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Abstract 

During the rice processing, the possible situations of rice kernel cracking and breakage 

are commonly occurred and these consequences cause a low marketing price. According to this 

issue, the real-time observation and together with the knowledge base of mechanical properties 

should be essentially helpful in detection of these defect observations. The objective of this work 

was established to study the mechanical stress-strain properties of rice kernels via our in-house 

pneumatic system design. We found that stress-strain of RD6, RD15, Phitsanulok 2 and Khao 

Dawk Mali 105 were greater than Khao'Yipun DOAI with moisture content of 20% w.b. These 

results tentatively indicated the mechanical stress-strains occurred were from the difference of 

rice shapes. Moreover, we could recognize that the characteristics of these various shapes 

significantly followed the scaling law of the relation between strain and time. We also found that 

the breaking force was different value for rice varieties. This parameter obtained can be such a 

high potential approach that can be used for further developing in the quantitative classification of 

rice varieties. 
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" .. .. "'I" ~ _31 .a 'I ~ "" "" "i "Qfl1lU'ClU t~flflfll!i)$~ tm1JUU1J~ tVl'Cl t'lf tUmltllltyt~'IJ t~t!Cl~ ffn~tlJCl~'lIfl~ 

\9\'u~111'IJtll~flfl'IJ~1fJ m'IJi'IJuCl:;U~ui'J 

51 CI ." 	 .J "" ,J d"• ~l-3'Ull (panicle) 'I1lJ1fJfI~ 'lffl<fHlfl'llfl~'lIl1 (inflorescence) !i)$~lfl~'lIU'YI'lIfl 

" C'9, d rvp QlQO Q.I Q/r/ 9J• 	 yUlfl'Ull 'I1lJlfJm ff1U'YIlflff'j~1~lm:Lflff'j~11lJfJffl'l1 l'IJ~fflJVl'W~ ~flfl'll11 

. . 
_I "_I.!! 'I' I _I ",.!!.". "'" • 
IJ'j~flfl'IJVl1mlJClflflU 'Clfll'l1tlJff'Cl~Uf-lUlJ l:fflU flU tVlfl'l1 fl 'I1lJff1U'YIflfJ., ... 

" " lm,yu~'Wlu l~fJfl'.h Vlll~tI (palea) l1~fffl~ltlt{'Clflij fl1fJ'Wflfl'llfl~-aUfll'\1ii'llU 

'I1~tl ',jii'll\J~'~ 

• 	 l'1It~r.un 'I1lJ1fJO.!l ff1U~I~\Juil'l~L~fJfl'h IgU l~ffli1{lJ (endosperm) UCl~ 

ff1U~1~\J rl'Vlfi~ ~'l-H mrlJHlmJ!tl~'Clfl'Wtlfllm,ufffl'lU~\J Ig'W lViffli1{lJl~\J. 	 ., 

lVll:: 

http:l'1It~r.un
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fI1'W~ 2.t "fl1Jw~'th111'Ufl-3,j'l'"J 

(~m: http://th.wikipedia.org, 2552) 

• 1fI"~~ ... 1 ~ fJ}" !V d 4 dev ~ 0" ~ 
mN66fl ~y;H1J'U 2 1J'j~Lfl'Yl f16 'Ul1L1)llLl;l~ 'Ul1l'H'Ut:J1 C)1-3U(;lflllW~mUV'UfllHfl61Jl'lfl 

...... .:l.l d, d 
6t:J1-3UI9II9I Hfl'UI9IHVH'U6U'U-3 'ULUfll9I 

• 	 lUgl9l,j'11L~111'j:::fl61J'iI1mLi1-3fJiJlf1a (Amylose) 1I'j:::U1W~f)t:Jl;l::: 15-30 

• 	 Lugl9l~11mi1t:J111'j~flfJ1J~1mLi1-36iJlf1l'V'1fl~'U (Amylopectin) L~'U-d1'Ulmy 

LL":::~LLi1~6iJlf1a (Amylose) ,h:::1J1W~6t:Jl;l::: 5-7 

http:http://th.wikipedia.org
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f"---~"'--'----'"""~'~f"--"~~-~-~~"--'-~-!~~--W-''T"'----~!<'~=-"-~"----'"-''-'--~'-~--T~'--'''''-'-'-~'~~'~-'-''~~''' ,-,- ,
I i l ;i'U1U I. I ! ;i'U1U
I iht:iu \ 11 "i::t\1A I (in Tsd. t) Iin~u \ 11"i::t\1A I (in Tsd. t) , 


'----+:1=::-- ._._----+ ! ,..----'-.---- 

1 \_ ~u \ 181.900 11 11'111 ifl1"'!jmlJ~fn I 10.126 \ 
2 ,:C ~lU~O I 130.513 12 ! l'Ilhrhunu I 7.351 

3 I~ :iulGll1L-1lo I 53.985 \ 13 I.':::' Ln1"'~tGi : 6.435 
4 l_l1"t'HinLVlA I 40.054 14 1- :itjt1~ 6.200

I l ' 

5 ~ L~OGlU1lJ \ 36.341 15 rJI tflJVjtf1 4.2001\ 

6 \~ ''lilt! ! 27.000 16 ft LU1.h~ 4.100 
7 .. yuh . 24.500 \ 17 \1. 'U~L10 3.542Iii
8 I~ fUhlilud 14.615 \ 18 Iz" ~"''hu 3.500 
9 ~ lJ'l1cil~ i

I 

13.141 I 19 \111 ~~"n, 3.126 
10 I. qjiJu I 11.342 ! l11lJ 618.440 

L..........-_.~..--L_,_... ,,~_ .._._~_,_,_.j .....__..__,_.~__.L_._J...._....... ~____.._... .____J,.~__• ____• ____~___,_ 


. 
';hn: http://www.fao.org (2552) 

a Y 
f.l W.fll'Y'lU.Jtlfl'UllfJNnlU.fll'Y'l . . .. 

n1'H'U~ 111nf.lWtln'l:lW~'lJfl~llJ~~.u'T"JlhHJ.:UlhJ fflJrttY UGt~i~ \911~ 1~'~ I'i~il 
.. ~ 

1. thlnrmlJ~~ tYllJl~tlfh'H'U~'~ 2 lt1mJ1J tifl tl1'Ht1nflfltl~lJ1\91'j 1'lf'U n1lJI.. 
.. .. .. 
t1\91'j 'H1flfihnflJ/i)~ uGt::;tl1'HUnflfl~lln'U!lJ~~ 1'lf'U tl1'HUn 100 &lJ~19I 'H1tltl1'HUn 1,000 

d ~ 51 : "" d dj ... ~ 41 91. ..." 91 
!lJGtI9l lU'U91'U 'Ul'H'UmlJGt~lU'UGtn'l:lW::;'H'Unl 'IHJ1u'Unvt'Uli'IJ11. 

2. ff'Ufl~LlJ~~.u'11!t1~fln !1j'Utln'l:lW::t11::;~lVi'U;.l'UtYirOtlfl'Uiiti'm1'U nlli~~fl 
Vi'U-,f.u'11 L'lf'U 'lJ11vt1~ 'lJl1'UH!'UtJ L~flH1mtl~flnliffVh~'\11flff'IJ11 '\11fl!'\1i)fl~.uHr1 . .. 

4 "I .1"1 "'S. "I '" "I ?i"
!'\1 Gtfl~ 'HfJlJ L'U fl~ 111 m u Gtfl nlJ-Cl 'U 191 1Gt'\1 ':iel ff!'\1Gt fJ~ !lJ'U91'U 

d" 91 A .1"1" 91" 4d'" dj. 1 .
3. ff'U11nGtfl~ LlJfln:.:t'YIl::tuafln'IJl1flf)n11::;vt1J'U11m'lfl~VllJff'IJ11m'U ff1'U 'Hty 

e!d" 4'~ ~ 1J..::t 4 q • do" V dA~ I elL!:! , ~Q.I 

'Ufl n'1l1n'UlJ'lJl11JHVi 'U 1!lJ'lJl1nGtfl~ ffL!~~'H'j fl tYlJ1~ 11 'U lnfl1J 1911 'lJ11nGtfl~VllJff!l1Gtl'U (lfl') 1!lJ tJ 

y .., "" ""1 A",. 1 .. "1 "I ?i'lJl1f1Wftll'UQ 'Vi1~ ut'!::;lJn'UtllJ1J'J .flfltvt'fl191(lul:.:tY~flVlHI9I1'U .fl'if'U 1011 'Hl'fl!lJ'U'IJ'U lJ'H11tJ . . 
• 91 "d. 51 51 4"'''',J' dj dgJ d • !II 't" 

t')$'U 'lJl1U~~ 'Ul1!'\1'UtJ1~1 'lJl1nGtfl~VllJi1''U '\11mlJ'UffGt1'U~ 11~lJ'J1f1ltl~ U91t:lltl'U ttJ'U11tYll 

http:http://www.fao.org
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_I' d::ll" _I ..... d' A. .... d''J} ,,,,dj
4. '\JU1~':JlJ':J1-3UjCl~ IlJ'UClflllW:::lJ':J::::'illVtUli IVW'illUUfll"lUli'\J111 IICl:::: 'lHlJU 

~ .. 
" 

!flW"l1lJ1\Wl'il'l'UhIfl1 ':Jcti8'\Jl tI~n'\J8-3'lh::::1't1fl" VlU 1\pW111'\J Ul ~Hl1 flfl1TlJ un 1~"':I 'lliH 'illfl 
~ ~ 

... .... .. 
'9Q'I'WU"tl"'f'II4UU 

..'II"}." 

. 
.ct tlCVQ 

(VllJ1: 8'H)'U-3f1 'Utl1flCl, 2547)• 
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d. .Id d ,""" ".1.....1' d"
!mltu'HJ'U!l'lU'U'j~1111~'\J110fttH '\J1Tffl'i Uft~'U11tuftr)f1 l.U'jN'\JtJ~tlJft~'\J11 

ft'llJlHlt!ti~tJtJm1j'U 3 !t'U'U fit) t~u1111'Uom~ i1t)lJ ~~fn.,~1~'il::'Ut)oO~fJu\.fll"~1l'j~i11'1ii.fllVi 
'" d!ll .1.... dj"" " I "" 

'\JtJ~ f11'j'\J~ ft''\J 11tu fttJ m lJ'U'\J110fttJ~ Uft~'ll11ft'1'j UY'lft~'lf'U~ 

...
3.0 l-t1'fl > 

2.3-3.3 2.1-3.0 2.0-2.9 
...

2.2 l-1'tt1 < 
..

2.0,..1tl < 

Source: USDA (1982) 

d Cl t!t Y ~d C\ Cl C\ ~ $I d Y lq ~" ... I 
t'W1 tm::UY'lotJ'\J11'Y111f11111t1l1U1'U 7.0 lJftfttlJY'l'j tlJ'U'\Jl1fJflUl1Vi~ Uft~'\J11 L'YI(I!lJ'U'\Jl1u'5::tfll'l 

ij'U~f{l~~fil1 H't.ul 1'i1 fl'U i ~U~1 1 1l~1.u11'lfiiY'lij'U ~f{lij!lIg~Ul1!~Ul t!l'iI~Ufl111l!1j'U \l1~ij.ul1 

!II " d. '" 
d fI11lJ1Jl1 fI11lJ011~ f1111111'Ul 'Ull1'Um:uft~ 

'\J'Ul~tllft~ 

(lJlI.) (1I11.) (lJlJ.) 
d 

(lIo.ltlJft ~) 

Ul1 6.5-7.5 1.9-2.2 1.5-1.8 15-21 

lll'Unft1~ 5.4-6.0 2.3-2.7 1.7-1.9 17-21 

" .... 
ft''U 5.0-5.2 2.5-2.9 1.8-2.0 18-22 

d 
'YIlIl: Webb (1991) 

" 'JJ \I) I dj "'l 'I d 'JJ !II 4 "" 
5. '\J11'Y1tJ~ L'\J (Chalky grain) tlJ'U~~'\Jl11'1'UUft'~.flltl L'Utllft~'\J111\l1 '1f~tf1l'nl1n 

Ol'j~m11tJriHl1ft111~ '5:::11';h~Nanuil~ (starch granule) o~lJtLiI~ (starch compound) lift::: 

ill'591'U (protein body) fi11H'tn~'lftJ~mf1lf1tgtl~ mu1'U!lIg~ ~~nl'Ut1j'U~mlf;u:::iitIUft'~ 'iJ~~'U. . 
" .. 

'U l1ir'Ut.ll'iJU'\J'U 11'lLl91 nl'h~fl'U ~~ir'U ft'ml1'Ul~U.ul1'Ul'Ul'lfl~ (IRRI) ~~~~'j:;~'Ufl111lt1jm1'tJ~ 

1'ti'\JtJ~tlJgl'l!1j'U 0-5 (Uft'~~~~.flll'f~ 2.3) 1I'lu1H''5:::~'U 0 !1j'U!lJg~ 'ft'..f~!lIgl'l !lft:::'j~~'U 5 !lJ'U 

<,;J " ..J 'V ct Q.J Q..I ~ " Q,I

center) \llnI'l1'Ul'ltJ~'YIt)~'UH!~U1tllJfll'ffl~ (white belly) l1'imllnl'll'Ul1ft~ (white back) 
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.) .) 

, , 
cl ~ QJj} 'jJ "1' 

.fll'Vffl 2.3 (fl.) 1f!'HJ\I1f)'\1l1'Vltl\l !'\1 

('\1.) !11~fl1:lW~-«11i1tl\l'~ 

(fl.) ~flllW~fll'.J 1,"fI~!!lJ'U.u'l1i1tl\l' '\i 
d 0' Q.I .c::t. 

('VIlJl: tl'.itllJ\lf! 'W.I1flCl,. 2547) 
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9J 9J d. ~?I v 9J ~~ 
7. f111lJ'lJl1'lJtl\l'l.111I:1'Ti 'I.111'V1r-11'U m'lI:1''il'ULu'U'lJl1I:1'THI~1'il~lJl:1' 'lJl11I:1'lJ{) 1'Vl'l1~ . . ~ ~~ 

1:i1'UVil'l1a{)l~'UlliI\I III'l,rl11:1'1'ltll'iliifl11lJ'lJ111119l0I'lHn'U'~ li\lu~'U{)un1Ji:l'il~U11mUtlUl\1 li'U 

8. f111lJll:1''lJ{)\lllJ~\9l 11lJ1UfJ\I fI11lJ'VI1JIII:1'\I fI11lJll:1''IJ{)\lI'U{)'lJl1'ffl'l'VI\lllJ~\9l 'il~ 

" 
... "" 

'l~\9l1Jm'll:1' 
~ d c:l Ii) JI 

'lJl1'V11n1J ~l'Ul'U 
d .dl al X 9J ~ d 

~ CLI I d 9J QI d".e! 
VlTnUl 2.4 19l1{)UHflW.fl1'VlllJ~\9l'lJl1'Vl'U 1i \9lYll\1mU.fl1'Vl. . 

2.66 11.21 

3 i 0'113 

I 5 n1l5 

6 n1l6 

7 0'117 

8 0'118 

9 0119 

. 10 01110 

11 011 11 

12 n1l13 

13 0'1115 

14 0'1117 

15 01119 

16 

Ot 23 

18 01125 

19 n1l27 

. i 
I 

7.5 

7.3 

"1.2 

7.2 

7.1 

7.2 

76 

'I'l'N 1 7.6 

Yh~ 7.5 

vh~ 7.0 

vI'N 7.5 

\'I'l~ 7.3 

.vI-wnm11111'lft! 7.5 

20 llUJf:JutN 62 vI'Nt1f!:thlll'lfl 6.7 

21 ; '111'lil"l'amJ!:fi 1 05 ~h-l 7.4 

3.59 10.32 : 

2.72 1151 1 
2.99 1025 

10.74 

()tJ'l 2.70 10.48 
... 
l1tJ'l U'flfJ I 2.82 11.04 

3.36 10.5<1 j 
i1f:J'l U1lf:J \ 2.68 11.06\ 

10 12 : 
.. 
Inl') 3J)7 

; th\.lOfl'l,) ! 3.34 11.08 :
I 

2.25 11.08 J 
2.68 to.62 ! 
2.23 11.76 

mn I 3.32 11.13 

2.74 11.18 

2.71 11.33 

2.76 11.67 J 
3.01 12.03 i 
3.17 10.54 l 
2.n 10.64 I 
3.17 11.27 j 
2.96 10.16 \ 

d ~ Q.I d" 
'VIlJ1: Im{)1~U (2531) 
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I 

(~m: http://th.wikipedia.org, 2552) 

~... .A • '" "" 'j/ .. 'j/ V d d V V "" _I'" v '" v 
f11'.i'C1~ llJ6m'Um::;1J1'Uf11'.i'll~""U€l11l::: '~'Il11!~lJ!lJ€l~U€l~~'U'Il11~-:I lJu'.ilJ1W'IllTHfl'U6IJ 

QJ ~ ~ d tJJ.c!i c::t 'J,I Q.I 'J,I ~ d iJ ~.d" CJ}

~-:I'U 'U fll'.itl'.i::;llJU flW. mOWf11'.i ""'116-:1'11 111l-:J!flIJ1'1l6'1fl1Jf11'.i uti '.i""ilTV~'Il11 'H'.it)fl1'.i""'1111 "" -:1'1'1 ,~ 

~v "I 'j/ •'illflf11'.iC1'1l11 t~Hfl 

Jj
fltUmY'l1 'U fI1 "j Gtftl'U U.l 

'" v i l/. '::..: .d. v "Iv •fll'.itl'.i~llJ'UflwmOW'lll1 'Uf11Hft)'Il1tlUU t1'-:I'I'If11'HU~'.ilfll'lll1 t~Ufl 

1). fl11lJ4u ii1J'I'ItI1'1'1"li'iOjiuf11'.ifimu~'.ilfll,r11 ~11~!~1J!~IJ'1iU'.i~tI~~ 
v • v 

4 '* ..!I d I tp dd. ~ 

mm~""lJ U€l~"'~fl11lJ'lfU6IJHmlJl::""lJ m€l6 13-15% 1l::lJ'.ilfll""H111'll11'1'1lJfl11lJ'lfU""-:I 
.. 'II 

,Y :II 
~ " tJJ d.c! 4 0 4\11 tJJ 1 ,. " 0 .d:I d •

!U6-:1'illfl'll11U'H-:I'I'IlJfl11lJ'lfUmm::""lJ ""llJl'Hl'l'llf11'.i""'~ ~tI lJfl6-:1'Ulm€l~fl11lJ'lfU6fl U\9l 

http:http://th.wikipedia.org
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)I I I" 1 

tnw~;r'U1'i 1'U ~ -:!Yl~1 ~11 1flf)l'j ;r\9lff'U~-:!.u'rJl1lUc}f~ 11lfl.u'11l1tn£J\9l'j mUllJ1~nn.lllJiivm 1 ~111 fl 

0; d ~ 1 t:I Q.I 

f)l'j'U\9l'i;WIlfl11tnWCVI 1l:::\lfl\9l\9l'j1f11 

_I 'JI 'JI "" 'JI cit d "" 
4). u'j:::tfll'l'Ut)-:!'Ul1 'U11fJWflTW\9l \9l1lJfI11lJ\9l~-:!f)l'j'U~-:!\9l~1~Hm:;tlJUl'IWJlJ'U~-:! 

~Unflflt'lf'U .u'1111 ~ lJ 11:: ~ 11fl ii 'j 1 fIl~ fl-;h.u'11ff 1 'j 

.. 
ff\9lff1U~ 1-:11 flU ~U~dflU'lfiI \9l'Ut)-:!.u'11 vhi ,r.u'11ih'n£Jw:;i Uf)lHf -:!~11 tt~::f1Wflll1 i U f)l'j.. . . 
lU,j'j:::l'I1'U ~~Hfl'U 1,j 

tTvllicu tl1ufIl51u 1elt\9l'j\9l,j'j::tfll'll1~fttt9fflfllh~ ~l1lJ1I1fl~ff\9l iutif~!lJ~\9l.u'l'J• 

iU\9l1'j1-:!~ 2.5 
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~tu\tlJiifi~YhtJ~e~n'i't1h.'~~'A . ""I! 

'JIU1",~il~ftlJl'lfn . \l.It"mJIIl' 

(lI1)'1)..!1-1U1lLUU (LI."'U~L,.tJ'l'llflU) . nflJlila~filll1 

R'l'l)"!~1)"!11Cl'I.un174',ilfltflOlU . % 


M1)"!1-1U"'~"J1It'l~~"'fl , t1U~~at'ltJ'" (6% tu KOH t<}i)J1fu 0.2 N) 


t'I'l1)J1-1;lfli(ul'W1'l . ilfiftalll11 n1JJ 

tu,~U (1UtIll1~"'U) ~mfiflt11J . %~1\ttlnL~~-l 

'rifl.rlfl~~~\t'flflQ ' ilft~nf)J Inffi 


lPtnU . 'UJtPl1lJJfI ! nf)..! 


n~trl'j\ - 6 ~ Yl~~HYlIf\ , t~ltPl11l-Jft I I1tlJ 
~, u .-i cI t.... ~ 
~'!J).IUYlm1:antl'l . % U1Vluml\t~ 

- fln"';;'ltl~1 - ij'lYl1Uflfl~)JPi'l~LUU 
.. '.J 


- flni1lll'l!l1h - ihYl1UfliWJJK'lVl7tlU 


58 - 79 

1.6- 8.7 

1.49 - 1.51 

2.36-6.96 

140-1.200 

160·-194 

0.02 - 0.12 

0,12-0.45 

3,9 - 9.2 

0.2 - 0.7 

0.2-0.4 

0.5-0.9 

1 58 - 76.5 

1.9 .. 8.1 

1A8- 1.50 

0.15- 0.86 

64 .·.1.890 

46 - 164 

0.01 0.02 

0.02 - 0.03 

0-0.02 

0.3 - 0.6 

0.03 0.04 

0.1 0.2 

~lJl: Juliano (1985) 

~.cr " : QI d Q,I d q d' ~ fJ} V OJ' mm nur 1l'j~fHlU~1fJlIlmt"ln~ lfl(;nl~t'jfJ'I~'Hrh!VHHHlJ6'j l'l1'1tffll ~ 1fJ'V'I1I1i~ . . . 
.. J ~,...q."" j Q fJJ Q,I ...1 ..::! ,'j) til 4' .::t q

H6t"1ytl-l,4 lJ ICJffN 6glJ'j~lJ1W 3-4 1'1'1 ~1fJ'V'IlHi~U6t"1ytl-I,6 llJ6fJ6fJ~1m~1IICJflJ mll-H6lJ 
, Sf. I 

11."Ilt"lff '~ff111ilL11'ilml1nnTHj6fJll'j::;lJ1W 73-81 % n'j::;tlUi'1I'U6~VH)allJ6 lnCJfi'lI111afJ 1,000

1,100 nfl11lJfJ11'U6'1~lm\l~fJ 250-320 ~11l1l!fflm\l~fJ 3.4-4.0 m'l::;nllJlt"lfl"~liJlI~~fhll 31

49% 

• I 1 '" iJ • .1 d 'iJ ••1 ""IV IV

H'UlI'IlJln u'j::;lJ1W 96% ~6f111~1fJ'Vll!1i::;U6t"1ytl-l,4 Ut"l~6n4 % ~6~1U'V'l1l1i::;U6t"1Y'fl -1,6lJ 
JI , , • 

'j::;~Ui'1I'U6'1'V'1t)atlJ6' 'jlCJfi'lI111afJ 4,700-18,500 mllJfJl1'U6~fflUmafJ 220-1 ,000 1~fJfl11lJtf11 

'U6~fflUmfJlIfJm\l~fJ 12-14 tm~fl11lJUn'U6~fflfJmfJ'111l\l~tf 5-6 fll'jH~ Uff~..;jfJWfflJ1j'~vm 
lflmlffmf'U6~H6iJlt"1ff Ut"l~ lwii1t"1l'Vlnl1l1 

http:0.15-0.86
http:1A8-1.50
http:0,12-0.45
http:2.36-6.96
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91l'~H~ 2.6 fltutYlJU~VI1~!fliJvHimf'UtN!U)ii1!.'ltY !!!.'l~u't1iJ1m'VmViu
q"-....-..-~---.--......-.--,,.~.-...-.--..-...-.-.... -.~._-_ .. ,.._., .···1····--...·-- ..-----

fH'\.I.6UJ~ .. u.'ilijl~lII u.'tlm~uymii'U 
· : r 'li'~,)L:f~"'- .-.. ,j~;~UfJ'l 

Pl'l'1lJfI"llJ"l10LUn11iuttlttl;;U • 0/(1 

Uf}1 - u.t)ilt~lfl;if~ fl~(iJ . % 

lii"lf'N~'lItHm1"n"::ntlU . S SvedbergS 
, 2:0 ... 

fli"lL'tlfttJ'!Itl..,;ln10'1,~n€i1'11tlauJtlf • n~tl'1~tJiliJl 
fl'l1lJ\.lULtl41u\utJl'J . iiftflfhrtr Inf14 

(0.15 -0.10 M KOH) 

f'i1t.il~tll'1'l1lJEI1,)'lItl-3t~U I n~tA1(fJillRtJifl~Ufi~~~ ; 
M1J.1",U",.fiU'!lfl.:lLIIi~ • L"lIU~'W~t)El'" 

(6% \\.1 KOH dilJ;'U 0.2 N) 

17.4 .. 2.0.0 

72-84 
4-14 

530~· 790 

55 242 

100 160 

13 -160 

0.37 - 2.74 

49 -58 

20 ·510 

260 -880 

85 -221 

16 -2S 

290 -740 

0.07 '.. 0.09 

49 -59 

60 -520 

330 1.050 

46 .. 186 

18-27 

19-330 

~1J1: Juliano (1985) 

" .1m~fl1'.ii.ouil flD.!::;i.ou*,uu iu fll'jtY1'HU 1~flnlJ i u'j~fI'Uw"t1~tl5u~ fl1'.i !~ 't1 

I d91 Q Q.tQQ tllIJfJ}1 ~1 
~ n'i)tYtl'Ufl11lJUm ~'Utl~!lJ!.'l'fl'Ul1 'fIUl'l 'i)1'jD.! l'i)lflfJD.! tYlJ'U'fIt'll~ t1!.'lfl'ltY~'j l~Ufl It'j ~fl11lJtfl'U 

d d ~ ",~ 91 I .dl C\ qJ I Q ~ IV OJ d 
um; fl11lJ!fI 'jU'fl 9$~ i 'U Vll~~tYfltY'U 'U (1 1fl'ft 11(1 ~tlnJltu 'fI~ fll.'l11tYllllHI 't11i'UlfJ' \Pll'l't1tY~ l'Utl'fl~'U 

~'h uHm::;lhfllUU't1fliimllJtYlJ'f.!!.'ltl'UUH;ll'UVilUfIlUi'U 

fll11Ufl1fJ9I (Strain) 'HlJl(Jii~ fll'j,tl~fJ'UUtlM'jtl'h~'U't1~1tY'fI (Deformation) ,rt't1.. . 
, '" • I 

iJ I!'j ~fIlfJ'UVfllJlfl'j~lh (tn'fIfl11lJlr1''U) fll'jltl~fJ'U 'jtl'U't1~1tY'fIild1m,jl.'llJ l'i) 1 flfll'j Ifl ~tl'Ufi fIlU i 'U.. . 
" 1" "JI • 

rU't11tY'f.! 1tY'f.!l1fl'llU'fI 'i)~iJl'lq91m'jlJfll'j Itl~U'Ultll1~tY't1~'IIUVlW ~'U tld tl'UU<J ~Vi1J1 fl'j~ \11'111't1 

fl11lJtr1''U "lliilJlflutlm~fJ~1'f1 'Hlfl 'lhn'U~tl'flfl1'jfi'UnJ (Elastic Limit) U~l 1tY'fIif'U~'i)::;iJ.. . 
'nq~fl'j'jlJ fl'U 1tlu'U'Ufl!.'lltY91 n (Elastic Behavior) U~li'lfl11lJ,r1''UlnUn'hi1tl'fl fl1 'jfl'U ItlU~TjtY'f.!~ 

'i)::;ln'flfll'jttl~U'U1tlH'U'Um1'j'Hjml'U'Ul'l'ft1tY~fl (Plastic Deformation) 

, .c! cO.!.J d' '1~SIQJ 

fll111Uft1-3 (Toughness) 'HlJlU(1~ fl11lJtYllJ1'jfl'U't1~ltY'f.!VI'i)~~~9$lJl'll.'l~~1'U n LVI 

l'f1u'titn'flfll'jUVl flHn ljUWll fl11lJUfll ~ (Toughness) q;~iJmllJt1lJ't~''U£tlUfJ'W tYlJU~;I1'Um1lJ 
<I "".., 1 0 t 'QJAd "" U'U.:jUHU!.'l::;fl11lJl'H'UU1'U't1~lJ'U 'fIUfl1'H'U'fI11 Modulus of Toughness IVl1fl'Ul'l'UVifIlUi,utY'U 

1" " ..d d", 'JJ d QJ d .c:fI 

fl~fl11lJ'fI'U-fl11lJlfl'jU'fIVi L~'i)lflfl1'jVl'flfYtl'UUH'fI~'fIUnl'lVi 8.5 fll Modulus. of Toughness 'U 

C1 "d d iJ • 'QJ det • QJ d..:::t td ~ 
UtY'fI~ l 'HI'H 'U (1 ~'U't1U~ n~l~'j::: 'H 11~1tY'fI!'H1W1V1lJfl11lJUOJ~ tY ~U!.'l::;l i:1'f1tU 11::: VllUfl11lJU m ~ill1 

• .. q 

91 .el 
'fI1U fIll'lVi 2.5t) U'ft::: 2.5'U 
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n 


iI1l't~ 2.5 Modulus ofToughness 'UtJ'r1tY~ltl'Jl~ (n) ll'l~ 1tY~t'lrihn ('U) 

" . " m~vb1 ~fI'i tJ Ufl '1 lJl1fl~ 'U il N1'UtJ\l1\9lQ ufilimnU~ffW jI1'U'Ut\\lllJal'l.u'11 1I'ltTfi nlJ'lf1~ir'Un 

... dllJ • ~ tl '" "" 'JI 1 0 <Of 'JI ., 'JI .! 
'/:lnflW~VI LlJlU'U'i VlHt'i'U1f1W\9l fil'i'Jl'lfl11lJtfl'U I'lUtJtJmtHm~VI1L'VW\ll'll'U !l'll'll'U11m'Ut\\I 

" 
cl j) 11)' t t ~ d ~ 4 cl J ~ 11] V5J " 0 

tlJ'/:lI'l'U11 1'1~ LlJ i'lfmfl11lJtfl 'U VI ttVllIH tl'l~tl'l'Ui1ru111'UtY1m'iOUfl t'U tI'l1'l1Uf)l'i tY'iNtIH m:::Vl1 
u 

1)1 nfl11lJ~'U tllfilfl' 1I'lUlVlflUfi fil'll 1'Il~'lftJ\I tJ1 filfl'ma1 'UtlJal'l.u'l1 tta1rlfl fl11lJ ~'U tJ1filfl'~nfil 

t'vil n'U 11 fll1f1'Vl1\1 ~,:j1~fi1m1lJtll'Utt'/:l:::11IttU1Jfil'i U\9l flMn'UtJ\ltlJ~I'l.u'11~u~1);\I\9l1lJ11liflVlt:jfl t1 
" . 

tht,j'l~fil'j~\PlI 'U 1'U1\9l nn lJ1'U 'l ~~1J~t\,:jtl6u~fil'i 'UtJn I'll fl i1 fil'l fffllJ11 ~Uil~l'U lJTVl1J':i1 

"d "., "'1 ~.......1., d d 'JI tl"" di.! 'JI<><Of "" 
L tllt9f'U\9l1'l 'If'U'UtJ,:jtJlJ 'ltY IU'U fl'lf'U'lf1I'lfl11lJU'U,:j'UtJ\ltlJ'lfl'U11 'lmw11'U\I 9f,:jVl1,:jflW::::~11'1Ull~tl ... 
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, 
.:t 

lJ't1't1 3 

.ci QQ.I.d 9J .A • d " 'iIJ 91~QJ 191'" 
fl1'if1mn11lmVH)ff'n~ !fl'itNVI~"'tl'Ufl11lJUnH'lJtl~!lJfl~'Ul1I'lUU'U'U tlw~m1lO ~tfltln 

'" 
111l:;1~'i:;'U'UHH1:'llJ rJ:luU'i ~'IJtl~'i:;'U'U i'I'Ut'Utl~1l1n~lol'itlfl1'itli'UUI'i~Ufl:;";VlIlU1 1~o1~lhfl1'i 

tltlnuuu U1:'l:;V1~fftl'UU'UU~l1:'leJ~ ~10 hhufl'ilJ FluidSim 3.6 tieJU'l11fl1'ifffl~'If~fl1'i'YI~fftl'U 

, .~ ~ 

. 

3.11~'U1JLL'S'-3nBl~1n'S'~1JU'iUI 

flru:;m4'ulJlvi'1n11~00J'L.!lrff'lL,"i~,t:l'>1tf~f'I'lIl-JLLni'>1~'L.!LLUUL-dt:l~~'W 'i:~Ut:l1~U~~nm1LLNn~ 
OJ 

p 
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L~fl'vhn1mwn6'l 3/2 f'll-J9:::1~~91n P 111 A L·jhlu~U1lX'l16'l 5/2 LU~tlU~1LmU"j1~ 

L~'8Ulu'V11'1"1J'l1 Ll?ltlf'll-J91n P 9:::1~f'l'8'fln'Vl1'1 A f'll-J9:::cl1U'l16'lfl'l'lJfll-J'fl~1In111~f'lf'll-J9:::1u• 

tIl I 
... I~ WI .r:9.:::111 .c!4.::1i;r II tr cV 

U n ~fjn~'lJn9 :::Lfl f'l'8U'Vl L"1J1 n11Lflf'l'8U'Vl L"1J 1-'8'8n"1J'8'1fjn~'lJ9:::\lnWl'lJ "'Jl-J 1?l'ltl"J1fl'lfl'l'lJ "'Jl-J'8~11 

1~f'l'l16'l"l!il(;lfi~1l-J111:l fl'l1J fll-J'fl~11n1'j1~f'l"1J'8'1 fl'l1l-J~Uf'll-J 1~Lrim Vi PI 'Vl1'1 L~ tl"J ~'1,rU~'1 LUU 
q 

'l16'l~fl'l'lJ"'Jl-Jfl'l1l-J L1'l .n1"1J'8"jm:::'lJ'8n~'lJ~'8ULfl~'8U~ dh '8'8n 1~'8t.l1'1ta~1::: r.nn~5nn11 

~'1n ~1'l flru:::efS9'tll~Vi 1n11~~1'1 I'l'l Lfl~'8,,'j~'WLL'lJ'lJt~flYi 1 0111'f1fl1 11J t t 0 1\I 1 'fIcrVh011 t~1J ~lU1 'I 

CI S ... 1' d d QJ d "0./{/QJ t/QI
fl1UJ'fIU U"::;1::;tI::;mn'HJ~uf-I1U tC)$UtC)$i111'f1 IlH tC)$Utl:Jffl11'f1f111lJ'fIU It,,:; tl:JfUtl:Jffl11'f1m1 

'H1!U 

3.2 m1'Y1~tnnJ'i:::1J1J'tl)J 

" QI I d. c ~ {/, QJ 

IU 01111'fI {\'fl1J 1 ::;1J1J"lJ'Ufl'l'1t'fl1'f1 fl11lJU m \ltyW Ol'HU 'fit uu tOW C)10flU fl11 'fI 11lJ1'f1 

I 4 ~ I sJq QJ \I) 'jJ I) ~ OJ d d_~ jI I 

fIlU1\1 U"::;1::; [J::; 0 11! {\'[J1u flw::;m,w I'fI111m1'fI\I fl'fl 11011!tI "mmtlM'Ufl\l U 1'I1llJl1UflU!'U 1{\' " .. .. 
1:::1J1J 1'f1t1011'f1'nlJl'f1Fhu !~utl:Jffl11'f1fl11lJ~U ~\lU{\''fI\I'fIllJfIl'Vt~ 3.2 

800 

750 

Ci 700 
Q. 
~-! 
:I 
~ 650 
! 

Q. 

600 

550 

--.-- Pressure 1 
_.•. - Pressure 2 
- ......- Pressure 3 
- ..... - Pressure 4 
_...- Pressure 5 
-''4-- Pressure 6 
- .... - Pressure 7 
- .••- Pressure 8 I--*.- Pressure 9 ! 

- Linear Fit of Sheet1 Pressure I 
-Linear Fit of Sheel1 Pressure 

- linear Fit of Sheet1 Pressure 

-linear Fit of Sheet1 Pressure 

- Linear Fit of Sheet1 Pressure 

- linear Fit of Sheet1 Pressure I 
,--Linear Fit of Sheet1 Pressure I 
- Linear Fit of Sheet1 Pressure 

-Linear F~()~_Pressure I 
40 50 60 70 80 90 100 110 120 

Time (s) 

fIl'Vt~ 3.2 U {\''fI'I m1ltl~tlUUtI"\lfl11lJ~U~Yi10l1ilflUt1i'1i:f1::;1J 1J'Ufl'l'if\Oll'f11'l11lJ 11 01 'I " . 
tl1[J1Jn1J!1m 1'f1[Jlff'U'fIH~mo~lu1i'fllJ"fl11lJ~U t~Ut~'iUlU11,r1J t~fl'H101'ntl~[JU1l1J"\I'Ufl\l 

o:vd cv sJ f A~..J 
1'l11lJ'fIUtl1t11J01J!1m 'fI1t1fllfl11lJt'iffllJU1'1 0.99 
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lllnnllffrl'tJWluil t1ll'nm'Hll~El'Uulla'lml1J~'UtViu1Jflunm n~htJ'J~1J1W 1.99±O.04 

kPa/s lhhr'ff11Jllf:lfil'U1tlfI1lUH~ihn.u'lhffn:uuiI'1'1l)~lJlW 5.269 ± 0.112 N/s ~1'1-tf1Jmd... 

~lfld1:::'ifl~l.Jl~hJ~"l:::'Clfi1J1t.1'Y'lCJ~nddl.Jm'lllUlmrn"ll'Cl-3if1'J flru:::f'54't.l1;tifnd::::1J'JUm'l~lfld1:::'if 

l:n-3Jl1'Y'l (Image Processing) l.J1·1i'1UVi1fl'l1l.Jlihh ZUll1J1JmdlU~lOifn 1~t.lt?i'J'ari1-3t:J~md~m.t1 
...0- ., ...; 
l1J'Cl~U1UlL~~-3U11l.JJl1\1'V1 3.3 

GJ 1.... =illS. 

10 

20 

II 


AO 


m 


IiO 


70 
 lS 
10 20 :n s0 

Time Evo/ution Pattern on x-axis 
40 .......~........ ~ ........ , ....... ~........ , ........: ........:........ ~ ....... ':" .... . 


"..' 

50 100 150 2f)) 250 30J 350 400 450 500 
FramestJ).25s11) 

Time Evolution Pattern on }-axis
00 4 ...... :.~ •• ~~ •• :" ... ,. ..... ~~ .... ~.,.~:~ ..... ~~.; ..... ~ .... :.~'"~ .....: .. ~ •• "" •• ~:~ •• r.. ~.: ...... ~~r: 

:!?60 
Q) 
x 

~ 40 
.2 
:= 
.~ 2J 
0.. 

500 

http:1~t.lt?i'J'ari1-3t:J~md~m.t1
http:1.99�O.04
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o .., <:l ... o''j) .,; <!l 1'j)1 ' lit 'j) • 
t;1l11'J'UtlHlfl'Vtlffi'Ul1V1n"lHf1 'lJ' l!1l1'J'V1~t;1{)'UmlllUf1H lfillfl fl'U6 fl'U 15 fl1fll. 
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1~mleruVilfll'i'VI~HH)1Jf111lJUfl~~ ~1~1I1~Vilfll'i1~'lh11'ufl'\nHtlJ~~,y11 ~'i:;;1I'1J., 
~d d!V J 001 

f111lJ'lfU'VI 20% wb. U":;;'\.I'Ul~"IJeHllJ"~'\.I11 ~llJA11H'fl3.1lm~ 3.2 ~llJm~1J 

il'UVlUtf lI'lil"i'lli 100 LlIQGl (g) lI'lii 1 LlIQGl (g) 

n'lnl 2.996 0.02996 
'."'lGlilnll:;i\105 2.556 0.02556 
n"1l6 2.872 0.02872 
n"1l15 2.861 0.02861 
";1:1'""'i iIn 2 3.261 0.03261 

J d 'JJ d1 'JJ1 <!l
Al'iH'fl 3.2 '\.I'Ul~'\IfHllJ"~"IJ11'V1 'If 'UfllHYflfll 

Vlutf,h'l 
1II'l'lIn"hll 

(mm) 
1II'l'lIUU' 

(mm) 
1II'l'lIU''l 

(mm) 
n"1l6 2.8025 2.001 10.218 
n"1l15 2.465 1.95 10.875 
n'lnl 3.389 2.42 7.398 
..;1:1'""'iiIn 2 2.446 2.012 10.338 
"1I''lGlilnll:::i\105 2.498 1.979 10.601 
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. 

<=I 

Ullll 4 

wa tl11~ijtJUa:;v ihll1tJWa 

e2 COld! !V Jt I d" V "~QJIII"t
f1l'H1f11111'iHJIVWff'l1 ~ lfl 'l eJ~'\I1~ffa'U fl1111tlf1H'UeJ~LllLlfl'U l1fl'Utl1J1J fltU~ ~1'i1t1 ~~l./~ 

U'l~t~'Uf11'l~f1111ltj~ UH fl11111~'U mllHfl~U~ ItLl~l11~~ffl~eJf11'l~lt1'Uf1fflfJ-W'U; 1~tl1,*
'II • 

V .ct 0 U v I'll 
4.1 ftlU1!ftUlUl~ftl1'l1lft1UGl tlWl11J'W'",!'U11 

IrteJYi1f1l'l'\l1~ffa1J1llfhfl1111LI1'UtlLl~fl1111lfl~tI~ -ff1'l1i''U-W'U~~11 l~Uri f1'U6 f1'U 15 f11f1 
,'" 1 C\' OJ OJ" I 'jI d d

1 'Vlllut Llf12 Im~ 'U11~ef111~Ll105 'Vl'U11 ml11ffll'Vl'U1i'l~1111~ ml11lfl'U fl1111lfl'HJ~ t!Ll~n1;11 '\11 
, " . 

!tff~~~lll.fll'Wii 4.1 il~ 4.3 Uff~~1..rn1'Umh~i'flt'il'Ui~1'Ut;1~ujll1tUULl~fJtUm'Vl'h ~11lifl'lfUfl 
..i " " •fl1111~Hn'U 'iI:::Uff~~ eJef1G)f~fl1111~1~1'U!;1~tljll1tU '\Il1~f1Ll~htl .yr~u ~Ll~~mh1fltTtdl ~11li 

" 
-ffl 11 i''U 1 'U f11'l~f1111U 

& , "y .d fjJ & .d I d Q,f dQ,I

G)f~ 'Vl'U11'\11f1'Vl'U 1i'U11'\111 'b'1 'U f1lH1f1111Uff~~ 'lUU'U'Uf1l'l tULltl'U~l'U(transition) '\11 Un;ll1tUffrum'\l1
q q IU U 

ffeN(two decades) lf1t1~fhfftf1Llf1l'ltU~tI'UUULl~'iI:::~Nn'U l~tlVi'il1'ltU l'illf1fl1111i''U'UeJ~m 1~ 

y ... 1 1 " c!d d. V C\

(mf1 1) 'U11'VllltU Llf12 ULl:::f1Llll'U11'\1111'\l1111'i11f1'Ul1'U11~tlf111:::Ll105(f1'U6 f1'U 15 um; 'lJ11~Vf1 

'" 1 I " ...,d'" .'''''.' "" "1 "l y"" '" .k 11l~LlI05) ~m'il'Vll:::mlll'lJl1'irl'l~tlf111:::Ll105 '\I111m'lu'l'Uu~~'Vl'U1i ~tI t'b'Hffllmllll1 G)f~ 'U 

" 
f11'lfff1111'Vl'U':hflf1{JH11 ~f"~~ 1 'U ~1'Vl1f1t~tl1n'U Uff~~1 ..rd'i'U111UU'U'Uf1l'l ~~il tI~1011'UV~tUeJ~11 

flml11~l~n'U"b,illlf1 tl~N1'l~~111111f1Vi'ill'ltU1 H1'Ufl1111i'U 'l::;'w:h~ml11t~'U nllfl1111lfl~ tI~ 'il::: 

I "I I ".., "y Id Y 1Y d d1 • • "" "V "I" 
'Vl'U11 Vl'il LllffV~flLleJ~f1'U ~Ll'UN~'U U~f1ff1111Hlff:::'\I1V'U l1m'UtHfl1111m~'l:::111N'Vl'U1i'U11 Lfl• 
~~m111'i1'U1'U mtiHf flUfJ11tll'U llJ~~ff1f1t1t'il~tI'Utl~tt~Ll:::-W'U;~11.. . 


""... 1"d d d'3J OJ.d, OJ1lJ~t1 fff1U1Ll1 U ff~~ 11 m 'U fl1111U~f1~1~~1'U f1l'l tULlfJ'UtttlLl~'U eJ ~'VlLl ~ ~1'U '\I1ff::: fflltltl1'U ~1111 Ll~ 
'II .. 

~l1~u~mh~n'U l~tI~ -W'U ;~11 '~ttri f1'lJ6 f1'lJ 15 VilltU lLlf12 ULl::; 'U11~tlf111:::ill05 fltl~'llf11'l 
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lllvt~ 4.5 1l~'V4'l.ri1!'nffl1l1'l{l~1l~'hfl1'l~lUlJf1 ~lJ,r1i'11 1~ mh!i~~tlllJ tlJ "'t.lI~t~tJ1ti'lJ r-I~fl1'l. 
C\. ",e: 91 Q,I Q,I ClI fI r .d Q,I d 
1tfl'l1~l1lJ ff't)~flmNU~~fflJ'Uff'4lJr-I~"'fNfl11lJfflJ'V4lJli'l~1111.:jfl11mmtJ~ fl'Ut1m Y1"'lJl~"'fN 

'lI 

UJ~~ ilr-l~9i't)fl11lJlfl~tJ~ tlJ~11'U't)1i'11 U~~ N~~~fl~11ffl1l1'l{l~~f1~lJl~tlJVillJ't)'H~tJ1illJ• 
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A 

0.0025 

0.0020 

0.0015 

'f 
c 

tn 0.0010 

0.0005 

0.0000 

B 


0.01 

1E-3 

1E-4 

E 
c 

.... 
(f) 1E-5 

1E-6 

r=-~~"~-~RD6---------l 

i --.-- RD15 I 
\_ .... - Khao' Yipun DOA1 ; 
--.-- Khao Dawk Mali 105 
--+-- Phitsanulok 2 

o 50 100 150 200 250 300 

Tlme(s) 

[ .•--RD6I _.•.-RD15 
- ..... - Khao' Yipun DOA 1 

I --,..- KhaoDawk Mali 105 
--+.- Phitsanulok 2 I 

-Linear Fit of Strain (1) \1 

- Linear Fit of Strain (2) 
-Linear Fit of Strain (1) I 
- Linear Fit of Strain (2) I 
-Linear Fit of Strain (1)! 
-Linear Fit of Strain (2) \1 

--Linear Fit of Strain (1) 
- Linear Fit of Strain (2) I 
- Linear Fit of Strain (1) I 
-Linear Fit of Strain 2 

1 E-7 +-,....,...nmr--.-.........,...--,,.........,mnr.............,.,....-.-"TTT1rtnr-..,.....,.,;;;;;::;:~~~~c...::;,.;:;=~ 

1E-3 0.01 0.1 10 100 1000 10000 100000 

Time (5) 

.n1'Vi~ 4.1 LLf1!?1\lm1lJ~~rvrt.uf1:;~~1\lrl'l1mrl~U!mi'UL'Jfl11l'fl\lilnr~l1i~uti fl'IJ6 fl'IJ15 fl1fll 

VI'MW•It''1fl2 Ut"l~ 'Il11~{)fl1J::ii105 A) LLf1£9l\lm1lJ~lJ'v'r'Wfi1:;~~1\lrl'J1lJLrl~f.J!?1nuL'Jt'l1~f1Lnt'lUn~ 

B) LLf1[?l\lf1'J1lJ~lJ'v'r'Wfi1:;~~1\lm1lJLf1~tJ[?ln'UL')t'l1~ loglog f1Ln~ t!?1m~'W~LI.[?l\lLLfl:;L~'W~L;m 

dJ'WL~'WLL'W')LUlJ~f1LnflL'Jfl1LL1n n'Uf1 Lnfl L 'Jfl1~\l [1J1lJ~1 ~'U ~rl,)13,1 L~'fl~'W 0.98 



25 

VlTlH~ 4.1 mY~..:jfl111li'i!'UD.,',J~'J111~1I~'\..lih~Vd'l.:J~'J111b~jtJl?lfi'l.Jb'J~1~~bn~b'J~rlLL1n 
n'l.J~Ln~L'J~1~':) 



26 

I 

_.•. - R06A 
_.•-- R015 

50 

40 

-«I 30 
D.. 
:E-
~ 20 .... 

CIJ 

10 

o 

o 50 100 150 
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Abstract: During the rice processing, the possible situations of rice kernel cracking 
and breakage are commonly occurred and these consequences cause a low marketing 
price. According to this issue, the real-time observation and together with the 
knowledge base of mechanical properties should be essentially helpful in detection of 
these defect observations. The objective of this work was established to study the 
mechanical stress-strain properties of short and long rice kernels in tenns of brown 
rice via our in-house pneumatic system design. From the results, it showed that the 
breaking forces were approximately 33.46 ±12.46 Nand 28.89±15.18 N for 
Phitsanulok 2 and Khao'Yipun DOAI respectively. We also found that stress-strain of 
Phitsanulok 2 were greater than Khao'Yipun DOAL These results tentatively 
indicated the mechanical stress-strains occurred were from the difference of rice 
shapes. Moreover, we could recognize that the characteristics of these various shapes 
significantly followed the scaling law of the relation between strain and time. 
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Abstract: The objectives of this study were to classify the rice varieties with the 
mechanical properties via our Pneumatic Mechanical Tools (PnMT). These 
interesting properties included breaking force, deformation and stress-strain. The rice 
varieties (RD6, RD15, Khao' Yipun DOAl, Phitsanulok 2 and Khao Dawk Mali 105) 
contained moisture content of 20% w.b.. We found that the breaking force, 
deformation, stress-strain and modulus of elasticity were different in both features and 
values. Moreover, the time series data of stress-strain showed the rate of change in 
the difference of the breaking states. These results also indicated that the studied 
mechanical properties could clearly describe the sampling rice varieties. Therefore, 
with our tools, including the techniques as well as the results, the procedure obtained 
can be such a high potential approach that can be used for further developing in the 
quantitative classificatiOlHlf rice varieties. 

References: 

1. Sadeghi, M., Ashtiani Araghi, H., Hemmat, A. Agric. Eng. Int. 12,129-136 
2. Siebenmorgen, T. J., Qin, G. (2005). Trans. ASAE. 48, 223-228. 
3. Reid, J. D., Siebenmorgen, T. J., Mauromoustakos, A. (1998). Cereal Chern. 75, 

738-741. 

4. Szot, B., Ferrero, A., Molenda, M. (1998) Int. Agrophys. 12,227-230. 
5. Gravois, K.A. (1998) Euphytica 101, 151-156. 

Acknowledgements: This work was supported by a grant from Rajamangala 
University ofTechnology Phra Nakhon and by Mahidol University (Faculty of 
Science), the Thailand Research Fund (TRF), and the Commission on Higher 
Education (CHE). 

Keywords: Pneumatic Mechanical Tools, Stress-Strain properties, Breaking forces, 

rice varieties, rice classification 


mailto:quantum2000@yahoo.com


46 

111111I1111I11I1I1111I11II11I~1I1111111ll11 
<"_'_~_"_" __'_""""_'''_''._._"'"~_.__~_~_'''_'''____.'_'''__' .____"__._gpl::9,~~".._,,_..,,_.___: 

Sdenc:e SoOely 01 Thailand tRIer the Royal PIIb onage 01 tis MIljesty the King. faculty of Science, Ch.IIaIongkoIn 

~, Pftya Thai Rd., BangI<dt 10330 


Tei:oes.ol8-313l,02-2527987, 02-2185245 Fax;. 02·2527987 

E-maot: s_Irioo~.com, ~~c.orn,jaksr.n~il.c.om 


Acknowledgement 

The secrecariat COIl1l11iIte1.l of STf37 would like \0 inform )'00 that we have received )'OUt STT37 ~"tioo 
infocmalioo fO(' 10: 0343 and ermail "d~ teetee_05090hotmaB.com 
The ~ COfNllittee of STI37 haw: moeived 

We recieNed Ihe payment lI:: 0 c:w;h 0 bank tramf8led 0 cheque bank 

with amoc.n 1,000.00 baht (ml,nfttU1tlfhu ) 

Vour~paperentililedTHE REAL-TIME ANALYSIS FOR THE MECHANICAL 
PROPERTIES OF RED BEAN GRAINS 
_ ~ from academic subcommittee ofSTT with the re:IUIt 

(;l. p.;mr 

o Oral p:~ (the p:~~ ban be dlecked at !he upIoaded~) 

D 1'IOt~ 

http:1,000.00
http:05090hotmaB.com
http:c.orn,jaksr.n~il.c.om
http:s_Irioo~.com


47 

THE REAL-TIME ANALYSIS FOR THE MECHANICAL PROPERTIES OF 
RED BEAN GRAINS 

Chittapon Sangkarat1
, Chalerm Chaiyawong1

, Kritsana Keawlawiang1
, Sapaya 

Thongpang1 Peerapat Korkeattrakoon1
, Nitipat Eawsakui I, Duongruitai Niconrat2

, 

Wannapong Triampo 345", P'alsan Kanthang'2" 

IDepartment of Electrical Engineering, Faculty of Industrial Education, Rajamangala 
University of Technology Phra Nakhon, Bangkok, 10800 Thailand 
2Rajamangala University ofTechnology Phra Nakhon, Bangkok, 10800 Thailand 
3R&D Group of Biological and Environmental Physics, Department of Physics, 
Faculty of Science, Mahidol University, Bangkok 10400, Thailand 
4ThEP Center, CHE, 328 Si Ayutthaya Road, Bangkok 10400, Thailand, Bangkok, 
10400,Thailand 
5Institute for Innovative Learning, Mahidol University, Nakorn Pathom 73170, 
Thailand 

*e-mail: pk_quantum2000(cYyahoo.com 

Abstract: Data on the physical and mechanical properties of seeds have significantly 
importance for most machinery and process equipment design. These properties 
include breaking force, deformation and stress-strain as well. This study was 
conducted to investigate the real-time mechanical properties of red bean grains via our 
design of the pneumatic mechanical tools (PnMT). The significant data revealed that 
the red bean grains mostly contained with moisture content of 20% w.b .. The average 
length, width and thickness were 6.2, 5.4 and 5.1 mm respectively. The results 
showed that breaking force, deformation and stress-strain were different in both 
features and values in most different applied force directions. In addition, we 
observed there were the relationship between strain and time. This followed the 
significant power law in all different force directions. 
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