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.4 Q.I dl 4 d 4 0 i Q,I , " .d. 
- Laterite 'H'j{)~nH 'H1JlfJfl~~'U'YI!n~'iI1nm~t11'Ufl1'jmtl1fJ 'U{)~'jlfHI'U'\Il~'iJ~1J secondary 

oxide '\I{)~&'H~n LH':!::/'Hj{){)~ihilmJ'l..rU~1J1W'iJ~ 1~fJtI'jlfHnnfl111Jl-t1U~1~U{l:!::Primary silicate iu 
iI • • 

t11~f1i'~{)1'i1iiU~f11{)'YI~U{l~f111{)ti'u'ti'iutl~1J1Wff~U{l~iiflWff1J,j~HiU~-3';1Lli{) m:!::'YIt1{)lfl1fl.. . 
o ..Q?t ... "'''''''''OJIII!lI .... 4 
'illU1U1JlnCJi'~1'UUP-l{l1Jl'i11nm:;t11Ufl1'j Laterization 1JflWff1JtI~U'\l-3~1 L~!{)~U{l:;1J Latente rock 'H'j{)• 

laterite gravel P-lff1J{)Q 

.:etc.. QI 4fl!!ic.. QI.dCl dQ,l f d'd. Q 

- Laterite rock 'H'j{)'HU~nH'H1JlfJm~U~nH'YI1fl~nl'm'\l~~11{)~{)fJl~ff1J\!'jW 1Jfl111J&'HUfJ111{1:; 

ml1JU~~ 'iI:!::Uff~~flWff1J,j~'\I{)~ifu1J1nn11~U l'lfU ifufimu{I~ l-t1u~u 
?t I ..Q "" OJ 4 ...!V.l!... 1 III !V i 4 "'I!lIc>A 

- Phinthite l'UU~lJUtltl'HU~'\I{)~'HU~nH'YIffl1J1Hl~~~1mfl'j{)~~~ {I'H~ L~ U'\IW~'YI{)~ t~~U 

, " " ,
lli{),;~Vi~'1"1U{)1fl1fl'il~lfi~fl1'j u~~fillimitlfiuqfffl1'Wl~1J 

soil 

c9 ..,"" d QI lq" .cA d .: Gi QI 

- Self-hardening-property 'H1JlfJfl~ flWff1JtI~ Ufl1'jll'\1~~11~1{)~I1J{)'iJtyLfffJfl111J'll'U 1U~1U{l~ 

iI iI 

flW ff1J,j~il 'iI~ 'lifltrtlqfffl1'W!~hJ ii~mn~i't1f1111J~U~fl 

• c9 ..Q:l1 ' A I ... 4 0 .., ... 

- Sesquioxlde 'H1JlfJfl~ AlP3 Fep3 U{l~ Ti02 9f~!lJUff1UlJ'j:;fl{)t1'Y11-31f11J'YIfflf1f.lJ'\I{)-3~m-3 

fh~lti~f1111J~11JflWff1J,j~$ilu1fl1m'j1J SOIL AND PAVEMENT CONSULTANT (1968) l~fJ',", 
iI 

f1111J'H1JlfJH~~il 

AI !V III" 4 "" ..,!lI ,
lJ'j~fl{)t1~1fJUJ1Jl L'YI'Y1 (Haematite) 'YIU'\l-3~1111J{)g'j{)1J'" 

2. Laterite Soils lnu~ui1H~-3~tI'j:!::m.ltl$i1fJUJ1Jl''YI'ti' (Hacmatote) 11~'litl'j~n{)t1$i1fJ Laterite ~U~-3 
., 

SRIBOONLUE AND ANURAJ (1972) '~'M'fh~lti~f1111J~-3il 

?t... "" 4 ..,?t!ll.1 !V "" III" "" ... 1I)"?t-Laterite 1'UU1ff~U'\l~"'Ufl1~flu!'Uun{)U lJ'j:!::n{)t1~1m'H{lfl{){)n tCJi'~ 1t{l~{)~1J!UfJ1J{){)fl tCJi'~1'UU 

• iI • 

'Htrn u{I~iJ~tI'j~fl{)t1$i1fJ.tilfl~U{I:!::mHfl1ilff iutI~1J1WfiU~fl~l-3tiu 'j11J11~ii{){)fl 'CJi'~';16U'" $i1fJ u~ 
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. " " 
-Lateritic Soils &i~J'W~'W~hfiiill1lJtltl Laterite L'W'i'W~'Wl~tntl'W ~'Wij'il~ i:ui$i\h~notl itJ111 fJ 

Lateritc ~u~':Hm~tl'Wl~'W n'O'W ut'l~arl'W~'W~~ 619111 ff1'W'tJo.:Jcii~n'1I9i01C]f'fft'l100n1C]ffi'U'OfJni1 2.00 

KRINlTZSKY Ut'l~t'lW~ (1976) llfJ.:Jl'Wi:l";i1i'Wi1'il~,j'W fhi1 Frruginous and/or Auminous Custs or 

d 

Hrdpans , Pinthite Frrallitic Sils , Kolisoils , Ltosols , Frricrete , 10nstone Frruginous Sils and Frriols lJ 

I , " 'j/ 

mllJ'HlJlfJni'l.:J <l'jl,r'W 1~fJ1tltlfl1i1 Latrite Ut'l~V.:J1$i'hrfh~ltliilt'l11lJ'tJO.:Jt'hvhiifJ1~O.:Jij H~.:Jij 

- Laterite 'HlJ1fJO.:J ~'W~iHhliil.:Jl~lJ-riO'W Ul91nl9il.:Jfl'W ~6I91l1ml'fft'l1fJ~1'1'WtilllJ'lfl~'l.:J vh'hHi 
_I"" '" "l" "" d "l" I d tI ... """l .. 1!lI
lJllJ1Wt'Ht'lnOon tC]fiilUt'l~O\1lJl'WfJlJOOfl tC]f~'ff~'fflJO~lJ1n Ut'l~H1'il'il~lJmO'VlC]fut'l~m tOt'l t'W'VlO~iil1fJ 

~ '" d ..i_I !lI d "l" "" "" "l" • ~ 
- Laterite Soils l1J'Wiil'W'ffH~.:j'VIlJl~nOtl~1fJ t'Ht'lnOon tC]f~ Ut'l~O\1lJl'WfJlJOOn tC]f~'ff~'fflJO~l1J'W 

~1'W1'WlJ1n 'ffllJUml~.:J~1'~lrlom~'VIt1tltlH1mfl'Ut'l~H1'il'il~ii Laterite Rock or Lateritic Gravel tJ~tJ'W 

" . 
Laterite Rock or Lateritic Gravel tJ~tJ'WOd$i'1fJ ~'W'lfiJiilij,:u,:rtli1LrI'W Lateritic iiilfJi1'tJilfJni1 Tropical 

Red Soils or Krasnozems or Latosols 

~ d QI d ..J .Cl d i .;, ..... 1 QI~d d 

- Lateritic Rock l1J'W Laterite 'VIU'tJ.:j19111I91lJ'VIlJt'l11lJt'H'WfJ1Ut'l~U'tJ.:j iilfJ'VI1 tlJ'il~U'ffiil.:jfJW'fflJtll91 

LrI'W1i'W~iit'l11lJt'I.:j'VI'WlJ1nni1~'W 

- Plinthite lr1'WltJUtltlm'Wl~'tJO.:j Lateritic Rock 'ffm'W1911lJtilllJ'lf191 iit'l11lJriO'W~1l-nfJ.:J'WO~'il~ 

. . _I 'jI '" d ..J "" '" !"I d '" "" - Latentlc Rock lJl~nOtliil1fJ1'fffJllJiil'HfJlt1 (Coarse-gramed) C]f.:jlJt'ln'l:lW~l1J'WllJiillt'1n<l'jlJt'l11lJ 

" u~.:JUl91nl9il.:jtl'W ul9itl1.:jfli'.:jOl'iltj~lm~fl'Wlr1'WlJ1t'1n'o'W'1mY 'Hl0H1 liJlild1'W'il'Wnt'l1!'J1t1'W sity and I or 

Clayey Lateritic Soil 

il'lfl91 ~'W 'mqml (2528) mhTj,~'W\1ni'.:jlrl'W~'W~~fJw"'n'llW~,"LfI''llflO fJW 'fflJiJ~'il~ i:Ufl.:J~UI9i'il~ 
." . 

ltJ~fJ'WUtJt'I.:j1911lJ tJ'imwfl11lJ~'W '1 'W ~'W Ut'l:f,1m'WU1iil~OlJ nu 'Vliilf,10tlflW f,1lJiJ~l'nO '1 '!1'f,11lJllf:llhlJ1• 
_I"" '" '" "l!ll!ll '1 .d !lI '" '" <!/ "l!ll ~ 1'1tlJ l fJtlL'VIfJtln'W !iil 'il:1910.:j'Vliilf,10tl 'Wf,1m1~ml'VIiilt'lO.:j'VI'1nt'llflfJ.:jn'W 'il.:J'il~ !iilNt'I'VIiilt'lO.:JOOfllJ111J'W LtJ'1 'W 

'" '" U'W 1 'VI 1.:jliil fJ1 fl'W 
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'W;)lJ 1~n 'nHl'W..1'Ii 'HU1V1 tilU'Utll lJ 'II tl~ ~lJ \1n i'-311 ~'W ~ii f11';i ~nntl~1m'~vrWllJ1lJ1 L rllJ ';i~ tI~t1m'WllJ 

gJ 4 " ~ -=~, '.ct d Q~ , '" Q Cl.I d
flltl tl9lfffll'W1JlJmf11f1'U'U'U ';i tl'W 'If'Wt'U 'W ff1'W h, t'\! lJt'lH'nU~Ztl\1lJt'W tllJtl tln CJ1f1 t 'W1.hlJ1tlr~-3tllJtil'W N~lJ1 

" ;)lnmZ'U1'Wf11';i ~tifl\1ni'~ (Laterization) ~1'W h,qJtrl'W~'WffUfl-3 'W119l1~ 'H1m'H~m iJn'W'Ut~fI\1ni'-3U~:: 

'" ftl'tlJflm1f1NfflJlJ'Wtlg 

1. m::'U1lJf11ntifl~lJ~ni'~ Primary Minerals t'W~'W\1ni'-3m~'U1'Uf11n'h~1t1tlJt'Ul9l!tl'Utnfl;)lnf11';i 

t11gtl'Wu11MVl1~tflii ~ffmfu~::/'H1mtil9lf11';iL11gtl'Wl11'Utl~ primary rock-forming minerals trl'WU-:;~'W 
.. .d .. ,. jI ft I .... ..k , jI • '" .. .. ,.. ..

t'H'WtlTY\lJ &f1Hff';i1~H'U'U 1: 1 U~~ff1';ilJ';i~ml'U\1nH CJ1~ flttn t'H~n, tl\1lJt'WtllJ, VI!VIt'WtllJ u~::umf11'Wff 

" " ff::fflJmhrllJ~1'W1lJlJ1n !fltlUtJ~'Ii'WI9l'illJtlJm';itnfl~ni'~'iltlmil'W 3 'lf1-3 ~-3il.. .. 

... I 0 Q <V ~ SI '1" at ~ 
1.2 Laterization f1'ilm ~'U1lJf11';i ntlf11L'UfI\1m ~iI~tnflm';i'lf~m-3fllti I9lfffll1~f11';i';i~'U1t1V1t'HlJ1::fflJ tnfl 

'" .... j1. 1.f 1 ,.f .. 1.f
m';i';i1lJI9l1'Utl-3CJ1~f11,fl1~ U~~ff1';i'V'l1ntl'iln CJ1f1 m'~ ~mtln CJffl'U'fNtCJffffl1tltln CJ1f1 (Alp) , Fep3 

• I 4i ... QlQlJ(V ~'" ' :~~
,T120)ff1'Uff1':itllJ '1 iI~\lm:'U1t1'11';itl';i1lJI9l1n'W'UlJfI'Ufl11lJt'UlJmfl flH 'U'il~'W1 &'WfllJtm::fffll1~m';i 

';i~'U1t1 Mohr and Van Baren (1954) H(nri11';h m~'U1'Wf11HitlfllLUfl\1f1i'~ (Laterization) trl'W 

. " , 
.. • j1.... "1 ft I 'I jI • ... '" 

m:'U1lJf11';iVl S102 \In'lfZ~1~'V'IfI'W1tltln mf11t1 tl9lfffll1~mnZ'U1t1'W1V1t'HlJ1ZfflJ t'Hatl Fep3 , AlP3 ' 

Tip) , Mn02 ttl'Uti1'W~hfit'\!m~'U1lJf11';iVlHtflii~ffmfil~iiN~Vi1t..rlnflU-:;~'Wmiltl11'W milJ'Utl~ld 

Kaolinite li1'WtY1fiill flltl t~mZ'U1'W m';iff~1t1~1V11~tflii~ffmf~tl11'W 1'W u-:;~'U t'l1il tl1UaZCJf~f11i1Z{ln'lf:
u .. 

" . 
1'lf'W Limonite'H1tl Geothite m~'U1lJf11';i'lf~~n.ifl'Wl~~nri11il!~f)fi'W!fltI-¥l1 '1111 m::'U1'Wf11';ifltltl1tUfI .. 

VI Htflii~ffnff~tl11'W1'W if"-:;~'Wmil (J1i1::\ln'lf~~1~t'H litlffl':i~ iitltln 1 CJf~'Utl ~tl\1ihil (JlJ 1'lf'W Gibbsite 'H~tl 

1tlfli'fftltln1CJf~'Utl~m~n !'If'W ~!lJ1'W191'H1tltntlflVl..1 U~~ Portland Cement Association (1968) 1~..r 

fl11lJ'HlJ1(J'Utl~f11':h "Laterization" H'll ttl'Wm::'U1'W f11';i~Vi1 'l..rttiflf11';it~lJ111lJ1W 'Utl~t~lJ11'YI..1'llJ~'W 
. " ,. ... '" 9t "' ...&fI(Jfffll1Z'YItnflmZ'U1'Wf11';i Laterization t'U'WfI~lJ 

41 d 41.t:::l)lO.t:::l

1.2.1 lJU';it'H~nlJln !'W'H'Wl9llJf11t'WfI (Parent Bed Rock) 
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Q d t d f .cs.d. d c '" '1 "Q ~ dl I .Q

1.2.2,",'W1IfI1fl1111J111Fn'W'YI,",lm:!::1I'W1 iPI,",'W:JJ1fl'r'lfl l'Wfl1111J111Fn'W,",'W 

1.2.3 flflflc)fli!'W '1'WJ1'1~~'W~ i 'Ii "~1IN1'W :JJ1fl'Vlfll~t1'iI:::: i~!fi,",!~'Wmgfl 

. 
'j/ "' .. A "" 'j/ ~ .... ~ 

1.2.4 ff fI1'Vun '"' "fl11 'YI1-l'fl1l'Ufl-l ,",'U 11 fffI11::::!111iP1 'W tlJ'Wfl" 1-l 'li1fl!lJ'W m '"' 


KRINlTZSKY u,,::::mu:::: (1976) i~i..rfh~lti,",fl1111'Ufl-lth:h "Laterization" ii'11,i)'Wm::::'lJ1'Wfl11'Y11-l 


• .et d"'" .Q;Q d '" 4.(;)
1.3 Dehydration 'li1fl Desiccation fltlm::::'lJ1'Wfl11~ty'ff£lm111'lf'WiPl111'fj1111'1f1iP1'i1:afl,", fl17!ff£lfl1111'1f'W l'W 

... , 0' • 'I 'j/ .. d '" .K .! '" ,: 'I 4d 
lllJlfffl1flflfl IIJI" (Sesquxioxide) 'YI1! 'HIfl,",fl17 1t'U-liPI1'U'W 'Wflfl'il1fl'Wfl11~tylff£lfl1111'lf'W l'Uffn,,::::m£l'YI1l 

d "I 0' • • '1 'j/ 'j/ .;. J "" 4 d i 0' ~ '1'j/ 'j/

m"flflflfl tllJl'"'t!'Wfl~ 'YI1 'lifl111H'UlJ'U'W'Ufl~ff11":!::mm'Vl1l'U'W !fl,",fl11iP1flH"fl'Ufl~m"flflflfl 9$,", !lJ'WH" 'Ii 

tfl,",flflfl '1IJI~'Ufl-lmgfl1'W1t! Limonite (Fez03 ' 1.SHzO) , Geothite (Fez03 ' HzO) ,1m:::: Hematite (FeP3) 

, " , d (V '1 q (V.Q J .. , 0'"" d
KRlNITZSKY u,,::::fltu:::: (1976) ff1t! ,",11fl17U'U-l,",1 'W,",'W"flH!fl,",'U'WI'Wfl-li!lfltlflfl lIJI,",flff1::::'Ufl-ll'H"fl. ~ 

"" "I ~. , 0', , 0' 0', 0' .... .. .k • 'I • ~ "I 0'
3 'If'W,", tflUflL~lJ1 'YI'YI, "1Ifl 'WiPI U,,:::: lflfl1 'YI'YI Ifl"fl'IJ'IJ'Wfll.AfI1fl,",'W lIJI-lff1'W l'lity'lJ'W'~:JJ1 t'YIiPI 

• '1 'j/ "I 0'... d '1 t! , 0'..... .. '" 
m::::'lJ1'Wfl11 Laterization 'iI:!::'YI1 'liflflfllllJl,",flff7::::'Ufl~''Ii''fl 'W1 'U-eH'~:JJ1 'YI'YI1fl"fl'IJtl~'IJ'Wfll.AfI1fl,",'W1I 

... 4 '" 
m111'1i'W 1t'Vl1l'U'W 

2. m::::'lJ1'Wfl11tfl,",~'W~fl1'~ Secondary minerals '1'W~'W~fl1'~ Secondary minerals 'l'W~'W~fl1'~ '~un U1~'Wl' 0'd 1 "" 0' i 0'", "I 0' 0'1 ... 4.. 'Im'W£l1 fl1 fl" 'W'YI , ~1""()£l lIJIiPlfl" tCI'YI , 1Ifl'W'YI m" " 'W'YI U"::::fl'W~ fl17!fl,", secondary mineral l'W 

~'W~fl1'-l~'Wti'IJij'YIn'Vl"'Ufl-lfffl1'Vl1Jiim fl1ff , fffI1'VlfJiit! 1:!::I'YIff , Vl'lf~t!flfl'l1lU"::::fffI1'Vlfl1n::::'IJ1£lJ1 'If-U '"' 

III '" '" At! 1 0' 'I '" t! d 0'4'Ufl~ secondary minerals 1'W,",'U~f)HlJ 1:::: £l'lf'U:JJ1fll'W'YI1-l1ff1m711 J'VlI'Vl71::::ff1lJ17ilfl1,",fl17Wil~ 

flWff1lU~'YI1-l1ff1m1lJ'Ufl-l~'W"flf-l'~ 1'lf'W ~'W"flf-l~lj 1Ifl'Wiii'1lJ'i"1"''Wiii' u":!::ij,, '"iii'ff~'iI:!::ljfh1:i~f'IJ
'I cu cv cv . '" . 

UH!Ufl'W 1911 fl1111~'Wih '1 'W 1 'VlHff -l U"::::1111~1 ,~~ l£lfl11~'W"fl l'~Viljfl11 flit''W 'I'1U"::::fl"tJ hiii',i)'W 
~ ~ 

1. X-RAY Diffraction (XTA) 

2. Diffraction Thermal Analysis (DT A) 

3. Scanning Electron Microscope (SEM) 
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, c!l ". Q Q tV' CC1I .old 

Gidigasu (1976) n1:'l11fl.:jfffll'Ym1~1:'I01l~H<l'J 'Utl'lOl'nn~'UO'l~'U~m '11111~'1'U 

1. 'I1'U~'UnWn~ (Parent Rock) ~lnnl':iffn1:l1f11111ffll";'\.J'fi·n:'I111'1 ~'U1:'Ini''1n1J'I1'U~'UnWn~'Yl1J11 ~'U., 

Q.lQ Q'J/o.c::.. Q t 4 tI ~~" 
1:'InHm~~ln'l1'U~'Umm~'I11:'11tJ']f'U~l']f'U um'U~ (Granite) ,Gneiss 1J~GJftl1:'l'VI(Basalt) U1:'l~l't1:'l !1:'I'VI., 

., 
(Phyllite) 'Utlml1n.wir'l'Yl1J111f1~~ln~'U~1'U (Shale) 'I1'U'VI':iltJ(Sandstone) U1:'l~'I1'U~'U (Limestone) ~1tl 

~ '.1 1 QI ~ t Q.Q d:Q Q

(Ferruginous) llJ'Uff1'UlJ':i:m01J 'Utl~':il~l l']f'U 'I1'U'VI':iltJ u1:'l~'I1'Uum'U~ ~~m~ Lateritic Gravel 1I1nGJf'l 

~ <v.d.i/ 0 Q.t t f)J Q 1 Q Q Q"
llJ'U 1ffv:}'VI~ tl'lOl ':i 1:'1'1'\1 ':i1J '11'U n tlff':i 1'1 fl'U 'UU1:'l~ff'U 111 U'U1I1nn11~~m~ Lateritic Gravel ']f'U ~'U0'l'l1'U~'U 

nltU~~~'Utl'l'l1'U~ni''l '~un 'I1'Uumu~ 'I1''UU~GJftl1:'ll'i' 'I1''U''U..1 'I1'U6f1i1~1'1<l'J ~ijfffll'Yl1rJ'Um~ 'I1'U'VI':iltl 

U1:'I~'I1'U~'U~'~1JlL!'VIt 
., 

2. ffilTVUJiJmOlff1'Umt1J1'U0l':i'Yl1'l :Wirmf-1f1ij tr'Ufffl1'Ylt'l1111~ffll~00l':itfl~~'U~ni''l~tl'l1itl1mffU1J1J 
1! "" d 'JI d.. ....1 .. J .1'" _, ...

1'U ~ l tl 'U '11 ':i tl m 'i tl'U GJf '111 ~W'111.J lIlJ ':it 1I1W 16-27 0'1 ffHGJfmGJftJ ff U1:'I~fl1111']f'U \l'l lJ'i 1I1W H'U ~n 'VI 

'VWt'l1111t'iJ'it1l1W 500-2000iJ1:'I~tll~'i 

C1I , Q G) Q ....tl ~ .c::l tV .Q C1I 1 ,,,,,,,.d .d tV 

~10~~~an~ t'U1J':iL1WlJl']f'U 'llW~1~tJ1n'U~~'Yl1J~'U~nH 'U1'U~'t'J'l'l1iY1U'l1'lU1:'l'l GJf'lllfffll1tt'l1111ttYlIn1J 

0l'i1f1~00ncM1~i'U (Oxidation) u1:'l~~'em~'ii'U (Dehydration) 
., ., ., 

4. fffll'Yl fl iJ'iJ 'itt'VIffU1:'It n1':i ':i t1J l(1tll~'U 1:'1 ni''l,jn~::afl~1Jlnwt:jf'l1:'l1~ tY'I tY ~'ll tl 'l1U'U 1'U 111'1.w 1'Yl 'i It 'U111W 
.., IU tU q 

"1 I "" ,t
~'1m;l11ifl1'i'it'Ultltll,~~ 1~tJl11''iJ~'U~ni''1~t'~1f1~1'U'Ull1Wthhvi111'~'I11tl'U1nwVl'Ul1'i'h 
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.. .. .. 
Remillon (1967)'~Vi101'm1i-!l~\J'Utl-!l~hJ ~fli'-!I IPl 111m~'lJ1lJ01ltfi~'U6-!1'l1'W ~'W 66flt"'Wih~'lJ~-!lU 

OJ 

A : Zone of Leaching 

B : Zone of Acculation 

C : Zone of Weathering and Removal of Soluble Constituents 

D : Sound Parent Rock 

.. 
Bawa (1957) U~:: Maignien (1966) u1i.:j'l1lJ~'W~fli'-!l1Pl11lcimlw~'U6-!1lJjjtll~n'lfl (Morphological 

Characteristics) 66fltrJlJ 

"i .;, ~tI .:t.:t 0 ""... 0'
A : Top soil ( !IPlV'VI1! 1l:llff~1'U6-!1fl)f1fl'Vf')j'fl)f1flffIPl1) 

.. . 
B2 : i'lJ~lJ~fli'-!lfiiim~fltm:6~jjdjvlltrJ'Wm.j'Wu~-!I 

.. . 
BI : i''W~lJ~-!ltll1fl{)tfl)f~fffl166f1'fl)fiil' (AlP3 + Fep3) 6fh-!li~UlllJ (Zone of Motting) 

C : Leached Zone or Pallod Zone 

D : Sound Parent Rock 
.. .. 

Krinitzsky U~:;fltll: (1976) u1i-!l~lJ~fli'-!l1Pl111m:'lJ1lJ01ltfilPl'U~Hi'lJ~lJmlfl'~~-!lU 
JI I ","r 

GI :'I Q.I.d 4 tI 'JJ Q,.t1 4 Ao4 QI ((Y
"M'W A: t'U'W')j'lJ'VI'U1-!1'V1'fliil lr::fl6'lJiil1V"M'W'U6-!1 Silty l1l6 Sandy 1lfl)f1fl-'Vf"Mfl)f1flffIPl1tHlV 

'\1~661~'il::hiii 

" 'JI ." 'JI

ilJ B : tn'Wi''W~lJ~fli'-!lfiiifl111l'\1'W19i-!lU~ 0.30 - 0.60 tlllPll tll:fl6'lJ~1vi'lJ'U6-!1 Sandy '\1~6 
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~ 4 ! ~ efq I : I .4 "d Q 

'If'U C : fiH)'If'U Mottled Zone 'If'U'U1J~111Jfi'Ul1Jlflfl11'1f'U B '1H'\1tHVI11Jfl11'1f~"1~tfi"flU"~C)f 

iI iI ., "1 
-i'U D : l1j'U -i'U'11 'U ¢l'U ih!'w~Vii tiiifl11111~1'J'U ul1" 'I 1'U 111~1 'VIffhwir'U'I'I 'IJ~'U ~fli''1Vi~111Jii fl 

• I ", .;. i.1 .d <II III ' ...
lJl~1J1W. 0.30 - 1.80 l1J~l!1~ ~~1'J'VI1 lJ~~'I'I'IJ'VIml1J"fl L1Jlfl'U 3.00 t1J~1 

.d 'JJ alQ 

1. Uf.l'U'VItm::'\.IV\!"VI1~1i1W1'V11'J1 

2.fil'1'1rill'J'VI1~Olfllff 
,.... 

3. Uf.I'U'VI'VI1'101fl1fl 

4. t'VI~ii~fl11t~1::ffU1~VI1~1i1ruliliYmf 

1. 1::'IJ'IJ AASHTO fi~O Highway Research Board ~lU'Ufl~'UOom1j'Ufl~1JifitY 7 fl~1J flOfl~1J 

A-I tr~ A-7 u,,::1'Ufl~1J1fitYfl~utJ'U~'Ufl~1Jfjol'J '1 Ofl t~'U A-I-a, A-l-b t~'U¢l'U~'1fl11~lU'Ufl~'U1'U 
" 1::'IJ'lJlhh'U 1 fitY'll1 i 111~1'U'Il'Uf:l'U'U '11'U'VI1'1 

2. 1::'IJ'IJ Unified Soil Classifiction ~lU'Ufl~'UOom~'U 2 fl~1J flO fl~1Jt~~fil'Jl'IJ flO m1~ 

" u"~'VInl'J tm~fl~1Jt~~n::torJ~ flO ~'U~::flO'U(Silt) U,,::~'UtfiijrJ1 om1~fl~utJ'I~Om~'U 
... 111 .... 4 III 'III 'JI <:it 'JI.9 0 ... 1 .1 

'\.I'Ul~~"::~ Un~'\.I'Ul~~n:: &1J~fi10'\.l'Ul~~":: L1J ~~ 1'IJ'U~'U C)f'lfl1nlU'Ufl~'U 'U1::'IJ'IJ'U 

ri'J1.J1'I1tY'Ih i111~wn'U1fl1m11J1i1rul'V1~ii~ t'lf'I.J ff'Ul1J1J'U Olm1 ,j'l'I.Jt~O'I.J'" 

3. 1::'IJ'IJ Federal Aviation Administration (FAA) ~lU'Ufl~'Uoom~'U 13 fl~1J flO fl~1J E-l tr'l E-13 

~'1fl11~lU'Ufl~'U1'U1::'IJ'IJ.Qri1'UI'll tY ihil1l~1 'I.J'Il'I.J ff'I.Jl1J1J'I.J 1'lf'Ut~rJ1ti'IJ 

1::'IJ'IJ Unified Soil Classification 
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.;:$. ~ 0 c:t. tv QJ (VA I f " 'U6n'llln'UrJ~ffllJl'HHllHUfW1U\1nH"11Hln1:lW::;:Url::;:tJWff1J'IJ""1~ ~ t'tiU Particle-Size Scale Texture 

Soil- Classification System Uri::;: Textural and Plastic Soil Classification 

" . 
61f11fft,$'U-Um1Jltfi'IJ f11 'Hn~~U \1 nof~mh~ti~U'1:lt'ilt 'Vj 'IJ~'U \1n of~ '~lJln iu fIlfl"tl'U 66f1ti!rJ~mi16 fIlfl 

"d''U66nU'1:l::;:fIlflmi161~rJiji1u~'Uti1t'U~ffd'Uhtt1it~'Ui1U'YI':ilrJi1'U'lJtC}f6'1:11i' Urlti1U~'U~l'U 'IJ~nw~ 

'n'IJ ~U\1nof~'t'Ulhtt'YIff''YItlUff~~'n'Ultl~ 2.3 

lin 

o 3000.11. 

• 
o 

l.111ri"irn'-.tri'" 
i~,.iA 
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"" ~ L ~ L <I 4 ,1 IlJ ~ '" 4 ... ,1I :iU'HU'JnHn~'1!:H tJl'H!:lf)VVf) 9I'~HltLfI!:lVU'lJUlJlfft1:nJlJlf) tU'lI'U~U~llJf11'HfI!:lVU'VI'lJU'1 !:l~'1 'lJV~Ul 

G) yQ G} I Q. Q ~ " , • "" Q.>: ... 1 Q L <II • 
t~AU tUU~!:ltq~f11!:l'flVf)9I'LllUU!:l~m~VU'VI~t1~1~ '1 'VIfI~!:llt11JU1J1f)1JUlf>1U 1l~VVf)9I' A9I' (OxIdize) 

tI ;Q.Q" ~ c:S 1.14 .Q.Q QI J
1illPJ'W1m'Vlv~1 mlJmUt9l'tllJ iUAU i'H f)fI1m1JUl'H!:lf)V'fIf) 191'AffU~~ f11~ mAAU \If) HtJ~~Ul'VIUi UtJ~~L'VIff 

if SI II tI 

L'VItI~f)1l~tfl~;1ut~uiu'11l1f) pb~u'iluii~i1uiu~uihLijA ~~I?i'fl LtJil fiv 

iI • , t 

3. iu~u l'H iltl1~ii 'lJU lAtii~t~ f) U!:l~U~~~lU1U1J1f) U!:l~ii~u \! f)i'~tii ~ f)!:llJ~t~lJtl~~19i1'lJV~illlJ 

LU11' (l'H~f) L~fI~'fIf) 191'~) 
~ ~ 

4. iU~Ul'Hiltl1tiVU ~lJtNUtt!:l~iil'H~f)VVf) 191'~'lJU1~tii~l?il~'1 tJUtlUV~ 
~ I 

5. iu~Ul'H iltl1at'VI1 ~iiilllJ1U11'tJu Va'Hl mt'VI ~f) 'fIa~llJ ~'fItlU~f).. .. 

~ . 
QlCt."OQ-=SC::V .Q-=:t 

6. 'lI'U'HU~UmtuA'VIF:!'W~ ('W1f)m1~ 'VI~1t1 ~Ul'HUtl1) 

m~'HlVt~t! Oxidizing Agents 

,'JI I • • JI 

2 Secondary Lateritic Soil t~U~U\lf)i'~iitfl~;1U1l1f)f11~lfl~VU~1t11J11l1ml'H,,~i1u~UfhtijA~U lijvihi~ 
Q 111 • 0 G1" d 1 G'.d 161 d (V Q,\tI 0' t d .did ''I Q ~"Q Q;'

AU L'H!:lN1Ull~'VI1 L'Hl'Hflf)VVf) 9I'~'VI'fI~ tU~UU'lJ~~1U!:l~tI~'fIVf)9I' LA9I'ml'Hflf)'VIlJ'fI~ LU1J~nwuu~1t11~t1 

~ ~ 

fffl1'WU1A~VlJ "'f)1:IW~'lJ'fI~~UU!:l~fl11lJffl1J1~f:I itA m~t1'f1lJi,.rihci1lJ",hU'lJV~iu~U VVf)'9I'~'lJV~~U flf)i'~ .. 
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iu"hU~U\9lfl'l1fl ~~vhl-H'tlU~fli'~lh~LfI'Vltfii'IJU1~1'Hojfl';hiiml11U~~U';i~~U\9lfl~1~nUll1flfl11 HCl~tifU 

~U'lJV~~1l11 'Vl1Pl lClllv 1 U~lLCl~~UL'HtlrrJ!~ui'~fl11~u~fli'~1.h~!fI'VlU';i fl uCl~th Atterberg's Limit 'IJV~ 
., . 

tlUClfli'~lh~m'Vltllfilfl11~UClfli'~1.h~!fI'Vl um Moh UCl~ Mazhar (1969) ';ilU~lUHCl11fl1'H\9l~tlll~1V~1~... .. 

ctfJI '~QI t Gt'j/ tI ~ 4 1 II!L~:tQI 

'Vl~'CYV1H)~ t'H HClfl1 ';i 'Vl \9l ClV~ U\9lfl\9l1~ 'il1fl flU H~ \9l1VtlH & 'H U'H ~\9l1111in ll'1fl \9l 'H ';iV'Vl~ 'CYV1J\9l1UtI1~'Vlll 

fl11114u\9l1111inll'1fl~ HClfl1';i'Vl~ClV~'iI::~l~null1fllumw~ihd Montorillonite !1Juv~ti'lh::flU1J Shuster 

(1969)'~vhfl1 ';i'Vlfl Cl V~!~U\9l';i 1'i1'CYU1Jfl1111'VlU'VllU'lJV~ t~'fl~fli'~lu 'lh:: !'Vlfl" 'Vlul\9ltl'l~fl1 ';i 'Vl'flClV~ Los 

Age1es Ratter Test (ASTM C 131-64T) t!Cl~ California Durability Test (State of Cali fomi a Test Method 

I ~ ~ d !lJ v. 
229-C) 'illflHClfl1';i'Vl~ClV~'l.hlfl{]11 California Durability Test tllU11ifl1';i'Vl~ClV~'VlL'H1l1::'CYll &'Hfllfl1111 

, ., 
'VlU'Vl1U'lJV~tlU~fli'~lfl~t;;;tI~n1J'CYfI1'V'1'i1~~Vitn~~ulu'CYUlllll1flfl11 Los Angeles Rattler Test 

1. fl1111!1Jum~-t.h~ 'il1flfl1';ifffl1:l1'V'l1J11f11111!1Jum'fl-~1~'IJV~~U~fli'~t'll~uumJCl~\Pl11lfl1111~fl u~'ildj 

fhvd';i::'H11~ 4-8 U'CY~~",h~U~fli'~'iI~tn~'lU1J~nw~1j'CYfI11~t1Jum'fl 

2. 'CYl';i tlU'Vl~DNewill (I959) mh111~U~ fli'~~iit~~Cl::tVtl'fl 'iI::1j'll~ll1W 'CYUtlU 'Vl~ Dll1flfl':h~u~fli'~~1j 

., 
3. 'lI~ll1WUfl m~tlllfll{1JVLU\Pl 1U ~UClfli'~ 'iI::1j'll~11lW'lJU~UflCl! ~tlllm{1J UlU \PlU\9lfl~ l~nuVVfl , 'lI~uV~ 

OJ .. 

fi1J'CYfI1'V'1fJiiV1fl1fl'uCl~~"ln:rui 'lI~lJ1W'IJV~UflCl!~tlllm{1JV!U\Pl'il~Cl'flM!rlUln~fll';i'1f~~1~UCl~'IJ1J1Ufl1';i 
.. J

1atenzatlOn lllfl'IJU 

., 
I 0 I 1 0 .e::t. QI 1 t ~t.4 91 IllS Ql 

5. fl1111fl1~'ill!'V'I1~ mfl1111fl1~ 'illt'V'll::'IJV~'flU~m ~V~';i~'H1H 2.67-3.46 'iI::11fllll1fl'H ';iVU VtI'lJU fl1J 

.1"" d IIJ "''I "" '" ,... V d .1.... d IIJ '" d I • 

u';ill1W'lJV~t'HClflVVfl tttf~ tU'flU~flH flfll1f1V mllu';illlW'lJV~L'HClflVVfl &ttf~ll1fl'il~llmfl1111fl1~'ill!'V'I1~ 

" 11," 
6. ~'1ftl'V'l Cll'CY~fl ri l'V'lCll'CY~ fl~;i'UV~~U~fl i'~~Uvdn'J'lI~ll1W'UV~ ~UL'Htlf.I1~~UU~~1jril111~mJuvu~U 

., . 
laterization 'fJ~ 'lI~ lllW'Uv~~u!'I1il tl1'i1 ~~~HCll-H'ri 1'V'l Cll 'CY9i fl~;ifl'flCl~!ijV~ 'ill flU ~~UL'Hil tl1\l fltfliiV1J~1U 

!ttf'CYfllVVfl'ttfti' -vh'l-H' surface activity 'Uv~!d~UL'HtlU1\lfl'IJ~'fl 

http:2.67-3.46
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Q ~ ,t:SQ 0 d ci dQ .. 
'tI 6.:\ '11 'U ~~'.IJ Hm~ 6.:\ fl'1 'VI tn ~ n 'i ::1I1'U m 'i 'VI HI1fJ C)j',:\ '11 '.IJ1 eJtH 6.:\ fl'1 'VI In ~ 'tI1I 1'U n 1 'i DecomposItIon 

~ 91 'Q QI '1910 GI cv a' GI 1
laterization 11":: dessiccation 'U6ml1n'U'UU"1m'i'VI~mH~1':\'lf'U~n'U t'l1m".:\'illUHm6'U~Hfl'U ~eJ 

Lambe (I958) , Afrfl 'l:Ilij 'VI i'Vl ,,'tI tH 6.:\ fl'1~ln~'tI1I1'Um'i decomposition~ij~tIfil J:i.:\ i'lIm.:\ l~6'U'tI{).:\~'U 

'Vl1l';h~'U"ni'.:\~ijft11'.IJnn~1':\ <7] iMfhihJ:i.:Ji'1IUH1~tl'U~~1.:\n'UU"~'illnm'ifrn'l:l1't1tl.:\ Baldovin (1969) 
OJ 

'Q ~~ d Q 'I iJ i <v QI 4(V 0 

'Vl1l11 ~'U~nH'Vl'.IJtl.:\fI'l'V1m~'tI1I1'Um'i laterization ~':\'il::: !'I1ft1m"\I'i'lJHH~1l6'U~\I 
, ~ 


8. ff'.IJ'lh:::ff'Vlim'i9i'.IJr-h'U m'i9i'.IJH1'U'tI{){I~'U~ni'{I~'Unll'lfii~'tI{){ll1'U,~'.IJ J:in'l:lW~~l'.IJ'fi'i'i'.IJ'lfl~'tI{)\I~'U, 

~ 

tl~'il~h'U 1'Vl'i\l'm::11in1'il~1eJ'.IJ~1tl~1\1 ml'.IJ~'UU"::fnl'.IJ'I1'Ulull'UU-H'\lij~"'ClVl\1'.IJln~tlm'i9i'.IJH1'U'tI'Cl\l 

~'U~ni'\I 

9. m'ill~tl~ Quinones (1963) 'Vl1l';h ij'VIi'Vl,,~ij~"~'Clm'ill~tl~~'U~ni'\I i~ufi{)\lrllh~n{)1I'V11{1 genetic 
~ 

11im'i,~1eJ'.IJ~1tlVl\1u,,~11im'i'Vl~"tl\l ~{I~'Cl\lrl1.h::n{)1I'VI1\1 genetic iAufi J:in'l:lW~~l'.IJ'fi'i'i'.IJ'lfl~'tItl\l~'U 

m'i fl'i~'illeJ'tI'Ul~'tItl\ll~~~'U' '''~U~ 'fi 1~~d1'U~h'U1J 'i~ fWlI ''If'U J:ifl'l:lW~~ 1'.IJ'fi ';i 'i '.IJ'lfl~'tItl\l~'U~ij l'-I"tlVl\1• 

~ . . 

i'U~'UVi~Nfl'U Vtl'.IJijU:V'U 1~\lm'i1l~tl~Vi~l{1n'U 

~ ~ 

ff'tl'Cl \I~'UQni'\I ~'U ~ni'Hi1'U i '11 qJiTfl 'il~ij ffU~\lU~ 'ildjffU~ \II ~'.IJ'I11{)~tl'U ~'U n1l1H'.IJ1W ill I~'U 

ff1'U1h~fl{)1I'11J:in'tltl~tJtm iC)j'~!'I1gfl tl":Ol~eJ'.IJ , 'VI'VI11~fJ'.IJ U"~U'.IJfl~lC}feJ'.IJ 1~wi1i1Jff'tltl\l~'Uln~'illflu-i 
OJ 

1. 

2. 

3. 

4. 

http:U"~U'.IJfl~lC}feJ'.IJ
http:VI'VI11~fJ'.IJ
http:tl":Ol~eJ'.IJ
http:m'i9i'.IJH1'U'tI{){I~'U~ni'{I~'Unll'lfii~'tI{){ll1'U,~'.IJ
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" Vallerga ua~ Rananand (1969) '~ff~'llj:omm'Hf1'J1~H'I1ci~~hJ\lf)i'~1'U'l.h~1'Ylf'l"'YlfJ$~,jtllhHj 

f). 	 i 'U 'll':i~l'Ylff''YlfJ~~'VltJ~'U \If)i'~1J1f)f)11\1f)i'~ ~'U \If)i'~~'VltJ:UmJ~'VltJ1'U tif)flW~'Utl~m 1191 

'Yl'J 1fJ~'U\9I~f)tl'U ua~ ~'Umij fJ1~ijtl tl f) 'CJf~'Utl~mgf) 'll'Utld1'U '111:u1W ~~~'U\lf)i'~~~tJ 

lm~ tl'UlrJ'U ~tl'U1'Hqj'ti~tlfJ'VltJ'litlf.l'lrf) 

., 	 ft I ~... ... '" .,;'" d ~ o'ft I
(Stockpile) tl'U lJ'J~ f)tltJl911fJl91 'U \9I~f)tl'U 11 a~I91'U1'I1'U fJ1'YllJmaf)tl tl f) l CJfl91lJ 'J~:u1W~~J:-IfflJ 

'J11Jtl'Uti:l'U\lf)i'~cl1~ijm111 H~~,jl~tl'U \If) i'~~!nl91 !i:I'U ~tl'U1 'Hqj'l11 tl!rJ'U-WI91U~~~I91,jml'U 

1l~1till11111rl'U m':ifitlfffl~'Yl1~ 'Ha1~ 

. 	 . " 
iJir1Jlnl91ff~fflltlg1'Uu'i:u1W~~tldl~,rtlfJVi tll91ftlfJt\~ 1-2 ffm1~Vi~'Uijtltlf)cift~'Ui'Ulll1~ 

, , 	 JiI" 

~'U ff ~U a ~ ff.fll1~Vi ff ~u1191~ tllJij .fll1~ !~'U f)':i191 'J1lJl'i~ ff.fl11~Vi.fl iJu '1 ~! 'Ylffijfl11lJ
~ 	 ~ 

d Q Q QI Q .z lIJ" QI IQ Q.I ai ... l , ,1 lIJ" 
~. fl11lJU'U~UH'Utl~!1JI91I91'U\I f)H m~~~!'Vl1J'U'U Ll91m f.I'I1a~m'J"'I9111\91I91'U\lf)H'YllJatlf.l'Yl~ n 

f)aHH~~ !~tl111'~'U\I f)i'~!nl91uijn11l1!flijtltJ tltlf)clf! ~'U i 'U mf11ff1~ ~ '1 m'J !i1fJ f)ffti'UtltJ 

jJ "JI I 

tl'U '\Ii1 i 11'ff11J 1'1 fl1"*~'U \If)i'~!rJ'U1fff.}Iitlfffl~ oH'U ':i ij~-W'U'Yll~ -W'U 'YlHuad'bm~oH1fI'J11 

'~ijdVH'H:u1~fflJ 

http:ff.fl11~Vi.fl


17 


Sh~uvans(1946) 

.... . 
~WI71ff11J'Ufl-:JSi02 Fe20 3 AIP3 

91 91 91 
(7flfJ"~) (7mm~) (7flel"~) Si02 1R:z°3 

3.247.0 30.1 12.7Sandy Soils 

23.6 39.9 21.8 0.9Basaltic country rock 

Parent material ofmix origin 31.3 40.0 17.7 1.4 

37.9 40.0 11.9 2.1Unknown parent materials 

1~.;rel (2526) '~fffl1l1ff:IJtr~'U'fHl~1Jtlfli'-:J'l1Jmfll9l~11Jflflm~mmi1fl'Ufl-:J,.h~n1f1hw'VfI..r;h ~1Jtlfli'-:J1:b1J 

'l'Hru~flfl~'l1Jmi:IJ A -2 191 Ul fl17 ~lU1Jfl~1J'Ufl-:J AASHTO ~-:JL~1Jm1f1111J~1J 19I~flfl1J'H~flm1f1111JVl7 lfJ" .. . 
u-ll-:JLm~~1Jt'Hilel1 (Silly or Clayey Gravel) ~-:Jiifl11Lfj1J1ff~~ijfJwm'V'lfi"'1'Hi''IJ'loNL~1J~1J7fl-:Jif1JVll-:J 

'Ufl-:Jtl1J1J lm~'Hlfl~lU1JflI9l1:IJ7~'IJ'IJ Unified Soil Classification ~lu1Jm~'W117~U1Vlm1f1 (G) U"~Vl71t1 (S) 

Lh'W11j~flfl 'IJ'Ufl-:J~'W tlfli'-:J ff11J 1'H tY11j~flfl'IJ~1t1f111fl~' 'W 19i'111:1J1W:lJlflU"~~" 'm1111:lJ1W'V'Iflff:IJfI17 

;: " ... "i II" " ...... ," 1" II" .. .91 I'Wflfl~lfl'Wfll~'V'I'IJ:lJfl'WI9I:lJflj" ~1:l t'WI9I ,L1fl7:IJfl1 "191, fl1:lfl 7191, lflfl tVlI9I U1:l~fl1fl';jI9l111Jfl~fl1t1 ff1'W 

t1ty'Hl~'V'I'IJ'l1J~1Jtlfli'Ul1f1l91~1'Wflflm~tI-:Jmi1fl'Ufl-:J11';j~IVlfI'VltI~fl ijfll Liquid Limit Lm~ Plasticity 

• 91 0 

Index:IJlflml'Uflfll'H'WfI'Ufl~m:IJVll~'H"1-:J 

. " " ,... 'l 91 0 .... "'I "'I ...... _I"'" 91 <l/ I 191 ?t ' ...
'V'I flVl~~ 'lfVll'lf'W'V'I 'W VI HU1:l ~ ';j M'V'I'W VlH'Ufl~tI'W 'W VI:IJ lJ';j:lJ1W 'il'in ';j 'W fleltl ~ t1 ~1 1'W fl1:l 1~ flLlJ 'W flelH fI 

'W flfl~lflrl'a~ ffl:IJ n tI 'loNt1~I'W ~'Wphm-:Ji1fl'.il1'Ufl-:JtI'W 'W ~hi'~"lf1t11~'~~~fl~1el ~1:l fl1j VlfI " fl-:Ja-:JU fffl-:J 

~fl~1t1';hfil Atterberg Limits 'Ufl-:J~'Wtlfli'~ 'l'W11j~n1f1'VltI'il~t1~fl":h~fil'H1JfI , f1'W:IJ1m!l'W'Ufl~m:IJVll-:J 
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~ "jI " 
THlYnff mu~ 'fUJl11.:J (2538) '~Vi1Jlfrh ~'U\lnl.:JffllJ1';itll~trJ'U1ff~,r'U';iV.:J~'U'm.:J'mh'l1.:J ~'U'YI1.:J'lJViJ 

tl'U'U ~ihJ;lJ1W f11';i 'Il';i1\l';i ff.. .:Jlh'Umn.:J tH'l~ffl111';itl1 ~tn'Ufj"J'miJi"JfI';il"J'lJV.:Jtl'U'U ~ hj'~'f'll~WliJ t'Vt';il~ 
,Si " t 

l~fI'f'lnliJlj)~ '1iuflmn'Ut~fI 'f'l~tijvfltljVtln'1l1'l'Y1VfI"Jll1~'U1'UVlf11fl umiiJ~'U 'f'lnl.:J1'Umflfl~1'U vm~ViJl1.. .. .. 
'" ll1f11~Vdihh~lJ1W 40 tmri.:J :un'Vt1J,r'U~'U\lnliJl1'Ul1h~lJ1W 1.4-2.0 111fl';i t11 Liquid Limit U'f'l~ 

'" '" ~111'U ff'll:ijfJW ffll U~,~trJ'U 1ff~,r'U ~'U 'YIH '~t~'Umh.:J~ 

Ruenkrairergsa It'f'l: Waiwudthikead (1987) '~Vilf11';iffn'l:lln'f'lffllU~'lJV.:J~'U\lnliJ i 'U 1..l';i~l'Y1fl' 'YIVlV;V"Jl.:J 

U'U"J'YI1 iJ f11';i ihl1'UfllIWI';i!l'UfJW ffllU~'lJViJ~'U\lnl.:J tV;V i ~''U.:Jl'UriVff~l.:Jtl'U'U 'illnf.l'f'lf11';i1,)Vffl111';itl 

.llIJJ/'", "''I AI lIJ AI J/ Q ""..l ... d ..l'lJ/?!
ff11J ~fI"Jl fI'U \l n H ~ 'U1J';i~ t'YIfl !'YIV1J';i~nV1Jfl1mllfl\lnH'YIlIfI"J111U 'lJiJUH'YI'U'YI1'U Ll1111~ ffll'YI 'il~ &'lfllJ'U 

Morrison (1965 tl'HOiJ n';i~'lfl~ ~'U'mqmr U'f'l~ 1WJoiv 1V1WJtfiV';i~ 2528) '~'jlV.:Jl'UtilfJWffllU~ 


'YIliJ~l'U1fl"Jm'j1l'IJV.:J~'U\lnliJlj)lnUl1riiJl9il.:J C'j 57 lLl1cl.:J t'U1..l'j~I'YIfl''YIV~.:J1!fffl.:JH1'U fll'jH~ 2.2 


fll';iliJ~ 2.2 fJWffllU~'YIliJ~1'U1fl"Jm'j1l'IJV.:J~'U\lnl.:Ji'U1..l'j~t'YIfl''YIV ~lJ1 Morrison (1965) 


""'" fJWffll1Jfl 
, 

tilAl~fI 
. 

fI1ff iJfffl 
.. 4 

• I .. 

ff"J'Uf.ll'Ufl~ltm iJt1JV';i 200 (%) 0 66 

;jfl,.ti~U'l1'f'l"J (%) 18 97 

~'lfi1'Vt'f'llff~n (%) NP 51 

. '" 
nQllfl'Uflll1 AASHTO A-l-a A-7-6 

Group Index 

I " 

0 10 

fldll1miJ'illt'Vtl~ 2.59 3.20 

• J/ 1..l" ~fldll1l1'U1U'U'UUl1.:J'f!.:J~fI ( V'UfI/'f'l1J. fl) 

'" , 
118.0 114.5 

4 Q 'Y 
fldll1'lf'U'YIfldll1l1'U1U'U'UUl1.:Jff.:Jfffl (%) 

.. 4 
7.0 13.4 

CBR(%) 7.0 60.0 

f11';i1J"J1I19l"J (%) 0.1 55.0 

Percentage ofwear (%) 20.0 60.0 
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Warakom (2000) mh':d1 Brand Utl~ Hongnoi (1969) a1~ii~':w lh~')f1~ ~'\..I'm\)mr Utl~ l~ifJ 1fJl~ 

LfifJ'j~ (2528) '~Uff~~i 'lfLif'\..l';h11hn'j~ul9ln~h~fi'\..l i'\..l m'j 119l~fJlI~';lVd1~~'\..I\!n1~Li'7~iti'\..ImHl~tltWil~ 

liNtlvi,i 'lff>Jw~n'l:lw~'U~~m'j'lJ I9lfl~ Ut;l~fhi:1~'U~~~';lVd1~11I9lMh~fi'\..lv~n1tJ nnvi1i 'If~';mdH ~'lJu'lf~ 

" .. 
t;l~ t;l~ '\..Ivn'il1ni1u~l'I'lJ';hti1i:1~lii~'\..I Ut;l~ti1i:1~U'lJn'YI1'\..1 'U~~~'\..I 'il:ltJlifJ'\..IutJt;l~1tJ~1fJ Ul9lliu'\..I1iU'lIiJ1 hi 

1,j'\..li~ 

Warakom (2000) m:hT;h Muktabhant Ut;l~ Ongskul (1969) a1~ii~i'\..l n'j:')f1~ ~'\..I'm\)mr Utl: lfiiifJ 

1fJ'1fiilnfJ'j~ (2528)'~ffn'l:llrlW i:1n'l:lw~m'j'lJ~ fl~lm:fh CBR'UV~~'\..I t;l n1~Nffll'YI 'j1fJI9l111tJ~1J1W'YI 'j1fJ
~. ~ 

,j l~~fi'\..l l'I'lJ';h;j~ ~ 1fi~ t11911191 ~fl'lJ~ f n'il~tl~~H! m~lirl1111~hj.w'\..l1i'111 '\..IU'\..I11~'\..I19l 'j ~fi'lJtJ~1I1W f t1fJi:l:'UtI ~ 

'YI'j 1fJ~itNffll 

'" '" '"2.2 01""'''11 

Z I ~ , " Cl Y .. I.e Q,.9I 1 ,: ~ f Q,f Q,f di"'1
'\..I'\..I~ 1')f'\..l "'\..I Uni:l'lJ "'1~ 11 11'\..1 'U1~ 11ty1Ul'fn fl]f~Vl'ill'jfJn ~11ffmi:Jl9lfJm'jlll'l'\..lfl'\..l UI9l1ff~'Htln'YI ')f ~ '\..I 

m'j fff1~~1'\..1fi V~'\..I ~~i1n'il~!~ fJf1':i1 "..rl"'~'U" rl '\..I ff1'\..11J1ni1nfl~ ';h~1'\..l~'\..I 111'\..1 ffmlll9lfJm 'illU'lJ'lJ i m.i 

!~~ln~~'\..1 UI9lU~'il~~U~1~1'\..1~'\..I!11'\..1ffmi:Jl9lfJm'i1l1fhurili1J1;~Ul9lffi1fJVlW1~mlll iff itJll9lllifJ lm:li 

m:'il1fJV~vt1 'tJ\9l11lU'Hrl~Vl'ifJTi'i'i1l19l1~~ 'UV~ li:ln u,n'\..l1l'il~,j'\..lU~litJ'i:')f1m'U~~ ltln~1'\..l1'\..11J1nVlfffJ 
'i " ... · "'.1 '" "'''''" ... , '" .. ''I'''' .1 ..e,~g '\..I'lJ1'\..1~'\..I ff1'H'i'lJ1J'i:tflfY t'YI fJn 1I'lJ1'\..I" '\..I !')f'\..ln'\..l t~fJm:'il1fJvg t'\..l5JlImrlI9l1~~ 'UV~1J'i:l'YIfY fl]f~ff1'\..1 

~ Y tI " I J ~ 1 4IIi. Q91,91
fl1111 'il 'i ~!Hl1l1 '\..I 'l:I fJU 'YI'lJ'YI n rl '\..I ffl1Jll flff'i1 ~'lJ1'\..1 ~!~~Vtil~~1 fJU tl: 11'\..1 fl ~ 11191 m'ifYn 'l:I1 ~1111~ 'lJ 'lJ'YI '\..I '\..I fJlI 

, ~ ~ .Id .1"''''' """'... " • i" "eS' " "eS." , "" " ~1J~!1J~'\..I!1JtlfJ'\..IU1Ji:l~')f1I9lUtl:1Tifl~'UV~1I~'l:IfJ 'YI-I i11'j1lffn~V'\..l~t)fJ lfff111ff'j1~lV~ 11 ~m'iff'i1~1V~ 

lif>Jwml'l'li'~1J1I9l'j!l'\..l Vl'il 'litJtl~~fifJ L11'\..1~'\..I 

http:ltln~1'\..l1
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., 
~lfl'l1\J~~"'161~\J~1J i. -H'LYi rJ~'VH)fi1Jfl11H' 1~w6!~\J~1J~flihi1\JNff1l'U6~~\J UCl:.:umt1J 61~\J~1J~dj 

" ,,11 

'UhI 1~ i. 'HtUfl ':h6!111 'tllJ1mW6fl1111U~~Ul~ UCl:.:hltJfl'iJ lfl'l1h1tJ~ ff111 1':i f;)i1h1~\JtnhltWtJ1iAt~61~~;l~ 
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dl "".% "1 , ... "'1 II) '"d 1'd'il1flmlfl'fl1:l1Ufl::fl'Ufl111'UV-:lIfI'U 'U'U'YI'YI 2 'W'U11~'U~flH 'Ul.h::l'YIfl' !'YIfJi.h::flVmntl1:lJ~~flH 

~iim111U~-:lUH'YI 'U 'YI1'U -:l1'U1,rtl~H1'U1I1ff1'U1'Hqj1,*~'U~ fli'-:I1'U-:l1'Ufl'U 'U 1~vH1'Um::'U1'UmllH'UtJl-:l 
., .,. 

flW f1'1I'jj~"tIV -:I~'Uih1'If~'U ~fli'-:I f1'1lJ1lfli''U'W1'H irflU'Ufl'YI1'U i¢(11 1fl;j'U~-:liiU'U1~~Vi 'il::U 1~'U ~fli'-:1m1~ 'U 

-:l1'U~!A'UA'U 
. .. 

o , .- u Q 1 ~ Q, Q"I <V Q.I 4 .-1 J 
3.2 fll'H'Ui'lU'Hi:t-3i'1UtJfl'Hllil:: t'lf tU~lUlil811i:t:;ili'l'Hlili'lCJJ8~1Jfl1Q.! 

... .... ~v , 4 
i'IUtJfl1~lll'lf 'UlmfltJllJU'Hi:t~ flO 

lmri-:l~ 1 A'U~fli'>1 611flVt1111:;m ,r-:l'H')~mty'il'U'1,!~ ~>11tJ~ 3.1 (fl) 

lmri-:l~ 2 A'U~fli'-:I 61!f1Vfflfl-M'U ,r~'H'r~'l1fl'1,!~ ~~ltJ~ 3.1 ('U) 

lmri-:l~ 3 A'U~fli'-:l61tflV1J1m'Hgfl .o-:l'Hl~f1'l::'1,!~ ~~ltJ~ 3.1 (fI) 

1~'U~1V~1-:1 'il1mmri -:lA'U flfli'-:lU 111 Tt11m l 'U ~fl~tJ i''UtJ l ~flWf1'11~1'lfii'U '\J1~ tgmfl::1fI1fll'Ifu'lf-:l 
~ . . 

1'Uf1'fl11::VW'HfliitJfl91 ut1'''ni11f1111m::'U1'Ufl1l~~ltJ~ 3.2. ~ ~ 
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. ~ 

pHi 3.2 U~~.:jU~'WfJ~'Ii'W91'e)'W''Wm';j1~tJ 

~ . 
t1l'l1'W~mHJtlflUtJtJ l~tJlhl'nrfl ~.:j911';jHVi 3.1 
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. " 
"111-3'" 3.1 t1t1flU1J'l.JtJ"11"hWJi.lfflJ 'tItI-3 ~uCJitlJ'W~ ~U\!fli'.:.J U"~U1 

Mix 

1 

2 

i 
3 

4 

5 

6 

7 

8 

9 

10 

IV ,
6gJ111Tl'Wfn.nJ .. 

(~'Wcihll'Wff,R'Wgfl1-3,'\l1) 

0-100-10 

0-100-15 

0-100-20 

0-100-25 

1-100-10 

1-100-15 

1-100-20 

1-100-25 

5-100-10 

5-100-15 

.. 
0 .., 

'HH'WfI 

'11 -=I I.., 
..W1Jlll'WgJ( fl1l1) 

0 

0 

0 

0 

17 

17 

17 

17 

85 

85 

.. 
0 IV 

'Wl'H'WfI 

'" ..., IV
A'Wgfl1-3(fl1l1) 

1700 

1700 

1700 

1700 

1700 

1700 

1700 

1700 

1700 

1700 

.. 
mlllgJ1,h (fl1l1) 

170 

255 

340 

425 

170 

255 

340 

425 

170 

255 I 
11 

12 

13 

14 

15 

5-100-20 

5-100-25 

10-100-10 

10-100-15 

10-100-20 

85 

85 

170 

170 

170 

1700 

1700 

1700 

1700 

1700 

340 

425 

170 

255 

340 
I 

I 
16 

17 

18 

I 
19 

20 

10-100-25 

20-100-10 

20-100-15 

20-100-20 

20-100-25 

170 

340 

340 

340 

340 

1700 

1700 

1700 

1700 

1700 

425 

170 

255 

340 

425 

i 

I 

.: <09 ~ ... ... .:.. ... .:1"tI fl11 mlflU'lJ1J ~1flfl11l'1" fftl1J'VtU! 1U fl11t1~Ufl1~C)f.:.J 'II::: mhJi.l'W fl1JfI 11lJ'lf'W fI t1'H 1 fllJfI 11lJ'lf'W 

iI .. Q : ~ 0" 3I.Q .t:9 & 191 Q,I".c:S ~ e!l 

'WtltI'H 1t11hlllWU1U t1t1~1l'l11'H 'lJ!flflfl11 tlfltfl1:::'tIU 1'11 1lJ '1fI 1'Wl'l1-3~1.:.JflU 'tIllJ'H1fllJfl11lJ'lf'Wlllfl'H1t1.. 
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y . 
'il1flfl1'i'Vl"fH)UflW1l:IJ,r~~'\.,!!1'\.,!'UtJ.:J1Pl1tJV1.:J~'\.,!~fli'.:J~.:J~1'i1.:Jfi 3.2 'Wu·hrJd'l'\.,!'UtJUt'U~'Um 

f1W 1l:IJ,r~'Vl1.:J~1'\.,!1ff1m'i:IJ'UtJ.:J~'\.,!'flfli'.:J 'l'UtI'i~l'Vlff' 'VlfJ ~1'i1.:J~ 2.2. ~ 

r V Q.I 1 Q.I

3.6 't'iaOflo'UfllOl1Hlilv,}'YIAilOU 

fl1'i'l1"tJlPl1tJ~1.:J~'U 'l,ymJ11 '11" tJIPl1tJ~1.:J (mold) 1~'UU1111'11"O~10V1.:J l tll'1'i .:J\!flU1ffn'U'U1" 

" " 
5x5x5 tc)fW~t:IJ~'J~1:IJ1I1~'i!1'U ASTMC 109-80 l"fJiHr'U~tJ'U~.:Jij 

~ t.V' ttI 

3.6.1 u""'U~m.:J'JO'UH1'U~~Hm.:Jt110'J 8 
." . 

3.6.2 'h11l~fi1,yl~Ufi~'U~fli'.:J ,hm~t]fL:IJ'U~1I1H1l:IJn'U'l'UU~'fl~6m1ff1'U H1l:IJ~.:J~1'i1.:Jfi 3.1 

"" 'I, QOI': 'I, ~ .cs tI .d 01tI tI 4 1 

3.6.3 fl1'J!mU:IJ'lI"'Vl"1l011 'U.:J1'\.,!1'W'U'il~ <)f~wn:IJ'U~tlO'i~U'fl'U"tI'J~U1'Vl'Vl 3 U'fl~i'I'U\!flHU~ 

'fl~lm ft.:J H1l:IJ~1:IJ6~'J1ff1'U~fh'l1'U" 1i'ltm"OIPl';I6V1.:J'VlH ~fl1J1ffn'U'\.,!li'1 5x5x5 tC)f'U ~t:IJ~'J ~1:IJ 1I1~'J!1'U 
.k """""" "')I tI " .k "".,..,. '" .:ASTMC10 C)f.:J:lJ1Tifl1'iH1l:IJ:lJO'i~1 'J~fJfl~~1:IJ:lJ1~'J\l1'U ASTMC305 C)f.:J:lJ1Tifl1'Ji'I.:J'U. .. 

"''''' 1'1 W'Il:IJU ~• 
, "" 

UlHN'Vl1 
, "" 

H'I1'fl.:J'Vl 2 
, "" 

U'I1'fl.:J'Vl 3 

~~l'Vin"m'fl1 (%) 

~<)fi!'W'fl11l~fl (%) 

, 0 

f111:IJm.:J'il1t'W1~ 

59 

NP 

2.73 

70 

NP 

2.92 

64 

NP 

2.81 

ltl~ 3.3 ff1'UH1l:IJ1Pl10~1.:J'Vli'l1l011 ltl~ 3.4 fl1'iH1l:IJ1Pl10t;'.:Jl'1i'11l011 

'h~'Ut]ft:IJ'U~~'U~fli'.:J1I11ff'l 'U m ~11~H1l:IJ~.:Jltl~ 3.3 1'1 qmfl "'1 'I,Mt,r1n'U 1flUi ,ytfl~O.:JH1l:IJ:IJ o{~l{~.:Jltl . . " 
..:::I '1"~ 0 A.d!l II fj}G.I-=!9!QI cv "~"'''Q,I
'Vl 3.4 !'\1tfI'JO.:Jl'11.:J1'U }-2 'U1'Vl'l1'JOi'l111l1'UH1l:IJ1'U1fl'U"U'fl1'U11l1'UH1l:IJ'Vl.:J'I1:IJ"f1'flmfl'fl1 t'Ytl'U1fl'U.. . 
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. ~ 

3.6.3.2 thVif.lfflJ '~rifl~i 'WU'lJ'U'YYrlfl~'W~Tfldl.:J'II'W1Y'1 5x5x5 lC)f'W~L1J~':ilJl~':i~l'W 
, ~ 

AS1MCI09-80 ~1'W1'W 6 ~1flfh.:Jt.wmhlJ1U'll~VlY'lfffl'Umh.:JfI~ 3 ~1tJdl~'YY~.:JtVl~'WI'li'lU'U'U~.:ji'Wmmff 

,,rri1'WHfflJt~~vi1 ~.:jli.J~ 3.6 

~ 

3.6.3.4 ~lJi\Hnmff 281'Wfifl'WU1''l1V1Y'1fftJ'Ufhfh~~6Y'1Ufl~fhmH1Y'lcjflJ'Ih... 

. "". . "". . .,.. 
n. U'YYfI.:jVl 1 'II. U'YYfI.:JVI 2 'f1. H'YYfI.:J VI 3 
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. 

t 0 <V t • 0 (V.4 

111~1!1'W ASTCMI09 ml~ml11M'W1U'W'Wifll1111lifll!1'W ASTMC134 1ll'Wl'W 3 mmJ1~!'VHl'YIlm':ifl~mVn 

~ . 
oV'WflWfI1V1 4 f1ll11M'W1Uti'W 710 tl~ 800nn.l 'fIiJ.ll. fh~~liJHH6f'l',j~hn1l 40 nn.lm.tl]tlJ. hlV't'W1!~'fI~• 

~ 

'\.hM'I!nnf'l~'Hlf'l 
fh~~liJUH6f'l = -~~.------

4.:::1 9JQlQI QI 

VI 'W'YIM'W lifl f'l liJUHVf'l 

3.7.2 'YIf'ltYViJmmJ~v'Wm_h'mJlmifll 

3.7.2.1 'YI f'ltYViJ ml 1'\J~V'W!!'\J'fI,nJlm~ l'lnnmlf'l 
'II 
iflflll11~'W1f'ltJnll 1f'l'U'Wlifl'\Jlmifll'Uv~n'V'W~lV~1~ 

~ ~ 

• ~ '\Jlmifll V M~~!I,rth - '\Jlm~l Vf1V'W!I,r'lll 
ml!'\Jliv'W!I'\J'fI.:j'\Jlm~':i'ilflfllJ~l~lv'lll = X 100. ~ 

'\Jllllifll V nV'WU'lfth 

3.7.2.1 'YI fltYViJnn !'\J~ V'W!I'\J'fI~'\Jlmifll 'illnmltYtu!ffVfllllJ~'W1llnmlvUthi..r!flflmlMfI~l'UV~.. " 

~ 

• '\JllJl~l V M~.:j!1,r'lll - '\JllJl~l V M~.:jViJ 
ml!'\Jliv'Wt!'\J'fI~'\Jl11liflllllnmlMifl~l = ~ X 100 

'\Jlll1ifll V M~~!1'lfih 
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'" . 
3.7.3 m';i 'Yt~ ff~lJm';i ~tl~aMlI'Ill !~ 'Wm';i'Yt~ff~lJfl111l ffl111';i fJ '1'Wm';itl~o:iflJmlll:j1'W '1I~~~1~Ul~'Yt~ff~lJ 

. 
I '" I '" 

fl. mnN'Yt 1 '11. UlHN'Yt 2 

. '" 
ltli1 3.11 ~1mh~~'W'Yt~ ff~lJm';it]lilaMlI'IllUl1 n~~l~" 



28 

,"'" ... ..,
UYIYI 4 rut fIl11ilti 

Q,I 0 Q.I Q.::s tI 1 Col Ci..::::t tI 
rmfl''iVl~m)'Ufl1'i'i'Ufl1'''~'II0~~'U!.]fLlJ'U?l 'H''fI1f11'lJVHN?l1'11m~'U!.]ftlJ'U?l 

4.1.1 fmfl1'iVl~ffO'Ufh'fl':Hj\Ol H'H~~~ 1 ~~'H'l~ fl1ty'iJ'U1,!~'iJ~'M'Ui~':hijfhfh'fl~tl~?l'lJl1~lJ'W'llO~ 
, ,tI , 

~'UCi'lJ'U;;hrilJ;j'U ~~111.yj 4.1 

-l -l-l80.00 !=> o~ 

70.00 

60.00 


Y 50.00 


00 • VI 

0\ ~\O 

" 
• l1lmw -W' 10 %~ 

" ;)~ 40.00 • l1lmw -W' 15 % 
;)~ " oc 30.00 • l1~mw -W' 20 % 

" 
• l1~lJ1w -W' 25 %20.00 

10.00 

0.00 
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120.00 

100.00 

80.00 

40.00 

20.00 

0.00 

4.1.3 Yll1ml'l'l~ff{l'IJfh~.:jtl~ U'H~.:j~ 3 ~.:j'H1~ ffl~'4~1J~I~Ui~·;hiiri1fh~.:j~.:j~llJtI~lJ1W'tl{l.:j~'U'ilftlJU~ 
, I JI , 

l11yhJ;iU ~.:j11ll14.3 

70.00 0\ 
0\ 

'" 
• 1I~lJ1W ih 10 %60.00 

'" 
• t1~lJ1W ih 15 % 

'" 50.00 .1I~lJ1W ill 20 % 

Y 
~ 40.00 

)~ 
)~ 30.00r
°c 

20.00 

10.00 

0.00 

'" 
• 1I~lJ1W ih 25 % 
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~ 4.1 ~.:Jlll1J1W~'UGjfnJ'U~ 0% ml~ 1% ~rlmh'llU'lfJl;)~lfiflm·HHnfJm'.ifjfllm~~.:Jlll~ 4.4 


fll'.il.:J~ 4.1 1'11:Im'.i'VIflff61111l~fJ'UU1l1:l.:Jlll1J1m\l1flmHnlJlfffJfnl1J~'U
'" " 

i 

i 

11"" '" ...,l 

lll1J1W~'U C%) 
.-l '.i1J1~'.im'.ilYfI~1;)lflm'.illqjlfffJml1J'lI'U C%) 

fl111J'lI'U(%) , . ,.,;' ... , ... 
UlY1:I.:J'VI 1 UlY1:I.:J'VI 2 IIlY1:I.:J'VI 3 

0 10 na na na 

1 10 na na na 

5 10 7.96 12.95 na 

10 10 6.90 10.72 na 

20 10 5.27 5.1 6.96 

0 15 na na na 

1 15 na na na 

5 15 7.89 7.86 na 

10 15 5.92 6 na 

20 15 0.35 5.93 5.01 

0 20 na na na 

1 20 na na na 

5 20 7.86 9.84 na 

10 20 5.96 6.96 11.61 

20 20 0.01 7.84 9.69 

0 25 na na na 

1 25 na na na 

5 25 11.57 10 na 

10 25 7.80 7.94 5.93 

20 25 2 0.96 14.02 

! 

I 

i 

• " I I' , 

4.2.2 m'.i11l~fJ'UU1l1:l.:J1l11J1~'.i"lflm'.iflflfl111J~'U,,'Ufl1J~TVi 24 <j1imi'l.:J'.illVi 4.4 1'11:Im'.i'VIflff611~.:J 
~ ~ 

~l'.il.:J 4.2 



31 

.. " 
~l':il~.yj 4.2 r'mfl1':i'Y1~fffl'lm.nifJ'Wui.lMi.l1m~':i\l1f1fl1':i~~mllJ;1'W 

I i.l1mru~'W (%) 
.... i.l1m~':i'illf1fl1':i~~1911lJ4'W'iI'W~lJ~1 (%) 

1911lJ')f'W(%) . . . 
I "" I "" I "" 

U'H"~'Y1 1 U'H"~'Y1 2 U'H"~'Y1 3 

0 10 na na na 

i 1 10 na na na 

5 10 3.15 5.78 na I 

10 10 2.21 2.04 na ! 
! 

20 10 2.17 2.15 2.16 

0 15 na na na 

1 15 na na na 

5 15 2.19 1.12 na 

10 15 0.04 1 na 

20 15 0.80 0.96 7.21 

0 20 na na na 

1 20 na na na I 

5 20 2.00 3.22 na I 
10 20 1.09 1.03 6.39 

20 20 0.08 0.08 7.21 

0 25 na na na 

1 25 na na na 

5 25 8.04 5.28 na 

10 25 3.17 0.04 7.15 

20 25 8.9 0.06 13.12 

http:l':il~.yj
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I 

I 

I 

U~1I1W~'U (%) 
..\

fl111J'lf'U(%) 

</I ; 

m'J~~CJt1J'Ul (%) 

''''' LtlH'I~'YI 1 
I 

''''' U'lHN'YI2 
.... 

U'lHN'YI3 

! 0 10 na na na 
i 

I 1 10 na na na 

5 10 13.76 14.92 na 

I 10 10 11.85 13.92 na 

20 10 15.29 17.65 11.96 

0 15 na na na 

1 15 na na na 

5 15 10.85 11.75 na 

I 10 15 14.54 10.89 na 

20 15 10.34 7.82 11.3 

0 20 na na na 

1 20 na na na 

5 20 15.82 14.6 na 

10 20 12.95 12.27 13.57 

20 20 10.25 10.13 19.07 

0 25 na na na 

1 25 na na na 

5 25 19.95 18.78 na 

10 25 16.52 14.92 14.39 

20 25 14 5.3 10.12 
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" . . 
~'U~"mth~~'U li~ 3 tmri~1~Ufi U'Hri~Vi 1 ~~'H1~ Fnty\l'U1J'l lmri~Vi 2 ~~'H1~ "lfm,{l ull~lmri~ 

d QI Q,f .d '0 (V <IC\ ~ ~ IQ ... I.oJ ~ J 0 QI f 'iii Ift

VI 3 ~~'H1~ ff':i~1J':i 'W1J11FnM'lJtl~~'Ul'VUJ'IJ'U~lmtltlll~U':ilJ1W\!'UVllVUJ'IJ'U~llJlIl~1Jflltl~ ~'\.J'tn~ 24.55

104.22 ksc. 

5.2 Nl:tm111~D'tl'Um·n'l1atl'Uu'l1l:t.:.lm'JJ1\111 

'illflNlIFn':i11~fftl1Jl~tl'W1J"h~1tlf.h~~'U'VJmmri~~ihY1'UNfflJ'lJtl~,j~lJ1W~'U!tltlll~ 0-1 'VJfl 

tI , " • , t 

fl11lJtN'Ut1i6'lh 1 ,ju'lhhlHtltlll~Fn':il,j~tJ'UU,jll~,j~lJ1~':itldVi 5.92-12.95 Ull~ ~'UViihb'UNfflJ'lJtl~ 
" , " . . 

,j~lJ1W~'U!tltJlI~ 20 'VJflf111lJtN'Ul1itlih 1 ,ju'lhhiHtltlll~Fn':i l,j~tI'UU,j1:N,j~lJl~':i tldVi 0.01-6.96 
.. 

~ . 
5.3 Nl:tm".l11~D'tl'Um1V1~VlCJf'JJ'U1 

'illflNlIFn':i11~fftl1Jl~tJ'W1J"h~1tlfh~~'U'VJmmri~~ihi1'UNfflJ'lJtl~,j~lJ1W~'U!mm: 0-1 'VJfl 

'I " .... """" "'1"';"'''''"'I5.4.1 t'U Fn':i fl'J~'VJ{I~1tltll~~'U IllnlJ'U~lI~ t'UU1J1Jf11';j'il~m~'VJ~ ~'HfflJ11fflJtlfl'Ul'W';jl~mm~'VJ{lUH 

tfl'U 1 ,j'Hltll1J11fl'U 1 ,jm'il~~l'h'l1'~tl'U~1tlOl~11~fftl1Jii,j~lJl~';j~1lil'Vhn'UUll~~~ ff{I NlIm:Vl1J 1,j~{1Fn':i 

'Hlfhfh~~6~,jn:~tI 

5 .4.2 'IJW~~VilFn':il1~fftl1JFn':i 11~~tl'U~1Ueh{li1l1':i'il~11~'l1'tl~':i :'t1"h~flm~'IJ tl~lrfi'UVI ~fftl1JlLlI~ 

i1I1':i l~fllLri'U fl~~tl'U~1U01{1'l1'tld'IJ'U l'U n1J~tl'U~1tlOl~ 1'W':i l~m~ 'il::l'h 'tl1'fhfh~~ 6~,j';j :~tlfll~lfl ~tlU 

http:0.01-6.96
http:5.92-12.95
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