uTlAN
fdssuusdngeiian ilesniavsanduuuuduiivung
oynAdndsasounIndlutesineseninsandu
185 nenvniimmuanfiunuuruddiuiifiiduda
1NNINALIATUBUULR F98ANAUTudmnad
IFnduinliaeuninunainiinssasaudy dewals
fdaduussdaiiuty ludiuresnounInulaluHa

LA AT ULUULE A &I UUS T AL LT UL DL g U
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ABUNINAIUAY (MFO) Wesnawuandunuuidia
1N19N5¥NUMLAL I UAANILALINUAUNITSULSS
Saroasuanuudussdifunounin usnainiiey
meﬁmwmﬁmﬁqﬁgﬂéwLﬂumﬁlwgmmzﬂmmu
Slaflutunse dawaldnisdaineiuduudinad
¥aTu vildeunInanansasunsssaldiiniu
ABUNSAUIALUNANLARLLAI T UL UULEIATAN
Mduusdamnitaeunina HaLATULUURY
LﬁaqmﬂLﬁwmmﬁuuuw@uﬁﬁamqﬂizﬁy’aaumﬂ (TGN
Tuguil 5) wasiituiiiauinnindsaunsndainig v
Fauduadlanndn egelsiauaidsunssndiog

Tuinauaiunsgu wen. 2601-2556

1,300 kg/m”  —e— 1,100 kg/m’
o
Ln
8.00 e a8
I *] © o ©
5 7.00 ~ow T 1
T T
S 6.00 T I ——*
£
5 500 X/
N4 on
Z 4.00
o L
»Z 3.00 0 8
g 9
R ~ % puc <
“~ 2.00 g o o
S 8 & o
1.00 ~ ~
0.00
o U] o N n o o
[ el — i o~ n [N
S S &5 & o o >
[e)] 0 ~ wn
[a W a. a. o
(U] (U] (U] (U]
[N [N [N L
S S = S

gﬂﬁ 7 AA9SULSI9NUBIABUNIALIALUIANUNUNLLLY
1,100 kg/m’ tag 1,300 kg/m’

MnnmsinauHaLR AL ED LU
funsrenuiniledndruvesavuariuuuruiiia
1nTu azvilmeun3nnaiin LU susaiitann Ty
1PgAIAAISULSIDAUDIADUNIALIALUNAULAWIATTIY
WUULIRALAZUUUALDE 55T 1IADUNIANIBLUHAL LAY
AT UL VUL AT UABUNS AR U N AU LAY AN Y
WUURY \HounanruneazvesusazdndiuATun
1IMIFIU ASTM C33 (ﬁ'ﬂLLamﬂugﬂﬁ 6) uENNIEs
LﬁuwammﬂmmmmﬁmwuﬂuﬁﬁaymmumLﬁﬂ



A11150aNYDITTERINNUIATINLALTLUUALNAA A
WadsanunsadaniyAud s inadlad 5evinlel
Aounsniin1senduduazdainieduldaty nas
WIHUWEUABUN AL INALLAIATUAUNIR ST
ABUNTANILUILUULANNBIDINTA UBN.2601-2556
AMUUARAIAISULSIDAA NS UAILRULLY 1,100
ke/m* waz 1,300 kg/m’ liitpenin 2.5 MPa uag
5 MPa maiddfu annuansvaaeuluguil 7 aziiiulén

ABUNIALIALUHALAYAUATUNNEA THAUKUN DT

35.00

(%)
28.60

195U 1ON. NMNUAYNEBIAUNUILUY
30.00

N

MFO  MFG MFGP MFGP MFGP MFGP MFP
90:10 85:15 75:25 50:50

22.48
16
23.14

2

25.00

SWWuAn1sARTuLN
18.99
21.08
0.28

y

20.00

s

15.00

¢ <

k)

10.00
5.00

0.00

JUT 8 NM39AT1 78RR UNTANIALUIAMLVIU LI 1,100 ke/m’

25.00

18.51

IS 20.65

20.00

T (%)

15.00

10.00

5.00

Wesidudnisga
I 16.46
I 18.00
- 20.49
I 21.61
— 22.76

0.00
MFO MFG MFGP MFGP MFGP MFGP MFP
90:10 85:15 75:25 50:50

JUN 9 NM39ABanv8RUNIANIAUIAMLVIULLIL 1,300 ke/m’

3.2 ManAFauNIgATaLi
KaMIvAgaUNIgATTeneuNInNIRILY
LLaWQIugﬂﬁ 8 LLaz;sUﬁ 9 NUINABUNIANIALUINAL
wuafiufidnsgaduiigendtreuninuaaiun
AruAs (MFO) tflsnniaviuaniiufidin1sgaduii
1nnImse fauandlunissi 1 annisuiiiou
ABUNIANIALUINANLAAUAIIUAULINTFIUABUNTA
WAL ULANYIBIINTA Wen. 2601-2556 fvun
ﬁhmi@ms‘ﬁmﬁwﬁm%’ummmmLLu'u 1,100 kg/m’ uag
1,300 kg/m’ liu1nn1 23% wag 20% MIUaIAU 21N
wansnagevlugufl 8 ALY 1,100 kg/m’
wiuldingasraninunae 5 gasie MFO, MFG,
MFGP 90:10, MFGP 85:15 wag MFGP 75:25 W@y
SU 9 Anamliy 1,300 ke/m” gmswasiinuinadsi
3 gnsAe MFO, MFG uaz MFGP 90:10 nsifiudnaiu
vouAwaTuuuuly vilinisgadudivesaounie
aHALAvLaTuRLTy unauanusa)
funvuruiinuantinisgadutinganduawaaiiu
wuuidiauaznste (umsnedt 1) Ssdwmalinisgadu

YDIADUNIALIALUHALLAMUA T UL UUH UL AU UA

0.100

1.0.089

0.080

0.060

0.040

0.020

Usvansnisthaanudeu (W/mkK)
I 0.084
I 0.085
- 0.088
I 0.089
- 0.089
I 0.086

du

0.000
MFO MFG MFGP MFGP MFGP MFGP MFP
90:10 85:15 75:25 50:50

JUT 10 NM511AL5RUTRIARUNIANIALUIAINVUILILY
1,100 kg/m’

01Sa1SIFONSSUMENS S1UVAAsTYUS ]




0.091

0.100
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0.080
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0.060

o

0.040

AnSn1sunANNToU
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a
@
b

I 0.087
I 0.090
- 0.089
. 0.090
A 0.087

[Tg)
IS}
<

MFO MFG MFGP MFGP MFGP MFGP  MFP
90:10 85:15 75:25 50:50

Ug

0.000

au

JUT 11 M511AL3auTeInaun3nuIaLUIAINUILIY
1,300 kg/m’

3.3 NM1INAFaUN1UIAUSDU
HANISNAADUNITUIAIIUS DUYDIABUNTA
maLmLLam’LugUﬁ 10 uag gﬂﬁ' 11 NUIABUNIA
A wWaNAYaTuiladuUssananisiinnudeu
(k) Lﬁ'uﬁmﬁﬂﬁf%Lﬁauﬁ’umun?mmmmmwm
WAZABUNIANIALUIAIILNUILUY 1,100 kg/m’ TA1
Susyansnisiiaudeulutig 0.084-0.089 W/mK

FIA1NT1ADUNIANIALUIAIUAUILUY 1,300 kg/m’

]
Y

AfAnduUsyansnisunanuseauluyig 0.085-0.091
& v ~ £ ! ° v
W/mK 1@nuas AMSMANIUTIAINISUIAINUS U
YDIABUNIHUIALUINALL AL LA UL UUS U
snaulupsunInualul mnduSinagngules Asunsn
1ALUNELAANITOAFILUUNINTY DNNILABLANTIY
favanvasinanislunsuniawaraiuisadaniziiu
WalReNuuINYu edanaliain1sunANus ULy

X50 500 um

U 12 nmweneneuninuIaluIY SEM (50%)
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3.4 1A59651998N1AVDIABUNTANIALUA
A15ILATIERAINE8RINENY (Fractured
surface) UB9ABUNIANIALUT MFGPI0:10 AIUWUILUL
1,300 kg/m’ A8NA0IBLANATOULUUERINTIA AILEAS
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ApunInivhuiinuun
A15ATIEANNEENLIRAEEU (Polished
section) Y9IABUNIANIALUIAIUNG 099aNTIAY
aaﬂaﬂaaﬁmamﬂugﬂﬁ' 13 WuInn1suLAwLaniiy
wunuiinsieursdiusinliaeunindaiuduile
Fenfuanniu udemssafuuuuduiivuadnundsdl
annsaueaiuld wwwanduwuudaiinsnszaesiih
nthdnldroutuazaulngasnesilunundann
ANSILATIEHAINEIERININIEVDIABUNTA
UIALUIRIUNA DIDLANATOULUUABINS A Lanely
gih?'i 14 WUIINITEANIETEMINLAYLAITULUULEIR
fuduuimaraunsaaniziuldi iWewnanuing
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dhvearswafiuviliusnaweuinlamstusemniig
YuBuudiut fuudmadiedanizfumiuaiiy
@Aty FedamanonndefuusidnvesnounInnaiun
fadimapadutuesuafiugsisanirduiuniglu

AaunsalulmAnduresing inliraunIaLUuTY

JUT 13 0 MaengReun3auIaiuINAL YA UL UL
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(1= Bumduwainaumsaaiiudy, 2 = Wewwaiiv)
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4) dnsrdruamuariunuudagouuury
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¥
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Removal of Color and COD from Dyestuff Industry by Photocatalytic Process
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MiAfeETTngUsrasdiiieAnudsydnsnmnisiided uay COD vasindBaingaavnssunonday
menszuunsiilanzazdfiniuiudissfjiseflduuis 4 vlla loun TiO, 0.3%Fe-TiO , 0.5%Fe-TiO,
uaz 0.7%Fe-TiO_ laglduvasiiauasanvasnisidansilhlomnviinie Fovimsfnuuszansnmnnstded
uardlofivenidenngnanunssudanan 2 dnvae Tiun tideneusasndsiiunstihdalasszuutioatide
Mngaaunsunendon dmsunanisinwnisitindussdlefvenindsangravnssumondousensyuaunis
sana1s wud1 mskidseuiseniiauuns 0.5%Fe-Tio, lunszuiunisiWlanzazdfniiussansnmlunisiida
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Abstract

This research aims to study the efficiency of color and COD removal in wastewater from dyestuff
industry by photocatalytic process under UVA light irradiation. Four types of thin film photocatalyst
including TiO,, 0.3%Fe-TiO_, 0.5%Fe-TiO, and 0.7%Fe-TiO, were prepared by sol-gel method.
The wastewater used in this study for photocatalytic activity test comprised of pre- and
post-treatment wastewater from the wastewater treatment plant of dyestuff industry. The results

of photocatalytic activity tests indicated that the 0.5%Fe-TiO, thin film photocatalyst was the most
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effective in color and COD removal with the efficiency of 14.48% and 29.29% for pre-treatment

wastewater and with the efficiency of 72.11% and 54.22% for post-treatment wastewater at 180 minutes.

Finally, the kinetics of photocatalytic reactions were able to describe by the Langmuir Hinshelwood

model, which is a common model used to describe the kinetics of reactions that involved photocatalyst.

Keywords: advanced wastewater treatment, photooxidation, sol-gel, textile industry
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Abstract

The objective of this study was to produce of malt high anthocyanin powder from rice berry.
Firstly to determine the effect of germinating on changes in physicochemical properties of rice berry
malt. The results showed that rough rice were steeped in water at 35+2°C for 12 and 24 hr combined
with incubated at same temperature for 24 and 36 hr indicated high remaining anthocyanin content
7-9 mg/g dry weight. Including, color value (L*, a*, b¥*) seems to have a slight but non-significant
(P>0.05). Secondary to evaluated conditions of the stages of steaming, roasting and drying on the
qualities of malt products with a means of modifying the flavor and color of their final product.

The results showed that malt product was significantly highest level (P<0.05) of anthocyanin

2 919158U581 AT IAINTIUNEAT ANEIMINTINAIENS unTInendemnalulagssusnasyys
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at condition of steaming temperature 1200C in 10 minutes and drying to final moisture content

9-10%wb, but seems to be reducing when longer steaming time for 20 minutes. In addition, the roasting

of malt products at temperature 1200C for 10-20 minutes and drying presented increasing

of anthocyanin content compared to those of original rice berry. Finally to evaluated the qualities of

malt powder from rice berry. The resulted showed that malt powder from rice berry high remained of

anthocyanin quantity and good evaluation of dried malt.

Keywords: Rice berry, Anthocyanin, Malt, Germination
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YIANNALDINUNIINNTULTAIDE19T1IUDARA 5T LUDS
Tugamgll 35+2 esnwalva \Wunal 24 Falug
wazldsleesaadlni Welauwdadiuinsesnie
H1917U19 WS aunItuAuUkU9aana 1Nt le
nasniuidiilendsluaualvauseuiigungil 55
29ANwawed vduan 10 92lue azlawnuwds
ANIUNITOULTINBUITUALALTDUIULAHIT1IUDAR
Viazdun wagdiuinsvaeuamautAnIanIenInLae

N v ] = P o v & aAay Mmoo

wilnsaunaUSeuisununadbsgiuasntule iy

NIZUTUNTTLNIEIDN

2.5 MIAAszviRuaNUANINIEATNILAZLAL
2.5.1 USnauAnnutunasAneLnesuannin @)

Fndwiindmlsnueisuau 2 n3u euflgamgl
105 ssrnwaia Wunan 16 tlue $198 35 snnaeu
NUNTFIU AOAC [7] LAEAIBLADSIDARIR a)
FeiedosiarmainaiuanRinbie Aqualab fu 3 TE
2.5.2 And

Sapndseedesind (Model JC801, Tokyo,
Japan) sgauNaluglves L, a*, b* Fagwia 3 An
Jumsuansmsinadlaedian L* fe Arauasng
(Lishtness) fimanuainaunnidedilng 100 wazdiay
fialodnlng 0 a1 a* FemAududien (Greenness)
deflanduavnazdaimududuns (Redness)
dlaflanduuinndeludas +60 wazen b* fe A1
anududmdos (Yellowness) Wedanduuinuazen
aufudthdu (Blueness) wieflinfuauvielutas
+60 Fatouwvinnsinend Lsesindgnuiuifisuaiiy
\ieans9v0sAdaiy Standard Calibration Plate a

L*.a* ez b* WnAu 98.11, -0.11 and -0.08 MUAAU

01Sa1sIFIONSSUAENS S1BUVAASTYUS

2.5.3 YSunaunaulnloeniiu
AasrgviUSunaneulnlageniy (Total

Anthocyanin Content) [8, 9] 1ngLAT8UAIDYIHITT
15610838 1UIU 1 NSU MENIIOUMEATLATITOUTUIN
125 lulasiums laasluasazansemluanlalnsmassn
(lens1uea 95 Wesidud 85 Iadans densalalnsnassn
1.5 uosuea 15 Jaddns) Ysung 25 Hedans wen
Thddulansisunuegivuresd wdtrluiiy
flgaunnd 4 ssmuwaiBea wiu 24 dlus 90ty
1U188NUINTBINIUNTEAIWNTBNUBS 4 USUUSUINS
pava1sazareeniluanlalasaassnliidsuins
25 Nadans LLa?aﬁ’ﬂU’immmi@mﬂﬁuumé’wLﬂ%ﬁm
nsgandunasiiaeedy 535 uilumns tngld
ansazareonludntalasraesniludusuaud (blank)
funamUSnaeulnlweiutmunainaunisi 1
way 2 fall

Total absorbance = (0D, x V x 100)/W (1)
Total anthocyanin content (mg/g)

=Total absorbance/98.2  (2)

Tneil
Vo = YuesansazaneiiunmuSuna
waulnlaefiu Hadans)
W = dwdnenlssiueifiihumnyiun
waulnleedu (n5w)
oD, = ﬁﬂﬂ’]i@ﬂﬂﬁuLLﬁﬂﬁé’MIg’wﬂﬂ

w3BainNITAANAULES

2.6 NMSIATIZHNGEDR

THTUsunsuneufinmes fissuauwmansnamis
adm 95% (One-way analysis of variance (ANOVA))
warnsUSeufisuaaaen1aisues Duncan New’s
Multiple Range Test (DMRT)



3. NANTSANEIKALIR5A]
3.1 HANISANWINTZUIUNITHANTlSTLUaSINNZ 98N
(Fra0a6)

I3 4 = v ¥

%ﬂumaamLﬂumawmwwmmuammw e

Y
(%

TinUsglovdiuguslnansaunmuaImilayuinig
ANAINAUTAYIF & uaziinduven 1nWIdeihin
v = 9 1 a a I3 a4 o =

Prideniuglsdiueindnueaduazilovinisiuiey
WievantRvesdilsdiveInoukasndinisinizsenty

NAUARINS M15197 1 9NTURDUNISNARTILeARE Y
nsiiuAsTure st denlaoutudadluii win
%@Jmﬁ’muﬁﬂmu%umuﬁﬁaqmi AT AR
auEnsazinnsienvassneeuldasiane andud
nslimnudousensisdeunsadaiiunsannnuiy
yhufidhenisivenseuuisaueulusingavinnuuas

lvueadinauvey kazausaiusne laeiuudy

M7 1 wWisuidsuantinsnmenmuaziadvesinlsdiueiuazdnlsdiueimizien (1mead) Nan1izmag 9

f19819
AMENUR
RB RB(12-24) RB(12-36) RB(24-24) RB(24-36)
waulnleedu @adnsusonsutngdnuie) | 8.41°+0.07 8.23+0.05 9.42°+0.12 7.01+0.08 9.29°+0.08
mm%u (Lﬂai‘%uﬁmmgmﬂﬂﬂ ) 13.43°+0.27 | 36.21°¢0.30 | 41.13°+0.33 | 42.09°+0.20 | 41.64°+0.08
TolmesenRIn @) 0.49°+0.02 0.91°+0.00 0.92°+0.00 0.90°+£0.03 0.92°+0.00

N o

*< gnwsiwanasiululafsaiudauuansnsiuegsiitedAgBmeada (P<0.05) WeotUSsuiisulag DMRT (mean+ SD)

1% s

RB = 47121591U8%: RB(12-24) = H1uead utitn 12 $2lus wazuy 24 413 RB(12-36)= 4170086 with 12 92139 uazva 36 Falus;

RB(24-24)= $11m0ad urth 24 $alus wazUy 24 $alue: RB(24-36)= d1moad with 24 $alus wazy 36 $alus

3.1.1 N15UAURUAIAIAIIUTULAZIDLABSLDARIA
¥ ¢ a v ¢ = P <
Y3917 lsduasuazdnalstiuasinizean (F1uoan)
ANMUTUINARDNTSLEDULFLUDID NS IABRNE

N9 EULHL 099 INAUNTEY 0 IMTNTAINTUNTO

Usnauhgasduomnsiideudedeliosniniiante

[ ¥
= v )

MU aURNISRTYVRAUNSS DNNIANYULNS
AeAMaNURAMIINIEA LA AMENTRTIAINTOUYEY
9NIAUA 9 Tudrunszuiunsmzsondnlsdiues
1 a 4:941 [ [ o q' 1 a a
wuUTIuaNTudulatedfydesaUsyansan
989N1599NNILMINANUTULL LNz AU UTEEANS AN
ANs9enazanad [4,5] Tuszuinenissenazsintouley
Yuvapriinfididgy Ao woaneziiad (O-amylase)

wazdaeziiiaa (P-amylase) Wuleulwinaagliiie

nslelasladifiorasuntadutina [10,11] sauds
ARNISUAEULUaI U A TNLEASHANTNAEDU
F3915297 1 WUIAIANTUiBUNISINNZIeNINAY
13.43+0.27 WosWusumsgruleon wazduuiliy
Lﬂwﬁu%’wﬁﬁaﬁﬁm (P<0.05) M89NT1TEWILI8N

FaflAnszning 36.21-42.09 wWesiWusuasgruden

(%
aad

1n8daAARBINUANIBLADS LDARIA (a) AAUIN
(P<0.05) w9

0.90-0.92 waanTsiwnzaen Ml nlsdiueslagaduun

v o w

ANTUAY 0.49+0.02 geiitiudnAmy

TUsEMIN19NTLUIUNITINNZIDNNIDINANSTUI WAL ANTUL
VIAINALAAIAINUTULAZAIDLH DT WDARIPLNUTU T4
Wigausensenvauandia dunalaainaynves

179899NBNUINANNL1IUTEU 3-4 Tagwuns [12]
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3.1.2 nmswlasunlasatnoulnleenfiuvesdia
sduainazdlsdiuatinizeon (F1u0ad)
msnegeumUSinameulnlzenduludnlsiues
MnTuREUNISIIEIEN (F17uead) wuiinsutiude
FluthsufunisuniielfiAnnisienvesudndna
fonsiUasuulamesUsunaeulyleeniu (P<0.05)
AilAnEudy 8.41+0.07 TadnSusenuimiinuis uas
vz senlugag 7.01-9.92 fiadnSuson st
wkhs videnanlaiiostornanlunsugiudadaluch
Funuaiuan 12 $alus 1B 26 T Tunusfissozna
AsUNA denarenisanaiiondntosveuSuia
woulnlwenfiu Wy @ninznisneaau RB(12-24)
Trusunaueulnleeniiy 8.23+0.05 Jaansusansy
dmtnuds anasfu 7.01+0.08 fadnfusonda
dmdnuds Aanng RB(24-24) luvariiloiiy
svznansuiu 36 9alus nunUinameulnlseniu
\inTuseheildeddyneadn (P<0.05) 91nAEudY
Aounissenvesudadiaien meiliilesanautd
vosuoulnlvenfufiaunsaazanelaluti luades
wililesninmsitniidonsumdalusenineniseen
Jetwannisgaidsweulvlsendunayvinanimaaes

WUREINUNUITENNaNwEAAEAAINY [13,14,15]

3.1.3 n1slasunlasaduastnlsdivaduas
F17lsdiuaimnzean (F1auead)
nstUasuLasanduest1alsdiueinay
dmlsdiuedmnesen avead) Wudadefiddaluns
AVUARUNTNYDINER TN ﬁmwamsmamé’qgﬂﬁ 1
WUt lsgLueInowmIzeniiA1AINEI1e (L*)
Tunnaneiudalsgiuesmnzsenlugisainisus
12-24 $1lu3 Saufun1sUn 24-36 $alus (P>0.05)

'
a1 1

TuruziAIaNaIg (L% veauantniiullilanas

pgnlidedAey (P<0.05) wonsuadilulninyy
24 s NMIvegauAl a* wuitludmlsdiueineu
WzaniiAtaenittniueadluynan1ien1aaey

o w

PIALA T UN DA LU NUAMULANA 19819l TadAq

o
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(P>0.05) Wufeaiuan b* Alinanisnaasuiduly
Tudianiadednu [13] Nadeet1lsdueTidutn
Ao @ & a1 1Y) A A ) a a
Mwdadudiaturselseninguiiawoulnlyeniu
fazareullandiy AaduLila iy IUNIThY L LAY
anuduliiudaiinnissenisinlissninguisdau
oA I D ] & a =~ 1
avaneeanu ke N duNsHan L UaaNa3e
ANNITVLANIAINAT FAUULIIDUIATIZAANENDINTHT

Fanundnsiasukuashiunngn

BL* Ba* Hb*

®)

Color value

RB RB(12-24)

RB(12-36) RB(24-24) RB(24-36)

slasuwlasardvestilsdusswazdnilsdiues
WWz90n (T1uea) Nan1zaa 9

RB = 41ilsdlue; 5

RB (12-24) = 91730ad LL°U"1£’1 12 dalua uazuy 24 2l

RB (12-36) = §1omoad uai 12 #'J:“ﬂm waguy 36 %:”ﬂm;

RB (24-24) = 97173080 uti 24 $lus wazun 24 Galas;

RB (24-36) = T1u08s uii 24 $3lus uazy 36 921w

P gnwsenanululsaymeg1and1efe JANuLAnAIUNIE@ns
ANUATIATIZILUU DMRT (P<0.05)

3.2 Han1sAnyINsUTUAmNIWNduBadEIENTA
waznsile
n¥ansrUIuMIIzsondueadndunoy
LL'immﬂﬁmam@mauﬁ'ﬁﬁu’qmqmstWLLazmﬁ‘wud’]
anmzfmnzanuazideniionailuldludunou
selu Ao RB (12-36) osannuindinisasegves
Usinaueulnlsefiugegn anduthdmusadinat
unAnwnavensilevensifigumgll 120 eaen-
waTEd fonMNNUBINANAS LavaULTIauNTEIIY
ArutugavnedaUszann 9-10 WesWudunsgiu

Jeon Falvinanismeaeudsgui 2-4



18.0 7
16.0
14.0 -
12.0 o
10.0 -
8.0 -
6.0
4.0 1

Lightness (L*)

20 A
0.0 =

RB RB (12-36) S(120-10) S (120-20) R (120-10) R (120-20)

(n) hﬂmma’m (L*)

(@)

=] i a) ®e @ o

Redness (a*)

RB RB (12-36) S(120-10) S(120-20) R (120-10) R (120-20)

@) Arenududnas @)

1 @ @) @ @ @) @)

6.0
50 A
40 A

3.0 A

Yellowness (b*)

20 A

1.0 A

00 -

RB RB (12-36) 5 (120-10) S(120-20) R (120-10) R (120-20)

(@) PAnududvdes (b*)

i‘U‘VI 2 ﬂﬁiLUaEJ‘LlLL‘Uaﬂﬂ?ﬂ%@ﬂ%??m@amﬁaﬂﬂﬁiﬂ’lLLEﬂ‘”ﬂ’]i
u@V]’dﬂ’l’Ju(ﬂ’N 9

RB = Gm'ﬂismuas

RB (12-36) = mmaam LL‘ZI‘LJ’I 12 F3l9 wazuy 36 Hlus;

S (120-10) = funmaamm 120 e walted, 10 Ui

S (120-20) = mwaamm 120 asAalTed, 20 W¥;

R (120-10) = mamamm 120 aernwalded, 10 Ui,

R (120-20) = gMm0ani 120 eFwald, 20 ‘LI’Wl
aﬂmmmu‘[,mmavmamwmam flauuananeiumg

ARRAUAITIATIZALUY DMRT (P<0.05)

3.2.1 MswasunUasArduasdiniusadvdinishauas
nstiefianiizeng 9
milfd?{auu:dmﬂ"l%ﬂm#’fnmaaémﬂgﬂﬁ 2 (n)
WUV INSEUIUMSHeTi@n1E S (120-10), S (120-20)
W3aNSMITiE@n1Y R (120-10), R (120-20) denaronis
anawedr L* egnadifddyniead (P<0.05) il
Feufudalsdiueineunasndinisinizsenlunasd
SoiSsuiisussninsmstaiiensmifigamnd 120
paAwAlYE 1Ia1 10-20 Uil ldnuALLANANIUD AT
L* (P>0.05) wWuiiedfuguil 2 (@) laiwumnuunnsing
Y09A1 a* (P>0.05) szwinenshianuseulnenisis
wiamsmiudueas aghelsimuminfinnsandes
nalasnsiiunaTeINTIeSenaINsATILead
270 10 W9 U 20 Wil wudanafan1sanaauesa
a* 1Enieedslaifinnuuananaisadn (P>0.05) Wil
N13ARAIYBIAIAINAI1MALANANUT UELAIBS
wiintueadnuindawgdesnanmaifnujizen
nsiAndImasuiiauYouniaInnisiarnis
Aududigsufaser Tuvaeiluguil 2 () liwu
mMadsunaswesm b* (Manududivdes) vesdn

1DARNDULAZNAINITLITINDINTA

3.2.2 M5:UAsURUAIANAINUTULAZAIIDLADSLOARIA
YDIT1INDAANAINITAUAZNNTUINEANTIZANY 9)
TUNDUGAVTNEVBINITNANT1INDAS AR N15an
AnuuNandueiieglunguetmisuia daduainwg
N5NARBIRIUN 3 NUIMAINTEUIUNNTHAENITAT
41IUDAATINAUNITDULAITIAAIANUTUANAIINN
feuau 41.13 Weswudiunsgudon aunseisrui
v = 1 ¢ @ I3 | 1
AAN18UANTENINN 8-9 alltuaNInIgIulen LU
WEINUAT IDLADSDARIANUINTIINDANNDUD UL
11fn 0.91 wazananioendt 0.10 vidsnsouLiedseLly
| a o ¢ % a a o  eaa ¢
NRAUHANNUND NI [16] ABHANNUNNUAIDLADI-
WAARIALDHNI 0.6 LAYANUTUAINIT 15 1UasHus
119sg1uden itedaefunay AIUANTAUNTE Jvinle

EJW‘Vi'ﬁLﬂEJlILﬁﬂLLﬁB%?ﬁﬁﬂ@WQNamﬂmsﬂ
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50.0 A7 a r 1.0
@ Efmoisture —— a

F 09
- 0.8
- 0.7
- 0.6
F o5 2
- 0.4
- 03
0.2
0.1
- 0.0

Moisture (%wb)

RB RB (12-36) S(120-10) S (120-20) R (120-10) R (120-20)

JUN 3 MsAsusUaA1nuTukarAIBInosoARIAUDY
P1UAANSINIALAZNITHINIAN1IZA 9|

RB = 4mlsiues: )

RB (12-36) = §1omoad uai 12 lus wazty 36 lus;

S (120-10) = 917u0aAYY 120 parwalded, 10 Ui,

S (120-20) = ¥17uaRTEe 120 serwaTed, 20 UIT:

R (120-10) = %Wauaaéﬁ:”s 120 pemwalded, 10 ui;

R (120-20) = 93u0anA° 120 asAwalled, 20 W17

P gnwsenanululsayMeg 1918 JANULANAAUNIENH
AUNITIAITIZILUY DMRT (P<0.05)

3.2.3 nsagusasSunaneulnlyenduvesda
UDARNEINIAILATNITTiaN2Z6n 9
31NNNITIATIZRRANISIWABURYaIUS I
woulnlweniufaguil 4 wuiiinuunnsrsegnaditls
dAgynana (P<0.05) vasAazan1iznImagaulag
Usinameulnlsenduiiuduiiowrdnueaduldning
Lousan1smiingn 10-20 widl sawdenisiedivan
10 w7t eehslsfmudefivnaesnisiadu 20 wi

a

\innsanased 19talauvesUsunaueulnlye1iy

'
v A

JuAensm S (120-10) daweulnlaentiu 17.48
a a Ly | [} g %} v [~ a a (Y]
JadnsusansSUUIMNNLAY anaddy 5.29 Uadnsy
ADNSUUNMUNLTY LD AYTEeLa1IN1STIMNaNY

S (120-20) vsfinalioannINUGATeNLaaTANTE

aaa a

Uffsernmsifieduiniasialiifeitesdiuiouleias

¥ £%

WNATUTEMINUIRNAI AN UNIALBN I UM pa15USENBU

lulpsulpedanusewdudngaujiser naildde
a13UTENoUNIAEUNRE WA NAUTARI 9 AIUUTINUI
nasnszUIun1IAItINeadazlndunvenluvuey
n1sAarnIsisnazanazldvesdniuean
A v X A 44' a a

Mdugu (U 2) WensraeuuTuinuueulvlyeniy

ArgmAtAN1TInAINITANTULAITIN UK TTY

01Sa1sIFIONSSUAENS S1BUVAASTYUS

Y9N S RLTUTRIUS I awaunlwetu ag1lsinny
nstiatNueasinatunnulUndUAINalUNIIRM ST
:.J; e’f 1 v v v PR <)

PUTENINNTEUIUNS IAAINUS BUAENTRIT T U
ANWAULANSDUTY L1D1AINT AU DUUIUILLAR

A15vEavanindaurilvusumatswaulnlyentu

A [

ANAIDY19TALAU S (120-20) NIAULNALAIINSS
NsEUIUNISIIazivenudlrniaduluraennisan
Laiusng [13]

20.0
18.0
16.0
140 -
12.0
100 1 (e)
8.0 -
6.0
4.0
20
0.0 -

(b)

@

Anthocyanin (mg/g dry weight)

RB RB (12-36) S(120-10) S (120-20) R (120-10) R(120-20)

JUN 4 madsuudasdsinaasueulnlseriuvesdnuead
NIN1IALAZNITHIAN1IZA 9

RB = 4mlsiues; )

RB (12-36) = d1amoad uain 12 lus wasty 36 9lug;

S (120-10) = 917u0aALY 120 parwalded, 10 Ui,

S (120-20) = 917uaRTEe 120 serwaTed, 20 UIT:

R (120-10) = sé’fnuaaéﬁ:’s 120 pemwalded, 10 ui;

R (120-20) = 973u0aAA° 120 asA1walled, 20 W17

a,b FNYIANNNUIULARLIIBEIMUILDE AAULANAAIUNNG
#0R MUNTIATIEAUUU DMRT (P<0.05)

3.3 nan1magaun1sHanNIdINaadiuglsdiuass
a o & Y & s da a
NRARSITINaRTUSLIgweIINGR LA by
b = = a v cda W a
TuRaUN 3.2 ennandunnianauianalaefian s
TunmsiuwaziveulnlyefuluUSinageiufoaniie
S (120-10) waz R (120-20) wwdmdunstniuead
meamalianslilen natlsviniswseuiieunaeauds
AuratIlsduenlikunseninafani 5199 2
= ' a v st &
MNENTRA 2 NUININENHITINRARTLTY
HanAgiNH1un1sliAuTouTsdananausuu
waulvlwetiunanasegeiidudAty (P<0.05) Woigy
AuNaINe13lsdues (RB-F) iliesandadeiidiasie

nsildsundasweulnlesfiu Ao auvgdl lag



’~ ° =3 = o A
gaumgiianhindanisidsuulasdvesoullyeniy
Piwuduanas [13] dunnlaainnisanas (P<0.05)
YDIANAINEIN (L) uaza1aududuns @*) o9

P ¢ A o ) o & = A
Nat1IUeaRklasuAUKNIIND s tuas Turaean
b* wansAuldudindssiinisildsuntasiasunn

(P>0.05) LaZEENITUIANANUTULALAIDLADSILOA-

AARNUIWARATTRIT LeaRLarHIInd 1 lsFIUeT
TAnAuTussning 11-13 wWesidudunmsguden
LaEANBLMDSLEARIR 0.3-0.5 TntisAuTuLazYa
yesmewmeieaiinsnaduta il audmdy
nandusinguetmswisdaielnengnisiiusnunl

g1IUUTU[16]

M1399 2 MaUasunUasguaudivianenmwazniivesranlainlsdiues nednueadfianiigeng 9

AMENUR
. woulnlyeniu AT NoIABILEARTA And
f9819
(BiadnTusianiu (Wasidusd (a) L* a* b*
uwminuie) | wasgauden )

RB-F 3.88°+0.69 13.37°+1.10 0.51°+0.02 18.30°+0.36 1.53%°+0.06 5.17°+0.12
S (120-10) - F 1.70°¢0.11 11.32°+0.32 0.38°+0.01 16.83°+0.06 1.30°+0.00 5.50°+0.26
R (120-20) - F 2.93°+0.42 11.73%+1.13 0.35°+0.21 17.13°+0.07 1.27°+0.07 5.17°+0.15

,
abc %, = A o

dnwsnuanasiulureduilieiuinmuuanasiuegeiiteddeBmisedia (P<0.05) WelUsuliieulay DMRT (meanz+ SD)

RB-F = n491n4121591U0%: S (120-10) - F = nad1aseafannaniag S (120-10) : R (120-20) - F = astnueasainang R (120-20)

4. #3UNan15IY
Fnlsdiuesifudnidguamalaguinisgs
Tnsmeziueulnlvendunazdliovurdnduiueas
FIBNITUIUNITINIZINIINT VRN TINTZUIUNTS
Aenandausaviniinnisasegvasiaulnlyeiiiu
IaluuSnaldndideaiudnlsdivedousen saudens
WAL UaIAN AN o ULAZ VA INITIONNUIIAIAINLETN
wazA1ndudunsananantesluvasiininiy
Juamdeadimswdsuwlasossnn dewdniueads
ulenufeusnensilsiigumgll 120 ssmwaldoa
han 10 Wil uagAIMAnaT 10-20 Uil gaumnnd
Renfuilafiuanumenneuhluaneuduaunsyits
Autugaiieegd 9-10 wWeduiuasguden
wuiweulnleenduilusunaniiudy wasiiuualyy
anauiletunaanduntuead weitedeiidea
fanisanal bakn N15aYaI8eenUIVeInd Uy
nsutiwdadaludh wazmslianudeulurianis

UL 9819 15ANINNITINNDAAIINNTZUIUNITAINGT

o A a A v ) & a
FepafivsunaaulntoedulndiAsanunalsdiues
AlUNIUNTZUIUNITION FIUUNANA I HIT1IUD AR
Fedlvsglovdlunisunludssendldiunssuiunis
wUs3Udu 9 wazndndmeifana1dinuTudIng

& @ I3 =t 1 [ QQ!;’
13 WosWuduInsg ulen wazA1IomaswonfIs
#1177 0.5 FuTUNEN S 91N TWMINANNTLAUS N

Aoy

5. inAnssuUszne
VOUVRUAMUNINENGUNALULAT T vUIPATYYS

Mefuayuiangunsal anunlunsvinide wardiineu

ANENTIUNTITUUNINR (39.) Natiuayunuide
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[1] Singhasurasak, H. 2014. Rice berry. Available
Source:http://riceberry-rice.blogspot.
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Abstract

Shallots frying machine is designed and built for the purpose of developing and studying
process in frying shallot in order to ensure a good quality, convenience, and reduce workforce
and cost in producing fried shallots. The machine will be used in small to medium enterprise
and transform shallots in order to sell them. Prototype of the machine comprises a machine frame,
an oil pot with 400 mm in diameter and 200 mm in depth, a deep fry sieve with 380 mm
in diameter and 150 mm in depth. The sieve hole is 2 mm wide the stirring blade has 200 mm
radius. It uses 25 W motor as a driving force and a 2.8 kW heater to generate heat. The machine
works by first pouring oil into the pot and setting heater temperature. When the oil is hot at the setting

temperature the shallots are poured into the oil. After that, stirring blade will start stirring the shallots.

22 9137156UsENN1AIYIAINTINGNAINNIT AIAINTTUAERT U Inendemaluladsyunasyys
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Then the cooked shallots are transfered from sieve to oil draining sieve. The experiment shows that

the prototype machine can work best when temperature of the oil is at 70 °C with the blade

rotating rate of 45 rpm. The machine can fry up to 3 kg of shallot within 28.4 min. the reused oil

could be done up to 6 times while maintaining polar substances at 25% or less Therefore yielding

fried shallots with good quality and safe to consumers is obtained.

Keywords: shallots, small to medium enterprise, fried shallots, polar substances
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Abstract

This research aims to study the strength property in term of unconfined compressive strength (qu)
and investigate the settlement-time curve of floating soil-cement column set up by the simple method
for using in local community. This simple method is able to conduct with ease and the instruments of
soil-cement column making are able to be provided and operated easily by the local people. For the

process of proposed method, there are 4 steps as followings 1) Making a hole 2) Mixing soil with water
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3) Soil-cement mixing and 4) Soil-cement installation. The effectiveness of the simple method was
demonstrated by comparing with the jet grouting method in term of the a, value and dry density (pd)
of soil cement column. The testing site was located in Pathumthani, Thailand which the soil layer is a
soft clayey deposit. The soil cement columns with the diameter of 0.50 m and length of 4.0 m were
constructed by the proposed method and by the jet grouting method. The specimens of testing were
collected by using the coring machine. The comparisons of testing results are shown that the q, value
of soil cement column by the proposed method is less slightly than that by the jet grouting method. The
increasing of curing period increases the q, value and the modulus of elasticity (ESO) for both methods.
The tendency of a7, relationship by the proposed method is the same as that by the jet grouting
method. This means the greater p_ value, the greater q, value. For the settlement-time curve, the results
of both method have the same tendency. The settlement by simple method is higher slightly than that
by jet grouting method. Thus, the proposed method can be used to construct the soil-cement column
for improving the soft clayey deposit by local people due to easy procedures. The construction tools

can also be provided with availability in the local country.

Keywords: soil cement column, deep mixing method, ground improvement.
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Construction Simulation 3D of Tight-Fitting Sportswear to Evaluate
Tension Distribution of Elastic Fabric
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Abstract

Elastic fabrics are considered to be of high importance to produce sportswear garment for
comfortable properties and body fitting to human body. Fabric elasticity is an important parameter, which
plays a key role particularly when constructing patterns for tight-fitting clothing, in respect of changing
pattern-piece size, resp. adapting the garment to the contours of a body in motion. The purpose of
this research is to design 3D pattern construction with stretch fabric for women of aerobic sportswear
using OptiTex software to represent the tension properties of fabric generated on the surface of the
simulation model. Moreover, the study on mechanical properties of elastic fabric by FAST system and its
result have illustrated that OptiTex could be used to simulate the tension map options so as to inspect
its colored map depicting amounts of tension between clothing and model. It is certainly obvious that
tension map area could be adjusted in accordance to the pattern design suitable for tight-fitting clothing
wearing. Moreover, the outcomes of stretch fabrics could be compared with the influence of extensibility

between warp and weft directions.

Keywords: Pattern Construction, Elastic fabric, Tight-fitting garment, Sportswear, Tension, Stretch fabric.

1. Introduction

Elastic garments for sportswear has been
providing comfortable movement, minimizing
the risk of injury or muscle fatigue, and reducing
friction between body and clothing. The three main
indicators affecting clothing comfort assessment
include thermal-wet comfort, tactile comfort and
pressure comfort [1]. However, one of the very
most important indicators that help facilitate the
assessment of clothing comfort is pressure comfort

[2, 3, 4]. In order to produce comfortable tight-fitting

garments with suitable pressure comfort, stretch
fabrics are considered to be of high importance
[2, 5]. However, stretch fabrics can be assessed
through 3D simulation technology to find its best
pressure comfort and therefore, the 3D simulation
technology of clothing not only is used for creating
pattern but also to simulate the texture look of
final virtual garment of fabric properties. The 3D
simulation technology would be able to predict
and adapt clothing pattern suitably according to

B. Musilova who used regression equations to

' Department of Clothing, Faculty of Textile Engineering, Technical University of Liberec, Liberec, Czech Republic

"2 Department of Textile Engineering, Faculty of Engineering, Rajamangala University of Technology Thanyaburi
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predict the pattern dimension due to the change
of mechanical properties of a stretch fabric, whilst
each of them consists of the sum of characteristics
that influence a pattern shape [6]. R. Nemcokova
measured the fabrics using the Kawabata Evaluation
System for Fabrics (KES FB-Auto) and also applied
the Design Concept3D software to enable the
visualization of these models which showed the
pressure, curvature, strain or tension and the
elongation related to the mechanical properties of
fabrics [7]. Moreover, Fabric Assurance by Simple
Testing (FAST) system had been used to find out
mechanical properties of fabrics [8, 9] and test the
stretch fabric’s mechanical properties with OptiTex
softwear by draping simulation and tension map of
clothing methods [2, 5, 10]. Y.Y. Wu. et al. attempted
to use simulation skirt experiment finding out the
mechanical properties of 20 types of woven fabrics.
In the experiment, FAST and KES measurement
methods were used to measure fabric physical
properties. After measurement using FAST and KES,
test results were inputted into the OptiTex software
to define fabrics in the simulation experiment and
FAST results were reported to be relatively more
reliable, less expensive and simpler to operate
compared with KES [11].

In accordance to the mentioned study, not
only this research attempted to use FAST system
to measure fabric physical properties but also to
input the test results into the OptiTex software to
find out the value of tension by setting 8 measuring
points on the simulated women’s sportswear so as
to make comparison between each point and to
evaluate the influence of body shape on tension
distribution of clothing. Moreover, the result will be

able to help predict suitable pattern construction

Y(ll 01SeNSIFAONSSUMENS SIBUYAASTYUS

for pressure comfortable on tight-fitting sportswear

in the future.

2. Research Methodology
2.1 Materials

Elastic knitted fabrics consisting difference
structure of knitted fabric between Single Jersey
and Interlock were made of Polyamide (PA) and
Elastane. Its composite varied from 92% PA, 8%
Elastane of Single Jersey structure (Sample 1) and
80% PA, 20% Elastane of Interlock structure (Sample
2) respectively.

2.2 The quad load test procedure

Specimens in the wale, course, 45° bias
and 135° bias were placed on the hanger and
the 250 ¢ weight was applied. After hanging one
minute for the specimen to stabilize, the extended
measurement between the benchmarks was
recorded. The calculation of the stretch degree is
simplified by Watkins’s [12,13] using formula (1).
The degree of stretch expressed as a percentage
is calculated by subtracting the extended length
from the original length 10 cm. (100 mm.).
Degree of stretch = [Extended length — 100] % (1)
When, the extended length unit is (mm.)

2.3 FAST system method

The acquired properties of stretch fabrics
from Optitex simulator software testing for
input parameters was measured by the FAST-1
compression meter provides a direct measure of
fabric thickness at 2 gf/cm?” (196 Pa) and 100 gf/cm?
(9.81 kPa) can be calculated fabric surface thickness

at formula (2).

ST =T2-T100 2)



When, ST is surface thickness (mm.), T2 is average
thickness (mm.) at 2 gf/cm® and T100 is average
thickness (mm.) at 100 gf/cm®.

The FAST-2 bending meter provides
a direct measure of fabric bending length in either
the wale or course direction. Bending rigidity
is calculated from the bending length and fabric
mass per unit area by formula (3).

B=Wxc x981x10° 3)
When, B is bending rigidity (UN.m), W is mass per
unit area (g/m?) and c is bending length (mm.)

The FAST-3 extension meter provides a
direct measure of fabric extension under selected
loads with wale and course directions. Shear rigidity
is calculated from formula (4) which using extension
on the bias at 5 ¢f/cm should be calculated.

G=123+EB5 @)
When, G is shear rigidity (N/m) and EB5 has extension
on the bias at 5 g¢f/cm.

Extensibility is measured at loads 100 g¢f/cm
in wale and course directions of stretch fabric by
using tensile tester because the fabric specimens
had very high extension value with loading at E100
(100gf/cm) from FAST-3 extension meter. Besides,
the results of extensibility measurement under
the load of 5 ¢f/cm in bias direction have also
shown a difference outcome of only 1.15% when
compared to standard deviation (SD) 0.59 and the
coefficient of variation (CV%) 3.52 probed 10 time
by FAST system. From this condition, it could be
concluded that tensile tester could creditably be

used to measure the extensibility under the load

of 100 gf/cm.

2.4 3D pattern construction and tension map

In designing pattern construction of this
research we reduced the pattern dimension at
10% of the size measurements a standard amount
from circumference length, only one size of pattern
in accordance was utilized for comparison and
simulation of mannequin body by changing input
parameter of mechanical properties of the body
size of 38 in accordance with European standard
size.

The results of mechanical properties of
elastic fabrics measured by FAST system and
designing pattern construction as Figure 1(a) then
converted properties for clothing simulation will
be used in OptiTex 3D simulation to evaluate the

tension map of clothing.

.
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Figure 1. Pattern Construction of Sportswear [14]
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The Figure 1(a) shows 2D pattern construction
of dimension area with length front 28.50 cm
from the center of front neck line to the center
of front waist length, length back 40.00 cm. and
bust circumference 79.20 cm. including waist
circumference 63.00 cm. Figure 1(b) illustrates 3D
pattern which simulated to garment product both
front side and back side. The numerical data of
pattern construction was used to calculate fabric

utilization of clothing as shown in the Table 1.

TABLE 1. The Description of Sportswear Pattern

Piece name | Quantity Are? Perimeter
(cm?) (cm)
Center front 1 472.47 134.62
Side front 2 233.31 78.93
Belt front 1 103.45 66.12
Center back 1 1,060.56 141.54
Shoulder back 2 47.90 37.07
Belt back 1 115.63 73.08
Total 8 2,314.53 647.36

3. Experiment and Results

The results of hanger load test in Table 2
was evaluated as graphics illustration throughout
360° of fabric orientation in the Figure 2 and this
method measured four directions corresponding to
0°,45°,90° and 135° rotation while measurements

were repeated 10 times in each direction.
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TABLE 2. The Result Stretch Degree in Four Directions.

Degree of stretch (%)
Elastic Fabric | course | Bias | Wale | Bias
0° 45° 90° 135°

92% PA, 8% Elastane (Single Jersey structure)
Average 69.40 47.20 18.20 51.60
STDEV 1.58 0.79 0.42 0.52
% CV 2.27 1.67 2.32 1.00
80% PA, 20% Elastane (Interlock structure)
Average 43.80 45.80 32.80 41.40
STDEV 0.42 0.79 0.79 0.52
% CV 0.96 1.72 2.40 1.25

The angular stretch distribution plots clearly
demonstrate that the highest stretch is 92% PA, 8%
Elastane in the course direction at 69.40 degree
of stretch. Whereas, the direction of wale was
merely at 18.20 degree which is the lowest degree
of stretch, the line graph in the Figure 2 illustrates
angular stretch distribution curves throughout
360° of fabric orientation which is compared
between two fabrics. The fabric of 80% PA, 20%
Elastane which is Interlock structurer, does not
stretch as much as Single Jersey structurer 92%
PA, 8% Elastane fabric, which can be stretch in all
directions. Single Jersey structure has stretching
ability in the course direction at 69.40% degree
show as blue line in Figure 2 which is lesser in the
wale direction. Even though Interlock fabric has
higher Elastane than Single Jersey structurer but
the result shown that the structure obviously has

influence on extensibility.
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Figure 3. Tension Map Distribution

Parameters of elastic knitted fabric properties
resulted from OptiTex simulator software had been
used to determine the tension map on the virtual
mannequin are as follows: According to Figure 3,
results of FAST control chart had shown the fabric
measured by FAST system. The value of extensibility
marked (20.6%%) in Figure 4 (a,b) clarified that
the tested fabrics had very high extensibility due
to the limitation of equipment measurement
performance and it could only be measured at
20.6% of extensibility value. Besides, we also
simulated the value of tensile properties obtained
by using the tensile tester as well as the OptiTex
software which is used to input E100 extensibility
to be calculated so as to simulate the tension
map which had extensibility higher than 20.6%.

The result of extensibility E100 from tensile tester

of 92% PA, 8% Elastane fabric in wale direction is
22.90% and 70.86% in course direction. The fabric of
80% PA, 20% Elastane which is Interlock structurer
of extensibility value 48.13% and 58.66% in wale

and course direction respectively.
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Figure 4. FAST System Control Chart
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The results of mechanical properties value
as shown in the Table 3 illustrated the parameters
of fabrics and functions of fabric editor from OptiTex
to convert fabric physical attributes from FAST
parameter to OptiTex parameter for of 3D tension

simulation.

TABLE 3. Knitted Properties from FAST System

Parameter 92% PA, 80% PA,
of fabric 8% Elastane 20% Elastane

Bending (UN.m)

X (Wale) 1.60 2.20

Y (Course) 2.00 3.10
Extensibility (%)

X (Wale) 22.90 48.13
Y (Course) 70.86 58.66
Shear (N/m) 17.40 29.20
Friction 0.20 0.22
Weight (g/m?) 164 198

Figure 5 highlights the results of tension
values at the eight points which show the position of
measurement in the Figure 3. The graph represents
the value of tension at eight measuring points of
body which can be compared by using grain line
of straight grain line in vertical-wale direction of
cloth as shown in Figure 6 and cross grain line
in vertical-course direction for sewing garment.
The graph shows that at 1" and 2" points at the
shoulder area, there are low tension values. While
at the 3" point, there is a bit high tension values
at bust part of female body and point 4" — 8" the
tension value also bear a resemblance to the 3"
Due to the fact that contoured surface of a female
human body is not a perfect cylinder, it is difficult

to simulate tension on that particular surface.
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So the value of tension distribution of clothing
from this experiment could not produce similar
outcome when compare to one simulated with
the cylinder shape. Therefore, it was found from
analyzed result that the correlation of tension value
between point 3" and point 4" - 8" used equations
from linear regression were determined when VY is
variable of the value of tension at point 3 and X
is variable of tension value at point 4" - 8" The
linear relationship presented strong coefficient of
determination (R?) =0.82 from linear regression

equation, y = 1.0589x - 2.7627.

(fgfem) Tension From Critical Points.

25
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sk 80%PA, 20% E Wale = #= 80%PA, 20% E Course

Figure 5. The Tension Simulation from 8 Critical Points

The maximum value tension of two samples
elastic fabric with difference grain line between
wale and course direction as show in Figure 6
which presented tension map gradient and inspect
simulated cloth objects as a colored map depicting
amounts of tension between the cloth and the
model. The highest tension was 22.67 fg/cm in
course direction of fabric, 92%PA, 8% Elastane with
extensibility of 70.86% meaning the percentage
of extensibility was higher, the result of tension
also was higher than other direction. It could be
concluded that the extensibility of fabric had the

influence on the value of tension.
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Figure 6. The 3D Simulation and Amount of Physical
Tension Influencing the Cloth.

4. Conclusions

The outcomes of the simulation on the 3D
pattern construction and the virtual mannequin
evaluates tension mapping results. It is obvious that
there are many factors that influence tension value
such as Elastane, extensibility, body shape, pattern
construction, grain line, etc. OptiTex as one of the
most widely used software by clothing and textile
researchers help find out the tension value reliably.
It could be concluded that mechanical properties
of fabric could be easy to use the extensibility
value which the main importance influences on
tension on clothing. Beside, female body shape has
influenced on distribution of tension in different

areas especially in the bust area where there

was more stretch value than other area. When
comparing the relationship between other points
and bust area points, R? = 0.82 was found to be of
high and reliable while 4™ point to 8" point have
well-distributed tension value.

The result of this research could practically
be used to compare the result with other methods
the further studies and used as a tool to evaluate

pattern construction for tight-fitting sportswear.
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Abstract

Your manuscript will appear in Ad sized photocopy exactly the same as it is received. Please

follow the guideline explicitly. English papers should begin with the English abstracts. No Thai abstract

is required. The abstract should include a concise statement of objectives and a summary of important

results.

Keywords: submission procedure, manuscript format, font size, font style, blank line

1. General Introduction

Contributed papers are limited to 6 pages
including all figures and tables. Invited papers
have an 8 pages limit. Each manuscript typically
contains the following sections: Title, Authors
name (Nonacademic position is required., E-mail,
Address in details (Give phone and Fax. Numbers,
if available.), Abstract, Text, Acknowledgment

(If preferred ), References.

2. Style and format
2.1 General

Manuscripts are typed single space
except for headings. Font type should mimic
TH SarabunPSK #10 (shown here). Right - hand

justification is recommended.

Type your manuscripts on A4 (21 cm x
29.7 cm) sheets. The sheet should be divided
into a two - column width of 81 mm with
a space between columns of 6 mm (a total width
of 168 mm). This permits side margin of 21 mm

each. The top and bottom margins should be 29 mm.

2.2 Title Block

The title should appear in upper and lower
case without underlining, centered across both
columns. Type the author’s name and affiliation
also in upper and lower case letters centered
under the title. In case of multi-authorship, group
the authors and identify each author by superscript
numbers corresponding to the organization

which should de grouped below authors.

' Department of chemical and Materials Engineering Faulty of Engineering,

Rajamangala University of Technology Thanyaburi

* Department of Electrical Engineering Faculty of Engineering,
Rajamangala University of Technology Thanyaburi

’ Department of Textile Engineering, Faculty of Engineering,

Rajamangala University of Technology Thanyaburi
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2.3 Headings and Subheadings

Heading and subheadings are in upper
and lower case bold letter without underlining,
if available. They should appear with sequential

numbers, left — hand justified in the column.

2.4 Equations

Equations are to be numbered consecutively
throughout the text. The equation number
should be placed in parenthesis and flushed
with the right — hand margin of the column.
ltalic alphabets are recommended for equation
parameters.

a+b=c (1)

Leave a blank line before and after
equations. A long equation should appear across
the columns by interrupting the opposite column

with column-termination and column-initiation bars.

3. References

References are to be listed and numbered
at the end of the papers. Refer to them in the
text as [1].

4. IUustrations

Figures, tables and line drawings should
be positioned within the text. They may conform
to either a one-column or two-column width
and must be black ink or high contrast black-
and-white reproductions. They must include

captions.
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5. Submission of Your Manuscripts

Please submit the manuscripts on
the website of JOURNAL OF ENGINEERING,
RMUTT www.engineer.rmutt.ac.th/journal/
(Select Online Submission menu) or direct
way by the website of http://www.encm.rmutt.
ac.th/enjournal/. After that you have to register
to be a member of Journal of Engineering, RMUTT
and submit the manuscripts by “Word file”.
Moreover, you have to send the technical
article form for publishing on this journal
back to“enjournal@en.rmutt.ac.th” or by mail
to “Publication department of Journal
of Engineering, RMUTT, Rajamangala University
of Technology Thanyaburi, Rangsit — Nakhonnayok
Rd. Klong 6, Thanyaburi, Pathumthani, Thailand
121107, If no completed on 2 steps such
as submission online and send back the technical
article form to enjournal@en.rmutt.ac.th
or Publication department address, your articles

will be rejected and cannot be considered.

6. Conclusions

Your paper should be carefully checked.

7. Acknowledgment

Thank you for your good cooperation.
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TECHNICAL ARTICLE FORM
FOR PUBLISHING ON JOURNAL OF ENGINEERING, RMUTT

Titte O Mr. O Ms. [ Others (Please specify)

Name-Surnames

Academic Positions (Please specify) [ Professor [ Associate Professor [ Assistant Professor
Others (Please specify)
Address (for Contact)

Submission Checklist ] Already register and submit the manuscripts on

www.engineer.rmutt.ac.th/journal/ or http://www.encm.rmutt.ac.th/enjournal/.

The days of Online Submission

| promise this article belongs to me and co-authors as the name indicated in the article.
In addition, this article has not been previously published on another journal. Furthermore, | will
not submit this article on another journal within 60 days from the day of my submission on the

JOURNAL OF ENGINEERING, RMUTT.
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