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"" 0'IJ 'fI 'fI 1 'IJ 'fI 'U1 

IflHfll~1.ntl flfllll;ib8!~h.!m1J9fl'-:I~'ltlliJ~n~tI'lflm 

(The study of Color Surface of the Laterite soil Adobe by natural Color.) 
, 

..."f 41 ~Q..I
1.1 'Uru't1lU"~TltIl'll8-:1-:11'U'l'iltl., 

" ..• 1'rlfJl ffPl1ul:\~r\'lfl1 'U 11:\fj d~I'U u~ifJ1;htiflli 'U f1l'jfffl~ fl111Jt 1I1fll'Ufl~TIlm1itH ~~fl1'j
u u 

(V '1 Y d Y "" 1 1 ""d (V Y.I.I '1 Y
ff'UUff,..'U t'H 1Jf1l'jfl'UflfU'rlfl 'IJ I:\fJ'rlI'H1Jl~ff1Jn1Jm1~ UI:\'H~fl111JlPlfl~f1l'j'Ufl~1J'j~L'rlff 'U'U l'lHfl~ 

fl~1~1I1~i~alffl1Jl'.ioti''UfllPl'~ 1Jlm'l'h ''111 1I~tfj'Uf1lnh~'Hei\PIUI:\~'lf1fJ l"rffl1Jl'jO \11 'tli~l'IJ~l'IJ 
• 1i) <JJ f" ~ ~ I ~ 0 ~ .. q (VA I ~Q 0' 

PlW'l L\PI flf.ll ~n1H'II11 ~ M'U'UL'YI1'IJ'U ... " ('rf'j~'jl'11\P1l'.iff 'rf'j~'j l'11'rll'UL'U fl~ t 'IJ~1'IJ ff1J\PI1'H1'rlf.llfflPl'j 

U,"~'111~ 1 ff~'Hlfl1J 2531) 

4 Y • 0 d 4 Y (V ?I Y '!'I .J 4 (V 111 0 "" • I 0 "" Y ... ... 111 
L'Ufl~ "l 'IJl~ UlPlt'rll'rlI'H'U 1Jl'U'IJl~'HI:\~fll~t1J'UHlfJ1J C)f~nfJ~ l1JL'fW1J1J'jln{]111J'IJl'U\PI'U'HI:\~ 1'H'U 

. "'. 
i~'tlfifl'IJL1l:\lt1'IJ fl1'j L'rf'jl~1 \PI'U ~'lJLC)fl~ 'Hlfl1if1l'j.yj fl\PIti''IJ n'U ;i'IJ1Jlt Wfl'lf1m·nr~ i'U f1l'jI:\\PI'rlfl'U 

'rf~~J'n lnfflVN'U t'lf'U f1l'j'i!lmfU~1"rt~ V1J~1mfl~fl~iimtu1J'lfl~~'IJ ~Yil'"rJ'lNl'IJ'tlfl~H 
'j1\P11~1 ul?ial'i! l1J~1viifl fll~1I~Yil i"rJ'lN1'IJ '~i;'M fl~l~ifl~'U\K'IJ '~~I:\fldl~' 'j'Hlfl 'lit!'IJ ei~ 
'liijnn~'Uei'U ul:\~1it'lf'U if~1~'lJt~fl~'Ufl~'jffijV1J~1fJ';h flfJln '~li'l'U ~'IJ~'i! 11Jt~V1Jei~n1J~U~ 

4! 1" QI ;t ~ • • d' d (V' Q~'U 'HHWWln 'H~'U~'rf'j111J'U 'j~l:\flnfll:\'IJ 1PI11Jm1~U'H~fll'j1JW Ul:\~ tll:\ 1miJ'IJ'rfI:\~u'H~'fi'j'j1J'1111P1 

i'IJf1l'j~flVffl:\l{)~~m11P1~1PI1{)Uti'1i"rnmm~'IJ~'U li'1'IJ~'U 'IJl~'H~~ ~~1~'IJ'Y1l~N1'U i "rtlI:\1n~'IJ 'tiff 
'" 

'H~~fll '~l\P1{)~l{) t1'Ul~'U1'H19J1"r'H~~flliifll~l'Uf1';h~fl'l'j HI?i,r'IJ~l~'U 'tI''lJm ru~li'l'U 'liijfl'U 

. '" '" fI~ 'HlfI'li '~ijfl'IJ~UI:\C)f~1Jlnf1';h li'l'UViiifl'IJfll~{)fI~U'IJ~ ~~ 'li'flflfJtI'j~ ffUUt:y'Hlih'l'h' '11 1 
"" 0 4 d ~I , Y d 0 i y 0 ,f', Y 1 ..: d.1 "".i 1 

'!Tn flnflfJHm'H'U~~l1J'IJ 'jl 'U'IJl'IJ'rlfl~m{) 1PI'rj1J'rfqnlJ'rf~ 1J 'lJo'IJ'rl~'lJPln"lln C)f~1Jml1J'11'IJ 
<1.1 "" 1 ~I 0 d Y .J I 1 y ~.I ~ <1, ''1 0M(V (V

1Jln n1J'jln{]1J'jl'U'lJl1J'IJ'jfl{)\PI1~1PI1~'rl~'IJ~1J1'U C)f~11n'U \PI{)'j11JHI:\1'rl~1J1:\1n'rl'l'jl n 1J t'111Jt:y'Hl 

imyul?im~m'j i\PI 'Hlntl~fll~fJl'IJli'l'IJ li'1'IJ~1I~'~rum'j~ul:\ Yilfl111Jff~fll\PIlff1JfI "l 11l~lffl:\'l 
'" 'tli'IJm11J1~'lJli'1'IJ ~1:\\PIilfll'Hl1'H cilU'tI '~1Jln ul?i fl111JfiYn fl111Jti''lJtflfJ 'Ufl'l{)flffiJ{)nmm~'IJ

CI IU q q 

Ut:y'H 1t1'IJ '11 it~ Pll1J uflmcil'U fl'l~l~hm.y ~li'1'IJ~ 'IJ 11n'IJ 'h fl'IJ i'IJ1 '11 li Ufln11 li'1'IJ~'IJ 'li 

ff1fJ 1u'jlw 'lili'IJffiJ{) C)ffl1Jqffl ff'liff1fJ~~ijH'lJ1fl\PI~1I~t~1Jffff'IJ,,,rnUf1l'jYilli'1'IJ~'IJ 'Hlfl t);}.. 
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. 
d' .d!t .:::::r..c::::r. Q Q QI 

1.2.2 fff)'l::Ilm~1J1'IJfl1'.iLfn'{)1JIWJ{):!~'IJ~1J~m-i 

1.3 'U8m'Ul>J'U8.:tlA':i.:tnl':ili'o 

'" '" 
1.3.1 -il'IJ1irJlilf-iili~1ff~~'IJ~1J~f)f-i 3 U'I11:l-i 

1.3.2 i~ff'fi'.i'.i1l'lfl~tfl~{)1Jfbfl:!~'U~1J~f)f-i2 'lfU~ fl{) ffmf)fl~-i Ul'l~ffmf)~'UlI{),r{)lI 
'" 1.3.3 fff)'l::I lfl 1111ffl111Hli'IJfl1'.i~~f)~'lJi11~1~1{)~1-iVl~ff{)1J 'IJ'Ul~ 5x5x5 em... 

1.3.4 i~fl:!~'IJ~1J~1{)dl-i 'lJl~ 5x5x5 em. . 
ac::j Q" Q, v .c:I 0 c:$ v 

1.4 ltifll':ilillAUUnT11'ilO UO~i'I'OlUflfllfll':iflIil08.:t/Afl1J'U8\!O 

. '" '" 
~l'.il-i;j 1.1 'Ii'IJ~{)'lJfl1'.iviltU'U-il'IJ ~~~I9i{)1tJil 

cI "" .., 
fltu~fl ~fflff~ '.i fJ~ffll1f)'.i'.ill ll1111V1tnl'lfi 

.:::::r.(V <v '" <v d Q (V
. 

~1'U 1 'iW'.i1llVl~ 'iWI 'I11ffti'.i'.ill'1flIPHl1f)fl '.i -i ,ll{) LVlfll'IJ Il'1fi'.il'lflJ-ifll'll"l'.i::::'Um 

; '" 
, ,r{)lIUl'l~i~111i~9f{)fJtJmw flVitucn 

mill~1{)~1~~'IJ~f)f-i ~-if)1:l11th'l1f1JVI~ff{)1J!i L~fl ~'IJ ~fi'.i~'lf~-iAl'I:'.i~'lJm 
'iJ-i'l11~ m{)tn-i~'IJ~m ~ 

cI "" .., 
fltu::::fl~ffl ff~'.i fJ~ffl'11m '.ill ll1111V1f11l'1f1 

tVlfll'IJ Il'1fi'.il'lfll-ifll'l'W'.i~'lJf1'.i 

5. {){)mL1Jmr~~'.il1:h'IJj:-mll~'IJ~f1f-in1J fltu::::fl~fflff~1fJ~ffl'11m'.ill ll1111V1f1lntl 

'" .
tJ~1I1tu i11Ul'I::::{) {)mt'lJ'lJf11 '.itfl ~{)1J ~htJ~lllW LVlfll'IJ Il'1fi'.il'lfll ~fll'I'W'.i::::'lJf1'.i 

'fJJ (V f d cI .. .., 
6. 11 l'I{) f1{)'IJ ~ 1{)tll~ ~l:1J'YI{){)f1U 'lJ'lJ fltu::::fl~fflff~'.i~~ffTHm'.ill ll'l111V1f1T,W 

tY1'IJNffll LVlfll'IJ Il'1fi'.il'lfll~fll'Il"I'.i::::'lJm 
cI .. .., 

flW::::fI~fflff~'.i~~ffll1m'.ill ll'l111V1t11l'1f1 

LVI Al'IJ Il'1 fi '.i1''.lfll ~ fll'Il"I '.i:::: 'IJ f1'.i 

cI .. ... 
flW::::fllfflff~'.ifJ~ffl'11 m '.ill ll'l111V1f1ll'lfi 

t'Ylfll\.! It'l~dl'lnNflaln:;\'!f1d 
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t'YIfli'IJ il:!a'il')j'lHfll:!'V"j~'lJfl'i 

1o. ~\OlVil'iltJ~l'IJ riltJ'YItl\Oll'Y1fll 'IJ il:!atm~ 
,

u}m.... 'i~I:!~l'IJ 

.. Q OJ 

fl W~fll ffl ff\Ol'i ~ \Olffl "'If)'i'i:U :u 1111'Y1 tJll:! tJ 

t'YIfll'IJ 1I:!a'il')j':U~fll:!""'i~'lJfl'i 

. 
1.S 'I.h~lfJ'If..1nfllA11'i}~'¢(1'U 

1.5.1 '1l1ihi'i'i lJ')j'l~ 111 tl'YI \Ol'tl tl~1~tJ 'hJ~i1\Ol11:1'IJ1ff~tfl~tllJib8! ~'IJ~hJ tl'4 i'mi'~~u1\Ol~tl:u 1:!\Ol 

1Jtyi111I:!tl~tl'IJ 

1.5.2 11:1 'lJtl1'iUli11'i~~~iitl~l1flr1'IJ '1h~ itJ')j'uff~l~ml:Uff:U\OlI:!'Utl~tY~fl:UUI:!~ ~~ln\Ol t1'tllJ 'tI\Ol.. . 
'UtJ~~\Olffl"'If)'i'ilJ lmllOl 'jfl'i'i:U Vil11fiifJ W fll111tli111 ~iJ'IJ~tl'lJ1fl\Ol 

1.5.3 ~1:!~1'IJ1~tJfflm'if:l~-wlJ~1'IJ11'iff1'i1')j'lm'i 
" , 

1.5.4 ~ 1'IJ1~Vi111:l 'lJtl1'im::;~'lJlff'ifl! nll'ij:U')j''lJ11~tl1ffli1 nll'ijlJ')j''IJ '~t1:l'IJ tl~l~~hijtl~'illtl~'IJ 

tI tli'~1m~ ff1i'i 'JlJ 'ln~ 'ill tl~')j' lr1'IJ 'YIi'.... Vl tl'J 'illtl1i'i'i :U')j'l~m 'IJ tl 'J::;1'Y1 ff (~~111\Ol tl ~ lJl-r1111lJl tJ )ffl1J1HI 

Vi 1'11f1rI 'IJ 1\Ol Q~lJ~i1 \OllrI 'IJ ff'IJ ~1 'ij:U ')j''IJri~ tffllJ'J~U lJtff'JfI!n'il~tl~~'IJ tl~H~~a'IJ 
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" 
1I'4'l:1VIPl·m"fl~~H) 'U g -l i1~ ~ -U'U , ~ihff~lfl1in 1I'lf1~:tJ11~i. 'U fl ~m 'i 11"1>3'1 1I1fl111 mA~:::i1~~-U'W ii 

. " 
fl1'ifi~f1'W ffLY-lAm 1:: -Hvhh1 ..rtfl~Nmfftl"fl"l'IJm'rl ~-lU'Wfl1'i1 .jff~lfl1i'i 'i 1I'lf1~hif-h'Um:::'lJ1'W fll'i'Yl1-l 

lTlii~'il:::tlJ'W N~~"fl"l'IJm'rlH~:::~-lln~ l{fl1lmh~-l~'W "flL,j .... ...,
2.1.1 tHllflfl1-3 

1.j111~-l'IJfl-l'lfU~ ~'U'1 , ~Dfl :tJ1fl:tJ1011~ 1tl'lfU~ ,j'i:: 1tl'lfu~ ff1fity'IJfl-lTl~-lflfl '1~111U'If~"u~ flff111 1m'lli,r 
'jJ 1 51 t, 

~~ 'l~1lJ ~ ., <!! ,~ 'l~" ., '1 ~ .,"'''' <!!'1 11'IJ'W1-l1\1~\l111 'If !~VI'WVl1'W m\l fH111tlJ'W'lJfl-l 'lffl'U1I1~\lU~ 'IJ'i1W~1tlfJtlH11l'IJ~VI'il:::~::mm1lflQfl . . " 
Tl1111~fl'W U~::: ~::U~-l1Pl1t:UeHV'W~\I Tl'Wff~tl1 'IJ'i1W 1 ~Tl 1 -lff1111'IJ fll'iil~Nijfl'IJ tI\lff1fity'1 U'lJIPl-lU~'lJ6\1 

• '!Ii , ,. 

,,11 'W 1Pl1 L,j ~'Ug-lVl1'rlVff1l -u~Vi iifi1'IJ 6\1,j'i::tVI rrg\lu,r'hVl fl1'W U'il::: iitTl16\1:um1'W ff~tl1l111111,r 1Viu VI'WTl1\I• 
f , r ,SI 1 

,~ u,,'hfl1'i::fl~ ff1fity'1 'lJfl\l'lf1~11 ~1tl'1 fl~l\1 ~ iiTl1 \I!-irl:tJ1ii"l1'W,j'i :::fl6'IJ Vitn01-ir fl\l~1 OTl1-lU'WV\ltlJ'W Vi 
, 'JI , , 

~fl\lfl1'i'IJfl\l11 mo,j 'i:::!'YIffVit~tl1 H~iliiti~tl\l':ufi,j'i:::tVlfft1'hU'W Vi ffl:tJ1'i tlNii~Tl1\Iff \l6flfl , ~ '1.1 'i::tVlff' Vltl 

i)6tlJ'W,j'i::1Vlff~ff\l66flTl~\I '~llJ'U6'W~'lJ11d\l'IJfl\ll~fl-irfl\l~'illflm1lff\l'ff111fl1'itfl'l:lm 'lJflfl Hi1 Tl~\I fltl 

01\1111tI<H'W 'lfU ~11 d \I ~\ltlJ'W ff1'i~'Ii'IJ rl1tl66fl'illflIPl1U1l~\lTl~\I &L1I~\lTl~\I 'il:::fl1fftltl~~ l11fi \I ,,r~'l~,itl\lTl~\I.. 
~.I .k ~ _ I ~ 1lJ. 11 ~ ~ ~ 4 :,J ~ "',.:,d... IlJ 

U~:: i.'lflJlflC)f-l1l~fl'l:lW::tlJ'UlJlfl~~!'il1:::1'lJ1 tlJ 'W fl-l'IJtI\I~'U !1I1'rl6~~'Ul l~O\l:tJ1tlJ'W tl1111'itW::'IJ'lJtl10TlH 

66fl1l1~lflfl101'U1Pl1Tl~\I~~6~n~11~611ml111Pl1IlJ'Wtf1'i1::iltl\lt1'U 6'W~'i10'il1fl ~\lfI1tl'U tlfl ihl'fl'l:lW::: rill 

mUtl1ffm ~fl\lVlfl\l td6Qfl61fllff'U1'Wl'lhil::U~\lu~:::iiihf1~1~ Tl~\I~t~'IJ '~'il1fl~'W ,,r(ltlfl11 fl~\I~'IJ ~\lii 
ff1'W,j'i::fltl'IJ~ff1t1ty tifl !:ieH'W ;f~\I ff C)f1fl 1Pl1Tl~\I H~::ff1'i~'W '1 ff1'W~'l~llJ'W,jn: 10'lfui.'UVlH 

~~ff111m:illflfl ffTl~\I tI~:::Id'tlTl~\I!:i1ffl111'itlH; ,j'i::: 10'lfU~lflTl~\l1I1fl1l10 1"lf'U "~ff~lflTl~\I"'Ufll'i~tl1I 
~ ~ IlJ ~ "' ... " 'l~ .:, '4 1~ 4 <!! i~ 1~='I'.1 '1N1 tltlll 11111 tlfl1l11'W\lff~1 'lfflH~flU~\I'TlHJ\I 'lftfl:ifl\ll'ifl'W 11ff10\lll1 GIHlJ'Uff1'WlJ'i::fl6'IJ 'W01UN'W 

1 'IJ:i1W!~tl1ml1 hTl'IJ1>3'1fU~ 'Uti fl'il1fliiih "~,j'i:: ltl'lfU~l'W ~~ffl11m'illDfl:tJ1fl:tJ1vViI~V1 "l~~'il:: 
, " "1 ,

1lJ~ "''''!!1''' <!! "1lJ~ .... ,~ "'1'" "''' 'rlnW'W1 n W VI'WlJ~~'IJ'Ufl1'iC)ftl'IJ1tlTlH t~m::'YI1fl'WtltlNfl11\1'IJ11\1 11 H\l1'UN~~fJ~""111m'illTlH 'W 
" . . 

,j'i::tVlff'Vltl ff1'U111 qj1 'i H1'Utml1u~:::Nii~Tl1\lt~~t.wmf\lflflfl~fl1~~N,j'i:::tVlff ~m~f11U 'l 'W ,j:i::iVlff 

'~un 1 H\l1'W fJ~ff1'H fl'i'i1l Ufl::~1'Wfl1'IJfl\lill"~'1',j 1H\l1'U ~~""1'Hfl'i'i1l'il::1'IJCi6fl~\I'il1mfl'l:lmm 
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" I I ' " I... QI. i" itt t y .c1 iI , jlQ JI 11J jla Q .c:S. c:v.a" Q •0 I

fll'j tm.J~fI'j\jl11 ~ 1I~.:Jmf) UI9l~fH1II9llJ 1IVlm1J1::ff1l 19l'U t1lVl'UfJ1It'W~fI'j\jflflI9lWill11''j "'inul" 'H''jfl1l 

"~111~" 

11'41:1 6i1if)fI~.:J1I1u~iU'jlru 'lfl1~'U' '*ffU~.:J~ i~"I1f)i'~fI~~~fl1I~11'H'1I !tl'l~'H'lr~,.hJf)1I1'U1lJf)'h 

d ,000 11 ff1lJ'lf11~lJt~fJlrtfl 1liD,000 11f)11111uA'1',*fI~~tnlJff~lJ"'n i~m~l'~dlf1~~ti1.:Jih!j1~l1t~lJff 
u~.:Jt~lJfJ1Ifi1l il'l,"19l',xun 1IlJ.1:1 6 ~fl1I1Irtfl1.h ~1I1ru ~flfJ111J1if '~ii ~f1~IWm'lfl'lH~ f)flflf)1l1f)fI~.:J'~

~ 

ih1l1''*'lJf./l9lff1'H' m 'j1l~H~ ~thfityflfl ,,*,.hJ1:UlJ 'lfm~l VlTiflJ '11I1l'1~lfI~fI~11f1lJyh ,,x'111~lJ!~1~111 
VllJl11lJ fll'j'~I'lfl'lU~mnlJ~ilfJ1I'~nlJ~1il'lf) 

, I'" f f 

1I1f)~!Vl1~!fl1i'~fli'~flflf) !~ tlf)fli'~li 1~il11f1i'.:J~U 1l1f)fli'.:J~u!'lll~fI.:Jlh1 tJ19l1f) ,,xu,x~ UA'1ff.:Jl~li'j\j~llJ. ., 
Yhl~lJfli'~!~~~fl1l1f)lrlJ~~lh1 tJlh!nlJl'lfl'lU~ f) 

., ., . 
l'lfl'lu~f)ii~f)1:Iru~tnlJ!tHlJU1.:J1ff iiff~H ~ n'Ul9i~u~mirfl.:JI~1I \l'Uii.:Jlhml'lurlt!A'111~ff'llfl~fli'~ 

~unu~~i1iu~l1Vliti1~tJ~tJlJ1J1nul'lfl'lll~mflJ fI~~~U~~~ll~ i~1l1f)fll'jtitl.:JfI~~~1tl~lJ~::f)ffl ff1lJ~~~ 
:untJ::tJ'U1I1nu !'Jj'l'IU ~ f) '~un 19i1U1ll'l.:JfI~~!ll'I ::lff1:l111 l'lfl'lll~f)~ih1f1lff.. ~iiffmirfl~ff1l , lJtJ'j~IVlff1VlfJ 

,1 .:,.... " <II ... _!II " " i"d';" .Q i'" 'JI
fll'jmtl~fI'j\jVll t~ff~~1f) IlJfI.:J1l1f)fffl1'Vt~lJrtlf11fllfffl1lJ1t1 'fllJ 1IVlflH'lfflUC)f~ ~1If) 'fl~mfl VltNf)111 

J 4;'"
2.1.1.1 tTtll'Ufl11Wfl1'nlllftfl1~ 

U1ll'l~fI~.:JlnlJl'Vt itl'Jj'il~'H'rl~ ti1 ~tnlJU1ll'l~liitl~liitllJ ~lJ111 ~~lr'U111nlJ ffl9l , 'll fI~~lJ 'l1~fI~~fllfftl 
.:, 'I"_I.Q!'It :,1 'JI 1iI'JI ..,j ,,,,1 ...... .:, d ...... 

fld U1Il'I.:JflH \l~ !'lf1Jlf)C)f.:JllJlJ~1~~~lJ11l'ltl~1l1f)'fllJ!1I !'Vtfl 'If!l'ItI.:J'Jj'1'flUl'l~'j::U1t1t1NfI'j\jVl1ll'lf)1:Iru:: 
• !II 

miltl1ffmirfl~Vlfl~flfln1ll!1'llJ 1m 1~1\'1I19i1 ,-nfl-rl fI~nlJ ijlJ'flntl\llf)ff'fl~ ~1.:J ~ tl1~mil en ~ illl~1fI11111~ 

tJ'j~ itl'Jj'uilJfllnhfl~~~U(Stich Lac) fI~~!~~ (Seed Lac) fI~~IIHlJ (Button Lac) fll'j11l1tyl~U i'fl'llfl.:J . ., . 
U1ll'l~fli'.:J\l1f) i,jlnlJI9i1VfI'U ~f)t!~ Ul'l~~':mn ~11111:h~u fll'j!~t1~ fli'~l'I~VllJ'!fltlhj~fI~~Ul'l1l1f) il~nm. ~ 
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.. , 
<:I '" 2.1.1.2 fIl'n~tI"fl'H 

~ • .. QI' .Q cS ~ d dQl" QI ~ ~ tQ,I 

fl'H fHl fJH'YI'H)Gjj''UGjj''W~'YI'U.:J c:tf.:Jtil'WffTl'YI'\l'UmfJtltlmllfl~1UllCl.:JflH UllCl.:Jfl'l.:J~~milfJtl~~l11 
.,: ,"d'l'J}J':" '1'J}_I..9 ct", ~ _I ",_1'1": 'J} ~'J}4 : J ~ 
fl.:J 1l'YI tGjj'1ClfJ.:JflH UCl~ t'lf1.l1flc:tf.:JllClflflw~tlJ'Ul.Ilfl~~t~1~t'\l1 1.1 t'Wfl.:J'\Itl.:J~'U L1J1'Wtl~~'Wl1ClfJ.:JllltlJ'W.. .. 
m'YI1'J UCl~,j'UrllfJflt.:Jtltlfl1J1~lflfllfJ1'Ut<i1fli'.:J~ Cltl~nCllt~mienrllt<i1t~'Wtfl'Jl~i:ltl.:Jti'W a'W ~'J lmnflE.:J 

QQI .c:. 4 od" ~ "d dd: ~.Jd "t" 
fl1 fJ'U tl fl llCl flfl W~'U lit'YI 'W fJ 1 ffm" tl.:J'YI tl.:J 111 tl \lflmfllil'W l'U1'\11 11 ~u'\I.:JUCl~ll ff'W 1m" flH'YItfl'U l~ 111 fl 

'J} ,,,.r:::t , ~ Q .d,::4 f .d 0 (V. J.l QI ~ 4' d'l fJ) £fIQ od

~'U 1Jt'JfJfl11flH~'U c:tf.:Jll1:T1'WtI'J~fl~'U'YIfflfltlJ fltl t'Jc:tf'W '\IIlN ff 911fl ~1flH UCl~ff1'jtl'W ., ff1'W'YI t'lftlJ'W 

0'01 4.c:l~ ~ci..
t1'J~1fJ'If'W t'W'YI1.:Jtl~ffl'Y1m'Jllfltl ffflN UCl~L'WtlflH• 

., , 

't'UtI'J~t'YIil' 'YIfJiifl1'H~fJ.:Jflf.:J1J1fl'YI1.:Jfl1flmUtl~tl'W'U'W t'li'U ihtll.:J ~1'l'W 1.h'W Vi'l:l~ lClfl 

t;fJ.:Jlmj 'W~Wl1;$fJ.:J'JlfJ u'W~ "ll'\1.yJfJ t1:l'W~'U Lt,,~1'Wfl1fl1'Yl.wtl~tl'W,h.:J t'li'W nlU'W.:J1'WGjj''J 'Wfl'lff1'JHi' 

.dl .dl QI rI.::'1 " ~ Q,I 111 fJ)od , , 'I " 0 Q.# ~ 
'YI'Wtl.:Jfl1fJ ffflCl'Ufl'l il'Jff~lflfl U"~\I'J'JlltJ tl.l'U~'W 1.I~~'U'U ~~1l'YI'W1tJ.:J1'U'YICllfJU'YI\l mfl1111fflfltyUCl~t'Jll 

~11U'Wfll'J 1:h tfflllfll'J tiftJ\lfli'\ltlriH~l \I ~\l1J1fl~'W ~\I 1I~Vi11M'm;$'Wflu tiftJ.:J fl i'\lt1:l'W m;$'Wtfflll'\ltl\l 

., 
t1'J~ ltJ'If'U1~tlril.:Jff~~1fl 'YI'U'YI1'U 'Wtlfl1l1flilJ\l1,*1'U~~ffl'Y1m'Jll~1.:J" 1J1fl1J1tJ mii ffNff1Jtl1'Yll'J 1,*,1:I'U 

~'W1'W1'Ufll'JViltltlmw t'li'U ff1'Y1 hJ~l 't'*VilU"fllfltl{ ff'YI1'JtW'W1Oi' ff'YI1'~'U tl~ffl'11m'JlltJl;r~'Jtl.:JL""'l Vil 

'II 'JJ 'JJ "iI I 

'1l1tJl;r~lt,n 'Ill11'U,j~.w'U 1,*1'Wtl~ffl'Y1mnJ m~fllfl 'I1;jflTill~ti'U'Ill 'Ill11'U tflltl\llitl1~m~,il~ Lfl~tl'U 

m'~fl1fl~tl'Un'lffiwcn Vilfll1UN'W 'W'J1JJll1'W '\I~\llri'UL~fl1fl~tl\ltl'J~~'U UCl~~~ff1'Ylm'Jllufl:;ff"'fl~l\1'1 

.. '"
, 

2.1.1.3 N~N~\!lfl'l" 

flt,,~'U (Stick Lac) ~~11:1'Wfl i'\I~W1itJ\lUfl:; 'YIltl'\lfltltlfl~lfl~\I Lli';J'W Lli'~',*1itJ.:Jfli'.:J1'YI~tlu~nitl 
OJ • 

fli'\I ~~ii1~Qt~tltl'Wtld'YImtJ~dH 1'li'U oM'W fffli'\I ~~\I 911fl'\l~.:Jmjfli'\I~~ltJ ~\I'YIlmtl~tlfl 
'li' 11:1'W~'W 

flr"nj~ (Seed Lac) t~'U fli'\I~'U~'Ill1J1 LWflE\lt~tltl'W m)fllflfJfll'J~l'11ltl'U~fli'\I~'U1M'U~fl 
tltlflt1:l'W Iltl'UlWl'U '1 '11 "'.:J 11 1 m!'W'Il1 't1~tl'WN1'W~'J~UflN UCl:;'Illtmfli'\I~1;ttlaNJl 11~ lfi'fli'\liYLtfl\l ~\I 
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111 'JJ .;.. .dd 1 ... 1 " dol "I 'JJ ~ 4; ~,.. ~ Q

'flfltl~U1fl1 'il~ ~'flflH'VIllfl111l'ti'U u':i~1l1W )"tltlfl~ 8-13 mY11l1Hl'il1'11U1t1 t'fl (flH'flU 100 fl tflmll 'il~Nfl'fl 

fl~.:Jl~'fli~ 80 nlflfli'll) 

~ .;,.,. 0 .:, "" .;, ~ 'I" " Q"'I 'J!
&'ti'imilft (Shellac) llJUflH'VIU11l1'il1flflH'flUUfl~flHlll'fl U':iHI tUfJ.:JN1 t'l1fl111l"HIU Ufl~U'flmN1 

, "I Ji f I 

'1 'JJ I ".ct 4 I Ci Y. GJ ila GI I .dol cv GJ41 .c!l .. ~.dl I 

'11 UU Ul'U11':iVtI '11U VflH'il~flVtI '1 CJfllVVfl'il1flQ.:JH1 t")$1l'fl'l1':iV1ff~U1'fllU Vfl H'VICJfllVVfl1l1 t ffUU.f11'ti'U~ 
f SI" f jJ " SI., 

l1i.:J~1t1fl111l~tlU 'il1fl iV'tJ1 'il~'lhtl' 'lflUVfli' {lU Uiifl11mltlUIPl1 '11 ti'{I'il1flUuihlUVfli'{ll1 '~1l1'Vi1f11':iti'fl 
~, '1 .,..:,..,,, '''.1' '"Q~''' ~.1 Q .. , .;,

llJUUNUUl{l '1 U'UW~'VIflHtI.:J':iVUtl~W:l1Ufltltl 'I1WU 'il{l'l1flVVmlJU'ti'Ulflfl '11':itlfl11 "1")$flUflfl" (flH 

~U,j':i~1l1W 100 n1flfli'1l 'I1~Vfl~{ll~'fl,jn:1l1W 85 fl1flfli'll'1~vhl")$fllWfl i~ 65 nlnfli'll) 

fl~,'ulfiu (Button Lac) 'I1~V "fl~.:Jm~~ll" 1~Ufl~{I~il11l1'11flV~H)tlflVi11r1uu~Uflnllti'fl1:lW~flt\'1t1 
m~'flll iirtfu~lffU6fln1.:J,j':i~1l1iU 3 ii1 Ufl~'I1U1,j':i~1l1Wlff1:l'l1ii{lff1U~ii1 fl~{lu~uii1nVi1flt\'1t1

• OJ 

tiUt")$flUnfl U~~l{1tiU~lrttlVi1f11':i~1t1fl~{I~'I1fltlllfl~mtl~Ut\'1 'l~mgfl1j1t1fl~.:J~.:Jfhti'.:JftlU '1 V~ 'I1t1V'fln.:J 

''LI I Q " ... .,. "'::11 '''~''.,.'' .1~"'1"Q~"':' ,'''tuUUHNUmnfl'l1U11':itlU'VIff~Vl'flUfl~'U'flluUt.:J1 '11 t'fl'UU1'fl'VI'fltl.:Jfl1) 'VI.:J n 'I1WU 'iI~ t'flflHUNU'VJ 

~V.:Jf11':i 

I 
I ..., 

2.1.1.4 m1i1'.:Itltltlft1.:1 

NflN~'flfl~.:J~iif11)'ff.:J~Wm~Ufl~.:J~U fl~.:J~Uiif11)'u,j':i':i,jt1~jUfl~.:Jl~'flUfl~U'ti'nWfl i ,j,j':i ~t'VJff~l.:J.. 
QlJ <v <v.c::::t. Q Q rI riC! <v 

'1'1uiI 2549 'fl.:JU ff'l1':i1")$VliU1'ilmVl'l1':iUV1l1n'fl VVffl'fl':itfltl UflUWI1 ff1ff!CJftlmnUfl 'ilU Wtl),llU 

1'flU1l1{fl fllfl ffl,jU lvi1miltl r-J~.:Jlffff ~v.:Jm 3.:Jf111 {iu1fliltCiiti Vff':i11Vn VU1~tI V'fl1a 'il1illfl1 ~~U 
tf11'11a fl11 fflti'.:Jf11 'tn;, 1l1mlCiiti 'U~!ltl tUlliV{unUl1 VJ~,jtlUff ,j1f1ffmU CJf1V~m':i1!iiti ff.:Jfl1,j{• 
i~'I11U t1t1'flU11l WUllU un~iyJ~f11i~ ':i11l1rlUl~U 899,209,547 'U1'V1 1'fltlff.:)tlVfl,j':i~1'VJffijUt~tl107 t\'lU 

Ul'VJ un~,j':i~l'VJff~~U 104 t\'lU'U1'VJ 1l1flq'fl'fl11Jthl9l'U 1fltlii,j~1l1iU fl~.:J~U(Stich Lac) ~lU1U 370,440 
QI ~ d a QI c:, I 0 QI 

'flU flHlll'fl (Seed Lac) 'il1U1U 5,181210 'flU flHtlNU (Button Lac) 'il1U1U382,300 'flU 

I

'" <V2.1.1.S ifty'Hlm1Ui:lfltlH 

':i1fl1fl~.:J~'Uil2551 nhfli'1Jn~ 20-25 Ul'VJ 'il1flil~ut\'1':i1fl140-60 'U1'VJiflfl. f11':i'1~,j':i~1t1")$'11''1Uf11':i 

i~'U'il1fl fl~.:Jil11l1&fliiv'Ufj'flV1QffU1l1!f11:l'fl':iNn'~~ritlU i 'I11~1t1 '1'Ifv~i~u 11.,1 '1 ~'VJ'flU'VJUf11':i i~~n1ff~fl 
1l1!fliiv'U")$tlfl1mm'fl Un~f11 ':iffti'fli'h1flfl~.:J1l1~V1J1f1 i'l1llun~'I1U{I Un~f11':i '1~.fJiilltyty1Y(V.:JgU i Uf11), '1 ~ 

fl~':) ti'Ul~V.:J':i11 i U;f1'fl,j ':i~ ~11U fln '1 ~fl f .:JlrlUIPl1ii.:J'UVfltl111J,jntlflfitl'1u flU '1 ~fI'l'nflii un~f11':ilvl1J 
'I1ti'fltl'fl':iNfltl'U':i1Jf11':i '1~,j':i ~ 1t1")$'11''il1flflf-!l 
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..,. 4 
2.1.2 U'fl111.Jillfl'W'IS 

ill. • 

iYf11111'H1UiY'lllL~'W L~lItrl'W iY'fl'b'11-u'1'W1'W u~l91uet:::i1'il~li'W uVlIuet::ih;'b''W l.:J'b'U\91Vh11l11'.i'll1l11 

, ...~" 0 '" '1"'1" 'I 0 '" ,
N1'W m::ll1'W fll '.i 'il1fUllllJtyty1'b'11'Ul'W ff111l11'.i\l'W 1ffll1 ~ 'b' tU fll'.iVVlItm::: P-lffll ~'Wfll'.i'Yl1ffI911.:J<1'J 

2.1.2.1 A'l.!1181.J 

~ a ... .k.:l 0 'I " cit '" .., J! "-'J!
L1J 'W '¥4 'b''b''W \91 'H 'W.:i ff ff1111'.i \I'W

0 

1111'Yl1 ~ 'H11J 'W ff1'.i fffl '.i 111ff1 'H '.i lltJV 11 N1 t.,1 

Baphicacanthus 1.:Jff ACANTHACEAE 'b'U~ cusia Brem ii~m1t1nUl91n~1.:Jn'WU~et:::~U.:i~'WL'lf'W ~1'U 

L1Vn fl'.i111 mj~u.:iffu'Wilvnf11111\91Ufj 'l.i1'WL1Vn,rUlI!i1u.:J ,rVlI'Het1.:J t;$v.:Jimj t;$tI.:i'.i1V U'¥4-i thU1.:i L1Vn 
ill. •" "., ~ -.", 0" <IV 'I cit i '" '" .,,, _I '" 'I .,", ... " 'HU1/'WutletnlJw::t1J'W tll'Vjll Ct1191'W191.:jI91HlIn.:Jfll'Wff1't11 !l1L1J'W 1l1~V1L'.ifj.:jI91Hn'W'tI11/llJ1.:j'.i 'tIVll ~l1'Htln 

!~'WW'WL~VVet:: tVtI\91 ~vn uv m~'W'lfV~ 'b'unillii191 vn ~U tI'H Ct1V~ un n~l1 \91 UniYl.i1.:JL~tlll~\91 n'WL~ 'W 'H ettl \91 

1~.:i.:jtlL~n~uv th~'Wff.:JU'.i::lI1W50-1 00 LC)f'W~LlIl91'.i 'tIfJ1fj..;'W1i~1vth~'W'll11111Jf)'l'h H'.i1n'il::.:Jvnll~nw,ru
.. q 

'jJ ,~ .d t dOli] .d: eS i 'jJ d ~ "0 d : 4 i'" .4 4
'HVlI'b'tllltlV ~ 'W 'Yl'.i lIW'W U\91 ~11 t1 1I'W 1C)f1lI91etV,U1et1 11'Htlllff1111'.i\l!fill111 ~ 'b''Yl1ff'W 1t.:J'W \91I91VL'WV.:ill1tl.. 

f i/d4 d~'oQ.t ~ t .J! oJ!ld ~'jJ"~ td Q.tt4.
V1.:JI'tI1t1'Yl2 '.i::V::'tItl.:j fll'.i!fill tll'il1n~UCt1UI91 'il::Vtlnu'tl'W.:J'Jl'1'H '.iV l'.i 1 tll'H UlIl91'W !'Hty 1I111n'il::I91\91'Yl.:jn.:J 

""" '" i"i cit .,,, "" ,f '" ..s ':':'Ii........ d " • .,,,IUet::i 11111i 'b' \I1191'Wtetn 'b' llt1J'W'Hetn 'Htlllll'.inW'W'il::1IV1~m8-9lJ 'W'iJ.:j'H1~U'W'.i'¥411'Y1'U1'WU1/Ct1 'Ul'W'W1 

191 V.:j~.:Jtrl'Wif'W ~iifl1111~1I1g'W l1'Wif'W ~i;!.:J !t~V.:J'tI1tlfll'.i i~fll'.ii 'W fll'.iU ~mvlm'l~1911~.:jlPn'il,~ 

2.1.2.2 A'l.!fl111.J 

t~'Wtmri.:JiYfl111/ti1111'b'1~ !~'W-n'b'ffflet Indigofera 1.:Jff PAPILIONACEAE 'b'U~ tinctoria Linn. ii 

~m1t1n~1,u..;h "f11111" u"::t1t1mLl91n~1.:jU~et::g'W !'If'Wm::m~v.:jul.i~tl.:JffU'Wt1Vn 'WVtltl 'W::tlU t;$fj.:ji'Hl.i 

!1Vnf11111~mJ (elliptic a Roxb) f111111'tll f11111't1'W(hirsute Linn, local Craib) fl'.i111t11(sootepensis Craib) 

t1nl:lW::~1 'UL~'W-n'b'I91'.i ::net~1't1'W l\91~VlI ih~'Wff.:jU'.i::lI1W 1 00-160 tC)f'W~tllm Ul91n~.:jf{l'W ff1't11t~'W.wll 
.... q 

U'.i::nmJ~1Vn~l1tltln 4 n~l1 !fiff1~1~ 10 V'W !m11~1tiiV 1 rj'W tll~~'tItl.:Jfl'.i11/iit1nlJW::L'H~VlIritl'W,r1.:j 
'" i ~ "'1 a 'I "_1"" '" d ,% -. ".:li d.:ln"1/ 'tI'W1~!etn 'b' !l1umm1'W tll't1tl.:jf11111V1~ 3 L~tl'W'il:: mlJ'.ill1Wfffl'.i111l11n'Yl~\91 m111't1'W !\91~ 'W'Yl1l 

• ..s .k _I '1 a ..s "" '" -'_1.: lIJ " a 
Uff.:jU~~ff'f.).:Jm C)f.:J'il::lJ~n 'W!~tl'W'¥4q'l:lfllflll \I.:J lIQ'W1t1'W Uet::ff1111'.i\l!fill !lJ'Yll'W1fl'.i111 !tl'.i11L~'f.)'W 

'Wqf1~fllV'WU'H ri .:Jfl'.i111~' 'H tYtl~' 'WfllflVff1'W i 'WtllLflVV1fllf1ih'W 1t1 i.:j'H 1~ ffnet 'Wf11~Vi 1ff1'.i~UlI iYfl'.i 11/ 

~l'Htl1t1~1U'.i~ !'YlffLICt ::fl1Lfl Vff111~111 i.:J'H 1tl-W~191 '.i~.:JL~'W'b'1/ 'b''W et11fl~.:J ff1'W~fll'lJ'vi.:jU.:j Uet n i ~u~,l.i. '... 
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. ~ ~ 

~hUtJ1f11ff uft"nJcimJ' 'tf19l::fltJ'ifU tJ'IJ fi''IJ ~~U£Jflff1'IJViL~'IJ,htJtJfl 'iI~ '~lU tJm111tij'IJ 19l~fl tJ'IJ'li''lJL'I,d'1£J1 

1'I11jtJ'IJ ttl,,'IJ 1'd'tJtl'S111~ '~ff111n(u~1J t n~t~l~'lJilt\9lm~1JH,'IJ'H~tJ~'IJ~ihf1~1~'Hci mi£J~ ':J,M'l'd'tJ 

~ ~. 
f11'S ~tl1liltl'S1111i'S 'S 11 'lf1~;,j'IJ 'VI1J 'j,iJfl1'S ~tJ1I'~'iI1flfl'lf'H "l£J'lfi!\9l ufiVi'VI1J''IJ li 'S~L'I'1ff' '1'1 £I 'I!'IJ iJtJ~ 

. .
~ 
,,9J .c::t.c::t QI I tJJ .4" " 0 4 dtq" Q,.I 0

f11'j £JtJ1I~1'fl 'j111't'H'Wflfl'IJ11 "f11'j£JtJ1Im111" 'H'Stl "'H1ItJ'HtJ1I" 'iI~'lJ1t'IJ tJ'fl'S 111'1'1 !\9l 'il1flf11 'j 'H1Ifl 111'1'11 

f11'j ~tJ 11~1 £I ff m 1 ~~ lij'IJ ~1~ 1\9l £I fl1'j ~ff1lfi1J ff1'IJ li 'S::fltl1JfiH'1111 fl1l1£J19l111tll9l'j'H ~tl1n f11 'S 'IJ tJ~ufi,,~ 

'J/ ",,, 

11ft'1V1~'~'il'IJ ff1'IJ~ff1lfi1~'1;11'M'1 UtJtl 'j 111llii'i fJ'IJ 'il1fl iYm11111l1~'IJ fl"1 m ~'IJ ilt'H ~tl~tl1l1'; £11 ~~1l1~1'H~tJ 

!p "'0 !p: Po ,91': gI gI, 91 0.1 ,!glldi 
~l1fJ'I'1'1'1l'fl1111ff~tl1\9l11l:11'lI1J'lJl'V1tJ'H1I1\9l "~tltJ1I 'Hl'IJtJtl'S1111'IJ11f11::1ff'IJ tl U"1'il~'lJ1'IJ'lJm::~fl1'l1 \9l'IJ 

... ." 

2.2 ~'U9fl"i.:a 

~'IJ \lfll~1~'lJ1ff~~iJ'l'Jflfl1'fl'IJtl~li'S~ l'1'1fft 'I'1£JU"::1~'lJ1ff~~ iJtl1111ff111n til 'IJ fln l1Jfhn~,~~ 
o 11) .Ii 91'1 £'> .... £'> 11) gI

lm::'lJl ~11 'If !'IJ~l'IJtl~\9l'IJ\9l1J ~\9l 

~ (VQ Q,I oCl'l Q " ..::!I.491.ck4l:l Cl ~ 
\9l'\..! "m ~ 1f1\9l'il1fl f11'j ~'VI~'lJtl~'H'IJ t'IJ fff11'V1fl1l tJ1f11ff'S tJ'IJ'H 'S tJ fl~ 'S tJ'IJ C}f ~1ItlW 'H fl1lU"~tl1111'1f'IJ ff~ 

IV q cu q qJ IV 

11m: 'ill fl flnfff1'.l:l1 f11'S ~~~lm~f11'S In\9lilu\9l~'lJtl~'I1'IJ l'IJli'j~l 'I'1ffff'H l!m1l~f11'IJtl~ Russel (1889) 'VI1J':h 

Q.d ~ 4~ ~ I (V I Qd d A .d: dI Q 

'QW'H fJ 11 'I'1tl1J 'Q 'IJ U "::tl1111 'If'\..! tl~ 11 tl'l'11i 'VI "l9ltlf11'j ~'VI ~'lJm 'H 'IJ 1I1flfl1l'QW'H fJ 11 'I'1W'IJ U"::'fl1111'1f'\..! 'I'119l1C}f ~ 

11) l!'<l gI d '" I ... co gI '" "''''' !p
Bawa (1957) !\9l t'H'fl11111'11'IJ19l Hfl'IJ11 m~1J1'IJ f11'jfl\9l1C}f1~'I'11~1'fl1l'il~'If~"1~tm~'VI\9l'VI1ttl1C}f"rn (Si0 )

2
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. 
d f ltJ" Q.I d 4 a 

~ 
• ~f 

!'HJfl11" mtl.lTUfI1'J Laterization " Holland (1903) l~ff'\.!l.IfflfU11V1fJflfHfJllm'ltfl1111'l1'\.!~~ lfHI ~'\.! 

o 0 Q.I cuQ d QI ~ dQ G)" 0 t i "" 
fl1~1f1~fl11111P11lJf]Wfflll.llPlfl1'HL'IJ~1PI1 Buchanan (1807) llJ'\.!fl'\.!umVl'JlI ~ 'I1fl111 "Laterite" '\.!f1Ut}1i'lJ1fl 

• 1/'. , 

~'\.!f1iHYmgMt1'\.!U1mClt{1t}~~1f1ti!d!lfgm~'\.!(;h'\.!t1'J~m)l.Ii'\.!vlPI'j1fh'\.!f1ff~tii:imIW~l~'\.!'Jl'f'j'\.!'1iti
OJ .. • 

" ..
fI1'JUti~~1l~'\.!i'\.!c-r ltClttilfl Hff~1~11:l'\.!U1J1J Vesicular ci1\1l'fl.l '1'\.!ij'\.!l~fl ci1~~'\.!Clfli'\I!~'\.!NCl N~IPI~1flfl1'J N 

OJ • 

c:vd: I dQ.l r daQ.lQlQl " • Q-=:r.~
VI'\.! VI AtIPI ~~At'IJ~1PI1t}fl1~ ';j 1~ ln&lI t} ffll Nfffll.l t}1 fI1ffHl:l~~~1P11'\.! Vl1'\.! fI1 'j Nm t} '\.! ~1f1fffl1l'fftll t}1 fI1ff ~'\.! '\.! ~~ 

• 'II 

o i" "QG) ,,, Q.I~4:Sd Q Qdf .c21d QI tI 
\]f1'\.! 1111 'I1UVI'\.! f1t}'\.!t}j !'\.!fI1'J f1t}ff'J1~t}1fl1';j~~'\.!'\.! ~\lt';jflfl~'\.!'11'\.!~'\.!11 Laterite 9f\lll';j1flffl'fVl1l1~1flfl11:l1 
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.Q dd .A d b] tI d .Q Q ~ 111 ~ " 
1i'j'nJ<Jfl~'il~lJfI'UY"l~1'U6~'illnlJ66n LIl}fY"l'U6~1'H'tlnU'tl~6~lJ''UtllJ 'illn'U'U Bauer (1898) !Y"I L'Hfl11lJ'HlJltl 

'U6~~'U 'tln;~11'HlJltlil~1f1'<Pl~ nfl'l'j1.h~ n611'U6~~i1/11u'tl~'JJllJlw'U6~6'tlihiltllJ1'U 'j'JJ'U6~ , ~~'j6n1Il}f~1'(~ <u·4 qJ qJ "cU 

, JI I 'JI I 

lij6t';;tll1til1'JJllJlW'U6~ bauxite "illnU'U Fennor (191 1) '~rr\illl'Ulf1l'jtlt1n;r6~n;~~llJ1i19.l~'U!1'U';; 
• >I • 

'JJ'j ~n611 t 'U ~n;~~~nfl11lJ fflJrr'U;til1'JJllJ1W'U6~~i1nl1i19.l~'U!1'U ';;'JJ'j~ n6111'U ~n;~ '~tlti "l'Hgn, 

6~'tlij!iltllJ, L'¥l!'¥ltiltllJ U'tl~UlJ~f11ilfl' ''U!1m~6lJl Lacroix (1913) '~~lu'Un<JfilY"l'U6~'tln;~~llJ'JJllJlW
~ ~ 

'U6~ '~~'j6n '91~~I~'Ud1'U'JJ'j~n611 '~Hti 

1. True laterite nL~Y"I'j6nL91~!n'Ud1'U1.h~n6'UlJlnn11~6t1'tl~ 90 

2. Silicate laterite nL~Y"I'j6n '1l}f~!n'Ud1'U1h~n611~6t1'tl~ 50-90 

3. Laterite Clay n'~Y"I'j6n'91~!n'Ud1'U'JJ'j~n611~6t1'tl~ 10-50 

~6lJl Martin U'tl~ Doyne (1927, 1930) '~~lu'Un Laterite 66m~'U 31.h~!.fl'¥l ~llJ6~'jld1'U'U6~~iMl~6 
SI 

6~~iiulJ (Si02 / AlP3 ) ,j~il True Laterite ih1~'jl (Si02 / AIP3 ) U6t1n11 1.33 Sillicate Laterite il6~'jl 

(Si02 / AIP3 ) 'j:::wh~ 1.33 - 2.00 !!'tl::: Non-Lateritic Soil n6~'jl (Si02 / Alp} ) lJlnn11 2.00 

fh~ltiY"lfl11lJ'¥lHMorphology Alexander U'tl~ Cady (1962)'~'j111'j1lJ~1'Ul<ijtl'¥l1~~1'U Morphology 

- Laterite 'H16~n;~ 'HlJltlil~~'U~ln~'illnm:::111'Uf1l'jVil'tlltll'U6~'jl~6'U'tll~fJ:~il secondary 

oxide 'U6~mgn !m:::/'H166~ij,iltllJl'U,jllJlwfJ:~ 1Y"1t1'JJ'jlff'illnfl11lJ!1'J'U~1~!!'tl:::Primary silicate ''U 
>I • • 

1Jl~f1;~61'iln"1f116'¥lCJfU'tl:::fl116i1L'Uvlt'U'JJllJ1WfI'~U'tldjflw fl'lJllii';;u~~i1!ij 6 m :::'¥ll161f1lff 
~ . 

laterite gravel f'.IfI'lJ6~ 

fl11lJU~~ 'il:::Ufl'Y"I~f1WfI'lJ,j~'U6~i1'UlJlnn11~'U !'If'U M'U;rmU'tl~ ,i:!'U9l'U
q 

- Phinthite !1'J'Ul,jUl1l1'H~~'U6~i1'U~n;~~fI'llJ1HliY"l~1mfl~6~iY"l1'tl'H~'~ t'U'UW:::~6~t9l~'U 
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<!I .... 1 p... c:I .k 5It c:I c:I... c:I ,
- Laterite gravel 'I1'HJm1\91~flH u'j~fltltl'l'l1lJ1ff'lllJ\9I'I1tmJ IllHUUUllJ\9IllIfl"1lJfl111H1"1glU~fl\9lN 

nu tIl.:j~m'iJ'iJ:::U\9l1fl1~nulr1UlJ1C1~t1ui'\1t;Y 'I1~t1m'iJflitlu'iJUflCllmrlu silty !1C1:::/'I1~t1 clayey lateritic 

soil 

. ~ ~ 

flW fflJ,j~il 'iJ~ 'l.Imrtlriffm'YH~ll O.:jll,r,I:i' t1fldllJ.f1U flfl 
~ 

~ ~ ='t I .. I dd 0 GIQI

- Sesquioxide 'I11l1f1t:l.:j AlP3 Fep3 HCI~ Ti02 ll1I.:jlt1Uff1Uu'j:::fltltl'VI1.:jlfllJ'VIfflflfY"IJtI.:j~flH 

fh~ln\9lfl111l~llJflWfflJ,j~1:1Ulf!'1m'jlJ SOIL AND PAVEMENT CONSULTANT (1968) l~lJiM' 
~ 

fI11lJ'I11l1fl' ~~.:jil 

5It """... ...: c:Ij c:I c:I <!I c:Ij " .k p ,!
tUU\9IU Ut1[J1l1fl Clfl'ilW~"IJtI.:j Lateritc m'iJ'iJ~lJ'VI.:jlUUllJ\9IllIfl"1 'I1'jtllUU fltlU flClll"1 ll1I.:jtltlUflCllJ'W1flU 'iJ~ 

.1 jj III" ..; c:I ... " ,
u'j~fltltl'l'11C1U),1l1 ~'VI'VI (Haematite) 'VIH"IJ.:j~1~lJtI~'jtltl"1 

5It ""... ";.1 " III" 'III '.1 " ..; c:I2. Laterite Soils tUU\9IUffU\9l.:j'VIu'j~fltltlmmeJ1l1 ~'VI'VI (Hacmatote) 11\91 ~llu'j~fltltl\9l1[J Laterite 'VIH"IJ.:j 

SRIBOONLUE AND ANURAJ (1972) 'l:iM'j>h~ln\9lfl111l~.:jil 
~ 

~I.... c:I"; ... ~I".I "c:I '" ... ... III" c:Ij-Laterite luU1ff'lU"IJ.:j'VItfl1~flUIUUfltlU u'j~fltltl\9l1m'l1f1fltlflfl ll1I\9IlIfI~t1~1l1U[Jlltltlfl !1l1I\9IllJU . .~ 

'\1"'flllll:::il.:ju'j~fltltlI:1[J9fillfl\9lIIll:::Ull.:jfl1ilff iUU~lJ1W~U~flI1lNnU 'j11l'l1.:jijtlflfl '1l1I~~1VU"11:1C11111l 

. ~ ~ 

-Lateritic Soils lr1u~uvhn\9l'j11lntl Lateritc iWju~ul~C11nU ~Uil'iJ~'l.I'I:U'j:::fltltl'UI:1C1 

KRINITZSKY tlll~flW~ (1976) 'jl[J.:jlU'~';hiui:l'iJ~,ju thh Frruginous and/or Auminous Custs or 

Hrdpans , Pinthite Frrallitic Sils , Kolisoils , Ltosols , Frricrete , lonstone Frruginous Sils and Frriols ij 
• Iii" 

fl11lJ'I1lJlf1fl~1.:j"1 l'lfU !~fl1ntlfh 'h Latrite IlCl~il.:j'~M'fh~ In\9lfl11 lJ"IJfl.:jf'h vhiifl1,rtl.:jil H~.:jil 

- Laterite 'I11l1C1ii.:j ~u~iH'hl\9l.:jl,rlJ-tiflU ll~fl~l.:jnu ijV~'jlfl1'jfffll[J~1iU1inlJ"lfl~ff'l ihiM'ij 
~ 

• I'" c:I III" "" ... 11\'" ..." i "'11\ " ,"u'jlllwmflflflflfl ~Il1I~HIlI:::fl~lJIUCllJtltlfl tll1l\9lff~fflltl~lJlfl Ufl~t11'iJ'iJ~lJfI1t1'VIIl11Ufl~fll flfl ~U'VItI~\9I1[J 

- Laterite Soils I~U~U iTll\9l'l~U'j~fltltlI:1f1 m~flfltlfl '1l1I~ Ufl~t1C1iJlilCllJtlflfl 'll1I~ff~fflltltlt~u 
~ ~ 

o c:I ... 1I\"..i...... .1 .1
'iJ1U1Ulllfl ffllJnt:l!1"IJ'I~1 !\9I11lflm~'VItlfltltl1fl1f!'!1f1~m'iJ'iJ~1l Laterite Rock or Lateritic Gravel u~uU 
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~ . 
Laterite Rock or Lateritic GraveIU~'1.hJV~~10 ~'U'lfij~ij"'Jir'1.rhtrJ'U Lateritic l~o'¥h 1ut~on';h Tropical 

Red Soils or Krasnozems or Latosols 

d .c:i d QI d d d d d 1 .:, 1. 1 ""... 
- Lateritic Rock ttl'U Laterite "H'tJ-!I~11~:JJ" :JJfl11:JJI'M'U01U'CI~II'tJ-!I ~O"1 lJ'il~U'l:\'~-!lfJW'l:\':JJ'1.J~ 

trJ'Ulf'U~ijfl11:JJfI~"'U:JJlnn11~'U 

- Plinthite trJ'UlUIt1J'1.JI~'Wl~'tJV~ Lateritic Rock 'l:\'fl1'W~l:JJtin:JJ'lfl~ ijfl11:JJ~V'U19i1t-nI:J~'WV~'il:; 

.1 9J... d • ~ "'.... ?t d d .. 
- Lateritic Rock lJl~nV'1.J~11:J1'1:\''fJI:JJ~111:J1U (Coarse-gramed) C)$-!I:JJ'CImHU~IIJ'Ut:JJ~I'CIn"l :JJfl11:JJ 

~ 

u~~u~n~h~n'U U~'1.Jl-!1f1f-!lm'ilfj~lm~n'UlrJ'U:JJ1'C1ti'V'U'l11\ll11~VV1'i1'i1:;i1'U'il'Un'Cl1OtrJ'U sity and / or 

Clayey Lateritic Soil 

1inn~ ~'U 1nHjn..1 (2528) mhTh~'U~nf~lrJ'W~'U~ijfJw~n'hlw~Vitff'hlfiv fJW'l:\':JJU~'O~hJfI~~H~'iI~ 

IU~O'U UU'CI-!lm:JJU~:JJ1Wfl11:JJ~'W 'l'W~'W U'CI~'I:\'fl1'WU1~~V:JJ ml"~'I:\'V'1.JfJW 'I:\':JJu~d~v 'l'l1''I:\'l:JJ1Hl'ih:JJ1 

IU~ I:JUlfil:JU n'U 1~'iI~~V-!l"~'I:\'lJ'1.J 'l 'W 'l:\'fl11:;ml"~lW~~i m5tiil:J~n'U;-!I '0:; 1~H'CI"~'CIV~lJvn:JJ1trl'U1 u'l'U 

'" ... 
U'U1"Nt~1:J1n'U 

~ 

'Olnm~'1.J1'Umllft~~nf-!l (Laterization) 1;h'U'll1\llI~'U~'UffH~.:.! tll~l'C1l1~lJl'M~V-!l iJn'W'1.Jt~~~nf~u'CI~ 
d .1 I 

t:JJ~m1~H'I:\':JJlJ'U lJ~ 

m~'1.J1'Unl1tft~~'U~nf-!lH,j-!lmltft~Vvmrl'U'I:\'V-!l'li1~filJ 

1. m~'1.J1'Wmllft~~'W~nf.:.! Primary Minerals 'l'U~'U~nf.:.!m~U1'Umnh'Cl1I:J'l'WI'tJ~~lJ'Ulfi~'illnml 

1'll~I:J'UHU'CI-!I"Ntflij YJfffliY'U'CI:;/l1~mft~mltU~fJ'UtU'tJV':'! primary rock-forming minerals IrJ'Utd~'U 
'" "''''1 .1 ~ 1J1 I ... '" 1 '" '"9J QI d1'M'U1:J1'Y1:JJ flH'I:\'11~U'1.J'1.J 1:1 U'CI~'I:\'l1lJl~nV'1.J~nH C)$~ 'flUfl l'M'CIfl, lJ~:JJI'UO:JJ, 'YI1'YIt'UfJ:JJ lm:;Umm'W'I:\' 

'I:\'~'I:\':JJVdlr1'U~1'U1'U:JJlfll~l:Ju,j~~'W~v'W'l'Um11f)~~flf.:.!vvmrJ'U 3 'li1.:.! ~~if 
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f11n11J(P\1'Utl..:JGJlt'lf11,i'lN Ut'l:;t'l'l':iVnfltltlfl GJli'I U1:I:: ~i'I':itlfl GJli'I'Utl..:J1GJIt'l'f11tltlfl GJli'I (AlP3 ' FeP3 
... """" " I '" , '" "'" " 

t.4 .-!l Q.tQlelGl ~ t :,""

,TiP3)t'l'1'Ut'l'1':i't)'U "l ~::\1m::'lJ1V'Uf)'j11J(P\1fl'U'U'Ufl'lJfl111JllJ'Umi'l i'll..:J 'Utl..:J'Ul 'Ui'I'UU1:I::t'l'fI11::flU 

':i:;'lJ1V Mohr and Van Baren (1954) '~fl~l1'h m::'lJ1'Uf11':iritlfi1l'Ui'l~fli'..:J (Laterization) 11:1'U 
, .. , 

... "... llJ.1 <11" 0 ... <It
m::'lJ1'Uf11'fVl Si02 \1fl'lf:;t'lH'Vli'l'Vlltltlfl tlJfI1V t(P\t'l'fl11::f11':i':i::'iJ1V'U1'Y1l'H1Jl::t'l'1J l'Ht'ltl Fep3 ' AlP3 ' 

Ti20 3 ' Mn02 11:l'U1:h'U1:hfitym::'lJ1'U f11':i'YI1..:JlfliiVl ifmy~::ii~1:Ifh'ftlni'lUl~'Ul'Hihn''Ufl~1J'Utl..:JU~ 

.. , 
lGJf'U Limonite'H~tl Geothite m:;'lJ1'Uf11':i'lf::n'1..:J';i'I'Vll~..:Jmh1.wf.ijm;'Uli'1v'Vi1'tJ11 m::'lJ1'Uf11':iritlfil1ij~ 

QI .a I 1II~ 'f Gi" ~ 0 

~flH'H':itl Laterization process (P\tl1Jl Remillon (1967) t~flt'l1111f11U t(P\t'l'fI11:::f11':ilfli'lm:;'lJ1'Uf11j'YI1t'llV 
, .. , 

'YIl..:JlfliiVlifmyiivl1'Ul'U.wU~~'Ul'H .wU1~::tlfl'lf::n'1..:Jl'H iitlt'l'l jiiiitltlfl' GJI~'U m tlt'liJ1UV1J 1GJf'U Gibbsite 'H ~ tl 
~ ~ 

11)'" llJ" d I ""1 11) ." <It flIJ'" llJ !II, !II
ttl~':it'l'tltlfl tGJI~'Utl..:Jl'Ht'lfll'lf'U t'l 1J t'U(P\'H':itl!f1tl':i l'YI'YIll1:1:: Portland Cement Association (1968) t~ 'H 

I llJ !II I 51! ..; • 'I !II "" ..;. "" , "'I "" 
f1111J'H1J1U'Utl..:Jfl111 "Laterization" t1111lJ'Um::'lJ1'Uf11':i'YI'YI1 tmfli'lf11jl'Vl1JtJ':i1J1W'Utl..:Jl~1Jl 'YI'YI t'Ui'I'U 

1.2.1 iitdl'H~fl1J1fl''U'l1'U~'Ufhlij~ (Parent Bed Rock) 
, .. 

1.2.2 ~'Uiirhf11':it]i1J~l'Uii~Ut'l:::iiul ilK~'U1J1fl'Vltli'Uf11jt]i1J~l'U~U 

1.2.3 tltlfl9fl~'U ,'Util'~~'U~''Ht'lt]i1J~l'kl1Jlfl'Vlm~tl~::'~lni'll~'Ul'H~fl 

tlJiltrt)/o 0 QI 0' 1II'" ~ 
KRINITZSKY 1l1:l::f1W:: (1976) !~ l'Hfl1~lfli'lfl111J'Utl..:Jfl111 "Laterization" t1111lJ'Um::'lJ1'Uf11':i'YI1..:J 

~ "" " .,..Ii _ ,"; "" <It... ~ 
nt'l'flt'l'-lfl1J GJI..:JllJt'lV'U~'U'H':itl'HU1Jl1lJU Laterite 

.. .. 
1.3 Dehydration 'H~tl Desiccation fltlm::'lJ1'Uf11':i1;!tylffUml1J'If'U(P\11J'Ii':ij1J'lfl~~::ln~ flUlffUfl111J'If'Ui'U 

lIJ" d 51 )I tI f 

lGJIt'l'flltltlfl tGJI~ (Sesquxioxide) 't11i ftln~f11':iU'U~~1;j'U 'U tlmlfl.w f11':i1;!tylffVfl111J'If'U i 'Ut'l'l':it'l::t'llVViii 

d llJ ".1 I. i !II !II !II ..;..1 "" .Q d '" ~ , !IIl'Ht'lfltltlfl tGJI~lJ'Utl~ 'YIl 'Hfl111Jl'U1J'U'U'Utl..:Jt'l'1':it'l:::t'llVl'Vl1J'U'U tf1~f11':i(P\flfl.l1:lfl'Utl..:Jl'Ht'lfltltlfl GJI~ llJUfl.lt'l 'H 

ln~tltlfl'GJI~'Utl..:Jl'H~fli'Ull1 Limonite (Fep3 ' 1.5HP) , Geothite (Fe20 3 ,HP), Ut'l:: Hematite (Fep3) 

./IIJ !II , d ...,... ... "" .1 ..; llJ 0'"" cl 
KRINITZSKY Ut'l::mu:: (1976) t'l'1lJ !~11f11':iU'U..:J(P\1 'U~'U~m..:Jlf1~'U'Ul'Utl..:J~lfltltlfl tGJI~tlt'l'':i::'Utl..:Jl'Ht'lfl 

"" IIJ!II' lIJ" IIJ IIJ" "IIJ" '" "" .Ii I , I ~/ '"3 'If'Ui'I t~Um~1J1 t'YI'YI, t1:l1Jtl !'U(P\ Ut'l:: lfltl':i t'YI'YI tflt'ltl'lJ'lJ'Utl~fI1fli'l'U GJI..:Jt'l'1'U 'HtyllJ'U1EJ1Jl 'YI(P\ 

http:m:;'lJ1'Uf11':i'lf::n'1..:J';i'I'Vll~..:Jmh1.wf
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" .'I !II llJ """ ~ '1 A I llJ" <!I I .. Qm:::'U1'Ufl1'S Laterization 1l:::VI1 t'lHWfl t91¥>ltlff'S:::'lJtl-!,ll'HClfl 'U,lJ'lJtl-!,llHlJl Ll'1l'1lflCltl'Utl~'U'Utl'4f11fl¥>l'UlJ 

..;. .! 
fl11lJl1'U It'WlJ'IJ'U 

" ."
~'UClfl1-!,1;i'U n'Uul'1ii'W CI'lJtl-!,lfffl1'WfliJ61fl1fl' , fffl1'WfliJtI1 :::t'YIfl' , ~'lfVitlflflCllJUCI::: fffI1'Wfl1n:::'lJ1t:nh 'lrU¥>l 

~ ~ ~ q 

.. '" QAI 1 " i .. AI '" "c1l'lJtl-!,l secondary minerals '1 'U¥>l'U~flHlJlJl::: eJ'lf'UlJlfl 'Ul'11-!,11fl'1mllJlJ!'Wt'W'S1:ffllJ1':iOfll¥>lfl1'HI!O-!,l 

fJfl!fflJli~'YI1-!,1ifl'1m':ilJ'lJtl-!,l~'U~fl1-!,1'~ tGJf'U ~'U~fl1-!,1~li lJtl'U111lJ1C11C1 ''U11 UCI:::UCI 'Cll1~-!,I~:::linl~-!,I1'U 
. " . 

mWntl'UlPll fl11lJA'U -U l' 'U 1 'WH~ -!,I &lCl :::nlJ~1 '~41eJf1';il~'U ~fl1-!,1i1ilifll1 tli'l' 'U l1'UCI:::fl Cltl 1111l~'U 

ffd'Utll:fltl'U 

iifl1':il11 Secondary minerals i'U~'U~fl1-!,1 

1. X-RAY Diffraction (XTA) 

2. Diffraction Thermal Analysis (DT A) 

3. Scanning Electron Microscope (SEM) 

'«li 91 f ~ Q Q.t'.e:!,Q.t.c::!, " Gidigasu (1976) flfl11tl':)fffl1'Wtn¥>lCltllJ~l-!,1~ 'lJtl-!,lfl11tf1¥>l'IJtl~¥>l'U~flH11lJ¥>l-!,l'U 

1. l1'U~'Utill'U¥>l (Parent Rock) ~lflfl1':iRfl'hllfl11UiYlJ~'U.fi'S:l111-!,1 ~'U~fl1-!,1n'U11'U~'UnltU¥>l'W'U11 ~'U 

~fl1-!,1tn¥>l~lfll1'U~'Un1t'W¥>ll1C11eJ'lrU¥>lt'1i'U umiA~ (Granite) ,Gneiss 'U:::91tlCll1(Basalt) UCI:::WCI 'Cll1' 

" 
(Phyllite) 'Utlfl~lflijfj'-!,I'W'U111n¥>l~lfl~'U¥>l1'U (Shale) 11'U'YI11eJ(Sandstone) UCl:::l1'U~'U (Limestone) ~1eJ 

'GJ"'Q ~Q.I " 1 Q ,.,. CI.'J}OQ4d..c1. . =' 
fltl tl1tf1¥>l Lateritic Rock 11J'U'lf'Ul1'Ul ¥>llHl:::lfl¥>l Lateritic Gravel 'UtleJlJ1fl ff1'Ul1'U~'Ufl1t'U¥>ll'1lJml'HClfl 

(Ferruginous) 1~'Uri1'U'l.h:fltl'Ui'U6~'S1~11GJf'U l1'Ul'1'SleJ uCI:::l1'UumiA~ ~:::tn¥>l Lateritic Gravel lJlfl~-!,I 

1~'U1ff~~~tl':)fl1'Sff1l1i'U-!,Il'Uritlff~l-!,10'U'UUCl:::ff'UllJ1J'UlJlflfl11~:an¥>l Lateritic Gravel 'lfU¥>l'IJtl':)l1'U~'U 

nl1iA¥>l~~'IJ~Hl1'U~fli'-!,I '~uri l1'UumiA~ l1'UU:::91tlCll1 11'U''U..1 11'U6flij~H~ ~lifffl1'Wt~'Um¥>l 11'U'YI11eJ 

tm:::11'U~'U~'1i'U1Ll'YIW 
" 2. fffl1'W fliJ 61fl1fl"'U m::: 'U1'U fl1'Sl'11~ VJiimf-tflli ,r'U fffl1'Wl'HlJ1:::fflJ~tlfl111n¥>l~'U CI fl1,;j~tl-!,lli 61fl1fl'U'UU .. '" 

http:CI.'J}OQ4d..c1
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~ . 
~1fld'iJ~afi~1'U 1J711W'Ih~'U 'lJw:::t~tl1n'U 'iJ~'t'l1J~'U tlfli'{I 1'Ut'IJ91~~MtY1U..r~Ua{l CJf{lihHn1~m1l1~""lln1J 

fll"jtfi~flflflt]11~i''U (Oxidation) Utl::~iem~';ii''U (Dehydration) 
~ ~ ~ 

4. ""fl1't'llJihh~li'l fftm:::fll"j ';i::1J1fJ'1l1~'U tlfli'{llJfl'iJ~tfi~1J7t1Wl:jf{ltl1~1J~ tl~ 'IJ fl{lt iJ 'U t'IJ I'll~ih't'l"jl~1J7t1W 

"f . " 51 " 

~{/flrll11jfll"j"j::1J1mhi~~ i~I'.I'I11ltl~'Utlfli'{I'il::l:Jln~l'U1J711w'ihhvi11l'~M~mJ711W~'UYi~h 

~ ~ ~ 

Remillon (1967) l~111fl1"jU'l.hi'U'lJfl{/~'U tlfli'{/9111lm:::'IJ1'Ufll"j tn~'lJfl{l<i'U~ 'U flflflt~hA1h~1J~{Ii!.. 
A : Zone of Leaching 

B : Zone ofAcculation 

C : Zone ofWeathering and Removal of Soluble Constituents 

D : Sound Parent Rock 

~ 

Bawa (1957) Utl:: Maignien (1966) Hti{/i'U~'Utlfli'~9111J'1.ffillw:::'lJfl{l1Jiitl"j:::1i'lff (Morphological 

Characteristics) flflm~'U 

A : Top soil (lA[J~1ltl'il:::ijff~1'IJfl{lCJflfl~"lfCJflflff91{) 

C : Leached Zone or Pallod Zone 

D : Sound Parent Rock 
~ ~ 

Krinitzsky Utl::flW:: (1976) uti{/~'Utlfli'~fl11lm~1J1'Ufll';iln~'lJfl{/i'U~'Uflflfl '~~~il 



• • 
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JI 1I • II 11 

'l1'W B : !~'W'l1'W~'W~flf,rYiiifl11lJ'H'Wl~''H1~ 0.30 - 0.60 llJ~1 1h:fl6U~1t'Ji'W'U6~ Sandy 'H~6 

~ .c:I c\ I ~ ~I ~,d d j/ III ,,'Q.I '4Q .c:IAQ..Q.9J

\Ol'Wl'H'Wt'J1ff'tll111t'Jfl11 "Pallid Zone" G)f~LlJ'W'lf'W'VIl'HClfl\lfl'lf::::m~66fl ~ 1hTlJi'lUCl1!LIPlt'J~fl~lJCUClfll6~1'W 6~ 

" "" ~lfl\lfl'lf: 'ti'1~66fl hhV1t'J~u l~,h'WL'J1TW'W ~'W'if'WU61~~:1hlfl{)'H~6'lhhlfl{)~ i ~ 
" JI 'I 'JI, 

'l1'W D : I ~'W 'l1'W 11'W~'WfhlUi'lVi'liiifll'H,j~t'J'WmJCI~ i 'W,j1::::nrtfli 'VIviJ'W'WU~'W~fli'~ViwnlJilfl 

,j1:lI1W 0.30 - 1.80 IlJ~'JH~l\Olt'Jit1i,j~:'Wu~mllJilfl i:Wln'W 3.00 LlJ~'J 

. 
d" d..:::::t. 

1. UN'W'VIUCl:'lf6lqlCl'VI1~1i'Jtu1'V1t'J1 

2. m'Wrllt'J'VI1~61fllfl 

.... 
3. nN'W'VI'VI1~61fllfl 

. "'" ...,
2.2.6 m'HmluflAugfl1..'i 

~'W ~fli'~I~'W ~'W~ In\Ol ~lflfll1LLlPlfl ffmV~1'lf6~ 11'W~'W fhLU i'I Id6~~lflm::U1'Wfll1 L,j ~t'J'W U,jCl~'lf6~ffm'W 
"" :J! ~... '" '_1 .. "" <!I ~... d "" ... ~ !IIfJlJ61 fllff'lf::::G1H16166fl !G)f\OlUHIPl166fl lJ'illfli'l'Wl\OllJ L'H Cl666fl ~CU\Ol'lf6~L'H CI flUCl:6~lJl'W tJlJL61 n 

" l~n'Wi'WiI~,j'W~~il 

1. 1::::UU AASHTO 'H~6 Highway Research Board ~lU'Wfl~'W66m~'Wfl~lJi'HqJ 7 fl~lJ fi6fl~lJ 

dI i '" '<V '?I •• ... • ~ !II.s 0 "' ..A-l tH A-7 !LCI:::: 'Wfl'llJ t'HtytHUU~llJ'Wfl'llJV6V '1 6fl 1'If'W A-l-a, A-l-b 11J'W~'WCU~fl1nlU'Wfl\Ol'W t'W 

" 
1:uuu,h'W1'HqJih i ,ji.rl'Wnl.Hl'W 'W ~1'W'VI1~ 

2. 1:UU Unified Soil Classifiction ~lU'Wfl~'W66m~'W 2 flrilJ ti6 flrilJL~i'I'Ht'J1U fit) m1\Ol 
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o .Q ::'t ,dJ ~I 

3. 'J:::'U'U Federal Aviation Administration (FAA) 1J1U'lJfl~'\..aHmt1J'U 13 ml'J fltI mpJ E-lfl.:J E-13 

~.:Jf1l'J ~ lU'lJ fl~'lJ1'lJ 'J::: 'U 'Uifff1'lJ 1'\1t\J'll1i 11'~''lJ .:Jl'lJ tY'lJllJlJ'lJ t'lf'lJ!~[J1fi'U 
'J:::'U'U Unified Soil Classification 

Soil- Classification System Itfl::: Textural and Plastic Soil Classification 

.. . 
tllf1lffl'lft.!'Wmlll:::n'Uf1l'J !fi~~ 'U \!fli'~tlth~fj,um::: 'il:::'rI 'U~'U \! fli'~i tA'lIlfl 1'U.fll fI~:::1'lJ tltIf1tUt'I-llWUtl .fllfl 

~:::1'lJtltlf1ttfl:::.fllflm;jtl 1~tl1i-M'U 19i''U fil!'U~ff1'U''\1~d~J'U -M'U'l'l'ntl-M'Um:CJftlfln !tfl:::-M'U~'U~l'U 'U~!1W~ 

'rI'U ~'Uflfli'-li'Ul1'J:::tl'lff"HJUtY~~Hi'U'Jl1~ 2.3 
~ ~ 

• 1l1fn,..;iwtl~ni',J 

o i~""" 

n lOOn:1I. 
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~ Q iI 0 Q d.d. d" 'II " ... .1 tll.:::s. . ,dd Im'lH)'H'U~'U m~'U~u,.rml'l'uihJ ~{JfliJ';i~f)fliJ ~fllJ1'l11f)nWrVnf) ~l"j~';i ';i HlJf1t'U~9W'U(Fero-Mageslsn) Vl1JV~ 

'" t, 1lJ d 1lJ 0' ~ ;f "I t '" ~ dJ :
'1'U'H'U'If'UC!W'l C!{J liJmc!f)vvf) 19ffl'll~LflC!V'U'lJ'UlJltY~tYlJlJ1f) 1'U'If'Ufl'U~llJm';iLflc!~'UVl'lJ'U"l C!{J"l 'lJV{J'Ul 

'1~~'U '1'Uul9iC!::f:J~mc!vvf)CJft'll'Uuil::mfl~'UVl16I9il{J "l ~il~illviJ'UlJ1n1J1ilrJ'U 'lI~VVf)CJfiflCJi' (Oxidize) 

nlVJ1't1f1twvfl';i UlJ f1t'UtCJfVlJ t'U~'U '1,.rf)mm1J'Um~f)DDf) , 9f~ffHfl{J f)ntnfl~ 'U tlf) l'{JiJ ';i ~LflVlrl''1 'UiJ';i~tVlff 

3. i'U~'U~'H'nV1~1j 'lJ'U lflt~ fl A~mm~U~{J~l'U1'UlJlf) tm::1j~ 'U tlf)1{Jt~flf) illJ~ t~lJ U~{J~1'lJm~llJ 

i'U,;' (t'H~f)'8mvf)19f~) 
y y 

4. i'U~'Umilv1VV'U 'lJojf'UUil::1jm~f)DDf) 19f~'lJ'Ulflt~fll9il~"l iJ'Uo'Uv~ 
y • 

5. i'U~'Umilv1ffAVl1 i11j~llJ i'U,;'iJ'UV~'H1mAVl'mvg~11J';iVVU~f) 

.c:::t. " 0 ~ 
7. 'H'U~'Umt'Ufl 

1flV..r1 1iJ~ fl ~1nfl fl~H~VfLiJ D {f) 'lI~~ l1:lfl~i'U~ 'U tlf)1'.:J uC! ~'lI:a~lJ ~'U1911lJfl111Jiif) 'lI'U il{J~'U it'U~'Utlltijfl 

~~i~ iJf)~"hu '1my'1'U 1:lfl'lJV.:Jt~fl~'Utlf)1.:Jt1J'Um~f) i8mVf)19f~~vv'U uil~r:b'Uvf)'il~L1J'Um~f)18fl';iDf) 

mfl'H1m1J'U Oxidizing Agents 

2 Secondat:y Lateritic Soil L1J'U~'Utlf)1.:J~Lnfl~'U'lIlf)m';itfl~V'U~lVlJ1'illf1tm~~it'U~'U tlltijfl~'U trtmfl'1~ 
'" l' 0 '1 'j/ d 1 cfd 'i Q d QI QJ Q\q tI t d da I Q ~" 
fl'U 'HilNl'U'lI~Vll 'Ht'Hilf)VVf) 9fflVlV~ 'Ufl'UU'lJ.:JmUil~V~DDf)9f Ifl9ftm'Hilf)Vl1JV~'1'UiJ';inw'U'Ufl1v lflv 

, " " I " "vr1~'Utlf)1{JiJ';i~tfiVlil 'lI~ hiU'lJ.:JA1J'U'HillV"li'U m~f)V~f) '9f~ffUfl.:Ji1tnfl;i'U 'ildjiJllJ1Wl9il.:J"l o'U;i'UvdniJ 
y y 

tYm1'tH1fl~VlJ t:rf)lIW~'lJD.:J~'UUil::mllJtYllJ1';itl 'l'Um';iVDlJ 't,.r'lh9flJrh'U'lJV{Ji'U~'U VVf) '9f~'lJD~~'Utlf)1~ 
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tI • ~ , 

tj'U 1:i1'Ufiu~m1fl ~~vh1,r~'U1:'1fllnh::afl'YliHj'U'Ul~llfwfl';hiiml:tJu~~u';j ~fiU~fl~l~fl'U:tJlflfl':h u1:'1:d~'U 
'" " 

" oi'U'UV~3:tJl~'Yl~ '1:'1:tJV''U~u1:'1:~'Umihm~'Uoi~fl':h~'U~fll~lh:tfl'YlU'HlIt1:'1:fi1 Atterberg's Limit 'UV~ 
". 

~'U~fll~1.h:::lfl'YlUihfl11~'U~fll~th:lfl'Yl um Moh U1:'1: Mazhar (1969) 'jlU~1'UH1:'111fl1'j1~1U:tJ~1mh~ 

~'U~fll~ tlV'U fll'j'Yl~1:'1 V~iiH1:'1111 '1,r~ 1~~~ lfl~UV~ I~V{!tJV{flH~fl~ l~fl'U fl1 'jV'lJ~1V~H '1lfuIf~rlV'U fl1';j 

ml:tJi'Um:tJ1i 'j'j :tJ"II"1~ H1:'1fl1'j 'Yl~ 1:'1 V~ ~:::~Hfl'U:tJlfl '1'U fl'jW~iiUl Montorillonite !~'U v~ti'lh::: fl V'lJ Shuster 

(1969)'~111fl1'j'Ylf11:'1fl~l~fl~'j1~ 1:H)'lJf111:tJ'Yl'U'Yll'U'UV~I~~ 1:'1fll~ '1 'U th:::!'Ylff' 'YlU l~w '1 ~fl1';j'Yl~1:'1V~ Los., 

Ageles Ratter Test (ASTM C 131-64T) U1:'1: California Durability Test (State of California Test Method 

I ~ Qd 4 GJ 'j/ f 

229-C) ~lflH1:'1fl1'j'Yl~1:'1fl~t1'jlflU11 California Durability Test 11J'U11ifl1';j'Yl~1:'1fl~'Ylm:tJl:ff:tJ tlff11f111:tJ 

. " 
'Yl'U'Yl1'U'Ufl~~'U1:'1fll~'1mi'!flu~fl'lJfffl1'W~l.:jfiln~;i'U '1'U ff'Ul:tJ:tJ1flfl11 Los Angeles Rattler Test .. 

2. ffl'j v'U'Yl16 Newill (1959) flrllT;h~'U ~fll~~iil~~1:'1:!BU~~:::iitll:tJ1W ffl'jv'U'Yl16:tJ1flfl';h~'U~fll~~ii 
, I • '" 

!~~lfVl'lJ 1~u";1't1m\/1~'U1:'1fll~~:iitll:tJ1Wffl'jV'U'Yl1619111~v~:ii~1'IrflUfl';hfflU1:'1: 1.0 fioi'Ufh~'U.. 
" 3. t11:tJ1WHf11:'1!91V:tJfll{'lJV!'U~ '1 'U ~'U~fll~ ~:::iitll:tJ1W'UV~Uf11:'1!91U:tJf11{'lJfl!'U~U~fl~1~fl'U flflfl 't1;i'U vd 

" 
laterization :tJ1fl;i'U 

.... 'JI , ~ 'JI '" 'JI '" 
fl'lJfl'j:'lJ 1'U fl1 'j"ll"::: 1:'1 H U 1:'1::: fl 'j::: 'lJ 1'U fl1 'j Laterzation fl 1:'1111'1 fltll:tJfl1 'j "11":::1:'1 H ff::: ff:tJ !fl~ m::: 'lJ1'U fl1 'j 

" . 
laterization ff~ t11:tJ lW 'U fl~~ 'UllfUU1~::: V~ H1:'1 '1,rA 1'W1:'11ff~fl9f~1:'1~1:'1 ~!i1fl~ ~1fl111~ 'UllfU U1tl mf1iifl'lJ~1V.. '" 
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Q;I" , oC:lCV'l!VOQlQ.l ~'(Vl " laterization un::: dessiccation 'H)fl~lfl'W'Wun1fl1':i'Yl~nV~~1~'lS'W~fl'W l11fl1n~':ilJUHmv'Wm~fl'W ~V 

Lambe (1958) 1~fffl~1~'YliVH''\Jtl~V{lfll~lfl~'\JlJ1'Wfl1':i decomposition~ij~mh"{l1lJm,u.ijV'W'\JV{I~'W 

'WlJ'h~'Wtlfl1{1~ijfl1111ilfl~H '1 'hrfhfh"~1lJUHt.ijV'W~~1~f1'Wun:::~lflfl1':ifffl~1'\Jtl{l Baldovin (1969) 

'WlJ';h ~'Wtlfl1~~ijtl~fll~tfl~'\JlJ1'Wfl1'j laterization fil~~:::i »fhfh"~1lJUHt.ijtl'Wfil~ 

8. ff1l1.h::: ff'Yl f fll'l cHll ~1'W fll'lcHll ~1'W '\Jtl.:J ~'W tlfl1.:J ~'W f1lJ'lS'I1 ~ '\Jtl.:Jii'Wt~II "fl~W:::~l11 ti nll'lSl~'\Jtl.:J~'W, 

" ~~':i ltY1'W 1'W':i .:JUJ:l:::1li fl1'j l¥ll~ Vll~1mh:j ml11';'Wun:::fl1111 'VI'W1U1l 'Wlt».:Jijf,lJ:l tlVl{1111 fl~ tlfl1 ':icHll~h'W '\J tl.:J 

~'Wtlfl1~ 

9. fl1':ilJ~V~ Quinones (1963) 'WlJ',h ~'Yli'Wn~ijf,ln~tlfl1':ilJ~V~~'Wtlfl1.:J'~Urltl~~hh:::fltllJ'Yll~ genetic 

" 11ifl1':it~~Vll~1Vdl.:JUJ:l:::11ifl1n1~ntl.:J ~~lltl.:J~lh:::fltllJ'YlH genetic 1$lUrl ~fl~W:::~l11ti'j':ill'lSl~'\Jtl.:J~'W 

fl1':im:::~lV'\J'W 1~'\J tl~t~ ~~'Wun:::U~til~~t~'W rid'W 11 'j::: fltllJ ! 'If'W ~fl~ W:::~l11ti'j':ill'lSl~'\Jtl~~'W ~ijf,lnfHh.:J 

" . . 
i'W~'Wi1~VJfi'W VVl]ijrtV'W1~.:Jfl1'jlJ~tl~i1~1.:Jf11.1 

" " ff'\J V~~'W n fl1~ ~'W n fl 1 {I ri1'W;' 'VI ill lJfl~::: ij ffU~ ~ U~ ~:::11 ffU~ ~';Jll 'VI '1 Vti tl 'W;i'W f1 lJ llll] 1 W U1!~ 'W v ~ u 

ri1'W1l':i:::fltllJ'VI "fl'\Jtl{ltltlfl1C1fAmgfl VJ:lij'UVll 1'Yl'YlltUVll UJ:l:::UllflUtCHVl] 1~vi11tlff'\JV~~'Wtfl~\llmd.. 
. " 

til~~l~ '1 i1'~'Wi:Y1'Wll':i:::fltllJ~{lll 

1. 

2. 

3. 

4. 
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" 
Vallerga Ufl~ Rananand (1969) '~tY1t1Hflm·HhnllH'I1rl>1~hJ~f)f>1i'U'l.b:::;t'Vlff''Vltl~>1~e 'till 

'Vl';i ltl~'U~~mJ'u ufI~~'U1'I1ll tlJ~ijeef)'t])'~'\J e>1!'I1~f)tI'U e~i'U tI~1I1WLJ >1~ f)f>1 ~~1J1m~ 

fl'Ut~'Ufl6'Uimyhjrietll'ltltimJ'\rf) 

IV tI "... .. "" d... ~ II) "tI(Stockpile) e'U j:!:f)etl~1tl~'U~:!:f)e'U Ufl:!:~'U1'I1'Utl1'VllH'I1f1f)eef) !t])'~ j:!:mWLJ>1HtYlI 

j 111 fl'Ut~'U flf)f~9t~ij fl1111H~~~Nfl'U fI f)f~~tfl~ t~'U fle'U i 'I1YlI'l1~mrl'Uul'lU~ ~~~ ~tl fl'U 
~ ~ .~ 

d .d t Gf" Q.Q Q.I i tI lit lit Y I dod f d ..
fl. fI'.fl11~'Vl1'l1m:!:tYlI'Vl1l~f)tl mtf1~~'U~f)H 'U j:!:t'Vlff L'Vltl L~Uf) tY.fl11:!:'Vlllm1'l1f1f)'I1jetl~ 

. . " 
ihrlltfl~tY:!:tYlIe~i'UtI~1I1wtY~e~1>1Uetl-ntY~!6{JfI:: 1-2 tY.fl11::-n~'Uijeef)tHtll'U ''Uih1~ 

~ ~ . 

( I "., 

~'U LJ ~H fI:: tYfi 11:: -n iY ~H 1Cf1 ~ellij fi 11:: trl 'U m CfI j 111 'Vi>1 tY .fl11~-niJijtl j ~ t'Vlffiifl1111 

f) fll~U~~t~6 i ,.r~u ~ f)f~tfiCfltlfifi~tlltflij fl1J eef)tHt1I'U i'U el f)lff1~llj f) lj iiltlf) fI''''tl fltl 

U,.r~1I::'li1tli ,.retlf)tHtlI'UU'Vlj f)~lI~m;h'tI'1'Ul~~ ~'U ~ f) f ~ Ufl~lf1~tlfifi~tl1~e!de~6'UVI1 

1I jI jI • 

6'U'l'i 11 ,.rtY1111j fl i ~~'U flf)f~t~'U1'tY~nefl'!l~i'UHH.w'U 'Vl1~ .w'U'Vl NUfI:!:fl1'VlHi1f1';i11.. . 

Pendleton UfI:: Sharasuvans (1946) '$UtY~>1f11111U~ f)~l~'IIe~~W tYlI'jj~'VlHtfi ij'\J6~~'U tlflf~ i 'Utlj~t'Vlff 

II) 11)"'" d
t'VlV nCfl~UtY~~~111~ljN'Vl2.1 
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Sharasuvans (1946) 

'" I 

'eJ~'nillt.1'11tl~Fe2SiOz AlP30 3 

701701 701 
(Hm~~)(~tltJ~~) (~'eJtJ~~) SiOz~03 

3.212.747.0 30.1Sandy Soils 

21.8 0.923.6 39.9Basaltic country rock 

40.0 1.4Parent material of mix origin 31.3 17.7 

11.9 2.137.9 40.0Unknown parent materials I 
i 

..9' ., ., 
!£{I~u~~~t.lmUfn (Silly or Clayey Gravel) S)1~Otl':htllt.l1ff\O.!'ViijfJWmVi~ iTTH 1lJ '1~!rJt.I ojft.l~tl~.wt.l'Vl1~ 

'IItl~tlt.lt.l !!~~lflfl~lUt.lfl~lm~lJlJ Unified Soil Classification ~1!1t.ImrJt.I'lh~u)'VIml\OJ (G) U~~'VI~ltJ (S) 

"ht.!'lJ ':i~fltllJ'IItl~~t.I ~ fl1~,ht.l 'llftYU ':i~fl'eJlJ~ltJfll1tl~'t.I~U~1I1W1I1flU~~~~, ~,,;'U~1I1WVitlffllfll~ 

• 701 • 
Index1l1fl fll1'11tl flllft.l \OJ 'II'eJ ~mll 'VI1~lf II 1~ 

~ ~, I 

t.ltlml1flU iJ~fflll1':i tl '1 oN!rJ witt.l ~1'V11~ojflfl':i11'11tl{ltlt.lt.lVlhi'~II l\OJfJl{1'~~~fl~lfJ N ~ fll'j'VI\OJIIm iJ~Uff\OJ{I 

~fl~ltJ'hfil Atterberg Limits 'IIf){I~t.I ~fl1~1'U U~~!'VIff''VlfJ'il~~{lfl'h~fhH'U\OJH1'U1l1~':iJ It.1'11tl{lmll'Vll{1 
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1/ JI Y JI 

1'H~'flff U€l: ffl.llrl~ (2538) i~tlli'U1fJ':h ~'W€lfli'~ff11.1ntlHh1:!'W1ff~i''W'Jtl~fl'W'Vl1~hHi'VlH fl'W~l1~'lJt:!~ 
~ . 

tl'W'W~ihJl1.I1W, fll'J 1l'J 1'il'J ~~U l'Wflm~ HCI:ffl1J1'Jtl i ~!1:!'WN1'VlH;¥1fl'J 11'IJtl~tl'W'W~hJi~€ll~tm L'V'I'J1: 

t~~Clfli'~1lg:hiU9Iflt1:!'W !~~ CI~at)u~trltltlmfl'YI~ tlfl111.14'W i'W tJlfllff U'YIci~~'W Clfli'~i 'Wfllfl9l:1'Wt:!fltii u~~ 
~ ~ ~ 

" dj~i~t:!diiu'J:1.I1w' 40 tmci~ ii'fl'V'l'Ui''W~'W~fli'~'YI'W1U'Jg:1.I1w' 1.4-2.0 !1.Ii'l'J Til Liquid Limit UCl: 

Plasticity Limit 'lJtl~~'W ~fli'~ff1'W1J1flll:~~fl'h'li't)fh'YI 'W~'IJ tl~m l.I'VlH'YI Cl1~ 1m::: li'l1.h~'W ~flrU.jffl.ln11 

" " CJfll.1'WI9l'il:djflw' ffl.l,j~'~11:!'W 1ff~i''Wfl'W'Vll~ i ~!i'I'W mh~~ 

lIJ"o ~ "'...... "'~_I lIJ a
Ruenkrairergsa um: Waiwudthikead (1987) t~'Vllfll'Jfffl1:l1flClffl.l11i'l'IJt)~~'W~flH t'WlJ'J:l'Vlff t'VlfJt'V'ltl11~ 

U'W1'VlHfll'J I'll 'YI'W ~1.I191'J!l'Wflw' ffl.l,j~'lJt)~~'W ~ fli'~ l~ tl 't;;i'W~1'W rit)fff1~tl'W'W 1l1fl~Clfll'J1<DUff11J1'Jtl 

ff'.iU '~i1 ~'W €lfli' ~ 't 'W u'J:l'Vlffi 'VlUUn:fl mJ~1fJt~~€lfl1~~iifl111.lU~~lt'.i ~'Vl'W'Vl1'Wl 'YI1.I 19: ffl.l~ll~ ';;li'1'W. ~ ~ 

'JI " , " l ' 

1ff~i''W fl'W 'Vl1~'lJtl ~ tl'W 'W Yiii Ul1J1W, fll'Jll 'J 11l'J UtlU Clg: ff 
~ 
~U1'W flm ~,~Ai'I'Wt:!d1~~ i 'Wfl'W Vlci1~'IJ 1~UflCl 'W 11'W. 

t Sol , 'J1 JI 
.,. ~""" '" • 0... '" ", .. "" '" • ,!y'o .....'Vl'il: t"lHlJ'W1fffJ'V'I'W 'VlHff11.11'Jtl 'il:'W l~'W\lflH1J1~ ffl.lClfll.1'W9I tlJ'W1ff~ Soil-Cement !'V'It:! t'1I'Vll'lf'W'V'It.!'VlH 

Morrison (1965 61~~~ lb:::'lf1~ ~'W'fl'.iqfll1 UCl::: 1~i'fJ 1U1~lflfJ'.i~ 2528) i~'.i1fJ~1t.!rl1flruffl.l,j~ 


'Vl1~~1'W1ff1m'J1.I'lJtl~~t.!~fli'~1l1flU'YIci~'ih~ '1 57 tmci~i'WU'J:::t'Vlffi'VlU~~Uff~~ Hi'W9I1'.i1~~ 2.2 


911'.iH~ 2.2 flw'ffl.l,j~'Vl1~~1'W1ff1m'.i1.l'IJtl~~'WClfli'~it.!u'J:t'Vlff''VlU ~1J1 Morrison (1965) 
. ~ 

"'..flW, ffl.l1191 
. 

thl9l1ff~• 
•
mff~ff~.. • . . .. 

ff1'W~1t.!91:::UflHt11tl'.i 200 (%) 

;j~wn~mCl1 (%) 

~'lfil'V'lCl1ff~fl (%) 

mjl.l~t.!i'lll.l AASHTO 

Group Index 

• 0 

fl111.1tl1~ 'il1!'V'I1::: 

." 11" ~fl111.1'Y1t.!llt'W'WU'YI~~~q'~ ( t)'W~/CltI. 91) 

" .. .,. ."
fl111.1'1f'W'Vlfl111.1'Y1'W1Ut.!'W U'YI~ ff ~ff~ (%) 

~ . 
CBR(%) 

fll'J1111.1~1 (%) 

Percentage of wear (%) 

0 

18 

NP 

A-l-a 

0 

2.59 

118.0 

7.0 

7.0 

0.1 

20.0 

66 

97 

51 

A-7-6 

10 

3.20 

114.5 

13.4 

60.0 

55.0 

60.0 

http:Hi'W9I1'.i1
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Warakom (2000) mh-;rh Brand U(1Z Hongnoi (1969) ~NO~''W lhZ'lfl~ ~'W'mqmr U(1: 1W1-iv 1v1W1 

!nv'j~ (2528) '~ULHNlM'llf'W';i111im'j~u~lfl~h:Jn'W1'W fl1'j !\9l~mJ~1tl~N~'W\1n1~l~tl'~l'Wf)1'j'Vl~(1 tWO:: 

iifl'fl'l'l1 lM'fltu ~n'hltuZ'tItl~fl1'j1J\9lfl\9l U(1ztil~~'tItl~~1tl~HU\9ln~Nn'WtltlnhI mnhlM'~1tl~1~ tl1JuM'~• 

" .. 
'fl \9l'fl~ 'W tlmnni1iJ~'W1J11til~~t~ tl'W U'fl::til~~U1Jn'V11'W'tItl~~'W ~ZltJ~V'WU tJ'fl ~ hJ~1tJ u~iiu 'W11UlJ'fihI 

1~'W-i\9l 

Warakom (2000) nrll111 Muktabhant U'flZ Ongskul (1969) ~Ho~i'W 1i'jZ'lfl~ ~'W'mqmr U'flZ lW1-itJ 

ltJ1W1!ntJ'j~ (2528)'~fYn'hll¥Jtu~n'hltuZf)1'j1J\9ltl\9ltmzfh CBR'tItl~~'W \1n1~ flfflJ'Vl'jltJl9l1lJtJ1lJ1tu 'Vl'jltJ 

~1~" n'W 'W1Jll~\9l ~ ln~ fl\9ll~l'tl{l1J tl{n ~Z'fl\9l 'fl~U 'fl::iifl11lJUlJi'W.filrJ'Wu 'W 1lff'W \9l'j ~n1JtJ1lJ1tu~tnmz 'tItl~ 

'Vl'jltJ~'~flfflJ 
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Warakom (2000) mh-;rh Brand U(1Z Hongnoi (1969) ~NO~''W lhZ'lfl~ ~'W'mqmr U(1: 1W1-iv 1v1W1 

!nv'j~ (2528) '~ULHNlM'llf'W';i111im'j~u~lfl~h:Jn'W1'W fl1'j !\9l~mJ~1tl~N~'W\1n1~l~tl'~l'Wf)1'j'Vl~(1 tWO:: 

iifl'fl'l'l1 lM'fltu ~n'hltuZ'tItl~fl1'j1J\9lfl\9l U(1ztil~~'tItl~~1tl~HU\9ln~Nn'WtltlnhI mnhlM'~1tl~1~ tl1JuM'~• 

" .. 
'fl \9l'fl~ 'W tlmnni1iJ~'W1J11til~~t~ tl'W U'fl::til~~U1Jn'V11'W'tItl~~'W ~ZltJ~V'WU tJ'fl ~ hJ~1tJ u~iiu 'W11UlJ'fihI 

1~'W-i\9l 

Warakom (2000) nrll111 Muktabhant U'flZ Ongskul (1969) ~Ho~i'W 1i'jZ'lfl~ ~'W'mqmr U'flZ lW1-itJ 

ltJ1W1!ntJ'j~ (2528)'~fYn'hll¥Jtu~n'hltuZf)1'j1J\9ltl\9ltmzfh CBR'tItl~~'W \1n1~ flfflJ'Vl'jltJl9l1lJtJ1lJ1tu 'Vl'jltJ 

~1~" n'W 'W1Jll~\9l ~ ln~ fl\9ll~l'tl{l1J tl{n ~Z'fl\9l 'fl~U 'fl::iifl11lJUlJi'W.filrJ'Wu 'W 1lff'W \9l'j ~n1JtJ1lJ1tu~tnmz 'tItl~ 

'Vl'jltJ~'~flfflJ 
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JI, • , 

1hi fl1 ';j 'lhlJ lL~hiiff~tfl~61J iHii ~hI~m1'~t1llJ1ruVi ffllJ1 ';j {l 't11 hn~V1'l11t1w.u~ii iYVi ff1V~ lh1 9l1lJ1) ';j ';jlJ'lfl ~ 

, 
.... Q.I ~v , <!I 
V'I'Ugft1.:j'flI'lS J.I1\llftV1J.lA&'flIH fit) 

u'tni~~ 1 ~hll;lfli'~ tht.f16tllh1 11J~ ~~l1i~';jl'1f1J~ ~~';jt1~ 3.1 (fl)
~ ~. 

Ul1'fi~~ 2 ~hI\lfli'~ ihU16vlllJ~fl1 ~·mi~fl1\y~hI'lil ~~1t1~ 3.1 ('1.1) 

Lm'fi~~ 3 ~hI\lfli'~U6~~1';j ~~l1i~ff';j~'I,/~ ~~1t1~ 3.1 (fI) 

('1.1) 

t;t1~ 3.1 ~16dl~~hI\lfli'~ 
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q ... 
3.2.2 a<itlflii"nll'll'Ul 

3.2.2.1 flt~~'IJ i,*flt~~'IJ'illn~~'Hl~thlh~~.:jlU ~ 3.2 

.,. 
ii11l1'11'ltJl 

~~1J~r;mci1~ 'il1mm rl~~'W~n i'~ihlJ1Vi1m~ 'IJfIDflui'mJl~fJtlHYlJU~'Mii~'Wl~~~mi;'l~\pnn'lMUM~ 

i'Wffm1~~tlm.fJilun~ U~1Vi1\P11lJm~1J1'Wm~~~lu~ 3.4 

q .,. 

3.3.1 fl11&tJl1t1l1~U 

'" '" 
iwu'W\P1{J'WU 'il~t~'W m~ih~1{Jci1~~'W~ni'~'il1n 3 tmrl~fhU"w,r1'W1i1~ ~~'Hl~~1'lfiJ1ih&fl{J'Vh 

" (va..r I!:! f <v (v d ~iJ 14 <V~ 

m: 01 'il~'H1~ 01 \lJ'il'W'lJ ~ Ui;'l~ 'IJml~ 1~ 'il~'H1f1ff~~iJ~ 'il1nnU\P111'ilff{J1J!'IJ{J~\P1'W'Y'I'IJ11 fI'W~nH1J~nm 

~~nrl11ilti'{J'W If'W t~'Wff1'W ~ffln~'W ff1'W 'lmy ,'WmnA1mi ,*ff~l~ fi'{J'W ij!~'W~1J m~ t\P11 tJlJ~'W~i,*i 'W m~ 

'Vlfl ff{J'IJ'H 1fJWfflJU~~ {J~lJ 1i;'1~'W~~t~'WfJmfflJ~t;~1ff1m ~lJ 1fltJ 'l'W 01 1ffnEl1;ii ~Vi1011'Vlflff{J1J 111tl1 

~1~~ ~{J~lJ1i;'1~'W i~uri 

(1) 1.h~'W~ni'~lJ1\P11n'lMUM~lJ1\P11lJ~1'W1'W~~~Nm1 

(2) i,*~{J'W V1~1'J'IJ~'W~ni'~ ~ t~'W fi'{J'Wt~mmt~~~'WUl'ln{J{Jn'il1nn'W 

(3) 

(4) 

lt1tfl~{J~1~ci1 t~ci1t~'Wni;'ll 5-10 'W1,yj 

(5) ~'W~'~'il1nm~t~~li'Wt{J 4 ff1lJ1~ilU1iu'l-N'l'Wm~'Vlfli;'l{J~i~ 
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cv AI ~ QI 

tl1'HWHft~fl,~'U~flH , 

fli'.:.t~'l.J, fl'jl:IJ Hft~tl1'j 

,h1tJ'l-M''l'U.:.tl'Uri~tYfl.:.t 

~~'tJ 

.
cv4.ct ~cv 

fl~tft~fltYfl'jl:IJ,tYm {lHft~ 

~'U~fli'{I p.jtY:IJ~l:IJ 

. ~ 

1tJVi 3.4 UtY~.:.tttp.j'UlJiI'Ii'U\P1t)'U'l'Utl1'j1o[fJ 

~ . 
fhl1'U~tl1'jt)t)flH'l.J'l.Jl~fJ1hmrfl ~.:.t\P11'.il.:.tVi 3.1 
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Pi'l.lf,lnf,:j nfaJ ~1I3JiPI'-'3J nfaJ ~1I3JiPlf~ nf~ 
I 

Pi 'I.IVlun (I 00%) 650 
:: 

'1.1110% 65.00 
:: 

'1.1110% 65.00 I 

~'I.IVlUn(Ioo%) 750 
~ 

'1.1115% 112.50 " 11115% 112.50 

Pi'l.lVlun(loo%) 850 ". '1.1120% 170.00 
0­

11120% 170.00 

Pi'l.lVlUn(IOO%) 950 ". '1.1125% 237.50 
" 

11125% 237.50 

I 
I 

. . . 
"''''' J d. • d. , ... 

fJtul;l':JJ'IJ~ UlHl\l'YI 1 Uln'l\l'YI2 H'I1M'YI 3 

d. ""'" 
"~'WfWH'I1t11 (%) 60 69 64 

'" d. ..
~'JflJ'Wtl11;l'~n (%) NP NP NP 

i m1:JJri1\1~11'W1~ 2.79 2.82 2.85 

y . 
1nnml 'YI~I;l't)'lJfJtu I;l':JJU~~lJ!1lJ'II t)\I~':ltlciH~lJ \lni'\I fl\l~1l1\1Vi 3.2 'W'IJ,;h t) gllJ 'II eJ'lJL'll~'IIeJ\I 

fltu I;l':JJU~'YIH~1lJlff1ml:JJ'IIt)\I~lJtlni'\lllJlh~l'YIff''YIfJ ~1l1\1~ 2.2 
q ~ 

'V u ,
3.6 't'ii;U)tlf)Uf1"Jf)tlHYI~i;1f)'U 

'h11;l'~~',*i~Hn~lJ\lni'\I ffflt\lUtl~ffm1:JJ:JJ1Nl;l'lJnlJ llJ~~ll'ff1lJ 10,15,20 Utl~25 ~llJ 

~~l1tY1lJllJ~1l1\1~ 3.1 

" I I , 

3.6.1 fl11:JJLoiJlloiJlJ'IIeJ\lff1ill:JJ'Jf1~'I'i\l 2 ff ~ 2 l~fl'U l~fJfffli'\I'lJl~fl'IJVi 1 1l~~~~l1tY1lJNl;l'lJ fli'\I 
'J/, I l 

~'IJ~1t1~1~fJ~ 1200 ni'lJ ~fl1,j1 6 ~~l U'lf'~ 24 oM1111\llt~'lnltl\lLmLt~ff lttl~l~fl'IJVi 2 fli'\I~'IJ~1 t1~L~fJ~ 
". . 

3500 ni'll ~tlih 7 il~'j U'lf'~ 24 oM11lJ\lutr1mt)\lW1U~ff Utl~ffmllJ 'lJl~fl'IJVi 1 '~1f1t1lJm1lJ 0.5 
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" " .
lJ:;'\lllJttltlfl 1.0 ili91'.i ih;jt~13.5 ili91nHYlJiM't,rlti·UtYitl'lJti'lJU1i'.i'.ilJ'lfl~Yi'~lriu 

". " 
3.6.2 f11'.ili91~tllJGJli911'1i91fftJ'lJ hHl'U1~tlij,1:;i~~hJ~fli'.:JYi'imHhui91:;UflHl'lJtJf 4 n':) 3 U'Hci':) l,w 

Gi ".cl ~ oCl' 4::ii 9J 9J" QI d QI.d 1 i 9.1I) .4 QI ..
!'lfff1i'J'JlJ'lfli91'iJl'U1'U 2 ff Ui9In:::ff 'lffl11lJt'\llJ'\l'U'\ltJ.:Jff 2 '.i:;~'lJ '.i:::~'lJ1'I 1 un:::'.i:::i9I'lJ1'I 2 ~tI 'If ff 

1i 'J'JlJ'lfl ~ 'iJ lfl U flf,:) un::: Uf! '.i llJ ~ ':)Ufl'j llJ i M'unn::: uflf,:) i M'UtYi tI'lJ ti'lJU'\l tJ':)~'U ~'lJ ~ fli'':) ~HfflJ ti'lJ 

" ihth:::th 1~tli~tri91'.ilri1'U'.i:::'H'h~ 10,15,20 un:::25 ~1'U1'U 24 trmlri1'UHfflJ 1~tI'HcitJ~1mjH1'IH 

~ fl'lJ1fft1'\l'U 1~ 5x5x5 1C)$'U ~tlJ i91'.i i9IllJ mi91'.i i l'U fli~ 'U ~'lJ~,:jlj1n f11'.i HfflJ fli~'U ~'lJ1.h :;~fl"i9IllJmi91 '.ijl'U 

d dQ.c=S Qf ef 
ASTMC305 C)$UI11if11'j~,:)'U 

1. 1h1ff'lHfflJi9lllJ~i9I'jlri1'U~ti91~tllJ'~lJ1 iriHfflJflllfl i M'l,rlti'U~,:)ltl~ 3.5 

. " 
2. thri1UHfflJYi'~~.:Jflcil1 irin':) i'UU'lJ'lJ'HcitJ~'U~1tlcll':)'\l'Ul~ 5x5x5 tC)$'U~tlJi9I'.i mi91'.ijlU 

ASTMCI09- 80 ~1'U1'U 6 ~1tJcll,:)ti4mhlJ1uti':)1'I~fftJ'lJUun:::til~':)~~ ~,:j'jtl~ 3.6.. 
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• JI/ • 

6. 'lilJ' 'U~ntl1ff 28 1'U1r'nhtnrf1~tl'UB~~'U~1Jftf1r.mft::ml'H'l.Hi fJuHtli:l,nH:lJ1~l'IJtl~'IJ'Ul~.. .. 
Hi:l~~tl11M~'lJtl~ff'fj'j'jlJ'lflMfff1l~~tti:l~fff1l'jllJ 'I1tr~'iJlf1tltl~tt'U1J 'tl'iJ'UO~ 7,14,2Wi:l~28 1'U ntl'Utb't1 

'Yl~t'I'tl'Ufhfhtr~ij~ ~~'jtl~ 3.8.. 

http:B~~'U~1Jftf1r.mft::ml'H'l.Hi
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QI .d ~4 ~ .c:'! ~ QI rI :; 
~m -.3 ffti'j'jll'lf1\9H"'fi'HU~~ ffmUJ mlJ1:tfflJ~111lJ1~'j ~TU~~~t1ruCVlfJ~ff1l1m'j1l llfln.1505-2541 'If'U 

fJrum~ 4 fi1llJl1'\,nml'U 710 i)-.3 800nn.l mJ.lJ. fl1~-.3i'iJ!t'Hfl~1li~ln1l 40 nn.l~·LC}flJ. l~fJi'U!t~~:t 

Y • 

3.7.1 f11'j')1~fffliJl1lfhfh~-.3fl~"'fl-.3';uil"lfl~H'Vl~fffliJ ihil1fl~N6!~'U~iJhhNiJ'Um1'U ~-.3liJVi 3.10 

. ~ ~ 

l~fJ~fl-.311-.3 1 ~~ 'j -.3n~l-.3"'fl-.3U'Viu ')1~fffliJ Ii 1~-.3 fl~ 'jfl-.3i'iJiJ'Ulfllfl-.3')1~fffliJ 'illm!ui -H'Ull1 un Hl'U ..hn~ 
~ . . 

LLiJiJ Spherical cal Bearing Plate n~Hl'U'l'U6n~1-.3"'fl-.3';'U')1~fffliJi'UVifl')1Nf11'j!fi~fl'UVi'tlfl-.3yJfl-.3fl1f11fl 
, SI I SI $I • I 

1~fJnl'H-WlJU1l1Unn~~1fJfl~'j 1!~1fl-.3ViiJ'j:tlJlru 1.2 mmlmin'il'U m:tvr-.3';'UVi"'lf11'j')1~fffliJU~n ~-.3liJVi 

~ 

Ull1Unn~~-.3~~ 
li1~-.3i'iJUHfl~ = -Y~.------

4.1d jlcvw QI 

~u')1l1'W1~~'jiJm -.3fl~ 

3.7.2 ')1~fffliJm'j!iJgfJ'U!!iJMiJ1lJ1~'j 

3.7.2.1 ')1~fffliJm'jnJgtl'Uut1MiJ1lJ1~'j'illnf11'j~~m1lJ~'U 1~tlm'j1~"''Ul~iJ1lJ1~'j'tlfl-.3~m..!~1fl~H... 

~ ~ 

. ~ iJ1lJl~'j V l1~-.3UGJiU1 - iJ1lJ1~'j V nfl'UuGJiu1 
m'jliJiltl'U!ttl~-.3iJ1lJ1~'j~~6lJ~1~1t1U1 = 100Y X 

iJ1lJ1~'j V nfl'UuGJiu1 
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• I"; .1 .1"" d';' 0 , 'JI "" '" 
3.7.2.2 'YI~"nl'IJfll) '1Jel rJ'WU1JM1Jnnm ~lflfll)t.ltyUWfl111l'}$'W t01 flfll) 't)'IJ'YI1 IfUWlfll)lf~~1'U't)~ 

;;1't)d1~ 1~rJfl1)1~'U'W1~tl~1I1~)'U't)~~'t)'W;;1't)th~'YI~~'t)'lJH~1'mrJ'IJ,'i1tJ'IJ 
,. 

• tl~1I1~) V ml~u"1hh - tl~1I1~) V If'''~'t)'IJ 
fll)ltl~tJ'WHtlel~tl~1l1~)~1flfll)lf~;;1 = " X 100 

tl~1l1~) V If'''~II')hh 

" . 
3.7.3 fll)'YI~~'t)'lJfll)~~~~1l'Ih ,rI'Wfn)'YI~~eJ'lJfl111l ~11l1)f:l i 'Wfll) ~~ci'IJfl111l;f'W'U't)~;;,;l't)d1~'YI~~eJ'IJ

~ . 
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,
"" ......UYI'fI 4 fU'IflT'ni)[J 

JI 

, 1JlJ'Vl i1 flci 11ii~fll'.i 'YI~ fffl1.HU'I~1tfl'.i l~,,;'Nflfll'.i 1 ~flfll'.i i''Uthflla~ 'tl fl-3 ~1J ~ fl i'-3 N fflJ ff1i '.i '.i lJ 'lfl~ff 
• • JI 

fl i'-3UfI:::fffl'.i llJl'Ilfllfll'.inJ~ fl1J mJ fI-3 'tl1Jl~tU'l:::tJ~lJ1{P\'.i nm1-3Nflfll'.i'YI~fffl'U 

4.1 tl1':H'lI~rJ'UH'lIa{lm1Jl~"j tl1"jI'll~rJ'Uu'lla{l'U'U1V1ua::::'f)PI'if8'UtllK{l8P1 

9I11H~ 4.1 U'ifPl{ltl111'l1~rJ'Uu'lla~m1Jl~1 tl111'l1~rJ'Uu'lla{l'U'U1PlAla:::'f)PI'if8UtllK{l8P1~'Ugn1{1 

i 

.. 
11'f1'.illJUa:: 

nfl~.:.I . .., .. 
1::f11Jfll 

AI-3 

IHrllir",ll1 10% 

A4-6 

fHWiYfllllJ 15 % 

A7-9 

Hf.YlJiYfllllJ 20 % 

AHH2 

HnlJUfllllJ 25 % 

AI3-l5 

HnlJirfl~" 10 % 

A16-18 

Hf.YlIiYfll" 15 % 

AI9-21 

Hf.YlJirfl~" 20 % 

A22-24 

HtllJafll" 25 % 

~ Q.I I Q.lQ.I d 

PI'Ugn1{1 [A] mHl{l1'.i lil~l'I1~ff'.i~1J'.i 

m11tl~tl'UlItlft.:.ltA"'1f11 (cm3.) lift:: m'.Htl~tl'Uutla.:.l~l11Ufl'll'Ulf1 (g.) 
I 

o ... .., 

"a~t16f1Ullll 7lU 14lU 21lU 2s1u 
miHOfl 

... 
'1.1;311111 IJnnln Jnnrn J111Ufl Jl'I"ln 

281'U
'I.I;"lltll rn3iltll Ul'l'iitn 'I.I;3ilW rnmw 

II«< 

125 225.96 117.64 218.33 117.64 217.86 117.64 217.76 117.64 217.24 27.16 

125 270.34 110.59 229.25 110.59 229.20 110.59 229.18 110.59 229..06 32.78 

125 221.31 103.82 213.71 103.82 213.42 103.82 212.80 103.82 210.14 39.22 

125 199.03 97.33 191.08 97.33 190.09 97.33 189.98 97.33 210.14 34.47 

i 

125 215.00 117.64 207.06 117.64 206.30 117.64 204.84 117.64 203.40 32.19 

125 239.81 110.59 232.24 110.59 231.55 110.59 230.69 110.59 229.52 38.10 

125 221.28 103.82 213.03 103.82 211.38 103.82 210.71 103.82 209.80 39.22 

125 200.81 97.33 192.09 97.33 188.94 97.33 188.81 97.33 187.77 37.10 

I 

I 
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. . . 
'" _I'" _I _~ _I'" _I ....... "" ...


f111H'fI 4.2 mlPl~fllll1J"UJ't.UI1JD~1J11Jlfl1 fllll1JDtI'UU1JD~"'U1PlIID~'fIP1tTetJfllD~ePlPl'U9fl1~ 

thl.fJtl..rl'Ult'J~ i'~'t'ilPl11'lf1d1 [B] 

'" ... 
[B] ihuH1UTU llb ~{j't11~11"1flilPI'U9fl1~ .. 

m1,tJ13rJ'UutJa·nn2.l1fl1 (cm3.) !lil::: nl"alU13rJ'UUUil-3Jl't1UO'll'hllfl (g.)fffln1JU~:: . • <v <v 
... w ., nlil-3tlfl
fffl'N tl1:I;J€l&fllltJU 7'1'U 14'1'U 21'1'U 281U. <v 

<V ... . . 
J1'I1Ufl J1'I1Utl ,l1,,1ln 28 1'h1

1:::f11JYI I tMsmlt 'Il1'l1Utl t112Jltll 'Ill'l'IUfl tM,nw tM2J1W tM2J1W 
IIksc 

BI-3 125 244.22 117.64 237.65 117.64 237.54 117.64 237.20 117.64 237.14 35.24 

flfflJtTflnlJ 10% 

B 4-6 125 233.00 110.59 222.51 110.59 222.28 110.59 222.13 110.59 222.02 36.28 

flfflJfftlHlJ 15 % 

B7-9 125 212.04 103.82 204.77 103.82 204.59 103.82 204.32 103.82 204.16 37.28 

flfflJfftlHlJ 20 % 

B 10-12 125 198.76 97.33 188.65 97.33 188.45 I 97.33 188.23 97.33 188.02 35.87 

flfflJffmllJ 25 % 
i 

B 13-15 125 239.55 117.64 231.70 117.64 231.01 117.64 230.47 117.64 230.28 26.86 

flfflJfftl;~ 10 % 

B 16-18 125 230.72 110.59 222.93 110.59 221.87 110.59 221.59 110.59 221.56 32.65 

flfflJfftli'~ 15 % 

B 19-21 125 203.72 103.82 195.91 103.82 192.23 103.82 192.15 103.82 192.04 38.62 

i flfflJtTtli'~ 20 % 

B 22-24 125 193.68 97.33 185.82 97.33 178.18 97.33 177.91 97.33 177.90 37.18 

flfflJtTtli'~ 25 % 
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, 
... ... 

1::~1JYll 
: .,

'141'1'100 

211'14 

: ~ 
'141'1'1'1411 

CI-3 

N'i'I'llU:flnll 10"10 

125 221.78 117.64 212.05 117.64 211.23 111.64 210.99 117.64 210.45 30.90 

C4-6 125 235.66 110.59 228.83 110.59 228.65 110.59 228.19 110.59 221.34 32.47 

! C 7-9 125 216 103.82 207.24 103.82 201.03 103.82 206.62 103.82 205.84 37.84 

C 10-12 

N'i'I'llU:fl1111 25 % 

125 200.30 97.33 192.39 97.33 192.21 97.33 191.74 91.33 190.89 36.02 

C 13-15 

N'i'I'll iTfll~ 10 % 

125 209.90 111.64 201.72 117.64 200.02 117.64 198.35 117.64 197.18 31.09 

C 16-18 

N'i'I'llU:fll~ 15 % 

125 240.75 110.59 233.33 110.59 230.25 110.59 229.55 110.59 229.76 31.38 

I 
C 19-21 

N'i'I'llU:fllHO% 

125 236.10 103.82 228.54 103.82 219.86 103.82 212.85 103.82 212.16 37.76 

I 
I 

C 22-24 

N'i'I'llU:flr~ 25 % 

125 222.79 97.33 214.95 97.33 193.22 97.33 191.79 97.33 191.29 36.43 
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I 
I 

I 

fffl7111UCl: 

ffflf'J 

AI-3 

fl1'IlJnflnlJ loo/. 

125 225.77 117.64 219.16 117.64 218.09 117.64 218.04 117.64 215.19 27.66 

A4-6 

fl1'IlJnflnlJ 150;. 

125 236.90 110.59 228.74 110.59 229.28 !l0.59 229.28 110.59 227.53 32.12 

A7-9 

fl1'IlJfffl nlJ 20 % 

125 215.81 103.82 208.68 103.82 208.65 103.82 208.41 103.82 205.21 38.91 

A10-12 

flt'llJffflnlJ 25 % 

125 202.83 97.33 195.72 97.33 196.44 97.33 196.34 97.33 194.57 37.84 

A13-15 

flt'llJatd'~ 100;. 

125 219.68 117.64 211.80 117.64 221.37 117.64 211.04 117.64 210.40 25.77 

AI6-18 

flt'llJnflf~ 15 % 

125 236.18 110.59 228.34 110.59 228.30 110.59 228.28 110.59 228.13 27.02 

A19-21 

i fl1'IlJnflf~ 20 % 

125 225.81 103.82 217.93 103.82 217.90 103.82 217.87 103.82 217.83 38.87 

A22-24 

fl1'IlJaflf~ 25 % 

125 184.52 97.33 176.64 97.33 176.60 97.33 176.48 97.33 176.51 
37.43 



38 

f)11H~ 4.5 UlJ~Hfl11A,jitl"m,jD,n.A1Jlf)1 fl11A,jitlU&A,jD~"llUUmD::fI~lJ8'Ufhn~8~~ugfl1~ 

th'1l8,yluliJ~ 9~l1r~11'Vll; [B) 

~'Ugfl1~ [B) ihlmnhu1ih ~~'W)~11'l$'4~ 
fff'l 'n1J!Ln:: m'ntlatl'UUtl1:l~mlllfl1 (cm3.) &11:1::: mlltlafJ'Ul!tl1:l~J1'tnYfl'll'Ulfl (g.) . .., .., 

f111:1~6ftfff'lf~ Ha~a8~1I'l1'l1 71U 141U 211U 281U .... .... .. . 28l'U
1:::ftUYl2 msnw Jnn4flmUltI! ulHun msml! UUlUfl msnw U1HUfl msnw Ul'tlUfl 

lien I 

BI-3 
 117.64 234.06125 
 245.34 117.64 238.34 117.64 236.78 117.64 236.53 26.83 

Nn'1Jntl111J 10% 

B4-6 125 
 232.84 110.59 226.03 110.59 222.53 221.35110.59 221.98 110.59 28.28 

Nn'1Jntl111J 15 0/. 

B7-9 215.99 103.82 208.27 103.82 204.60 103.82 103.82 204.01125 
 204.13 32.78 

Nn'1Jntl111J 20 % 


B 10-12 
 185.Q7125 
 195.03 97.3397.33 188.45 97.33 186.40 97.33 185.87 32.46 

Nn'1Jntl111J 25 % 

BI3-15 125 
 230.82 117.64 226.01 225.97 117.64 225.72 117.64 225.05117.64 26.47 

Nn'1Jafl~ 10 % 


B 16-18 
 125 
 227.09 110.59 219.21 110.59 219,21 110.59 219.18 110.59 196.92 29.33 

i
Nn'1Jaflt~ 15 % 


B 19-21 
 125 
 215.29 103.82 207.41 103.82 207.27 103.82 207.07 103.82 194.68 35.72 

Nn'1Jaflf~ 20 % 


B 22-24 
 125 
 196.82 97.33 188.Q1188.94 97.33 188.87 97.33 97.33 169.84 34.15 

i
Nn'1Jnflt~ 25 % 
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4, v 0 I Q,I Q,I Q 

~Ugfl1{1 [C] m!flfl'Yl11l~fl11l~'I111f1fl1ty'il'U'l.r.i 

nfl1111Ui:lt fl11Itl~tI'Uutla·nl11Jlf11 (cm3.) 1I1It 1l11ltlStI'Uutla-3Jl'HUIl'U'U1A (g.) I 

nfl~~ 
........ 

,"Q~f:lI!lAIl1J1J 7-J'U 14-1''1' 21-1''1' 28-1''1' 
flll1~8A 

. ! .., 
.... '" : ... ,l"nm ,inn!n ~lmrn 181'U 

i 1tAU1'I2 U;lIltll 'li1t'l1lfl U;lIltl! 'Ul'l1'Ufl U;lI1Ql U;lI1Ql U;1I1Ql 

IkH 

CI-3 125 245.69 117.64 239.08 117.64 237.06 117.64 236.47 117.64 235.16 27.45 

I"ItTUatlnU 10% 

C4-6 125 239.34 110.59 232.91 110.59 232.49 110.59 213.43 110.59 212.46 29.59 

I"ItTuiitlnu 15 % 

C 7-9 125 202.\1 103.82 194.11 \03.82 194.03 103.82 193.54 103.82 193.53 30.77 

I"ItTUatl'lU 20 % 

CHH2 125 195.89 97.33 188.30 97.33 188.\0 97.33 188.05 97.33 187.98 29.36 

I"ItTUamlU 25 % 

CIH5 125 184.79 117.64 176.89 117.64 176.26 117.64 175.26 117.64 174.56 25.18 

I"ItTUfftlS-iI 10 % 

C 16-18 125 234.17 110.59 226.29 110.59 225.47 110.59 224.27 110.59 223.28 27.87 

I"ItTUatlS~ 15 % 

C 19-21 125 205.00 103.82 197.12 \03.82 197.Q2 103.82 196.13 103.82 195.42 29.99 

I"ItTUatlS-iI 200/. 

C 22-24 125 206.07 97.33 194.59 97.33 194.49 97.33 193.55 97.33 192.98 29.25 

I"ItTUatlS~ 25 % 
I 

I 
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f111H~ 4.7 Uilfl-3n111,m£lUllVa-3U1111f11 n111V~tlUUVa-3'UUlfluo:::nflil0UthD.:J8flAugft1.:J 

('Uoq.n1 ~~l'llGla'1:::'ll1 [A]) (rhliloUl' ..iiil~ ~~'I1lGl1l'1'll;[B])Uil:::(thlilOyh"':::n1 ~~'I1lGlm'Y;}'U'll;[C]) 

i AUgft1.:J ('U~'1.J.:!1'j ~.:!'I11flff'j:::'lJl) [A] ) (ihUl~Ul'UHI.:! ~.:!'I11flHl1'lll[B] ) ua:::(thLI18'VillJ:::fl1 ~.:!'I11flfl1ty;l'l..J'lJl[C] ) 
,. I n111UatJ'UUuiI.:!mmfl1(Cm3.) UiI::: ft11lUatJ'UuuiI-3~ll'l'irn'U'U1G1 (g.)fffUllJUa::: 

I 

tYflf.:! 
o ... ... 

'HD'I1l6F1I1UU 7i'u 14i'u 21i'u 2Si'u 
mil~OGl 

. ..,.., ,. 
,ll11'1l'n ! 1l111l€1.I 

. 
Jl1l'1'4n Jl'tt'l'4n 

281'U1:::GI'UYl2 1l1111tlt Ul11un mlllQl 'l4111Ufl mllltlt 1l1111tlt 
Iksc 

AI-3 125 238.19 117.64 229.88 117.64 228.86 117.64 228.48 117.64 227.59 29.00 
y 

lh !()O/o 

A4-6 125 233.34 110.59 229.15 110.59 225.79 110.59 225.69 110.59 225.50 33.34 
y 

lh15% 

AH 125 219.17 103.82 221.09 103.82 220.98 103.82 220.16 103.82 210.62 38.24 
y 

141Z0% I 

AIO·12 125 205.35 97.33 197.42 97.33 197.37 97.33 197.34 97.33 197.09 33.20 
• 

li1Z5% 

BI-3 125 237.40 117.64 233.92 117.64 229.90 m.64 229.67 117.64 229.64 31.05 
y 

'11110% 

B4-6 125 234.11 1I0.59 229.32 1I0.59 226.37 1l0.59 226.16 110.59 225.89 32.51 

·'Ii1 I 5 % 

B7-9 125 214.73 103.82 210,43 103.82 206.64 103.82 206.43 103.82 206.12 40.21 

·'lilZ0% 

BI0-12 125 202.71 97.33 198.38 97.33 196.23 97.33 195.08 97.33 194.53 32.85 
• 

'11125% 

Cl-3 125 238.91 117.64 229.05 117.64 228.50 1I7.64 227.92 1I7.64 227.60 31.78 

·'Ii110 % 

C4-6 125 237.14 110.59 227.19 110.59 226.81 110.59 226.29 1I0.59 225.60 32.74 

·lh15% 

C7-9 125 218.26 103.82 208.37 103.82 207.90 103.82 207.71 103.82 207.52 37.95 
• 

'li120% 

CIO-12 125 201.34 97.33 192.77 97.33 192.50 97.33 192.43 97.33 192.26 35.0 
• 

'11125% I 

I 
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• >I 

~'U~ni'~-ffml:W-fffl'r~-ih (~fl~'U 1U-H~) 

• >I. 

atl11U1~Yl'Ul -+ tli'~~mh€l~tt)vf! 1200 ni':w ~mh 6 ii\9'1'i u'litolt 24 <H11mm11f1'jfl~tmU~ff 
• >I. 

Utl11U1~Yl1J2 -+ tli'~~1J\Oil €l:::tVVf! 3500 ni':w ~flih 7 ii\9'1'i u'li,olt 24 <H11mmi'1f1'jfl~tfllU~ff 
f """Utl1'i1~Yl1Jl -+ lfl€l'Ufl'n:w 0.5 iifl'i 'loltUl:W~'Ul:Wtilvn 1.5 ii91'i \h~tti'l 4 iifl'i~H,.:w'l..rt.uln'U 

I 250/0 \-. 


r r 

.. co 
fl'lHTFl11~I .~.J, I 

.... 
1::flU I 

r 

.. co 
fl'lHm11~ 

'" 1::flU 2 

r r 

. ... ... u .. 
 ... u 

fl'U-ilfl1,:j fl'U-ilfl1,:j 

1~~U 1 1~~U 2 I 

http:iifl'i~H,.:w'l..rt
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r ... ..,... ... .."" '"~lHJft'll)J ~lHlft'll)J ~lH.Yft'l'l 
I I.U-~' 

'l::vltl 1 'l::vltl 2 'l::vltl 1 

... ..,
'" ~'U-i.Yft·N 

'l::vltl 2 
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i i i 

... .. ... .. ... .. .:., .. .. .:., 
~'U-J:I'f1"iUl ~'U-J:I'fl"iUl ~'U-J:I'f1"i~ ~'U-J:I'flj~ 

.., 
"i:::Al.J 1 "i:::A1.J2 "i:::Al.J 1 "i:::~1.J 2 
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.;.,... .. '" '" <oJ '" '"'" '" VltH.Tf'l1~VllH:t'f'l11aJ VltH.Jf'l1-3VllA-iJf'l11aJ 
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