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Abstract 

The earthenware clays from Ban Don Ta Chang and Saun Sompot, tambon Phraya Banlue, Lat Bua 

Luang district, Phra Nakhon Si Ayutthaya province, Brick's factory, tambon Bang Pia Kot, Pa Mok district, 

Ban Pa, tambon Tri Narong, Chaiyo district, Ang Thong province and Ban Hu-Kwang, tambon Hu-Kwang, 

Banphot Phisai district, Nakhon Sawan province were investigated. The study covers their chemical and 

mineralogical composition as well as physical, forming, and fired properties. Result showed that all clays 

contained silica in the range of 53.31 % to 60.59 % whereas alumina was in the range of 18.96 % to 24.46 %. 

Clay Lat Bua Luang had high silica content of 60.59 % with low alumina content of 19.79. Therefore, this 

clay was free silica rich. All of the clays had comparatively high amount of iron oxide and titanium oxide 

from 5.64 % to 7.24 %, being responsible for the reddish color after fuing. Comparing to clay Ban Don Ta 

Chang that could withstand temperature higher than 1,150 DC, clays Ban Pa Mok Ban Chawai, Ban Hu­

Kwang and Lat Bua Luang had high amount of fluxing oxide (Na02, ~O, MgO and CaO) between 4.3-5.1 

%, as a result, maturing temperature was lower. The mineralogical compositions found in all clays were 

quartz, kaolinite, illite and smectite. All of the clays displayed low amount of residue on 325 mesh sieve 

(<3%). Clay Ban Don Ta Chang had high values of fine particle, methylene blue index and plasticity index 

of 99.7%, 23.83 meq/lOOg and 34.09, respectively. This resulted in a very fme texture of the clay. On the 

other hand, clays from Ban Pa Mok, Ban Chawai, Ban Hu-Kwang and Lat Bua Luang had the above values 

in the range of 62.7-82.8 %, 8.26-19.08 meqllOOg and 25.07-29.07, respectively. These could also be 

classified as fme texture clays. For this reason, when making products with plastic forming technique, non­

plastic material was required to be added for reducing their high plasticity which could cause cracking for the 

period of drying and firing. Al the clays had moisture content, shrinkage and strength in the range of 23-26 %, 

8-9% and 1,257-2,095 psi, respectively. They could also withstand temperature at 1,100-1,150 °C and had 

narrowed of firing range. After firing, color ofall clays was orange-yellow to red-brown. The clays possess all 

the properties required to be raw materials for local earthenware pottery and natural colored products. 
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eI~ I C>J 	 C>JQ ~ ~ I (l..OC> <l/ d 9 9J 

€)-lrllJ'J ~ flellJ fl1'J fl'J~1110~1~€)-l'lJ'U1f1el'U fl1rl fflJlJ\9I fl1'J'lJ'U'J lJ fflJlJ~lto -l fl1'J !~1 !11 el Alt (1'111 1'Jflrl1lJrllJ 
q ~ 	 q 

Q ,.. C>J cf,1~9J 9J 
fl1'j ~n~Uo~'fJUlfl111~n\9lflWcrl It !fI~ll1~el~fl1'J 

fl 1 ) \9l ) 111 ff €) lJ ff lJ 11'~ 11 el-l ~ tJ !lY U0 1 €) 111 1 'lflb fl 1 ) !! 'U lJ IJ iJ11t1J ty 1 'l$111Y 1 tJ ~ -ll'l11~~1 0 !! n ~ 

) 1f1!~ 1 ff1lJ 1) fl'Vlflff€llJ 111tJ fl1rl ff'U 111 fllJ fl 1'J 1!rl'J 1~rf1'W," €) ~ 11 6lJlI fl 1) ~ -llJ rJU fl'J W!!o ~,r'W\9l€) 'W 

91'lJq$ell.u!~iJ rll1lJfl fl~€)-l U~'W 61ff ~ flil !iJtJ~ OellJi'lJ'lJ€) ~ €)\9l ff1lt fl'J 'J lJ!Hl ~1'l$1 fl n 1'W 1~ flU !t)S'J llJ n 
'II '1.1 	 q 

€)Ol-l 1) n~ 111 fl 1) \9l 'J 111fflJlJ~11€) ~ ~'W1lii11iJ'U UlJ lJ 1 fI rl11lJri1flty€) ~~ ff1lJ 1'J fl '111 ~ n fl1) 'Vl flffellJlJ1 

~€) 1f1'~-l'fJW fl111~el-l~'U1'~1l~lJ !~el1..rff~lJ1)fl111lJl1'lfluflU ~~~ 1f1'€)OH!lt1l1~fflJ 

1u1 rl).:J fln1tlO~~-lii1'~fllh ~(1'~rl!~el~) 111 ff€)lJ fflJ1.WiUn~rlWflll1~el~~U!lYU 011'~fl~lJl1lfl
q 	 q q 

, 	 !II 

UlYri-l,r~flfl))lJ!rlj€)~'i1'W~'U!~l ~1'U1'U 5 Ultri-l ~€) 

1. 	 1) -:t-l1'U!rl~ el~J'W~'UAN11!1'Uflel'W\9l1')}'1~ 


~llJ nl1)~Ol1i'u ft€) ell!fl€) "1f1lJ1lt 0 1~ tl-:tlt1f111) ~'Url)f11 €) Qli01 


2. 	 Ultri~~'UlYrl'-lff1'U(1'lJ1fl'l$U 

o Q.I ~ 0 OJ QJ Q.I Q 

~l'Un'W'J~ 01'UU o€) ell!fl~" 1f1'U1lY n 1-l 11-llt1f111) ~Url)f1'Jel Qli01 

3. 	 1'J-l-l1U~~ \9l1lJnlJl-ltJnlflfl ~l!fl€)lh1lJfl tl~lt1'fI~l~'Ylel-l 

4. 	 1'J-l-llU!rl~el-lJU~'U!~11!1'U1h 


~llJ,,~1w'J -lrl ell!flel1'l$10 tl~lY1'flei1.:J'VIel~ 


o 0 Q Q.I Q.I Q.I cI 

~llJ nlj fl11.:J ell!flellJ'J 'Jl1~l1ffO 11.:JlY1f1Url'J ff1'J 'J fI 

~ 9J <l/Q Q ~ ~ 9J ~I ~ I ,. el1 0 '1 ~ I C>J Q.... eI ~I 9J 1 9J C>J 

t}f-l'lJellln(1'lJlJ~flU'Vl !fll1~!lJUlJ'J~ !0'l$'U Ufll)Ul lil1W1Ul~n\9lflWcrI !li'U~ellJn ltfl'U 
~ 	 ~ 

fl1rl~~ffllt fl'J 'JlJ!t}f'J1lJfl ltl el1 '*el\~~.:J 1U!~.:J1'l$lfll'J\9lel 111 
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, 
c:t 

'Ull'YI 2 

, 'lJ , 

l'~tl~1J 1'1.,1 flTj ~il~!'flj B-:llJ'U~lH~l (;'J'llJ1'Jtl1l1U'U fl~llJrl'fl'l:IUl~'Vll-:1flltlfll'W~ ~~B-:I fll'fU 1 il1''lf'-:l11.1 
~ 

i~d~J'U 3 flftlJ ftB 1) flftlJ~'lf1t1''Ufl1'J~'U~i1J i~uri ~'U!'HUtl1'l11Bl'~fl~1J~i1fl11lJmi1t11~-:I~B~ffllJ1'Jfl
Q q ~ q 

~ Ie! ~ IlrJ 9J' lfJ ' ~ I ' QI ~ ~ IOJ

!lJiW'UllJ !~-:l1t1 UO~ !lJU~fl'Hfl (defonn easily and without rupture) ffllJ1'Jtlfl~JlJ'J1~'Ho~fl1'Jtr'UJlJ 

iJfl11lJU~~U'J ~'H cl~!!..r-:l!cW tI~'WB~lhrifl'J~1J1'U fl1'JJ'U~B'U~Bitl 2) flftlJffl'J o~f1111'Hfl1J''Ufll'JANl (flux)
c:u '1 Q <u 

'lf1t1'Vi1'l1'An~Aifm!ii'1 !rlB'Vhtlfim tI1n1Jffl'Jt'U~ ''UtrUl~~!~l ')'h'..rA~lJfl11lJU~~H'J ~ i..rn1J~il~nUlcyJ 
Uil~ 3) flftlJl'ff~~1liiJfl11lJ!'HUtl1 (non-reactive material) 'lbtl!~lJfl11lJU~~'H1f1fl1'Jfl,:ntl~h~'..r~ft~nrucyJ

• • 'II 

'UBfl1l1fl~B11liJ~o~eJfflJ1J~'VlH~ffflff1J1~1h~fll'J f1111 fl11lJU~~H'J~ [Allen Dinsdale, 1986] ''U1J'J'J~1 
~~~ flft 11lJ1Ut1'1,rl~~'U ~'UAtI'Ul'~ll~1J'Hrl'fl ''Ufll'J~ft~!fl~ B~J'U~'U!~l !~B~1l1fl~ft~nUlcyJ!fl~ f1~J'U~'U!~l 
iJ ri1'U ~fflJtrB~AdB~'U 1~tlJ1'HtTflJ~U~jf1t1il~ 50 ~'U i tI i~J'UflUlfl1'WtrB~~'U~~iJ1J111Jl'Vl~rl1rlru''U 

• U 

~'U1'~1l~1J~'~!~1t1lJrdB~'UJ'U''U~~ffl'Hfl'J'JlJ!95'J11Jfl [''W~~'J, 2541; Viflo'VlB~, 2541; m~l, 
2540; B1ql'wn1, 2543] tI'J~flB1J~1t1 ~'Utr11 (kaolin, china clay) ~'U!'HUrJ1 ~ll1Jf1il!floV (ball clay) Hil~ 

nJUllf1''U~ (bentonite) Bril~i'Jfi~llJrlmf1J~~~nruC¥1!fl~B~JU~'U!~~~B~fll'J*1i'J'JlJriUO~!fl~B~J'U~'U!~1 
~'Url'1'U ~'U~'~!ihrr~ll~1J'H cl flftB ~'U!'HU tl1U il ~~ 'U1JB il!flilV ffl'Hf1J~U!'HU tl11i1'U~'U!'df1 il~!~ tI~~ iJ 

U~1i1~!~BtI'UBri~llJ1i'J'JlJ'lfl~rlf1'U,r1~ff~'~1J~ff'Vlf!'HjjB'U~'Utr11 !rlBtrfl'W1JiJ*~l~~ !'If'U *!'H~f1~ *All1 
Q q,J <u q q 

*fi1'H1f1fffflJUfI~ 'Hrl'~fll'J!~l~'Ufill~iJff~l~~ n'Uitl !'If'U *A'Vl1 ffJ1~10 ffUfI~ 'H1B *A'H~B~ ri1'U~lJ 
, . 

rI "" .:!t 9J "".:!t OJ "" t:1 t:1

1JBil!flil tI !flfl1l1flfl1'J Aflof1'Utl1t1trB~~~flB'UfI'U'H 'J Bfln'WfI'Wl~~ flf1'UfI'U (sedimentary clay) l1lJB'4fl1fl 

d ~~ I '" 't:1 t:1 ~ QI lrJ ~ t:1 "" t:1 rI.:!t ~ I'1'U1f1W fl !lJ~fl~~flB'U(;'J'~fflJ 'UH'Hil~ 'HlJ lJtr'Ulf1B'4fl1flo~AB tlfllJ1fl tlfI!fl1~fl'U AfIfI lJffl'JB'U'Vl'J tl!llBlJ'U 

B riff ~ ~-:I'lf1fJ'11'~'U'lfiJfI~iJfl11lJ!'HU tl1 uil~'Vh'..riJ*!l1~ tI'U itl1l1fl*tr11flillmiJuff!1'l11l'Ufi~fffil U~ArlB 
'II'll 

o tq~1 9 ",,;g "" t:1t:1 .:!t t:1 t:1..t "" t:1 rI, , 9J lfJ~1
'U 1 !1JA~l A'Uf! UI'H QlJU~!'UBflU ll~lJ fftr11'H'J Bfffl'JlJ A'U B-:l1l1flff1'Jf1'U'Vl'J tI~l~'l 1l~\l m~l 'HlJ'HlJfI A1J1l1fl 

rtfB~'U~U1JB il!florJ\lfl';h!iJ'U~'UA'Hll tl1t1'J~!fl11'Hi1~f1'1t1 U~U~fl~h~ 1l1fl~UA'H'U fJ1flel iJ!d 1i1~!~BtI'Uel ri 
• 'II 

1'Um lJl111~l~B'U.,j'l~1J~ ffl'li u~iJ ff1'J~'U'n1 rJ!~el1hJ f1Uff -:l1J1~'lfiJfllj fl11lJmU tl1,rBtl1J1~'lfiJ f1!'HU tl1lJ1fl 
~ .. 'II 
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11 n~~h.JlJeHHflft rrljfl111Hl~!~ U~UJ1n ljfl11lJ!11thJ1~ !~eHrH.:J11j f)!~1~~ljfl11lJU~~unj.:J ~'U 

lJ f) ft!fl ft rr ~1ff" 1nU11 ri.:J~lj~il n 1ff.:J"~ i:i U~ ~'U ft fl ft.:J ri lfl11lJ !11U U1 ri1 n l'J11 fli1Uft ~ fl11lJ U~.:JU).:J
'U 

, «9 91 ' <:> eft::! <:! <:> , Q,I d 0 Q,I 0 <:> Q,I ef 

nf)'U !~1".:J'U el Un11fl 'UlJ el ft !flft Ul1lJ el ~ ~lJ'U l-a'.:J fl1 n 1) 11 fl~ 1'Y1 !11lJ l~ fflJ '((111) lJ n1'j'YI1 ~ft~ flUl en 

!fl~f).:J~'U~'U!~lfl1'ji:irilfll'j11fli1!~ ,:ulY'U1,j!n'U 12 nJel1!~'U~ [Ryan Uft~flUl~, 1989] l1mju~lj~ft~el 
2 

fll'j11fli1'Uel fl~ lflel'4fl1fl"'Ulflft~!~UflUcl1 'lfUfl"el~Ufll1~elf)'U nih-lft!'lf'Un'U 1flu~'U~i:i Ca +, Mg2+ 

+ <:! Q,I ,<:> d<:! + . + ,x <:> <:!' cl ~Q,I 

Uft~ H ~~lJfll'j11fl~1lJ1nn11fl'U'YIlJ Na !!ft~ K 'Uflfl~ln'U!!fl'YIelelel'UU.:JlJ~ft~flfl11lJ!!"~U'j~ flfl 

2.1 'I1'il~I1~rn1JfJlJtrlJ1m"el-3~tAn·'i'UI11 

2.1.1 el.:Jrf11'j~nfllJ"fl~!d~'U 

, <:> ~I ef~ I 0 Q,I t::! 0 1 91<:> <:! <:! J ~ IltJ 91 0 1 91 
U'j fl'U !'u'U el.:J fllJ 'j ~ n fl lJ ,((lfl Ull1'Y1l 11 fl 'U lJ fl11lJ!11 'U U1 ff1lJ 1 HVtJ 'U) lJ ~ fl Uft ~'YI1 11 

u ~ 

~il~nUlcrl'nel'U!Nl1J fl11lJU~.:JU'j .:J!~flll1111N 1'U"~'U~el'U~1.:J~ 'j ~1111.:J nl'j~'Ul11uft~ fll) !N11~elO l.:J11ftflfln U 

id~'U~'W1J''U~'UA11tlrJ1ri1'U'11qj~f) U~ !fl1elil''U~ 'Uflmlln~ fHJAd~'U~'U~ l~uri AdlJel'U~lJfl1ft1ft1'U~ 
uj~ft 1ft~ Ujflftfl 1)~ uj~'UU~ft~'lf'Ufl1JfflJli~Hft~ 1 fl'j ~'((!H~U\9lfl~l.:Jn'U ~'U!11tlU1~lj'lfUflUft~ 

mlJ1UlH~ !11rili1u~n\9h~ ntJ n1J,((lJli~u~ n~h~fl'U flll1 ~'U!11tlU1~1JlJfl'U~lJel1ft1ft ''U~N,((lJ 15-25 

!11el1!~'U~ ~~l'i11,rU,r.:J,*11Jnl'j11fli1lJlfl~.:J!!~fl'ff~lfJ !d~ft1ft~ !dlJel'U~lJf)1 ft 1ft''U~ Uft~Ujflftel1'j~ 

l'l11,r'lf1~fll'j'((ni1"fl.:J~'U!l,UfJ1Ufl1Jn11!d !fl1elil1'U~ 1'U n1'j !Nl~~~el.:J1J n1)fl1lJfllJ!~lelOl.:J)~lTfl)~1.:J
q q 

!1I'U~'U 

2.1.2 el~rf11'j~nellJ"el~uj~'li1'lf!d~'U 

el.:J rftJ 'j ~ flellJ,. el.:J At j ~, li 1 'If!!j ~ 'U lj fl11lJ til rl't1J 1'U fl1 'j 111~'U!11 tl fJ1lJ 11 '*11) ~ 1 fJ'1(11 

Vj91 '~~ , ef 1 ltJ ef <:! cl 91 0191 <:> <:! t::! 0

~fl!!n lJ'jlJ1UlUflft 9$~ (calcite) Uft~ l1 ~)~ (pyrite) !l1fJ.:Jmfl'Uf)fJell~'YIl 11ftflfJUlflll1fl'U!11'UfJ1l1'UllJ1 

, ,*~1'U~1'U!'l$)1iJn fi.:J,r'U fll)1!fl) 1~,f1,r'Vl) llJ'lfUflUft ~m lJ1Ul"el.:JU:i~ 'li1'lf!d~'U ~.:J!1J'U ~.:J i'hrl't1J 
" ~ 

el rh~11ti~ nel'Uli~~11'jllJ11~'Unftl fJ1U'Ulj,((lJlJ1l fll) 1'*.:Jl'Uel OH1) 
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• • v 

2.1.4 fll1lJ ffllJTH1 llHllJ UCl m1Ji!l frw lelrH1UU Cl ~Aflftr)'Vi (:1 ~ Cl11'.111 1lfi' 

fl 1J ! ACl fl !11 ~ 1'.1 U! el el el U l1~ el ! fl il iI ~ (:1 ~ (:111'.1 J11~,U ~ 1-1 iJ ~ Cl \9l el iY lJ 11'~ fll J 1 'If'~ 1U €lJ iI ~ ~ 

iI d1~ lJ 1fl fl Afl ilil1J 1.:J 'lfU ~ '\Ill1,r~U \9l fl \91 ~ fl el U AACl ~ 1'.11 fl \9l iI fll J l11111'fl J ~ 11 11'.1 i 1 ~.:J! 11 'U ~ .:J U1A11 U 1U 

iI\9l ff1l1 flJ J lJA9fJ 1JJm!Cl~!ftiJ ffll1 ~111U iI\9l{1'll1 fl'J J lJ!9fJ lii fl fll'J A!Cl fHll~ I'.IU 1elil elU ri.:J ~(:1\9l 'elfflJ11'~
q q 

2.1.5 !llfl9fmil'J" " (texture) 

All fl'1f!11'el{!~U~ fl1JmJ1'.Il1~~~iJW(:1\9lil fflJli~€lJel.:J~u !ll flq$!11elf rl THU~1~ I'.Ifl11lJ1YlJ'WU,r 

'J~l1 ';l1~Afl'J'Uf11JAfl'J'U 1'U~u ~~A~1'.I1,jel~ f11Jrl'fl'l:lW~fll'J flJ~1111'.1€lJU1~el'4 fllfl (particle size distribution) 

'J 11~ l~€lJel.:Jel'Ufl 1ft U(:1~ flll ill'.l.:Jil€lJel~el'U fl 1ft €lJ'U l~elU fl 1fl€lJel~ ~Unru 1'.I1!~'U iYlJml~fflr1U11uflll t11 
ttl Q Q q U 

1'U1JJ J~11\9l11~11~1'lf1'U~ft\9lnW cn!9fJ lii fl ~tl'U1J lfi";hlj1Jll1J III fflr1~1'U fll'J fll11f}lJ 

fflJ1Jll~UiY~~fJW crfllJW ~1Jel~ ~ ft\9l nw cvl UCl ~fflJml€lJiI.:J~U1~~ 11~~U el ~ tl1J'Ii'J 'JlJ'lfl~!!Cl~1Y~ri1'U€lJel~ 
~~A~elllu ~~,ju1u flllt11~'UlJl 1'1f'!lJ'U1\9l11~1J1'U flll W~\9l ~ft\9lnw ctl~~ ~l!~U~el-:JflfllJ lA!Cl~!,j11 11il~ 

fflJlWi€lJel-:J~U~l-:J~ A~iI 1,r!fl~fll1lJAlJ'UllJ~ 11'.1'lf,r~'elfl1J fl111f]lJ flll ~~\9l lH1fi'~~\9Inwcyf"HiJfJW fll'W 

\9l1lJ~el.:JfllJ UCl~Cl~ftl1lJ!ffl'.ll111'.11'U flJ~111'Uflll W~\9l [{1'fll11''U1~1'.I1 Cll1~UCl~1{1'fJ, 2545 U(:1~iYtllli'U1~1'.I 

1 ftl1~!m~l{1'fJ, 2546] 

, v 

fflJ11llll1.:J!t)$Jlii flll1.:Jll'J~fll'J€lJel.:J~U!l1ilI'.l111fl1JrllU~fl.:J [Gillson, 1960] ~.:Jll 

d 
2.2.1 fl11lJU€lJ.:JUJ.:J (strength) 

. d X v v d 

fl11lJ U€lJ.:J U'j .:J€lJel.:J ~UUCl ~ AU el ~u1Ju 1'U lll~ !t)$'J 1ii fll1-l riel'U!W1UCl~l1 ".:JAWl d1'U IllJ1f~ 

~fflr1ty~-liJ~l1i~ Cl\9lel fl'j'J lJ1'1i fll'J ~~\9I ~~\9l nw cyfA9f'j lii mHl~ fll'Jt11~~\9lnW Cf11111~lh~ 1tJ'lfU enii 

~il\9lnw ~~1J~ ':JJU~.:JU'J ~ellm fl~fl11lJAffl'.ll11ru~'el.:J 111fl fll'J U\9lfl'Hfl'J~l1il-:Jfll'j !'fl~iI'UrrltJl1~ el!Wl 

fl11lJU~.:JUJ .:J'tIel~~'UnlilI'.l1fflJ'tfu1i1~ tJ\9lJ.:J ti111l1'U1U elUfllfl~iJ'tI'U1~!~ fl nJ~ l-:J'tIel.:JelUfllfl UCl~ 
.. 'IJ" 

'J~fl1JfllJ1euflJ'lf'U (hydration) 'tIel.:Jel'4 fllflflelCl Clell'.lfl UCl~mlJ1WlJilU~lJel~" 1(:1 lu~ (montmorillonite) 

d Q.I lit 'j.I ~ ~ Q.I 'j.I

ft11lJH'tI-:JU'J.:J1~ !~111flflllfl-:J (tension) fll'jfl~ (compression) l1Jelfl1J1~ft11lJ\9l1UU'J.:J'tI11.:J (transverse) 

http:1'fll11''U1~1'.I1
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2.2.2 	 t1Ulf~Wl1 (shrinkage) 

C>J .et ~ I "" C>J rI 0 d 91 C>J.et"" "" I "" 91 ~ "":% 
t11'Jlffl\9l1'\.Je)mnmJ ~Cl'YI.:J\9lelEjJ'U1fl'tlel.:J~Cl\9lflruCVI ff1!'J 'il! m 1 tNlJel'YI1i~Cl\9l el t11'J!fl flU\9lt1'J 11lf'J el t1U1Jfl!1J In 

euel.:J ~il\9lnru c~lutl)tll~ ~il\9lnru cvllJ t11'Jlffli1lJlt1lf~ mfl~~'U!~1!fl'U111 t11'Jlf~i1lfrl'~t1Uel1Juli'~~'Utl1J 
~ 	 ~ ~ 

ill lJ lUJ til1'U A'Uel~'UiJ'U rl't11:JUJ ~ Au ~ l~euel.:J!! ~ ~'U!!Cl~m lJ1W ellj fllflflelCl Cl el fJ~''U~'U t1l'Jlf fli1lfrl'.:.t 

t11'J el1Juli'.:J 1)~ff.:J 1'U~'U~iJ f111lJ!lfU 01lfj el~'U~iJ t11'J~el~i1 ~.:.tell1)'ril 1li'!fl~t1UU\9lt1lfj ell ri'.:.t~eli1 
'IJ 

t11'Jlffli1 iJfil~l 1'U~'U~iJ'YI'J 10lJlt1 u~~il\9lnrucv1~el1Juli'.:.t ',ju~.:.tu'J .:.tUCl~iJ'J'V4'J'UlJl t1 t1Ulffli1lfrl'~ 
'II " 

~ C>J t::i 1 	 :%C>J cl t::i "i' 91 ~ 
t1l'H~leu'U i11JmlJlru ff1'J 'YI ffCl 10 'Ueuw ~!~l 'U el t11) lt1'U 0~!1I'U~Cl1)1t1t11'J !tJCl fJ'U ! f1'J ~ff) l~euel~ fl-ICl t1 t11'J 

eu'il~'\.h1'U1f1'J .:.tffl1~'tIel.:JU~~'UUCl~fflJmif1'1'Ufl11lJlftifllf~elU'J ~~~~b 

I """" A 	 91
2.2 .3 	 'l$1~~rulflJlJt11'J!flfl!'UelUt11 (temperature range of vitrification) 

1'U t11'J !~1~'U!lfil0111j rJ ~il\9lnru ~!C}$'J1lJ t1 ~ .:Jrl1rltyel rh~lf~ .:J~~el.:Jri'l'U.:J fl~el 'lf1.:J 

"" 	 c>,lj 91 -9 d I rI 1 c> ~ II] 9IC>J 91 
el ru If fllJ t1 1 'J! t1 fl A'U el U01 C}$.:.t !1I'U ~Cl1)1 t1Uj el.:.t fI tJ 'J ~ t1el1J 'U fl'Ulf Cl ellJ Cl ~ Cl1l'J!lJ el !fl j 1Jfl11lJ j el'U ff.:J 

" 	 'IJ 'II 

!~O~'V4el ~'U!lfilfJ1~ihb~ elWlf fl i JAOfl!ifm! ri'1-J'U~el~j~11'~j~1~1'Ut1U !~lJelrulf fllJ UCl~A\9l1ml~el.:.tiJ 
Q ~ 	 ~ ~ 

f111lJU,j'Uri1ff ~ !Y1elCl flfl11lJ!ffOlfl0euel.:Jfl-li\\9l nrucv1~.:.tel11)iJt11j1J1lJ!rtel!fl-Il~elru If fliiff .:.t1ft'U1tJ fln!fi~ 
'II q 'II 'IJ 


,lj 91 1 c> ~ C>J C> "" ~ I ~.I C>J ~ rI "" 1 .et
I 	 C>

!'UelUt11 'U~'U1)~'tI'Ut11J'l$'U~'tIel.:JUj~'UHCl~tYU1Jj~t1eJUrtClt1C}$.:Jeleltl !C}$~ (fluxing oxide) elll'l tlU~H1lJ 

elel01C}$fl (N~O) l'V4U'YItY!~OlJelelt1 1C}$f1 (~O) UflCl!~OlJelelfl 'C}$~ (CaO) UCl~UlJfll1!~fJlJrJeJtl1C}$fl (MgO) 

2.2.4 	ff (color) 

ff!lI'U fflJUllel fh~lf~~~~el~ri'li1~!rleJ1)~!~ij fl~'UlJl 1~.:.tl'Uf1'11.UC}$j llJ fl rlllfi'1J fllj !ft~ff 

euel~~'UJ~ riel'UUCl~lfcl.:.t!~nJ''U! O~1)lfl~'VliV4CllfCl1fJ1.h~ fl1j U~!lfil tlelel fl 1C}$fll1J'UtYU lh~ tlelU~iJ fl-ICl 

!fl'U 'lf~~ fffl ff'tlel ~fl-li\\9l nru cvl~'U el Utl1J,T'U\9lel'Uel el fl~ l~~!lfil fl eJ ll1 elWlf fllJ fl1j !fl-Il UCl~'j~i1J tllj1 ftfl 
<II cu <II cu 

Jf 91 C> t:d 91 19I.et 9I.et cl 11] ~ I "" ~ I rI cl rI .et ~ I .et cl II] rI 
!'UelUfl1 ~'U1Hfl-I1UCl1 'Hffeu111)~\9lel~lJllfCltlijelt1 !C}$~ !lJ!tl'U 1 !1Jel'J!C}$'U\9l tY!lfClel~elel'U1H'HClflelelfl !C}$fl 



, 
..:t 

CUriri 3 

d '" , "'" dt 0 Cl "'" <I , )1 ~ "'" ~o 
3.1.1 AfllJ~1~HJH~'U!'rH)'YIlfll'Jfffl1:j lUft~1Afl'J 1~11'Y1~HH)1J1'Uu~Cl~'Wl.rVl1'UlJ'J nw'Vl flll1'UfI 

~'U1JU~UAl1i1fJ1~'lf111fl'U''If'A1J'UUl1ri-:J1~Q~1J''U111l ~11'u ,fu~fJ'U fll'J A~1 (J1J~1fJ riH~'UUCl~nfll'J 
1AfI'jl~,f'YIfltYfJlJ~'U UtYfI-:Jf1-:JJl1~ 3.1 

Jaw crusher A~1(J1Jl.h~'Uifl(Jtil~'U~~fl'U~1l1~~Ufl'J-:JA1JfJ118 llJ'l$lJlf<HYlJll, lf1(J''lf'el~'Jlff1'UJ1~fJ(J ft~ 

80 i~(J.J111,rfl1!'U''11'~'Ufl'J~lllrJ~1fJrJH,rfJ(J 2 ~1 ilJ-:J UCl~Afl'JfJ~''U1ifJl1'Ul1ClT(1'A~fJ11'11'~fl~~flfJ'U.... 

'" "'" ~ ~ Cj}~ I '" '" X "'" X "'" lIJ' "'" ~ , 0 11] ~ I 1Cj}Cj} dt
l11Jflfl'U'YI-:J !TlJ'J~lJ1W l1'U 'YIf1tYfJlJlllJA'UfJfI'U fllA'UfJfI'U !1J~fl1JfJUtYfI-:J1l'tl11JUfI'Ul !'lJ'U1f1 fI A1JfJ 

1111 11'U 1f11l'U ~'Unfl1llJ !11i1 (J1U Cl~ tYl1Jl'J fI~'U 'J 11 1~ 11 11ill flAlI'UArvi -:J~ 'U 'Vlfl tYfJ lJCU'U l~nY''U r-h'U .... 

ff'UrfflftH11'J~1J1W 1 AGJS'U~!1J~'j i~rJ''lf!fI~fJ-:J1f1 (Extruder) UCl~~'U'Jlhll'Uu~'U*!l1~(J1JCU'Ul~ 4><-4 .... .... 

!CJ$'U~!lJ~'J ifl(J''lf!f1~fJ-:Jel~~lHl'U l1rr-:J~lflUr1-:Jtil 't1fJ1Ju,r-:J~ 110 fJ-:Jf1l!GJSft!9HJtY 'Ul'U 24 'l71 ilJ-:J 

lllflJ'Ul.h!rvi-:J~'UlJlfffllJltYlJlAA~h-:J~ ~fJ fl1llJ~'U''Uul'i-:J~'U1 fI (moisture content) f11llJU~-:JU'J -:Jl1a-:J 

Cj} '" OJ Cj} '" d "'" "'" 
fll'JfJlJUl1-:J (dry strength) fll'J11f1~111ft-:Jfll'jfJlJUl1-:J (dry shrinkage) UCl~1f1'tlCUeNfI'UfllJ 

, "'" '" , Cj} 0 d "'" , ~ 

3.1.4 U'YI-:J fI'U'VlfltYfJlJl1ft-:JN1'U fll'jfJ1JUl1-:J'UllJ1AN1'YI~Wl1fJ1J~1-:J~ flfJ 900, 950, 1,000, 1,050, 

1,100, 1 ,150 Uft~ 1,200 fJ-:Jffl!CJ$ftAtH(JtY til '11'VlfltYfJ1J'tllJ11'~l1rl'-:JlNltl'j~ flfJlJ~1(J flUl1f1~111ft-:J flU ANl 

fll'J ~fl911Jll, fl1llJU~-:J U'J -:J11 rl'-:J fln lN1UCl ~ fll 'j ll1~ (J'UUtlCl-:JCUeHffl1 rl'-:J fln!N l~ all1 i'1J fll'j 1f1ff~1(J.... 
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r---·-·----·---·------·.-·---------·--··­

I 
l 

I 
t 
~ 
~ ~ 

~ 
~l'U~::Un'H )0 U"i'I::30 nJ'!f 

I 

;II~h'U~::um~ 200 nJ'!f - n1nfl1~~::uO)~ 

- 'tJ'hnrum~6~"i'I::"i'll0Jl 

- fl11lJAl1iio1'\t6~~'U 10)6::1'U.u6~'Utlmffl~ijl 

''l1'~n~::nij'U 

~ 

l1lTn I 1'U 

~ 


4 ~ I..c:lit. 

- 1Afln::l1U':i1'V101 
6'U 110°c 24 '!flJ. 

- 1Ifl':il:: ,,;'6~fl'l.h::f)6'U'V11~lflij 

~1 	
I 

If-ll'n 900, 950, 1,000, 1,050,
J 

- 111fl11lJ'!f'U 
1,100,1,150 U"i'I:: 1,200 °c 

- m':i11~i111'ti'~ij'U ~ 
d .... 

- fl11lJU'U.:JUHl1M6'U 

d ....- ff 	 - fI'JllJU'U.:JUHl1"i'1~AHl 

- fll':it]flUJflJJl .. 
- ff 

'jtJ~ 3.1 
'U 
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3.2.1 mlJlru1il~)1lJ (total analysis) 'H)~1il~ Si, AI, Fe, Ti, Na, Mg, K, Ca, S Ufl~ CIlu~tI 

l~l:In X-Ray Fluorescence Spectrometry [Jones, 1987] 

3.2.2 ~lfl11lJ~UflfHU~lItl1~HHltl'U1fl (cation exchange capacity) l~I:I'rnfll)~~9T'UiY'lJel~ 
"" c! "" d <I

AlJ'YIflfltI'U~eltl!~fl9$ (methylene blue index) (ASTM C837-8I) 

, cS.:.J 91 dt Q.ld.r1 Q.I .I 

'l!tI'lJel~~~fleltl BaS04 'YUfl~'lJtI~1mfl)el~ Spectrophotometer ['YIfftll:l HfI~l1~)fll:J, 2542] 

~ ~ 

1965; Whittig, 1965] nfll)!~1I:1lJ\9l'1~ril~~tpnfl~tI!lfih.n ihrtl~eltlfll)l'i1i~il 

3.3.1 11 W11el dl~el'4 fllfl~tI!lfilll1~ 1~111fl flU 1!flll~,.rflU fl) ~1110'lJtll~'lJ~~~'4 fllfl~'UlJ 1 

lfl:lf'l1JtlU~tI!9$)lilfl (ceramic plate) if'lllfll) suction l1tl~'4f1lfl~t!!lfilI:l1~~fl~~fl~tl1JtlU~tH9$lliif) 

1Jfl1llJlftlTWel 1f1I:1l'il 2 U~tI Hf-itl~lf~~l'i1lH'~lJ\9l'1'tlffllfl~fllll1f1I:1'fh~U'VlffA~l:IlJflflel1)fl!,j'UUtI 

1 tm{lJ~flil~ lfllfl'UtlU~tI!9$)liifl~1J~n~nlfl~tlmilrJ11h~lJ1W 3 flf~ H~1al~~1I:1Jlflcttl!~el"H 
'1 d. Vi r1cSc! "" i 91 91 ~ 91.,g 91 91
!'VH!'Vlff!9$lIlJflfl~ ~)f1'VllJlJlfHfltlel~fl 'l1lflJfI Ul1~U)~lJltu 3 fll~) Ufl111~flHfl1I:1ffllfl~fllm~1iltl~fI 

llTU1t1 1 flf~ ri1t1U~tI~ff~~l'i1lH'~lJ\9l'1f1'1I:1UlJflil!~lIlJ 1f1l1i,*UlJflil!~l:IlJflfl31)fi'!,j'lJ,j'tI 1 tiel { lJ3f1il~ 
~ , , 

1fll:lni'tI~~tI fln'Yil!lfJJ3t1UNtI'l1l1'U ~ 

3.3.2 U~tI!9$) liifl~lJel'4f1lfl~tI!l1illl1~1J~1~101CWU'Vl ff!~mJflfl ~1 l fi' Itcl-l 111 fl~lfl'lfi1flUfI~ 

mlJlru'lJel-lU~ ~tI!lfil [n1flllnfll)!ilI1!l.JtI'lJ~~i'~iY!~ fltt1~elrulfflii11'~-lH"1 til1uunitl!\9l1ANl (muffle
q 'IJ 

furnace) ~3rulfflii 550 3~fflA9$fI!t}}lIff tlltl 2 i11lJ~u~Trili11'!gtl'tI!fI~!fl!~~{ UftTUl1J11!fl<n~,.r
q 'IJ 

1f1l:1nfll)Ai1:11!'UtI'lJel~i'~*!~fl'1f flflflf~lf~~ 

3.3.3 UNtI!9$) llJ fl~lJ3'4fllfl~tI!l1illl1~lJ~1fi'1tJU1J fllht}}l:IlJflfl~1)fllfcl-l 111fl~lfl'lfiiflU fI ~ 

u1lJ lru'lJ~~ !!~~tlAl1illl11 flll1'% fll)!~ tJ1!1JtI'lJ ~ -li'-l ff!~ fltt1~3 Wl1 fllJ11'~~ !!a1 til !!N'U!9$llfl fl~)j
q 'IJ 

~'4 fllfl~ hlmi11:11~lJ\9l'1f1'1I:1UlJfli1!~lIlJflflel1lfl1u'Yi1,,r~lJ\9l'1fl'1l1ffllfl~fllm31ilh1el fI Uft111llJl1!flll~rf 

1fll:lnflll!~01!1J'U'lJ~~:r-l *!~fl'1ffl flflf~lf~-l 
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3.3.4 11rl'.:J'i)lfllrtnllf'm~1~\hJnfJlJlJ!l1lJ1Jfi1J'lfU~'UeJ.:JU~lJl~'j~TU (standard minerals) [Whittig, 

1965] !nl~11'j~!~'U111mlJ1Ul'UeJ-:]U~'lfU~~1-:]~ l~lJn relative peak height Un~ relative peak area 

[Jackson, 1965; Brindley and Brown, 1980] 

<:! "" 0' 'j).c!i
3.4.1 fll'j fl'j~'i)llJfl11lJn~!eJ lJ~'UeJ.:JeJ'4fllfl 1!f1'jl~11'\'l~ln)1J~1mfl'jeJ.:J Particle Size Analysis 

i ~m'YIfliJfI Sedimentation Method (ASTM C1182-9 1) !~eJf1fl1:l1fll'j fl'j~ 1l1tlfl11lJn~!~ lJ~'UeJ.:J'U'U l~ 
.c11i] 'j) 0 ~ I .x A 

eJ'4 fl1f1 Nn'YI !~ 'i) 1fl fl1 'j'YI~ fff)lJ'U llJ 1U'i) flU ll.:JlJ'j ~ !fl'YI'tleJ.:J!'U eJ ~'U 

1) fl1'j1!f1'jl~,fm]J1UlJ1111n~ ~llJ~ ASTM D-4318-00 

• ti1~'Ui1eJOH'YI1J1,rn~!~lJ~ri~'tI'U1~r-h'U~~Ufl'j -3j eJ'U eJlJ 'rifl11lJ~U~f)Ull1fl~
Q q ~ 

<:! ~I .:!I
110 eJ-3ff1!'lfn!'lflJff !lJ'U!1n1 1 f1'U 

• i-3~lJi1eJOHmlJ1Ul 200 fli'lJ !~lJthn.:JhJlln~UeJlJflf)lJfl1'UNfflJ1,r!,j'lnufl'1lJ 

Gt ')J ~ i Q.I ')J "" 'j) 'j) "" 
AlffflJl!IYlJeJ ~lJ'j ~~1J'UeJ.:J'H'U1~U \1.;J'i)lfl fl'Ufl1t1 1 !'If'U~!lJ~'j 

• 1'}}'~l1flHUlJl~'j~lU~~"H~'U!~'U1eJ.;J~'j .;JflnH 

~ Gt ')J')J ')J Q.I .N Gt Q.I ~ ~, ct 0 Q.I 0 

• !'jlJ'HlJU &'Hfl'Ufl1lJ!f11~fllJ~U AUf)~'jl!'j12 f1'j.;J~eJ'U111 'YI1fl1'j'H1JUUn~U'lHl1'U1'U 

Ii].c!i ~ Q.I "" , .c!i.x "" .c!i Q.I ct A 'j)

!f11~ nJ!)eJlJ<7] A~lJIY.;J!fl~lJ'j!1Ul'jrl.;J !lJeJ!ueJ~umeJ'Un.;JlJl'lfUfl'UlJfl11lJlJ11 1 !'If'U~!lJ~'j ''Hl1rJ~'HlJ'U 
Q q 

Un~'i)~1Ttrnfl1l1'U1'U!f11~ (ti'1'Hlfl1l1U1'U!f11~!n'U 55 f1f.:J "Htil~'UlJ1NIYlJJ11'Hli Ua1!~lJfl1'j11~neJ.;J 
~, , , rJJ , 

~llJ,r'U~eJUll 3) i fl~'Ui1eJ01.;JU~ ntul1'jeJ rJ~~'lfU n'U1ri01lJ Ua1'lf.;Jt'h'HUflrif)'UUn~l1il.:J ti1111eJlJll 

eJUll1fllJ 110 eJ.:Jffl!'lfn!CtllJIY !~eJ'HlmlJ1UlJl1u~u 
q '1.1 

• ,jl~ui1eJOl.;J'i)l fl,r'U~eJ'U~ 5 lJ1!~lJth!'vilJua1!~ lJyJ lfl1'j'\'l~neJ.;J JleJ01.;JUeJ lJ 

3 flf.;J 1'U,f'U~eJ'U~ 3 1~rJ,..r1l1'U1'U!f11~U~n~f1f-:Jn~n'rf)d''U'}$'H 10-15 !fIl~ 
'1.1 
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Q 	 if, c:. 0 Q.I ~ 

2) fll'J1!f1'Jl~'H'HlflTVHllff~ml1flfl ~UJTfi ASTM D-431S-00 

Q ~ 91 0 ~ , Q .0 ~I 91 9 91~ 91, "c1,
• 	 f1'U'YI fI !'Utlf)) 'UllJlfl'H'U'UUN'Uf)~f1'J Clfl!u'U!ff'U !l1lJ\I'Ulfl!ff'UN1'Uff'U£JfHll~ 

'" 
liS ;11 fl~ -:J 'hJ!~ f) fJ~ 1l'W fl'J ~i~!-ff'U ~'UtI'U lflf)f) fHllfl fl'U 

• li1~'U~tllfl1l1flfl'W 2-3 l'lf)'U 1rirl'1£J'17~Jl'Hl1'flrif)'UUCl~'Hrf~f)'U~f)W'HfliJ 110 .. '" 

, :II 

I) i~111'Ht!fltlf)~Ul1~~'Ujfl (WI) 

2) 111!Uf)iJU-H~~f)Wl1f1iJ 11 0 f)~ff1!tlHUCUfJff 'W1l-J 24 '1711U:I (W2).. '" 

3) 
o IIJ~ I 0 ~ I "cl" 11 9 'Q ~ 

'Ul !uftl'U1tlJ'Hl!uf)'J!'lfU~f111lJ'lf'U !'UUlHfI'U'.ifl ~llJtl~'J 

AI .. ~.. ~ 1 ''''' d 
!1Jf)':i!CJ$'W~fl11lJ 'lfU 'W!'V1\1~tJHl = WI - W2 x 100 

WI 

cl 	 "" 91 "" , "" 
3.4.4 fll'J'Ylflfff)iJfl11lJUtl~U'J ~'H'O~f)'UU'H ~UCl~'H '0 ~!N1t1e1~ U'YI-:JfllJ'YlflffellJ (ASTM C6S9-93) 

1fI fJ 1 'If!f1i eI ~'V1 fI ffeliJ f111lJ!!~~!!J ~tI f)-:J1fffJ 

'}I 

3.4.5 fl1JYlflfff)iJfll'J11f1~1'Hrf~f)iJU-H~UCl~'Hrf~!N1 (ASTM C362-S2) 1f1fJ1rnfl~1l 

"" ''''' <l' 912) 1f1fl11lJ fJ11t1e1~U'Yl~f1lJ'H'O~ f)lJU'H~ (L2) 

3) 111 !Ufll'U 1tUlfl!UeI{!~lJ~fll'.i'HfI~1'Hrf~eliJ U-H~'H~f)lfrl'~!N1 ~llJff~'.i 
'" 

LI 

IUf)~!;'WIP1f)1'j11~;1'j1lJ,\'Hl\lI~1 = Lp - Lf x 100 
Lp 

.. "" ~ 	 ,1f1fJ~ 	 Lp f111lJ £J11t1f)~HYI~f1lJ J f1flellJ f)lJ 

Lf fl11lJ fJ1Ttlf)~H'Yi~~ lJ'H rl'~!N1 
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~ ~ 

3.4.6 f)ld'YlfHYel1Jel~'jlfll'j~fI~lll.h (water absorption) (lJelfl.38-2531) 1'*1% flU i ,ru 

I) 'th~'U.:Jl'tntcl':H~lthJel1Ju,r.:J~f;!WlUJii 110 el-1fYl!&Jf(H91rn1' 'Ul'U 24 'l7'J llJ-1 

2) if-11,rlou1'U l11flflfl'JllJ~'U 
. cu 

~ 

3) 'If.:Jl.hWUfl (WI) 


4) l.h~'U-11'U'tJ~1l1'Ul.hfel'U 'Ul'Uelrhruelll 1 'l7'JllJ.:J 


. ~ 

6) 'If,nlnn!fl (W2) 

7) ti11tJrll'U'JWltl!tJelf!9$'U~flnfl~91lJ'th \9l1lJ'ff\9l'j... ... 

W2 - WI x 100 
WI 

3.4.7 f)ld'Ylfl'ffel1Jt11ltUfl~ltl[J'11ltcl.:Jfln!~1 (loss on ignjtion) (ASTM C2773-94) 1rnfll'j 

i.:J\9lel i11il 
~ 

~el 

I) 'l7,nlntufl~U~1J 2 fli'll 1rirl''JrHN1'fflJ (WI) 

2) !~l~elWltflii 1,000 el.:JfYll&JfCH~[J{1' 'U1'U 1 'l71111.:J vi.:J 1rh1!U'UUft'J'l7-1t11ltUfl (W2)
q u 

3) ti11tJrl1'U'JWlt1!tJelf!~'U~t11ltUfl~lt1[J'tJltcl.:Jfl1'j !~1 \9l1lJff\9l'j... 

!tJt){!cliWIP1Jll1Uf)~'Vl1fJltJ'Vlfr'lf)Til~l = WI - W2 X 100 

WI 

3.4.8 fl1d'Ylflffel'Ufl1'j!tJ~[J'Uffltcl-1!~1 (ASTM E805-94) 1~[J1'lf!fliel-1 Color Meter 1~*fl1'j 

!tJ~[J'UulhNlt cl.:J fll'j ml ff1lti''U*~el.:J !rvi.:J~U'Ylflffel'U~IY.:J!f)\9l~'J[J\9l1!tJri11f11 fI[J1'lf1TIrll [J1Jtl'U ff~~ 
.ct .ct4 QI rI 

!'YltJ1Jff~'UUU!'lH'Iff (munsell soil color book) [Soil Survey Division Staff, 1993] 

.... <Iv 
3.5 fll'j1~fl'j l~'tY"el~~ 

'j1'U'j1lJ,j'ellJ ~~,~111fl fllJl!fI'j l~li''Yl~ffel1JfflJmlYlH!flij fflJ'U1I'Yl1,:ud 111Ul ffllmlYll-1 flltJfl1'¥f ... 

U~~!&Jf'j 1ii fl'U1.:J11'j ~ fl1'j u",~1Jmi[J~ !1J'U~'JfI'J'U~lJ clfl1:JW ~~el.:J~'U!lti1 [J'J~.:Jij~l1i'Ym\9lel~il~nwcrl 
!fliel.:JJ'U~'U!~ld1lJil.:Jclfl1:JW~1Jel.:J~'Umll[J1~1'lf11J'UUltri.:J1\9l11~1J1'.J1J11111T'U !~elU1lJ1tJ'j~!ii'Ult1erwm'jW1 

q " 

fl11lJ!ltlJl~fflJ1Jel .:J~hUltil [J'J1'UflnUllJ11'lf11'j ~1[J'l$,rffllti''U~\9lff1lt fl'j 'jlJl&Jf'j lii fl lt1 el !1J'tH!'U'J111.:J 

1u fll'jvrWJ'U1~\9lff1lt fldd lJ\9l1.:J~ ~~el.:J1~~'Ullti1[J1!1J'U1\9ltJ~1J1'U fl1'j ~il\9l'fli el.:JJ'U~'U!~l 



I 

t=t 

'U'YI'YI 4 

rI~ I "" 
4.1.] el"lrlIJ1~ fH)1Jl'1l~!rUJ 

~'lUlfi1 rJ11~il~1J~1fl:u1 1 "I~Tt.UfI~ el"lJ'U~'U!f·nrl' 1'l!flel'U~1'lf'l"1!ih.t~hHntl~h!flellll1lJtl 
1i"llf1fl~l"1l'1el"l 1Jel~rl1l1~flel1Jl'lH!fliJ~el ti$ftfll (Si02) riel'U,rl"1~l relrJil~ 55 el~~~'Ul (AI20) riel'U,rl"1U~ 
'jI <t1 "" A"""" d ~ cI IIJ "" i rI QI 'jI ~I 'jI , rI 
1elrJCl~ 24 1HlJ!'UelflUlJlfllHlfilflelelfl ~'lffl!m~ Al'lrYl!'lWlJelf)fl ~fl11lJfl'U1elrJil~ 7 u'J~flel1Jfl1rJUelilfll Cl'U 

(alkaline) ~el 1~!~ rJlJeleltl'~~Uil~ltJu~!y!~rJlJelelfl'~fi'Uil~Uf)ilfll iilUAfi ~1i (alkaline earth) ~el!!flil!;rJlJ 
rI "" "" IIJ rI ""~ ~ QI Vi' QI 'jI ~ ~ , , 'jI ,

el~fli 'lffl Uil~UlJfl'U!'lWlJ~~fl !'lffllJu1lJ1W11lJtlU AlJ\l~Ufl 1~rJil~ 4 u1lJ1W CaS04 2,541 !Y1'U 'Uill'U'tY1U 

~~ri~'U,rHU"I ~u~iJ~mvJ~fi~~UlJltlll~lffliJiJt11lflfll1!fiflfl11U\l11 (scumming) lfj~~'lf11rl'lU~rJfl'h 

'~ud~1'U11" tll1\Tt11Aihn.hlfUfllf'tl"lAN1~~WlffJ~ 1,000 ~"Iffl!'1fm~rJ'tY ijrilrelrJil~lO ~~!lIUNillllflfll1 
Ut11!ff mIl'uu'i~'U!lfilrJ1Uil~'tY11tJ1~flel1Jfnf1JelU ~l"l~ elll1 '1flfli1'lf '1flflff~l') !~~Hlllflrinilllufllf'tl"l!Nl 

, 'JI , 

ijrhri~U,rl~~l u!Yfl"l':h~uu1Jfiu1'l1rr1~fluil~u'i!fll~ft'u~1I~lIu~rJ ~~~111"lli 4.1 
Q ~ 

, 'JIc1 
\?Il1l"1'Y1 4.1 ~"Irl1l1~ flel1J'YI1~!flij1 1lJ1Jel"l~U!lfi1tn1~il~1Jlll fll1 "1"1 lU!flj ~~l1'U~'UANl 

'jmm: D-3tlU<,i:OD'U'YIHIflij D-3fl'lh:ODlJ'YI1-31 flij 'jDfJ~:tHtl'lh:mnJ'YIHlflij " !m.ln: " 

Si0
2 

55 .09 Na
2
0 0.20 Mn02 0.045 

AI 20 3 23.64 ~o 1.89 CaS0
4 

2,541 ppm 

Fe2O) 6.38 MgO 0.93 PZ05 0.072 

" Ti0
2 

0.81 CaO 0.81 fl1 'j t1 t1Jl fftl'lhl1'Ufl11 ~·m-n 10.137 
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1l1flfl1'.)1!fl)1~lfUl ''U1J'U1~ellPl1fl~'U VnrJ11h ~flel'lJ~1fJfl1e1)~9f' (YI'j 1fJ) Uft~Ul ~'Unl"u rn 

~"''lJflel ul!fllel~!'U~ Hl~ft !ft~ Hft~ul'tY!lJfl !11\9l' uln1ci1~11fl~lJelri''U~'U!11\hJ11~fJ~1111 rl111l'lJ 
'II 

ui !fllelii"u~~!i1'U disorder kaolinite ~'I!i1~1l1flfll'j~lfl) ~'tYrl\J~i1flO 
'II 
m!YI'U~\Pl'l!!l1U~1JeI~C)$~ flel'U 

(Si) ~1fJ11'j~~1J1fl~'U~ el1Y1 A1 
3 
+ 1l~lJfl11lJ'ti!'tY~fJ'j uft~lJeI'4n1fl1J'U1~!~flfl'hul!flle1ii''U~~f-.li1fl 

'tYlJ\!'jW (well order kaolinite) (0.001-0.1 iJftii!lJ~)) rll11l'lJ!!l~ft 'ft~Uft~Ul 'tY!lJfl lY1~lJeI'4n1fl1J'Ul~ 

!~fllJlfl (!aflfl11 0.002 iJft~!lJ~'j) fl~Ju~'U~Ul~tUl1UfJ1fl~ fl~1111~11'U~~11'fllJrd'eHi1 fJ1.Jft~!~fJ~Uft~ 
!l1UfJ1lJlfl fl~)l1~ 4.1 

OJ 

1200 

1000 

800 

II> 

C 
:::J 600 
0 
u 

400 

200 

1 =Kaolinite 
2 =Q.artz 
3= Illite 
4 =Smectite 

2 

10 20 30 40 

°29 

al1~ 4.1 	 fl'jTWU'tY~~fll'j!~fJ1!1J'U1Jel-!ll.:JiY!elfl~ 
el.:Jtll1'j~flel1J!~.:JU11Jel.:J~'U!l1UfJTj~tJ~1J~lfll 'j .:J-!ll'U 

.t!I, ft'f " "'" 	 'j) 'j) 0 QI .o:!l 
!fl'j el ~u'UfltUN11Jl'Uflel'U~1'lfl~ ~1'lJ "'fi)~ fJl1J'U £lei 
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4.1.3 'fflJ'lWhn'Hl1rJfll'W 

1l1fWll)1.:j~ 4.2 UCl~'JtJ~ 4.2 Uff~.:jf11fl1flri1.:j~~Wl).:j fl1) fl)~1l1rJfl11lJCl~!~ rJ~ !lJ'YlCl1hrUCl 
~ 	 ~ 

~ cl rI..... <:! <:! 	 <:! .l1 "'" C1 ~ 'J} "'" 

fl1-H~ fl91 ~'lrUfl11lJ!11h1 rJ1 (plasticity index) UCl~fll1lJCl~!fl rJ~'tJfl.:j!hlfl~hlrHhI rJ11) .:j.:jl'U!f1)fl.:jllh1~n.Hr'n 

U1h1~fl'U~1'lf'1.:j 'VnJ11 !1Ih1~h.J~!l1ilrJ1lJ1fl ~mlJ1rufl1fll1rJl'lJ'tJ'U1~'11t1jwh 0.045 iJCl~nJ~) (325 !lJ'lf) 

riflUU\:J~l~fl UflrJW:111flrJCl~ 2 ~flhl fl1fl~!~ flfl11 0.002 iiCl~ !lJ~) (2 1lJlfl)!lJ~)) ~flrJCl~ ~.7 f11!lJ11 Cl~hI'lJn 
Q 	 ~ 

~ cl rI ~ )j c! Q <:\, 	 QQ Q rI , ..... .,g cl "'" c! <:\ )jQ 	 Q

flhl!~ flctf ctf .:jUff~-:J'Whll1 ~1'tJfl.:jfl'4 fllfl~'UlJ fll 23.83 ± 0.14 lJnn flfl111!Clhl~~fl 100 fl) lJ ll-:J!lIh1~hll1lJ!hI fl 

n~!~rJ~lJ1fl ~.:j!1Ih1~n1l1flU~1'VlrJlfl.:j~ 1~flft11lJ1U"1 ~lfl'lfilfl11lJnrUrJ1~f11'ff.:j~fl 34.09 ~'U~~~ld'ff.:j
~ 	 ~ 

<:\ <:\ , <:\ ~ ..... Q .,g "'" <:\ <:\ cld <:! "-' <:\ C1 

ll~lJ fl11lJ!11'U rJ1lJlt1 fllfl11lJrHhI rJ1'tJ'U t1lJ'tJ'Ul~fllJ fllfl'tJfl-:J~ 'Uttf -:JrJ-:JlJ'tJ'Ul~n~!fl rJ~t1 rJ.:jlJ ~'lrU fl11lJnt'U rJ1lJll1 

~1'J l.:j~ 4.2 	 'fflJ'lJ~111-:J t11rJfl1'W'tJfl-:J~hI!11i1rJTr~il~'U1l1t11).:j-:J lhl!fl~ fl-:J~'U~hI!~lUllJ~flhl~l'lf'l-:J 
\9Il'lJn'W)~rJlll''U ~fl e)1m fln WIll' 111il1-:J tl.:j111~'n)~'UfI)fI'1 fl Q1Wl 

1001lJ'1f 0.80 ± 0. 11 200 !lJ'1f 1.02 ± 0.02 325 IlJ'1f J .34 ± 0.05 

<120 ilJ lfI'HlJ~'j 99.30 <70 ilJlfl'jllJ~'j 99.20 <53 ilJ lfl'jllJ~'j 99.30 

<40 llJlfl'jllJ~'j 99.45 <20 llJlfl'jllJ~'j 99.70 < 10 ilJ lfl'jllJ~'j 99.70 

<5 ilJlfl'HlJ~'j 99.90 <2 1lJlfl'jllJ~'j 99 .70 < I ilJ lfl'jllJ~'j 99.00 

<0.5 llJlfl'jllJ~'j 94.10 

23 .832 0.14 iJ~ftflfl111mtJ~,-iv 100 nflJ (meqllOO g) 

Atterberg plasticity Test 

Liquid limit 64.33 Plastic limit 30.49 Plasticity index 34.09 
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r------- .- --- ---- ---.. ---- ---------------~--.- -..----.,-- --.-- ---

CUmulaUw A ..... Mass P.rcanl va. Oittme1er 

100 ;--:: f'l~~}~ i.~- =y __ ~___ ____ ""'"~I/la}'ll CIa:b-

i i 
I 

: i 
90-'1" --' -"-'- 1 ,,'- ; -- -----..-- .. - -. . - . -- .. . . . , .---.. ----. ! 

i ' I i 

80-1 - --'-- --t-- - - ! - ~-i~-~ -1 

I~~~- --~f~~- - i-l=-~~-==;l'·~ 
s 40-1..· . -.-.- ! .-....- .... -... --.---...--.- t 
~ i - .... ' ----- - ~Ii--- ..-.-- ---! I .i 

3°T--- i ---·- .. --·· - ..--.. ---·- t·..-·-·.. --r- ---·.. ---------·....-..·-j·· I .i 

~l · ----------I ~ -- --- j - i i 
1(~1---,,,- --~-.. . -I-- -fl" I ----- l·--··---I--~ 

! I ~ ! i 
0· , - .. ~- , • -- -~ - -t-.. ---.---..-.~- .. 

I

f·· .-...,. ! ....... --, -.~. -..----~--.--. - , I· : 

100 W 10 5 1l.5 

Panicle Oiamefe< 'Ilm) 

'jtJ~ 4.2 fl'j TvhnYfl.;Jfl1l1Hl~!3 fJflU"~ fll'j fl'j ~\I1fJtl'4fl1fl 
'II 

1Jtl~~hH11i1 fJ11~i}~lHl1fll 'j .;J.;Jl1HfI~ tl.;JJ1.J~U!N1 
lfn'lltmDm"..i1J 

~1lUm'ItSlfjA1J~" 
tnmJijM"mnmJL'lIrdln fl2552 

QlA .,M ~ I
4.1.4 'fflJ1J~111~fl1'j1J'U'j1J

'II 

q 1!jI ~ .It 1!j1.,M ~ 1~.1'q , !jI .It!jl q , QI A 'J! !jI 1 d 
HHIlT1fJ 'lfU1N'fflJA..... tl It'tI'Ul1J AfllJfl1'jtlfJ"~ 23 AlJtlHlt~lJfl1fl1'jltfl~1A'lS'~HYU'jtlrm~ 9 f11fl11lJU1J.;JU'j~ 

QI !jI " , &''';,!jI , QI.,M QI A qQI

l1"~Ult.;J 1,257 tJtl'Ufl~tl~l'j 1~U1'1$~fltlU1J1~'ff~ fl1 fl1'jltfl~11J'Ufl1Jlt"lrJ'U\l\lfJ tlTYI f111lJ"~Atl fJflH"~ 
'II 

'jtJj1~1Jtl.;Jtl'Ufl1fl~'U mlJ1wJ1~1~N'fflJ1Ufl1'j~U'jtJ ~.;Jfi.;J1~J1NfflJlJ1flflfi.;Jljfl1'jltfli1lJ1fl\llflN~\9lf)Wct1
'II ~ 'II 

lj1tl fl1'ff~1l~11fl~1~'~ffJl!'fflJtl nUll fliifll11.;J!m~\I~Aflflfl11lJ!fl1 fJfl 1urdtl~u~.;Jt1'lljfi1ff.;J!flu~rdtl~U 
~ 'II 

bJ !jI QI 0 !jI A !jI q J' 0 !jI q' "" QI tlq
ll~l1U Aft lJ flll1111!flfl fl1'j U~ fl'j 11H"~!'ff fJ111fJ 1-Jtl fl1l1 fl'U 111111!'ff fJlll 'j l~U" ~'tIU1flN"~ fl WCfllJfl11lJ 

'~'ffJ1nYlJtl ~U~ljfl1'jltfl\9i'111~~U..r.;J!flUftlfJ"~ 10 ~tl~1~tlOH'j~~fl'j~1~ [Ryan,1987] tldH''jfl~llJ 

~UTI1UfltlU~1~1.;JAlIU~u~ljfl1'j11fl~1'ff.;JAm~fl1fl11fJ11J~1 ~.;J,rU1Ufl1'jll1'111~~lU~~~tl.;JN'fflJ1'fffl~'lilj
'II ~ 
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~ , 

mlJ1W fl1llJ~'U"Uul'i-:J~lJ1 fl fll'jl1fl~1 !m~fl1llJU~-:JU'J -:J!ijeun1-:J 

'\JeH~'U!lf'UrJ11~tl~1J~lfll 'J -:J-:J l'U!fl1 el-:J{f'U ~'U !~l1Yl'Uflel'U~l'lYl-:J 
~llHl'W'J~Ul1T'Uftel ell!flelo lfl1T1l1 01-:J 1i~l11fl'Vi'j~'Ufl'jff1 elQ'liUl 

23 .38 ±0.58 

8.83-±. 0.23 

1,257.05 ± 12.52 

l.llfl~l'Jl-:J~ 4.4 UO~1.l1fl'j1.J~ 4.3 !H"fl-:Jrllfl1'Jl1fl~1!~-:J!ff'U fl1'.lflfl91lJ1.h UO~fl1llJU~-:JU'J-:J 
u ~ 

'\Jel-:JU'Vl-:J~'Ul1"-:J!~11'U'lh-:JelWl1f1ll 900-1,200 el~ffi!&J5m;mY 'il~!"y'U1f1'1l~'U1J fll'jl1fl~1~elUil~ 9-161flm~lJ~u 
Q ~ 

~llJel Wl1fl II rl 1 fll'JflflCHlJJ 10flil~~llJeltul1 fllJlflU1Jrllel01'U'lf1-:J~elUo~19.0-0.50 ffll1i'lJrl lfll1lJU1J -:JU'J-:J 
q fU qJ q cu cu 

lJriHl d1u'lh-:J 3,942-9,452 Uel'U~~el~l'j 1~if1 ufld''U fll'Jl1fl~1UCl~fl1llJU1J-:JU'.i ~~eltul1 fllJ 1,200 
~ ~. 

<::s .c1 I I "" .c1 "" .c1 .c1 I Q.I 'jJ

el-:Jffl!CJ1Cl!CJ1Uff lJfllClflCl-:J Ul1~fl'U!~ll1~tul1lJlJ 1,150 el-:Jffl!&J5o!G)$U"N lJfllfll'jl1fl~1tl-:Jt!fl ('jelfJil~ 16) 

fl1'Jflfl9flJJ l~lfffl (~el Uft~0.85) IICl~fl11lJU~~U'.i -3 ff -:J"Nfl (9,452 l1el'U~~el~1'.l1-:Jif1) 'ill fl,rellJCl~ flft 11 
qJ ~ cu q ~ 

lJ1Ua1Uil~ftfl1Jtu~'\Jel-:Jul'i~~'U1fllT~el~'U~1'U lli'VilJ'Jel UlJ1lJ!deu~1~eltulT fill 1,150 el-:Jffl!&J5iH91Uff 
Q ~ 

Ufffl~1,r!"y'U1l ffllJl'.itl~'il~!~11fl'~eltulTfliJ 1,150 el-3ffl!G)$ft!;U"N fi~J'U ~'UmilU11'J-:J~1'U!fl1 el~I1'-J~'U!~l. ~ 

TIl'U ~el'U~l'lYl~ ~-:J"NllJ1'.ltlli11U'YfWl'U 1!1J'U~a~H1Wct1!fl~el1JlrJ~l 1,050-1,1 00 ij~ffl!G)$ft!~fJl:Y 

http:Uft~0.85
http:19.0-0.50
http:1,257.05
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~ 
~nl.:Jl'1 4.4 

'd OJ OJ .t!9 . ~ d QI d Q , 

'fll!1HHlfln'HfI~1 iJ~'j lfll'j~f1~lJ'U1U"~'fl11lJU'U.:J U'j .:J'H"':UN11H-lW'HfJlJ~1.:J~ 

'UiJ.:J~'UA'Hil rJ11~t}~1J1l1fll'j ,N l'Ut'fl~ 3-l~'U~'U!Nlrl'1'UfleJ'U~1'lf'1.:J 
~11J(l~'j ~ rJl1i'U ~iJ ~lU1iJ" lf11i1'H(l1.:J 1i-l'H1f1~'j~'U'fl'jff1 iJ Q1HJl 

""l ~ 
'QtulHJlJ f)l'j~~C)flJUl 

(V-3ffll'lH.'U91t)€l) (!ml{l~) 

900 9.57 ± 0.25 18.69 ± 0.80 3,942 ± 156.23 

950 9.88 ± 0.28 17.51±0.43 3,910 ± 271.79 

],000 11.40 ± 0.47 13.80± 1.17 4,769 ± 129.86 

1,050 13.40 ± 0.45 8.26±1.15 7,204 ± 38.21 

1,100 15.33 ± 0.16 2.99 ± 0.76 8,256 ± 146.70 

1,150 15.63 ±0.34 0.85 ± 0.71 9,452 ± 394.95 

1,200 14.81 ±0.17 0.50 ± 0.38 7,304..± 264.21 

20.00 10000.00 

18.00 9000.00 

16.00 8000.00 

14.00 7000.00 

~ 
;:- 12.00 6000.00 

I_ 10.00 5000.00 

slreghl(psi)18.00 4000.00 

6.00 3000.00 

4.00 2000.00 

2.00 1000.00 

0.00 0.00 

qN...pI(...................) 


---n'~J,(%) __ n ....... II1(%) __Slreghl(psi) 


- --- --- ----- -----------------. 

950 1000 1050 1100 1150 1200900 

http:10000.00
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''U'lh~eJWlffllJ 900-1,200 eJ~m!9fmt}$lTi.Y 1fl~1mfl~eJ~ Color Meter UCl~ff~m~cWill1~10~1 VnrJ1 ~1f111lJ,r;h~
4 OJ • 

(L) iirll'j~lf11~ 41.98-62-13 rl1m"fl~ffUfl~!m~i!h~rJ1 (a)iirllll1fl eJri~~lf11~ 11.02-17.10 om1'U~'U~'Ul1iirl1 ... 
"" '£01 ~ "" £01 <'!I £01 , " "'" £01£01 0'" £01

\9lflCl1J 3.96 fl1Ufffl~ff'U1!~'U!!CI~ff!lfClel~ (b) lJfl11J1flel~~~lf11~ 1O.7G-32.53 flUflel'U!~llJff!1'I1 ff1lf'J1Jff'\Jel~ 

~'Ulftl~!~l'lh~~ WlftJlJ 900-1,200 el-1ff1!9f''U~ Off l1~ii ff!t1~ (I'U 1t1~llJ~WlftJlJiflrJ'lh~~ WlffJlJ 900-1,100 iiff 

J l~lC1tYlJ~ eJ'Uil~!lf~eJ-1Ufl~ !rlmvilJeJWlffllJ !lJu 1,150-1 ,200 el~ff1!9fm~rJff 1fiflCl1mlJ 'UffJl~lC1Ufl~l~lJ 
~ OJ 

fl1~ !t1~ rJ'U!!t1C1~'\Jel-1 ff !flfl111 fl ff1~t1'J~ fleJ1J'\JeJ~U~!lf ~ fl ''U~'U~ 1J!tI~ rJ'U 111fl ffUtl~ ~f)el1J1 eJfl~el fl19ffl elleVl 

!flelf11'1~ (FeOOH) ~~iiff!lf~el.:j~erU!tI~rJl.J1t1l1h.Jff1~t1'J~fleJ1Je)eJfl19ffl eJ1eVl U1JflU 11'1~ (Fe0
2
) ~.:jljff!,jlJ 

~u l'll,,rrl1 L iirl1C1flCl.:j rl1 a UCl~ b iiffeJelfl 1t11'11.:jff!!fl.:j!!CI~~·!lf~eJ.:j ~11JCi1fl1J fl.:jtl~lflfJ'ui tI~ 4.4 

.d 
\9lU1.:j1'l4.5 

• 'JJ 
'1 <'!I ~'" "" 'J) 'J} 0 ." <'!I

111 fl ! ~.:j.:j 1U!fI~ el.:jIJ'U fl'U!~l1J 1'Ufl el'U~ 1'l$1.:j ~l1JCI~ ~ ~rJ11J'U CI eJ 

el11f1eJ CI 1fl11'1lf CI 1.:j ,r~lf1fl~'J ~'U fI~ff1 eJ QlirJ1 

L a b 

, 
fHl'U1r.ll 48.09 -3.96 +13.25 1Yll 

1 ,000 t).:j ff WIH'!!q$tJ ft 

1 ,050 t).:jffllqHH;~ft 

1, 100 t).:jffWIHH;~ft 

1,150 t).:jffllqHH;~ft 

1 ,200 t).:jffllqHH;~ft 

61.04 

62.13 

60.53 

57.37 

46.62 

42.96 

41.98 

+16 .08 +30.17 

+ 16.49 +31.33 

+17.05 +32.53 

+17.10 +30.80 

+15.60 +22.90 

+13.89 +17.74 

+11.02 +10.70 

l1lJl£Ul1a L ''lftill1'U~fhfl11lHr;h:j L = 0 1!{1'~.:j11~htHh.:j)jff~1{1'lJ\l'lru L ~. I()() U{1'~.:j11i1-eJdl.:j)jn'IJ11{1'lJ\l'lru 

a ''lfnl11'U~ffl!~.:j!l(1~ih~tl1 a fll&t1'UlJ1n n~~hn'UfifY'Y11.:jnl!~.:j a fll&ihmJ ff~~ hn'UfifY'Y11.:jff&~tl1 

http:fHl'U1r.ll
http:1O.7G-32.53
http:11.02-17.10


20 

t~l'wn1tJndiJ 


~OqI~m.,{ 
 '" '" 0 ..,.!l 0 ..,1J l'Uflf)'U~l')fl.:J ~l1JCI'Wl:: t111JlHl f) f)1!flf) Cllfl1J1'HCl1.:J 
lt1~iflWmlIt.'fJrUln 112552 
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rI~ I "" 4.2.1 eJ'If'llJl'~f1e)1J'YIVUfllJ 

\IJ rI ~ "" \IJ rI Q.J 'j/ ~ 0 1 'j/~ Q.J "" "" 'j/ ~ ,

eJeJfl !t)$flUil~ !l'1Al'U1HJlJeJeJfl !t)$fll'1lJflUl'eJtlCl~ 6 'iHl'll 11fllfHCl\JANllHYfflJ11l'eJUfl\J 'ffll''lf1t1ilflflll' 

'l'fl~1 (fluxing agent) ~\Jli11H'lf1tH nflrd'eJun'1 1u Nft\9U)W ~11l' ~ fleJ1Jf1'1t1UeJ Clf'll i Cl11 ~eJ 19$!~ tllJ 

eJ eJ fl1 t)$ ~U Cl ~ 111 U\9l ff! CH [UJ eJ eJ fl i 9$ ~ UCl ~ UeJ il fll 1Cl 11! ~f 'Ii ~ eJ Ufl Cl! CH tI lJ eJ eJ fl i t)$ ~u il ~ UlJ fl i1! CH tI lJ 

eJeJfl it)$~lhJllJltul'1lJflU1~\1 'Ill'fl~eJtJCl~ 5 fllltlt1J!~tJJ111ufl11rr\J!Nl~~tu11fJiJ 1,000 eJ\Jff1!9$m~tJff 
ii~l~eJOCl~ 10 Ufffl'l'-,hiiffll~hnil rJlhn!eJ[J fl.:J~l'jl.:J~ 4.6 

, 
flll Hli 4.6 eJ\Jrll1'j ~ fleJ1J111.:J!flii l 1lJ1JeJ\J~h.J!11i1 OTj\9ltl~1J111flU11ri .:J~h.J11"\J'ffTU'fflJ1fl'lfU 

,. ,. 	 ,.
U-3rltJ'j~fH)1J'VlHlfl)j 'jmm~ U-3rltJ'j~f1U1J'Vl1-31fl)j 'jmJi:1~ U-3rl'l.h~f1U1J'VlNlflij 'jm.lCl~ 

Si02 60.59 Na20 0.23 Mn02 0.013 

AI20 
3 

19.79 ~O 1.77 CaS0
4 

1,224 ppm 

Fe
2
0 

3 
4.72 MgO 0.88 P20S 0.03 

., 
Ti0

2 
0.92 CaO 1.80 fll 'j \1 tyl~1tJU1l''I'I.J011 ~-31H1 10.374 

,~....",. 

4.2.2 	 fflJ1J\9l111\JU'J TYlOl 

111fl fl1l1!f'll l~,rU~1U1JUlfleJU fllf'l~U1Ul11~ 4.5 ~1J';hl1'j ~ fleJ1Jf1'10fl1eJ 'j~'l1 ('YI'j ltl) 
, 

q '" " 
Am~U~~U!11i1[J1li~1J~eJ Ul !flleJ ft"u~ Ul~il1il~Uil~uiff!lJfl ''YI~ !Al !11,ili1l1 fl~ljeJ g1u ~U!11i1[J1 

, , " 	 , 
Q.J 'l~1 	 0 , 1 ~'l rI"" ~I ~ ~ ""1 'j/ ~ ""Q.J

1 fl[J'YI1 AlJ 'ffl11'J1JUl'Afl eJil AU\9l'YIAlJU disorder kaolinite 9$\J!flfl111flflll''YI fll'.:J'ffl'HNilfltlflU'YIUl1 
'" 

~lU11U\J1JeJ\J~ft fleJUf1'1[Jlh~~1J1fl~U~ eJlll Al+++ 11~ljfl11lJ 'lJAff~ Ol' UCl ~ljeJ'4fllfl1JU lflA~ fl w:ilu~ 
d~ '1 rI '1 rid ,~ "" d"" d d ,

well 	 order kaolinite 1U1Jtu~'YIeJil !il\9lUCl~'ffAlJfl A't1\9l!1JUU'JflUAl1Utl111lJeJ'4fl1f1'I'UlflAilfl Oilflfl11 

lffJU~tilflaH tin!n-nU1'VltJ'ni''Wu1Al .. ... .. 
~ ,vna-3fl'lfUU1111'VltnaO 
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1200 

21 1 = Kaolinite 
2 = Quartz 
3 = Illite 
4 = Smectite 

1000 

800 

~ 
::I 600
0 

1.1 

'100 

200 

'nJ~ 4.5 fl'j lvJU(Hl~ fll'j!~rJ1!1JUEijtl 'Ir~ff!tI flC; tI'Ifi'lh~fltl1J!~~!ri 
'U 

Eij tI'I ~t.Ul1UrJTj\9ltJ ~1J ~1flUl1 ri ~~Ul1 cr~ (1'1lHYli1 fl'lfU 

o QI ~ 0 Q,I 

\9I11Hl'¥4'j ~rJl1JUfttl tl11fltlft1fl1J111ft1~ 

4.2.3 iYlI~~'t1l'1fllrJfl1'Vi 

fl'lfW ~1ll1!l1il rJ1Uft ~~1111ft~!~ rJflEijtl~!dtI~U~l1UrJ1Ul1ri'l~Ul1ft'l(1'1U ffll 1fl'lnf ~1J11 !ilU~U~ritlU,rl'l 
!1111rJ1 l1mlllWfllfll1rJTlJ1JUlfi1\91fl11 0.045 iJftil!lI~'j (325 !1I'1f) ritlU,rl~~l fitl U'f)fJfl1lftltm~ 5 )jtl'4fll~ 
.d d, "" "" ~ 1 'jI ' '''' Q "" d ".,9 A d""
l1Wflfl1l 0.002 lIftft!lI\9l'j (2 All ~'j!1I\9l'j) 'jtlfJft~ 73 ~l!lIl1ftC\'U1J~tlU!flflG)$ G)$'I!HYfl~'ViUl1N11JtI'ItI'4filfl 

~U)jf'il15.67 ±0.76 nftil3~11lmU~~tI 100 flllJ ~'!HrJU~u~lj!'dtlft~!~rJfl'Vif)~1'j ~~!rJUNft~lflU~111rJl 
• • !V 

fl~l1'~flri 11111Utl'1 rilfl'lf11~1111!1111 fJ1)jrilritlU,rl~U 'Ifltl 29.50 ~Ul1)jrill1U 'I ~~ljfl1llJ!11i1fJ111lfl 
J .... "" .,9 ~ Q Q d~ Q.... Q Q .x.... d 

1 flrJ"U fl1J1J'UlfitlU q fllfl1JtI'Ifi UG)$'I fJ'IlI"Ulflft~!tI Oflfl rJ'IlJ fl'lfU fl1ll1!l1U rJ111lfl U tI fl~l flU rJ':Ulh'\Nc\~lfl 

'lfil fl1JtI'I3t1t1U~ ft~ftlfJ1J~tJUtlg 1flrJ3f)tI'U~)j1J'j~~1J1fll1~~ till! 1~1~fJ1I3t1t1'U (Na+) ~~lh,,r~'Umll rJ1fl11 

3t1f)U~)jtJ'j~~1J1flfftl'l till! UtHH~rJlJ~tltlU (Ca++) 

http:U)jf'il15.67
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01'.1 1.:J~ 4.7 cUnm'V11.:J fl1Vfl1l'f\JfH~h.U11U v11~t}~hHl1fHn1~~~hn1ci'~1l1'lHYlllfl'lf,r 
o Q.I ~ 0 Q.I Q.I Q.I .ct 

~11H''Vi'J ~V11J'lHH) el1lflrHnfl1J111 el1.:J 1l'l111fl'Vi '.1 ~'Ufl'Jfl'J elQ1W1 

fllf)fh~ff~fflJ1J'U~~Ufl'.i ~ d'mm~) 

1001lJ<tf 0.86 200 tlJ<tf 1.07 325 llJ<tf 1.25 

m7 fl7 ~~1t1fl11lJ"~lVtl~ff~fflJ (-rf)tI"~) 

< 120 1lJlfl'HlJ~'.i 100.6 <70 1lJlfl'jllJ~'j 100.4 <53 llJ lfl'jllJfl'j 100.3 

<40 1lJlfl71lJ~'.i 99.8 <20 llJ lfl'jllJ~'.i 97.9 < 10 1lJ 1fl'jllJ~'j 91.6 

<5 1lJlfl'.illJ~'j 45.6 <2 ilJlfl'HlJ~'.i 7.5 <1 'lJifl'jllJ~'j 7.4 

<0.5 1lJlfl'jllJ~'j 8.2 

""'.ct "'" oj ." 

IlJ 'VI ""'U1J tlf) t,uc,l f) 9f 
A .Q,Q A rI, Q.I 

15.67 ±0.76 lJ""f)fl1111,,'U~~f) 100 f)'jlJ (meqllOO g) 

Atterberg plasticity Test 

Liquid limit 64.14 Plastic limit 34.64 Plasticity index 29.50 

R1 OQ 119 .SMP : NCSP-2 

100 60 

1\. 

10 0.6 
Por1Ide Dlame1er elM'll 

l1.l~ 4.6 	 fl'J l~U 'fffl'l fl1111el~!fl f.lflUel ~ fl1'J fl'J ~1l1rJel'4 fl1fl 

'\Jel.:J~1.u11ilrJ11~1l~11.J1l1fU!l1ci'l~'U11-cr'l'ff1'UfflllflW 
q 

o 	 Q.I.:!I 0 Q.I 

fl11Jel'Vi'J ~ rJ11J'U elel el1!flel" lfl1J111" 1.:J 
Q.I QI .ct 

1l.:J111f1'Vi 'J~'Ufl'Jfl'J el Qlif.ll 

CUmuJottv. ~rMII_ Perce,. va DIa.-..r 

1 
!3 
::! 

.5 

!!:g 

~ 

~tmtlffl"..lu 
, fjlllll'Mi5H]A1JILa::uIJlmu'tf 
:1 ~IlmJL!IrUln 112552 
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cs 1 91 ~ ~ 1 gJ~ I\') gJcs I 91 ~ 91 CS I <V "'" 91 91 I dn 

H'HJ111fJ 'lfUlfftYlJ!'VH) 11t1UllJ !fllJfll~H)fJft~ 26 !lJeJU11.:JlJfllfll'J11fl\9l1!'lf.:JnYU',H)fJft~ 8 fllfl11lJUtI~U'J.:J 

lHl.:JU'lf-:J 1,87611eJu~\9ieJ\91l'Jl.:Jif1 (54 fi! ftfl1lJ\9ieJ\9l1'J1-:J!c)fU~!lJ\91'J) fl-:J\91l'J1-:J~ 4.8 ~-:J!lIufh~~p~eJfl1'J 
fi lfll'J11fl\9l1~Un'U11ft1fJiTll11fJ eJ111 fl11lJ ft~!~ fJflUfl~'j llj l.:JtleJ.:JElU fllfl~U mlJltuJ1~1'lf'NLI'lJ'Ufll';i~U'j 11 

'\J 0 	 OJ 

~-:J ~-:J1'lf'J lNLI'lJlJ 1fl n~.:J ij fll'J11 fl\9l1lJ 1fl Na\91nwC¥l'~l1 fl~1lJ lfl!flfJm~l~ fll'.i 11fl\9l1~U\91 fl~N nu1uu\9i 

fl ~ri1U ~-:JellllijLl'l!11\911l1 flN a \91 nw ~lj fll'j11fl~1~'~ CY1111 ('I'lJ eJ nu'¥l fll1fY111.:J fl'J~'U1'U fl1'j ~'U 'j 11111 El 
o 	 Q OJ 

~ "'" cs dt "",.,,2 gJCSI "'" ddt "'" 191 <v °191"'" 91
eJ 'U"l 11~! flflfl11lJ! fl'j fJ fl 1'U!'U eJ fl'U C)$ -:JflllJ fll ('I'.:J! fl'U'YH'U El fllHl ~'¥l'U fl lJ fl'¥ll 11 1flfl fll 'J U\91 fl 'j 11Uft ~ 

'\J 

!fffJ111fJl'U fl'J ~'U1U fl1'j N a\91 '~eJ fl111 fln'Yil1'lflfffJlllj l.:JUfl~tlU1fl Na\91nwC¥l'ljfl11lJ '~LI'J l!LI'lJEl ~u~iJ 
fll'J11fl\9l111a.:J lnf.:JlfiufElfJft~ 10 ~eJ.:J 1'lf'eJONJ~11'fl'J~1-:J [Ryan, 1987] El01.:J1J n\9l1lJ ~'U~iJfll'J11fli1 

Ail flUEl fJlj,reJ~~eJ 'Yi11'lfl1ElflU'U'U1~~lfJ rll111'U~U!11U fJTU1U ft1flli111 fl1~fl1J111 ,11 N('I'lJnlJ fl1fl11fJ1lJ 

"'" ~ I <V 91 dt &:> I ~ lit 91 ~ ~ d I 91 91 
Ell'YI '¥l'J 1fJ !'WEl 'lf1fJftfl fll'.i11 fl\911U fl ~111!U El flU ! 1h ~ 'J ~lJ lfJU 1 Afl CYlJ l!CYlJEl lW~ fl1'J N.:J 1U'YI'J lJ111 U11 ~ 

'If'l"l neJu't.h ,11\911 flUflfll,teJ'lf1fJflfliTW111fl11lJU\91 fl~ 1.:JtleJ-:Jfl11lJ~U~lJ1fl!fiu' llUft ~ fll'J llfli1~'~ u 

\91l'.i1~~ 4.8 	 mlJ1Wfl11lJ~u1uul'i-:J~'U1fl fll'J11fli1 Ufl~fl11lJU~~U'J ~!rtElH'lf-:J 
tleJ-:J~Ul11i1fJ11\9l1l~1J1l1m!11ci-:J~U11a.:JCY1U Ll'lJ !fl'lfU ~llJ fl'W'J ~ fJlliU ilEl 

eJ1!fleJfl1flli111ft 1.:J 1l.:J111fl'W'J ~ufl'JfY1 Elq'Ii fJ1 

" fl11lJ~'Wh..urvl~~h..!~~ d/{)t'J,,~) 	 25.78 

8.47 

1,876 ±274 
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•• 'JJ 
~ ~I~ I .., c> 9J <:9 0 cl 

Ulfl~1'Jl~'Vl4.9 !H'l~'ju'Vl 4.7 Uff~~fllfll'J11~~1!'lf~nl'U fll'j~~9$lJ'Ul U"~f)11lJU'lJ~U'.i~
'U 'U 

eueJ~!rvi~~'U 11rl"~un1'U'lh-:J~rul1fJiJ 900-1 ,200 eJ-:Jf11!9$CHtitnlll~!lT'U1fi":h ~'Uljfll'J'H~~1reJ(J"~ 9.27-14.50 

1flmYilJ~'U~lJJeJ rul1 fllJ fllfl1'.ifl fl~lJJl"fl"~~llJeJ ru'Hfl fil ~(Jij flleJri1'U'lh~feJ (J(1~ 14.42 -1.26 al'Hf1J 
CI <u qJ Q qj CU 

fllfl11lJU~-:JU'j ~ij flleJu1'U'lf1-:J 2,581-8,707 tJeJ'Ufl~eJ~l'jl-:J.Q1 ~eJ W'HfllJ 1,200 ij fllfl11lJH~ -:JU'.i -:J(1~'H
'U ~ 'U 

• 'JJ • 
I C> ct "" ~ ~ I QJ 9J <:9 0 0 'JI 

U'Vl-:J~'U!~l'Vl~rul1fJlJ 1,150 eJ-:Jf11!9$m9$r.tellJfllfll'.il1fl~T~P'1~ ('jeJ(J(l~14.31) fll'j~~9$lJ'U~l,!fl ('.ieJ(J(1~134) 

cl cI I ;t 9J d I 9J.., I C> ~ 
U(1~fl11lJU'lJ~U 'j ~ff~el~ (8,707 'l1eJ'Ufl~HWll'j l-:J'U 1) 111 fl'lJeJlJ(1'Vl fl(1l1lJ1U"1U"~(1 fl1:lW~'lJeJ~U'Vl~ fl'U'.i fl 

'U q ~ 

'HjeJ~un'U'~ij fll'j1J1lJl1jm!~fl ~~'lif)1'H~l!O'U~eJWl1flfi 1,150 eJ~f11!9$mtH(Jel ~~elllJl'.ifl,l11tJ'rl'WJ'Ul 
q 'U 

!lhJ ~il~nru cn'!f)~eJ1J 1cW~1 1,050-1,] 00 eJ~f11!t}f(1!tH(Jff 

c:i ,ci QJ OJ L:5l ~ d QI ~ Q' 

~1) 1~'Vl 4.9 fllm (1 fJflU'Hfl~1 eJ~'.i lflU ~fl9$lJ'Ul!H'l~f)11lJU'lJ~U'.i -:Jl1"-:J!~TVl~rul1 fJlJ~l-:J"l 

'lJeJ~~'Urlfil fJTr~il~1J1l1 flU'H ri-:J~U'H ft-:Jff1'U ellJ1fl'lfU ~11J(1'W'j ~ fJl11'U ~el 

ell!fleJ (11fl1T111 (1 1~ 11~111fl'W'j ~'Ufl'.if11 el q'lWl 

f11'J"'Yi ~ i 1'\1",m·n 

d'mm~) 

900 

950 

1,000 

1,050 

1,100 

1,150 

1,200 

9.27 

10.11 

11.17 

12.73 

14.07 

14.31 

14.50 

14.42 ±0.48 

12.80 ±0.35 

9.73 ± 0.61 

6.23 ± 0.63 

1.40 ±0.90 

1.34 ± 0.63 

1.26 ±0.61 

2,581 ± 191 

5,216 ±422 

6,195±821 

6,679 ±592 

8,489 ± 1,029 

8,707 ± 975 

7,433 ± 1193 

http:jeJ(J(l~14.31
http:9.27-14.50
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i----.--------­
i . 0016

I 
j 
; 14.00 

12.00 

f'".00 

1::: 
4 .00 

2 .00 

0 .00 

~~~= 

6000.00 

5000.00 

stTegh1(psi) 

4000.00 

3000.00 

2000.00 

1000.00 

0 .00 

900 950 1000 1050 1100 1150 1200 

I-------.--.--~--.--~---~~---~-------.---.--, 

'nJ~ 4.7 
cu 

~ ~ Q.I d .Q' A t:::t Q.I .c:::s. 

U"~fll'jtl~91lJ'UT1Hl.:J!NTYlf! W'HQlJ~ 1.:J~ \lel.:J~'U!'H'U l'J11~t}~1J 

~trnrIm"..ilJ 


~IlfIAu&La:NI'II\'fIL'ti 
 11lflH'Hri.:J~'U'Hrl'·HY1'U fflJ 1fl'lflf ~11J"'Vi'j~ l'Jl11'U ilel 
~rin~2552 

e)l!flel" 1~11'1'H"1.:J 1l.:J'H 1~'Vi'j~'U fI'j fl1 el Q1il'Jl 

QQ' .., 

4.2.6 'CY~U flel'UH"~'H".:J!Nl 

~l'jl.:J~ 4.1 0 Ufffl.:JtlTtJel~ff''U'j~lI1J~ 'el~j,Jel.:J~1elril.:J~U'j1J~!'H~ l'JlJriel'U!N1U"~'Hrt'"'.:J!Nl 
cu 

'U'lh~f!W'HQiJ 900-1,000 el'lfll!91m~t'J'CY 1fl~1mfl~el'l Color Meter !m~ff'l!fl~fiUll~1fN11_'Vi1l';h tllf111lJff11.:J 

Q " 'Q Q ct Q , " 'j) Q Q

(L) lJflU~'H11'l 51.32-67 .89 fllUfffl.:JffUfNU"~ff!\lfJ1 (a) lJfll1J1fl elg'j~'H11.:J 12.15-12.83 t'Jm1U~'U~1J 

riel'U!Nlii~l~fl"1J~ 3.64 Ufffl'l';hiitll i1Jl'll'lff!1j[n rilU'CYfl~fflh!~'Uu"~*!'Hilel.:J (b) iitll1J1f1eld'j ~'H11.:J 

14.79-30.77 ~lJriel'U~~lJffJ'Wll"flelU ril'Hi'lIff\lel-:J~'U'Hif.:J!Nl'li1.:Jf!W'HfJn 900-1,000 el-:Jfll!91"lGUtlff Ul'lll11~ 
'liiifll'j&tJ~ fJ'Uu1J"-:JVlllJf!W'HfJiJ1~fJ'li1'lf!W'HfJn 900-1,000 iiffl'Hilel.:J1J'UfflJ fl.:Jl1J~ 4.8 flUl1J~fJ'UU1J".:J 

http:14.79-30.77
http:12.15-12.83
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\9lUl-:Jl1 4.1 0 	 ~lfll'JI~*~'Uriel'U!Hl~lfrl'~H·nli~un11JiJ~1-:J~ ~el~~'U!lfUrnl\9lQ~1J 

ulflUlfri~~'Ulfrf'H"1'UfflJ lfl')fU ~l1Jn'W'j ~tll1J'U ~el ellAflelnlfl1J1'Hnl-:J 

1l~lf1~'W'j ~'Ufl'jfl1 el q1itll 

rilfl1'j1~ih~1J1J;ivo (L*a*b*) 
dd '" 'JI

VW'MfllJ 	 ff'V1ff.:JlfWI~1tl1l1 
Q .. 

L a b 

flDtmn 51.32 -3.64 14.79 lhmft UV'U 
d 

900 fl.:Jffl!'lfftl'lftlff 67.13 +12.15 +28.08 I'M ~V·nJ'Ur:YlJ 
d 

950 tl.:Jffll'lfftl'lftlff 67 .67 +12.52 t29.48 I'M ~v,aJ'Ur:YlJ 

1,000 tl.:Jffll'lfftl;tlff 67 .89 +12.83 +30.77 !'M ~vnJ'U~lJ 

'I1lJlOt'l1!l L''linl'11'U"thfl11'lJ1J11~ L= 0 lI1JfI~11~he:lcil~iin~1('nJ'lJ~ru L ' I00 IIfffl .dlf11t)dl~iiii''1111i1''lJ\l~W 

a 'i'nl'11'Uflnu,,~u,,:;ii'I;jU1 a tlllrJ'U'lnfl 11'\1:; ill''Untlm~ii'l!fI~ a tlll'th.J"'U fY'il:; i,jl'Ulitl'VI1~ih;ju1 

~----'~~------

.., ~Q' .., ~ Q''j11~ 4.8 n fl1:JW~fffl'U flellJUn~lf n ~!Nll1~Wlf 1J1J~l~~ 
'II 

'Uel~~hUlfUrn1\9lQ~1JUlm!l1ri~~'Ulf"~ff1'Uff1J If)'l$U 
1fn.ltmllm"..ill 

~iHlA1llLR::flAMm'tf 
~nmAdns]2552 
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~Um-Ul'rl! mri ~~ lfHft~(rlUmJ1flWAll 'U~ 'WArm rrruUY1'J lmi rdem~A~ l'J~eJfl1'J iJ fl1lJJ!'H-Ul'J~ 
~ AI~911 d 91 Ic> ~ ~ 91 'l9l~ ~ AI 91 ~A.lltJ9I 
'tI'UlU Aft~ll'J !lJeJ!!lY~!I'YI~~lIlJfl11lJH"'-!jH'j-!jU~l'HHYlJfl1) !N1Uo1~~ !lY'ff!lYOeJ~U'W'tYlJ 'YI'W rn Aft 1,150 

eJ~fY1At}$ru9il'Jty ijfl11lJ! !~~H'j -!jlYft~!~l'hi'tY~Ufl ijfl11lJAlflJl~fflJ'lJ fll)'l11lJl~tl~Ufli eJ~JlJ~lJ!~l~'~ffeJl'J 
'\I 
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n"f QI C1 <fn I <::1 at "" "" , 'J.I ~ 'J.I "" 'J.I CI <::1 Jt "" 
1Jll~'lJ'U1H)-:Jfl1J'J~fH)UYl1-:J!fllJ flel 9H'1fl1fleltl'Ul-:J~1 ('JelU('1~ 57) el~tllJtll~.:j ('Jel£1('1~ 24) 1l-:JlJ!'UrlfltllJ1fl 

C1 d lit 	 <f lit C1 lit <f 'J.I _I 'J.I lIJ <fat 1Q.I 	 C1

lUlf('1flelelfl !C}$flU('1~ rYl!l'H'U£1lJelelfl !C}$fl'JllJfltlt1.:j'Jel£1('1~ 61J'J~flel1Jfl1£1Uel('1fl1 !('1t1f1el C}$!flUlJ 

el el fl , ~~U('1 ~ 111 U~ 'H~Ull el el fl' 9Sfl U ('1 ~u el ('1 f11' ('1U~ ~ f 11 fiel Ufl ('1!~ £1lJ el el fl' C}$flU ('1 ~ UlJ flli!~ulJ 

elelfl'~fliimlJ1W'J1lJn'Ut1\i~elU('1~ 5 ~'U~\i111'Y1t1lWlJ1fl11fl mlJ1W CaS04 ii~l 800 ffTul'Ucl1'UffTU 

el1111'i1 111!nfl\9l1l1Uf1'J 1'lJ'U111J'U~ft~ rl'W<l1111 !ijf)!~lHi'1~lf"\i!~l fl1 'j (YUHff£1J11111fl11"\i!~l~elW 11 fllJ 
CU U 	 Q CU 

1,000 el\ifl1!~('1!~U(l' iifh~elU('1~ 8 ~\iflel'U,rl\i~l!'lf'U!~lJ1n'lJ~'U1 'J \i\il'U!f11el\i~'U~'U!~1,j1'Uflel'U~1'lf'1\i 

u\9i!~ el-:Jll1 fl~'U1 'J -:J\i TU ~~iJ11lJ fliiGMft flT~ \i w:h d'el U('1~ 57) ~ ,nj l11~lhJ~ lJ1WGMft fl1~(y'J~t1 \i w:h~'U 
, 'JI 	 • 

1 'j -:J\i1'U!f1~el-:J1!'U~'U!~1,jTUflel'U~1'lf'1\i i\il1'J lflt) lt1~1'J l-:Jyj 4,1 J 

~1'J1\i~ 4.11 	 el\irll1'j~flel1J'YI1\i!flii'j1lJ'Uel\i~'U!l'IijUTr~1l~'lJ1l1fl1'J\i-:J1t1~~ 

~11J('11Jl\i11('11flfl el1melih llJfl 1l.:j111fl~1-:J'YIel\i 

'JI 	 IV 
U'U)U':i::;fW1JYll\llfllJ ':itJrJt1::; u\lr1U':i::;nU1JYlNlfllJ ':iUtlt1::; U\lrlU1 ::;nUlJ Yll\ll fllJ ':iUtlt1::;" 

Si02 57.00 Na20 0.41 Mn02 0.028 

Al
2
0 

3 
23.76 ~O 1.79 CaS0

4 800 ppm 

Fe
2
0 

3 
5.44 MgO 1.11 P205 0.052 

.. 
Ti0

2 
0,87 CaO \.52 tl1':iU'tlJl~lJ'I1nnrn,., !f\llf.ll 8.039 
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--- _.------_._-----_ .__ ._-----------_.._--_._-----_._-! 

! 
t 

900 

800 

700 

600 

J!l 500 
c 
:J 

8400 

300 

200 

100 

0 
0 

1 =Kaolinite 
2 2 =Quartz 

3 =Ulite 
4 =Smectite 

10 20 30 40 
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l1.J~ 4.9 	 III lvJUfffN fl n ,ifJ1l1JlJ~el~i'~ihelflCJf el~tl1.Jl~ flel1Jl~':Hd 
~el~~lJnrUfJ11~il~1J\llfll'j ~~llJ~~ ~l1JCl1JH1JCllflfl 

ellUlellhllJfl ~~111f'1~h~l'1el~ 

.d 	 • 'j) <:l "" ~ "" d cI Q,I ~ 
\I1fl~1'jl.:J1'1 4.12 Ufff'l.:Jfllfllflfll.:J~~Ufl'j.:J flll fll~1llfJfl1llJCl~lel fJflllJl'l "CllJ1J~ ell-Ufl fl9f fI'trU 

fl11lJmilfJ1U"~fl11lJCl~!~rJfI~el.:Jrd'el~lJ!11i1t'nl'j~.:Jl1-J~~ ~1J11 !lIU~u~ri~lt!,jl.:J!lfilrJ1 ihnlJ1WfllflltrJl1J 

~'Ulf11~fl11 0.045 iiClihlJ~'j (325 !lJ'lf) rielUtil~~ltlel UelfJfl11felfJ"~ 2.5 ijellUntl~!~flfl'h 0.002 iiClil!lJ~'j
<a 

(2 1lJltl'jllJ~l) lelt'J,,~ 62.7 rilllJli"~lJ1J~~lJ!~fli' ~~Ufff'l~~lJ~N~el.:JellJf)ltl~Uljfh 15.25 ± 025 iiClil 

"" "" cI • QI <:!i ~I "" ,d"".l1 ~ • ~ "" "".. ~IV 	 'j)
elfl111mlJ~~ellOO fl'j1:J \I~luUf'llJ'YllJ!lJelCl~lelrm fllfl'trUfl11lJmlJfJ1lJtlltlelU~1~U.:Jtltl25.07 

http:fllfl'trUfl11lJmlJfJ1lJtlltlelU~1~U.:Jtltl25.07
http:el~tl1.Jl
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.::t
~nl.:J'YI 4.12 	 i1'lJ1M'YI1.:Jfllt'JJ11~1l~.:J~hUl1ilfJ11~1l~hJ1l1fllj-3-31'W~~ 

~llHl1Jl,nhnflfl 'fhmtlihllJfl 1l-3111fl31-3'Y1eJ-3 

100 UJ"}f 0.67 ± 0.09 200 !ll'l$ 1.25 ±0.11 3251ll'l$ 2.09 ± 0.07 

< 120 illlfl'JUJ~'J 99.9 <70 ill lfl'Jlll~'J 99.6 <53 III lfl'JllJ~'J 99.2 

<40 ill lfl'Jlll~'J 98.8 <20 ill lfl'Jlll~'J 96. 1 < I 0 llJ1fl'JllJ~'J 90.0 

<5 ill lfl'.Hll~'J 79 .8 <2 IIIlfl':Hll~'J 62.7 < I ilJ lfl'JllJ~'J 52.1 

<0.5 illlfl'Hll~'J 42.3 

~ .c:::.4 4 rI, ~ 

15.25 ±0.25 lHHH)fl1111f1U~~V 100 f1'JlJ (meqlI 00 g) 

Atterberg plasticity Test 

Liquid limit 49.96 Plastic limit 24.93 Plasticity index 25 .07 

jl1~ 4.10 	 flJ TvhrtYfl.:J fl11lJ"~!~ t1fl!m~ fln flJ ~1l1t'J~'4 J11fl 
'\I 

'U~.:J~'W!l1UtlTr\9\Q~1J1l1fl1J.:J.:JTu3! ~l1J"1Jl.:Jl1"lfl~ 

fll!J1enh llJfl 1l.:Jlf1fl31.:J'YIeJ.:J 
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~ ~ 	 11
4.3.4 	 fflJ'U\9l'Yll~fll)'\JU~ 

"" '1 "" C1 J ~ IlIJ ~ • "" lIJ • Q,I C1 ~ 'J} ~ dt 1 'J}~ ~ IliJ 'J} 
~u !)~.:JTUf)~ffllJl)fl)~'\JU~1J ~fl ~flllU'Yl.:JflU AlJU\9lfl11fl!ffITHlll ~'lfUl~fflJA'VH) 11'tIU~1J ~fl 

ihilff)lICl~ 26 !rlf)!rH'.:JlJ~lfllJ11~~1!1f~!1fuff)lICl~ 9 ~lfl11lJU~~U)~11rl'.:JU,r~ 1,540 1If)U'~~el\9l1)}:Jif1 

i.:Jlhlflt1'U\9l1)1~~ 4.13 ~~!lIU~1'flft!ftll.:Jfi1J~hnj'TUflelU\9l1'lf'1.:J 'Ufll)!~1~lIlJn1el~u~u~.:J;el~ijfllJ~fflJ 
1fffl~1lilJfl11lJrlrU 1I1el11l'Vl)111 

ci ~F- Jt 9 • "" C1 Q,I d dt 'J}
\9ll)1-:J'Yl 4.13 	 u)lJ1Wfl11lJ'lfU ~UU'Yl.:JflU)~ fll)'Hfl\9l1 UCl~fl11lJU'\J.:JU).:J!lJf)U'H~ 

'\Jel~~lH'H111111\9l11~1Jtllfll).:J.:J1U~1l ~l1JCllll.:Jl1Cllflfl fllUlellh 1lJfl 1i.:J'H1~fil~'Ylel.:J 

· di 'JIfll'YI ~Hl1 f) f)1 'j 'YI~H"t) 11 

25.55 ±0.81 

(V d 	 'j/ 'j/ 

fl1'jl1~WllllJVUl1-3 ('jVtJ,,~) 	 9.08 ± 0.39 

fll1lJU~-3U'j'lIrlvU,r-3 (Um.J~IPiV\Pll'jHdl) 	 1,540 ± 128.14 

d 	 ci "" t:! t:!. "" t:!. ci dt J ~ . 
UCl~fl11lJU"~U) .:J'Yl~llUJlJ 1,200 el.:Jfll!C)$C\!C)$lIff lJfllCl~Cl-:J flUlJ'lf1.:Jfll) !~l'YI Ufl1J !lJm~T« -:J'\J'U\9l-:JU\9l 

1 ,050 el-:Jfll!C)$m~lIn' ~1 fll)fl~9flJlj,Cl~Cl-:Jel ril~'lffl!tl'U!~el.:JtllfllJ dIf)!H1'1!nfll~lJ~'U 1'U'\Jw~~ fll)'H~~1
'II 

UCl~fl11lJH~-:JU'J.:J!i~fI-:J~ elcil~!'J fl\9l1lJ ~elW11fl~ 1,200 el-:Jfll!C)$Cl!~lIn' fl11lJU4J.:Ju'J-:J!ilJftflCl.:J 
q 'II 

!~ m.Jelll i.nTu ~'U~~.:J'Ylu1vJ'~'~hhnu 1,100-1,150 el~fll!t)$mCtlllff elil~'Ufl'jW~''lf'~'U i'J-:J~l'U~~lJl ilJfl 

"" "" Q,I cld 'J} "" 	 t:! J ,~.19' "" "" Jt 'J} 'J}
~CI\9l~CI\9lnw crJl1\9lel~ fll'J !~T\l.:Jm'U 1,000 el-:Jfll!t)$CI!t)$lIff fll'J'\J'U 11 A'U'lf1~~W11 fJlJfl1'J m~!'UelUfl1\9lel~ 

Q,I 	 , 'J}~ • 'J} dt 'J} Q,I t:! dt "'" ci "'" 
flelll'J~1-:Jfll'J 	 l1"'UelllH'lfl~ !'Welllel~fl'Ufll'j!ffll111m'Uel~tllflrJWl1fJlJl'1~~mu 11 (over fired) 
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~ ,d Q.I Q.I QJ ~ ~ d Q.I ci ~, 
~l'j1.:J11 4.14 ~l1\HHlfll'.i11~~11HH!N1 el~) lfll)~~9flJ'U1Ui1~fl11lJU1J.:JU) .:Jl1i1.:J!Nll1~Wl1fJlJ~H~ 

1JeN~'U!l1lhl1i~iJ~hHnfl1)~.:Jl'U~~ ~l1Ji11Jl~lhnfl~ ell!flellh!lJO 1i~l1ifl~l~"HN 

~rul1{\iJ 
"'l ~ 

mj~~C}f)JtJl 

(fl-3ffllc)HU~tJ~) (~mJCl::;) 

900 10.01 ± 0.30 17.84 ±0.50 4,193 ± 126.79 

950 11.62 ± 0.23 15.62 ± 0.46 4,897 ± 404.00 

1,000 12.24 ± 0.34 1J.16±0.44 5,175 ± 159.86 

1,050 14. 16 ±0.48 7.45 ± 0.63 6,332 ± 117.24 

1,100 15.74 ±0.79 J .24 ± 0.74 11,289 ± 873.03 

1,150 15.74 ± 0.34 0.44 ±0.18 6,780 ± 555.20 

1,200 14.42 ± 0.51 0.36 ± 0.38 6,631± 276.70 

20.00 

18.00 

16.00 

14.00 

~ 

'" 12.00 

~ _ 10.00 

1
6.00f 
6.00 

4.00 

2.00 

0.00 

12000.00 

10000.00 

8000.00 

atraght(psi) 

6000.00 

4000.00 

2000.00 

0.00 

900 950 1000 1~0 1100 1150 1200 

~([N'""d;wilua) 

-e--tnflIlI'I11nh(%) -.-nmt• .r,(%) __ streght(psi) 

)tJ~ 4.11 
'II 

«:!l ~ QI d Q' 

U,,~01) tlflctflJ'U111i1 ~tNll1 ~Wl1tJlJ~l.:J~ 

1Jel~~'Utl1ijrJ11~iJ~1J1l101)~.:Jl'U~~ ~l1J"1Jl.:Jl.I"ll1~ 

ellulfnh1lJO ;1~111fteil.:Jl1el.:J 
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\9l1'JVJ~ 4.15 U1'1'~-:)fil1Jel-:)ff''U'J~1J1J; '1el~ (CIE) Ho~ff-:)!fl\9lVii11lf1'1mll1Jel-:)~'U1'J~~ ~riellUm~ 

lHl.J!~TIl~WlfQii 900-1,200 el.Jfl'1!9Hl!~fJ1'1' 'Viu:h rllfl11lJ1'1'11-:) (L) ~~1 39.33-61.21 ~lU1'1'~.J*!!~.JUo~i;h1jfJ1 

(a) ljril1J1tllh~lJ1W 10.81 -18.83 fJtlr)U~u~i1J~Jj~lCl'U 2.89 Uff~-:)11~'U~*lhhn-:)ff!~rJ1 ffllYi'1Jrh~hll!~'U 

l1~eJ~!lYfteJ.J (b) lj~11J1fl1h~lJ1W 12.08-32.58 ~UrieJU!Nl~*Jl\9l1ClieJU rlTl1r1JiY1JeJ~~'U'l1ft-l!~l'lh~ 

eltul1f1ii ~1,200 eJ-:)fl'l!9fm9ffJ1'1'll~Jj*!l1~fJ'U'WlllJeJtul1f1iil~fJ'lb~eJtul1f1ii ~1,100lj*mfteJ.Ju~~il.JufH
Q cu q cu II cu 

!rleJ!~lJeJWlffliJ!lI'U 1,150-1,200 eJ~ff1!9$m;fJtY '1f1'flcnmlJ'Ui;hl1\9l10U~~ !~eJ'Hntltll'J!l1~ mttYfll1~eJeJtl~!~'l7u 
~ OJ 

\?l1'Jl-:)'Vl4.15 rilfl1'.i1~ff~'UrieJUUCl~11«.J!~1~~WlYQiJ~1~~ 1JeJ~~U!lY'UfJ11\?lQ~1J1l1tll'J -l-:)1'U~ ~ 

\9l11JCl1Jl~l1Clltl~ ell!f1eJih llJtl 1l-llY1~iH'YIeJ~ 

~tul1iJiJ 

(tNffllC)fm~fJff) Lab 

, 
fHl'WI~l 

900 

950 

1,000 

],050 

1,100 

1,150 

1,200 

52.65 

60.31 

61.21 

59.36 

52.35 

45.61 

41.17 

39.33 

-2.89 

+16.23 

+16.41 

+ 17.30 

+18.83 

+16.34 

+12.48 

+10.81 

+ 17.06 

+30.22 

+3l.44 

+32.58 

+30.29 

+23.16 

+16.69 

+12.08 

• Q,I I ~.c:t 0 ~ I CI.I I .c:IA ~ 

L li'nll1'U~Tlltt11lJ'Y';h~ L = 0 Uff~~11A16tJ):llJffmfflJ\I'Jtll L = 100 Uff~nlfl1601~lJff'U11fflJ\I'H1J 

a li'nll1'U~ffu~mdh~01 a Tll!t1'U1J1tl ff~~ 1tfl'Unffl11~1YU~~ a TllltlUf:l1J ff~''ll1'UnfNmffl~01 

http:l1'Jl-:)'Vl4.15
http:12.08-32.58
http:39.33-61.21
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, 
QI <:I """ QI <:I "'" , 

lHl'lJW~1Y"'Ufltl'UUl1~lflHANll1flWlffJlI9I1-1~ 

"tl-1~h.JllfilrJ11~f)~1J\llfll, -1.:1 1'U 81 ~l1Jl11JHtJl1lfl" 

tllUltllhllifl ij~lf1",tll.:ll1tl.:l 

4.3.7 flflOfllvt1'Ufl"j1cH'lh~1fJW 

"'" 1 A ~I "'" <:I J1 <:I <:I.eIl <:I ~ ~ ~ d 1~ ,j ~ I
fl'U 'H~l'Utl~lu'U"'UAlf'U fJ1A'Utl!'UfJ'U11~Atl 0" \l~fl11JJAlf'U fJ1\1 ~ ulJJ1W'U 111 ". ~'Ufl1l"'Ua u 

fl tl'U,j' H \1 ~ 1'U flll A9I; oJJrd' tl ~ 'U ~'U~tl~ ij flll N lYlI1 lY'l ~1li ij fl11 JJ nru fJ1 tl 111 11110 Ul'lJ fll'lf'U:: 

Afl~ tl~JU~lHN11Jfl lfli'.:IAN1Nft9lnwcyf\l~ijiY!'H~tl.:lUf'!~tl ~tY,9Ill1Ufl~ 11t.J 'vnll,jAflt.J 1,150 tl~fl1A'l$l1ACtiOff 
i~l tJ~ 4.12 ijfl11JJnfJJ1::ffJJ1'Ufll1111JJ1NftWfl1 fl~~u~'U!N1Vi1cHfffl01t.Jfli'1!lflwil~~ tl1l1 ml'fl'1, lfrl'mi,d fJ1 

~ l' 'j/ 1'j/ ~ "'" ,l:l' "'" QI cfd 'j/ "'" <:I <:I "'" d.ell
19l1fl ~ H fll~tlH9I'U lI11JJl1~fl !lm~fll~mfl~ft1rJ Nl1~UltllC)1l191 fl~flllN1IUrJt.JH~Afl rJf'! fl111 "fl~111~H fl 

\lfl~,h11rJ 'Ufl fl\llfl~ tl1\l'l11'tJ1cHNlYJJ1'Un1'f)~'U~u~~tl~fl11 Avi JJfl11l1AlfU 01 1'UNft9ln wcyf~ ,~~fl~fl11 

fl11l1"11 
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rI~1 £:1

4.4.1 	 e:J.:JfllJ'J~fH)1J'Vll.:JlfllJ 

~l.ulrUfJJVi111lJlflfnnlll'U~h.l1l1fl,jTU1h 1l1fl~nl.:J~ 4.l6 ~'Uil.:J.:Jl'U!fI~e:J.:J~'U~'U!fln,jTl.nh 
d, rI~ I £:1 <!i """" II) I QJ 9J "" ~ 9J A "" ~ ct ~ I £:1 d
lJe:J.;jrllJJ~fle:J1J'Yll.:J!fllJflel '1$Clfll !lJtr.:J'Ufl (JelfJCl~ 59) e:J~~lJ'Ul~l ('JelfJCl~ 19) l'Ue:Jfl'U1HlJ'Vl'JlfJlJ'UlJlfllJntClfl 

e:Je:Jfll'1$flUCl~1'Y1!'Vl!1l fJlJe:Je:Jfl1'1$fl'J1lJfl'Ure:JfJCl~ 711'J~fle:J1J~1fJUe:JClfl11m1~e:J i'l$!~ fJlJe:Je:Jfl1'l$flUCl~i1Ju~m~ fJlJ 

II) rI II) rI "" rI <!i ct II) rI ct ct lIJ <1£:1 ~ F- QJ II) I QJ 9J 
elelfl !'1$fl UCl~Ue:JClfll ACl'U!el1 1ifl e:J UflCl!'1$fJlJe:Je:Jfl !'1$flUCl~UlJfl'U !'1$fJlJe:Je:Jfl !'1$fllJlJ'J lJ1W'J1lJfl'U &lJ U.:J'U fl'J elfJCl~ 4 

~'U~ .;j1111l~'YI'U'vJ'~ti ff .;j11fl fll'J ffTlJ!* mllHl!fll1«.;j!NTIi e:J WlTfI jj 1,(XX) e:J.;jm!'1$Cl!~ fJff lJ ~ l e:JfJCl~ 10 1'Unle:J~u cu cu u 	 q cu 
, 	 ~ 

~.;jlJ9HlflllJlfl mflmlJ1W CaS04 YilJrll\P 7,7fIJ ff1'U1'Ual'Uff1'U ~'Ull~.;j,j11l~lJiJtylTlfl'J11Jl\Jl1!'lf'U!~fJ1frU 

~l'Jl.;j~ 4.16 e:J.;jrlllJ~ flellJ'Vll.;j!fllJ'J 1lJ1Je:J.;j~lHlfi1 fJ11'\9111~1J1l1fl i 'J.;j.;j l'U!fI~ e:J.;jJ'U~'UlNl,j1l.n:h 

\9l1lJCl\911tlrHrl el1!f1e:J 1'lf1fJ 1l.;jlf1fl~1.;j'YIe:J.;j 

~V~rlU'j ~flV1J'Vll'HfllJ {mH'l~ V~fi'U'j~flV1J'VlHlf1lJ 'jVfJf1~ v~fl'u'j ~flV1J'Vl Hlf1lJ 'jVfJf1~" 

Si02 58.65 Na20 0.41 Mn02 0.077 

AI2O) 18 .96 K20 2. 19 CaS0
4 7,760 ppm 

Fe20 
3 

5.78 MgO !.I4 pps 0.11 

Ti02 0.S8 CaO 0.56 
.d ~ W Q.J 

f)l';j~tynHJ'Ul'\1'Ufl'\1 f1~lm 10.293 

1l1flfll'J1lfl'Jl~rY!d 1'U1J'Ulfle:J'4f11f1~U ~lJ1Tlh~fle:J1J~1fJfl1e:J'J~'11 ('VlJlfJ) UCl~U~ ~'U!lfi1 fJ1 

~~1J~e:J !fl1e:J~1'U~ ~Cl 'Cl~ UCl~mlJfl1'Vl~ u~ mril~lIfl~iije:Jr.i1'U~'U!lfi1fJ1 iflfJlf111J allTi'lJU~!fIie:Ja1'U~ 
'U 

~!llu disorder kaolinite ~'Hnfl1l1flfl1'J~ ifl'J .;jffr l.;jN~ fl\} m!'Vl'U~\9l1ulTl1.:J1Je:J.:J9f~ fle:J'U (Si) fY1fJlIJ~~lJ1fl 
~'U"I e:J1Y1 Alt+!- 1l~lJfl11lJ1ti!ff~fJ'J UCl~lJel'4f11fl1J'Ulfl!~flfl11U~ well order kaolinite ''U1Jru~~u~~Cl1Cl~ 

UCl~U~ mlJfl1'Y1~d1'Uu:i~'UllTi1fJ1~lJe:J'4f11rt1J'Ulfll~ fl (!~ flfl':h 0.002 JJClilllJ\91'J) ~.;jJ'U~'U~u~ ~'UntU fJ1 

http:il.:J.:Jl'U!fI~e:J.:J~'U~'U!fln,jTl.nh
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tJ~ 4.13 
, 'JI 

1J~.:J~'Unru t'J11~i!~1J1l1flUl1 ".:J~'U11'N1lHrll~.:JiJ'U~'Uu~n 

lll'Ulh ~l1Hl~lUll.:Jrl ei1U1~1'lf10 ,r.:J'H1flei1.:J"'~~ 

4.4.3 iYlJ llii111.:J fl1 mHvt 

d ''j) 	 .c1 "".c1 "" d " 
1l1fl~111~11 4.17 UiYfNtl1fllflrl1.:J~:;Ufll.:J flU fll :;1l10tl11lJCl:;AeJ Of} nJl1 ClCl'U1J\1 ~'UAf} fl'lf 

.... .c1.c1 .c1 X "" .c1 1 .!i ~~ "" 'j) ~'1 '~I"'.c1.c1 X
fl'lrurl11lJA'H1Hl1 UCl:;rnllJCl:;A~f.lfll.l~..:JnH)f}'\.U'H'Uf.l1 1.:J.:Jl'Utrl'j~.:JlJlJfl'UAN11Jl'UlJ1 vt1J11Au'Uf}'U"'lJA'U~ 

rurnm:;!~f.lf}lJlfl ihJ1lJ1Wfl1fl'H011J1.I'Ulf}1~fl11 0.045 iJClilAlJ~'j (325 AlJ'lf) ri8'U,j'1..:J~1 ~~ ,r~Ofl11r~rm:; 

"" .c1' "" """" .,. rI, .... ' .... .c1 .c1.c1" 'j) ~ 
1J~.:JeJ'4fl1rlf}'U lJftJ 8.26 ± 0.08lJClClrJrl111m'U~~eJ 100 flllJ rl1fl'lfUrl11lJA'H'U01lJtllrleJ'U,nra'.:JrlrJ 38.60 

http:I"'.c1.c1
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~1'.l1-1~ 4 17 	 ('t'lJ1T~l1l-1fllrJfll'WtH).:J~'UAlrUtn1'~ll~hJ1) 'Hl'U!fl1 f)-1~'U~'U!Nl'Ul'U1h 
~11Hl~1w) \Jft fll!flf) 1'lf1fJ ~\J'H1'~ell\J'l'lf)~ 

1001lJ'15 0.55 ±0.14 2001lJ"ll" 0.68 ±0.02 3251lJ'15 0.83 ± 0.04 

<120 ilJlrl'HlJ91':i 100.5 <70 ilJlfl':illJ91'i 100.7 <53 ilJ1f1'HlJ91'i 100.7 

<40 ilJ lf1':illJ91':i 100.6 <20 'lJlf1':illJ91'i 100.2 < 10 'lJlf1'jllJ91'j 100.4 

<5 'lJ lf1':illJ91'i 99.3 <2 'lJ lfl':illJ91'j 98.8 < I llJlfl':iUJ91'j 6.7 

<0.5 'lJ1f1'HlJ91'i 5.] 

A ~~ A ,/, w 

8.26 ± 0.08 lJ"~H)f11111"'U9191V 100 fl'ilJ (meq/lOO g) 

Atterberg plasticity Test 

Liquid limit 70.58 Plastic limit 32.01 Plasticity index 38.60 

CUmut.llYw Finer Mess P.1l*I1 v-. DIemel" 

- '-~79!l-SMP_._?_hP..~ Clay ~,.t~![Il!I I • • , 


100 1 --'- ~--.. ••. -- .-- ,
+-t_c-- --~- __ ~\\ -­- I ; -! 
110 +-'" -- -r-.----- ------- ­ -----r--+---- I 

~ 	 I I i 
i ro j -'- I -	 -1---('. ' -j 

~ T I n---T- \ --- --I 

~ ~1 1 -~------ - \---T- ---~-- II ~ --- ----- -------- ---.--- -- ---......-...-.--...------\....--.-..... .-.--........ --:--1 
I 	 I \ : 

~FF~~~=~~~~l==~~}:-~j-1 
100 M 10 ~ '0.6 


PatlIde DIa",..., (I'm) 


ll1~ 4.14 	 fl'j lvJU('t'~.:Jfl1llJ"~!~ t'J~u,,~ fll'j fl'j~1l1t'Jf)'4fllfl 

1Jf)\J~'Unf'Ut'J1'l~f)~1J1l1fl1 'j .:j.:jl'U!fl1f)~~'U~'Umllrllnh 
~11J,,~1wl\Jrl tll!fHl i'lf1t'J ,j-3111'~'e'h-3l'HH 
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w 

4.4.4 fflJ1J1l111~nl'j~l.!ll1 

lJln~l'jl-:J~ 4.18 Uff~-:J~l fl11lJ~U1l.!u'Vi-:J~l.!1~ nl'j11~~1Utl~fl11lJU~-:Ji!'j'nHl-:JellJU,r-:J 

WlJ11 ~'U1'j -:J-:Jll.!!fl~ el-:J~'U~'UU~-n1Yl'-JiJl ffllJl'jtl1 ~~Ui l1'~'~lJul'i-:J~l.! 'liU~f1'Hf1!fffJ111lJ !riel 1'lf'tllNfflJ 

~elfJtl~ 26 !rlmnr~lj~lnl'jl1fl~1!~-:J!~U~elfJtl~ 9 rilfl11lJU~~U'j-:J11rl'-:JU,r-:J ljrilff-:J 2,095 l1ell.!~~el~1'jl-:Jd1
'U 

• 'lI 

'\Jel-:J~u!1111lJ11'~Q~1JlJlnA 'j -:J-:J l'U!flj el-:J'l1'U~U!Nl1Yl'Ulh ~11Jtl~1ru'j-:Jrl 

ell!fleJ 'hrAlJ li-:Jl11'~ei l-:Jl1el~ 

26.61 ±0.36 

f1l'n1~~1Iijmnr.:J (~vm'l~) 9.35 ±0.18 

fl11lJlI~.:JII'J .:Jlrlmn1.:J (tlV'W~~V~1'J 1.:J{f1) 2,095 ± 186 

c1 c1 , QI C\ ~ -=!i ~ d
lJlf)~Tn~114.l9 Utl~'jtll1 4.15 Ufffl-:Jfllnl'jl1fl~1!'b'~!ff'U nllflfl'1$lJ'Ul Utl~fl11lJU'\J~U'j-:J'\Jel~

'U 'U 

ul'i~~'U11~~!fn1l.!'lb~fltul1fJiJ 900-1,200 el-:Jffl!t)$m;lJff nlJ'h ~'Uljf)1'j11~~11h~lJltufBlJtl~ 10-161~lJlj 

u'U11,ylJ!~lJ~'U~llJrl'li1J fhnl'jflfl9$lJJltlfl'N~llJBtul1fliJ1fllJljrllBrJ1l.!'lb~~elfJtl~14.26-0.24 fl11lJU~~U'j~:u q cu cu 

lJfhlh~lJltu 3,593-8,01911ell.!f1'~B~1'jl~if1 Utl~"fl"~~flWl1fJiJ 1,200 B-:Jffl!tJfm;lJff lfllJijf)l'j!tI~lJ'Uul1,,~ 
b"J ' QI d C\ d ~ d d C\ d.lt ~ ~, d d ~ , QI 

AlJlJlf1'U n !lJelBtulffllH'VUJ'tll.!!lIl.! 1,050 B~m!t)$mtJf lJff fl'UlU'U BUf)1lJlf1'tl'Ufllfl11lJU'tl~U'j~!'W lJ'tl'UBlJl~'b'flm'U 
~ 'U 

~-:JffBflfltl'B~ti1Jfhfll'jflfl9$m1TIl~l"-:Jm~B~BlJJ:l~ 0.90 ~'U1'j~~1'U!fl~el-:JJ'U~'U!Nl1fll.!1I1ii'lf1-:Jnl'j!Nl~UfllJ
'U 

http:fhnl'jflfl9$lJJltlfl'N~llJBtul1fliJ1fllJljrllBrJ1l.!'lb~~elfJtl~14.26-0.24
http:lJlf)~Tn~114.l9
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I d 	 Q.I QJ ClI e!l ~ d Q.I ~ Q' 

flTJl·:ffl 4.] 9 	 fll!\Hltlflnlffl~1'Hl.:J!Nl ~\9l'J lfll'J~fl'1flJ'Ul!Hl~fl11lJU1.I.:J!!j .:Jlfn.:J!Nl'VI~rulf1JlJ\9l1.:J~ 

1.I~.:J~'Umi1fJ11\9lt}~hJ111fll'J .:J.:Jl'U!fl~~.:J~'U~'U!Nl1Yl'Uih flllJn\9l1W'J.:Jrl ell!fl~1'lflt1 

1l.:Jlf1flfil.:J'VI~.:J 

~U111iJiJ f11':i11~~111tr~lHl 
<9 ~ 

f)1':i~~'lflJ'Ul 

({).:)ffWlfCU9ftlCl) ({~WCl~) (rmJCl~) 

900 10.32 ± 0.35 14.26 ± 0.67 3,620 ± 286.54 

950 11.64 ± 0.36 11.96 ± 0.62 3,593 ± 159.69 

1,000 13.28 ± 0.20 7.7S± 1.01 4,147 ± 142.21 

1,050 15.61 ± 0.20 0.90 ± 0.47 4,872 ± 113.29 

1,100 15 .89 ± 0.40 0.40 ± 0.31 5,774 ± 470.71 

1,150 15.93 ± 0.13 0.30 ±0.23 8,019 ± 449.95 

1,200 16.24 ± 0.17 0.24 ±0.29 6,056±417.48 

18.00 

16.00 

14.00 

12. 00 

l

110 
. 
00 

i 8 .00

I 
6.00 

4.00 

2.00 

0.00 

900 

UmIT'1ffllm:IUJ 
f!aurn'I1l11qAu~ 

tnIWolRifmnmA!ftltln !l 2552 

1000 1050 1100 1150 

qn.."p' (..............oiIu"') 
-e-m"'lflW,h(%) __ mrnfl.h(%) __ slreght(psi) 

1200950 

ll1~ 4.15 

9000.00 

8000.00 

7000.00 

6000.00 

5000.00 

streght(psi) 

4000.00 

3000.00 

2000.00 

1000.00 

0.00 

.4 ~ QI ~ t::\f ~ ~ Q.I .Q 

Un ~fll'J~fl'lflJ'U llfn.:J!Nl'VI ~ WlffJlJ~H~ 1.IeHfl'U!lf'Utl11flQfllJ 

1l1fll'j.:J.:Jl'U!fl~~.:JJ'U~'U!Nl1Ynnh flllJn~lw'J.:Jrl 

ellUleli'lf1t1 1l.:Jlf1flfil.:Jl1el.:J 
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~1'J1,;j~ 4.20 !Hl~) tJ~ 4.16 UCX~Hf11'\Jel,;jff'ln~1J1J91 'el~ U"~ff,;jlfl~Viu 'i)~1rJ~1'\Jel,;j~'U
<u 

• :>I • 

~l),;j,;jlU!f1~el,;ji1'U~'U!~l1YT\.nhriel'Uuo~l1«,;jmlll~tulUJlJ 900-1,200 el.:Jffl!CtiO!91rJ(Y ~1J';h f11f111lJCXil.:J (L) 

iJf1l'l.h~lJlru 43.28-62.84 f11!!fffl.:JffUfl.:J!m~ff!~rJ1 (a) iJril1J1fl1h~lJltu 12.44-17.l2 rJm1'U~'U~1J~iJf11~fln1J 

5.14 Ufffl,;j11 ~'UiJff1tJ1'l1.:J!~rJ1 al1111JrilffJl!~Ul1~elff!l1~el.:J (b) iiril1J1fllh~lJltu 11.06-34.01 ~'UriElU!~l 

iJff !1'l1!,j'lJ al1111Jff'\Jel,;j~'U11«.:J!~1'lf1.:Jel rul1fllJ 900-1,200 E1.:Jffl!G)$n!GUrJff 1)~!li~ rJ'U 'li~llJel tul1 fllJ1flrJ'lf1,;j 
q cu ~ cu 

el rul1fllJ 900-1,100 ii ffUfl,;jffil,;ji).:JJ l~loUfl,;j !rlel!~lJelrul1fliJ!1JU 1, 15{}-1 ,200 el,;jffl!'l$O!9$rJff ,~flo lm1J'Uff 
q qJ q cu 

d. 'Q.1 dQ I QI.c::1 ~ t Q t:1 QI A 

~l) 1,;j1'l 4.20 f11fll) 1fl fffl'U flel'U !~lUo ~l1o .:J!~11'l~ ru 11 fJlJ~ l,;j"l '\Jel.:JflU!l1U rJ11~llfl1J 

1),;j.:Jl'U!f1~el,;jl1U~U!~11flUlh ~11Jo~1tlJ).:Jrl ell!flel 1'lf 1rJ 1l.:J111fl~1,;j1'lel,;j 

fJU!l1tjiJ 

(fl-!lffl1c}Hu~ml) L a b 

flfl'U1 f-ll 

900 

950 

1,000 

1,050 

1,100 

1,150 

1,200 

46.54 

61.81 

62.84 

61.85 

56.29 

50.09 

44.62 

43.28 

-5.14 

+17.12 

+16.74 

+17.12 

+16.23 

+15.08 

+14.42 

+12.44 

+ 11.06 

+32.20 

+32.58 

+34.01 

+31.17 

+26.05 

+19.37 

+13.79 

!II 
1 Vlli 'U lJ 

I Q.I I .:::t.:::1. 0 / I Q,I I .el.c:l </ 
L ''lffhl1'U~~lfrJllJfi';h:j L -- 0 !!fi~-nl~1-eJOl-nJfi~lfilJ\I'jru L = lOO Ufi~'-I11~1'f)Ol'-llJfi'IJnfilJ\I'jru 

a 'i'nll1'U~iYu~':l!lC1dh~01 a ~l!~'U'lJ1n iY~::; 11l''UVim11'-liY!!~'-I a ~l!tl'U"tJ n~::; 11l''Uiifl'l'll'-liY!~fJ1 

b'i'fhl1'U~!l1n~11~ OO-lh~ 'U b ril!~'Umn iY'il::1ill'Uiiffl1~mft'f)'-I b ril!~'U"tJiYil::;11l''UVimmn.Jl~'U 

http:11.06-34.01
http:12.44-17.l2
http:43.28-62.84
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" . 

, 
QI 4....' QI 4 .... , 

cUllJW:: i:Yft'U fltl'Uua::'H a ~lfnl1 tltlfH fJ1J~ 1~ C'j 

lItl~~'UA'HilrJ11'~q~1JVlfl1l~~lluft1tl~tlu~hnNl 
ull.nh ~i11Ja~lWl~tl ~lU1tl''lt1rJ \l~'H1~eh~l1tl~ 

.... 1 dt iJlll ~ 'j) ~'I ~I.... 4 A 4 A ~ 1~.1' ' 
~'U l' ~~l'Ult1l tl~ 'Uft 'U1Nl1Jl'UlJ lhJ'Uft'Ul'H'U rJ1A'U tlA'U tI'U1Jlfl i:Y11Jll111l'U2 lJ ~~1~ lt1Un~

'tiUf1fllfmn-rJ'HlrJ 'Hft~u,r~N~~lflruct1ntl1llH~~~llfl' ~ !dtlINlmf1Ni1f1tlWct1v~ij n-1!~~i:Y11~O~Jl~lnUft~ 
11'U'~'~ 11l'~1J1W 1.150 tl~fl1l'ltnl~fJi:Y 1jtl111Jm1Jl~i:Y1J1'Utlu1111J1Ni1f1!fl1tl~tl'U~'U!Nl~flU~~i:Y1UJ~1I'Ulft 
Ag flua~lI'Ulft1'HQJ tlll1 ~fl~1~flU~~i:Y1'U fll~fll~ fll'W ~~tl~fln'rilNi1~tlW ct1~ ibAil tI'Un~A~ rJ~~tl~tl~ 

!II, , 

fllfl'HfJl1Jtltlfl Utlfl~lnuv~ijflf1rJf11Vili~~1l1'l1cW~'U1Aflntl1J'~~1 
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if~ I C1

4.5.1 el.:JfllJ) ~ fHllJ'Yll.:J!f1lJ 

ell!flel1J))'W~cWiYrJ 1l.:J'M1f1'UfI) 'tY1) Jfl mfl~l)l.:J~ 4.21 ~U1).:J.:J1U!f1~el.:JJu~U!~nU\U'Mfl11.:JiJ~.:Jrll1'j~flellJ... 
C1 ~ """" , 'JJ ~ 'JJ "" 'JJ C1 d IrJ if IrJ C1 ~ if 

l11.:J!f1lJ f1el tJf'HllflelUtll.:J~l'jelrJ"~ 53 el~~lJU1U.:J (JfW"~ 24) lJ!'MCiflelelfl !tJfflUi\~ !'YUl1!UrJlJelelfl &'1$fI 

)1lJrlU relrJ"~ 7 l.h~flel1Jf1'1rJUelClfl11m1 ftel ltJfA~ rJlJelel fI 1tJf~uCl~111u~'tYA~ rJlJelelfl1tJffl !Hl~UelClfll1"n1 

!~11i fiel Uflm~rJlJelelfl1tJftfl'Ui\~UlJflUA~rJlJelelfl1tJf~ iJilllJ1W)1lJrlU'tY .:J'Wel'tYlJfI1) f elrJi\~ 5 fll)'tYilHffrnlmlT 
'1.1 ... " 

'jJ '}I '}I

tJ~rlU'j~flU1J'VlHlfliJ 'jm.m~ U~rlU'j~flf.)1J'Vll~lfliJ 'jmHl~ tJ~ti'un~fltJ1J'VlHlfliJ 'jmHl~ 

Si02 53.31 N~O 0.29 Mn02 0.059 

AI
1
0 

3 
24.46 K10 2.72 CaS04 

458 ppm 

FeZ0 3 
6.33 MgO 1.31 P20S 0.099 

., 
TiOz 0.90 CaO 0.78 fll'HYtulfftTthtnJm..y ~~1H 1 

'II u 
9.735 

1l1flfll)1!f1)1~li'ui iUtlU1f1el'4 nlfl~U 'W1J111.h~flel1Jf1'111f11el)~i' (11) 1£1) Ui\~Ui ~U!'MU 01 

~'W1Jfif) !f11el~'U~~"1,,~ U"~1YAlJfI'11~ ~.:J) 11~ 4.17 ui !'M"hdl1f1~iJelo'u~u!'Mlh.l11f111.J1111 ffl'Mi'lJ... ... 

ui !f11f)~'U~~!1Ju disorder kaolinite ~'Uflfl1l1flfll)~ 1fl)~'tYfl~~~fI\l flUl1'U~~lU'M,j.:Jtlel.:J~il flel'U~1fJ 
11)~~1J1fltuC"j elll1 AI+++ 1l~iJfl11lJ1:U!fff)0'j !m~iJel'4fl1fl'fU1f1!~flfl11Ui well order kaolinite iutlw~~ui 
~uiCl~UCl~U:iff!lJfI1m!1Juu:i~unru~ljel'4fllf1W1f1!~ fI (!~ flfI':ilo.OO2 ijClilAWl'J) fl~J'U ~U!lrUrr:m.:Jflri11 

http:M"hdl1f1~iJelo'u~u!'Mlh.l11f111.J1
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r--.------.-.--.----.-.---.--------.---------.------~-------.-- .--- .-- --.-~ 

1 =Kaolinite
1200 2 =Quartz 

3 =Illite 

1000 4 =Smectite 

2 

800 
!!l 
c 
:s 600 3
0 

0 


400 


200 

0 
0 10 20 30 40 

°29 

f--- -----·-·_--··-- .----------- .---.--.-..--------- ---- ..---- ..-. 

fl'jl'rhl""'fl~ flU !ifJ1!'U'U'tlel~i'~*!el fl'11 3~fllh~ flellJ!i~A!,j 
\lel~~'U!'HilfJTr~t}~lJ~lfll'j~~nHfl~el~~U~'UANlljfl11~~lTlfurdtJ 


~tlq'lJL&a::HAtWtl'tf 

~tmlII.~n2552 ~11J"'H fl11~ fll1flellJ'j 'j'Vi~iid'fJ ')~'H1fl'Ufl'j ff1'j 'j rf 

'U 

4.5.3 (1'lJml111~fllt1fll'W 

.:! • 'JI "" "'" "" "'" d r:I Q,I "" 

~lfl\9n'jl~l1 422 U(1'fNfllfllflfll~~~Ufl'j~ fll'j fl'j~~ltlfl1llJ"~!el tlfl UJl1 ""'UlJ~ el'U!fl flC)f fl'lfU 

"" "".fc> "" 1 J iI"" 'JI 'dc>d. 'JI
fl1l1UlfU tl1 U"~fl1llJ"~Ael tlfltlel~A'UelfllU'H'Utl1 'j~~l'UAfl'j el~11'UfllUN11Jl'U1j fl1l~ ~lJ1l A1J'Ufl'Ul1flel'Utll~ 

!'HihJ11hI1lJltlJfllfl'HtllU'fUlfll~fl'h 0.045 iJ"~!lJ~'j (325 !lJ'lf) t1el'U,rl~~l~el,relfJfl'"h~elfJ"~ 3 iiel'4fllfl~ 
d. "'" "'" ~ 'JI • c> "" "'" d r:I ~ .x d"", "'" 

mflfl1l 0.002lJ""!lJ~'j (2 ~lJ lfl'jAlJ~'j) 'jelfJ"~ 82.8 fll!lJl1""lJ1J~ellJ!flflC)f C)f~U(1'fl~'WlJl1N1t1el~el'4fllflflU 

iit1l19.08 ±0.14 iJ"~~rn11!"'U~~3 100 flllJ ~~A~'U~hJ~1jrdel"~!~fJfllJlfl t1lfl'lftlfl11lJ01iltJ1iit11fielUU1~~~ 
~ 

flel29.l0 

http:flel29.l0
http:iit1l19.08
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1001'lJ"lf 2.13± 1.01 200 \'lJ"lf 2.42 ±0.04 3251'lJ"lf 2.55 ± 0.07 

< 120 1'lJ lrl'H'lJlIl 99.5 <70 i'lJlflll'lJlIl 99.3 <53 i'lJ iflll'lJlIl 99.2 

<40 i'lJlfll!'lJlIl 99.3 <20 i'lJlflll'lJlIl 99.5 < I 0 i'lJ lflll'lJlIl 98.7 

<5 i'lJlflll'lJlIl 95.6 <2 i'lJlflll'lJlI'j 82.8 <I i'lJlflll'lJlIl 72.3 

~ <IQ,,Q ~ ." Q.I 

8.26 ±0.08 'lJ(1(1Vfl111lft'U1I1IV 100 fI'j'lJ (meqlJ 00 g) 

Atterberg plasticity Test 

Liquid limit 58.60 Plastic limit 29.50 Plasticity index 29.10 

CumulaU_ !'Ina, u.•• ~e"""'l va. DI.mtrler 

-- - ''OO ]==- A~~~_~~!]!l!awBnCl~=-.o;:=_,:~u-·-T · '--·----- ---'r-M 1-~ 

00) ...... ........ I··· .... ! -~~l: :.~~·---Hi 


I:L. . I ~~-.·...~-~- -.~~·.~t=-.
__ · ~ 
! J .---... ··t .-.- ~--N 

H 
.G-f---------­ _. ,----f----------­ - - -­--­1--'-­-1-1

' I I 
0 -L----- - -~~"T~-I----~--~----,r_---~~~ 1-' ' t 

'00 50 '0 I) I a.l) 
p,,,tlel. 01.......' (~m) 

au~ 4.18 flllvJU'tY~~t111lJ"~lflfJfHH"~fll'HlJ~1l1fJf)'4nlt1 
, 'j/ 

'\Jf)~~hHlfllrn1~1l~1J1l1fl1l~~T\.Hi'llf)~1lU~lJ1Nl 
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1l1fl\9lTJ1..:J~ 4.23 u'fffl..:Jrhfl11lJ~'U"Uu'Vi..:J~h.,l1 fl fll'JlYfl\911AH'1~fl11lJU~..:JU'J ..:Jl1ft..:Jfl1JUl1-:J 

~1J';h ~U!'J-:J-:J1UAfl~ fl-:J~U~UU~-InJlUlY fl11..:J'ffllJl'J1l1 fl~U'J 1I1~~rlfl1'lf'J lmYlJj f.ltm~ 26 Art flUl1,:lij~lfll'JlY~1
~ ~ 

~~ ':Uff'UjelfJft~ 9 rllfl11lJU~-:JU'J -:JlYft-:JUl1..:Jlhh 1,680 l1el'U~~el\9l1l1..:Jd1 rlllY1 1Jfl11lJU~ -:JUl-:Jl1ft-:JUl1-:J~fl-:J~'U 
__ .?t <:t <:t ':JI "" "" .d~l,~L..'\..._~ "" o<:t' 0 QI ':JI

'Uelflmnu 'UffilmflmllJft~ fJflU"~fl1U1MU tTl~"1 'b"U flW..:Jel mnm ~lJU nnw elfl 'Uflll ffil\9I elr111lJUU -:JUlmft .;JUl1.;J 

'~!'}$U«U !flfJ~'U~ij 3flf)'Ul1l~1l1J1fllY~ ~ fllll !'1$!~ fJll ll~ij fl1111U~ ~U'j -:Jfl11~'U~ ijlll~1l1J1fl'fffl~ fllll 
q q 

<:t ~~ ~ 1 ''''' QI d<:t 0 ':JI 
\9l1l1~'YI 4.23 lJ'l1l1Wfl11lJ'lf'U UU'YI-:JflUlfl fllllYfl\9l1 Uft~fl1111U~~U'J-:J!1JflUl1~ 

'Ufl~~'Umi1fJTj\9l11~lHnflll~~1'U!fl~eNJu~U!NlcJ1Ul1fl11-:J ~11JftlYfl11~ 
Q ~ ~ 

25.98 ±0.27 

9.15 ±0.45 

1,680 ±94.24 

~rri-:J~'Ul1ii'~!N11'U'}$'HelWlfflii 900-1,200 fl~fflA'lHU~mY ~1J11 ~'Uijfllll1~11h~1J1WjflrJft~ 9.71-17.91!flfJij
q ~ 

"l':JI d ~ "'" <:t d d ""'0 
UU1 ~'U lJ!'WlJ'U'U\9l1lJfl Wl1lJll 1'U'tl'1~ 900-1,100 fl.;JfllA'1$(l!'1$ fJff Uft~!lJ m'Wllfl Wl1lJll ~1J'U 1,150-1 ,200 el~fll 

!'1$ft!~mY ~lfll'Jlffli1il~!mdju'U1'h!lJ1ll!11~ fJ'UUl1ft~lJlfl'Ufl rllflllflfl9flJJ1ftflft.;J\9IllJel Wl1f1 ii!flrJij rllflU 
~ q ~ ~ 

1U'lb~~flfJft~ 17.59-{)36fl1111U~.:JUHlJrlllh~1l1W 5,254-8,23411fl'U~~fl\9l1'l1-:Jif1 Uft~ftflft~~fJWlfQii 1,200 

<:t 1 .d d .M .d <:t ~ I"" "" ':JI 1':JI<:t ~ ':JI0 ~ 
fl~fll!t}$(l!'1$ fJ'ff U'UW~l'HlJ€HNT~ .;J'U'U'YI 1 ,150 fl..:Jfll~t}$mt}$ fJff utI fll m'YI1~fl111J'j el'UY11 l1lJ ~'U elUfl1lJlfl~'U 

rilrl11lJU';~U'j~~~~lJ~'U ~'U!l..:J..:Jl'U!fl~el~~'U~'U!N1TIlUl1fl11~ij'}$1.;Jfll'l!N1Ufl1J!m~'YI'Ui~~11ll~1l1W 1,150 
~ 

. <:t d d ~""d QI , 0 
fl~fflACJ1mCJ1 fJff A'U el~mfl!lJmNlff~~'Ufl'UA'j lrUmml 1A m~fllfl1111A A~~!Al..:Jftflft.:J 

~ 
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ci ,~ QJ QJ Cl ~ d t::l Q'Q,I Q.I 

IfIl'j l-:Jll 4.24 fll!l'HHJf)l'J '11 fWI1'11 tH!f-.ll f)~'J lflU tl'flC)$lJ'U1UO~fl11lJU'tl.:)U '.i -:J'11Cl':)!f-.ll'YlflW 'H fJlJ~l.:JC"] 

'tIf)':)~'U!'HihJ11~1l~U1l1fl1 'j ':)-:Jl'U!fl~ f).:JJ'U~'U!f-.llcU'nf\j fl11~ ~lUCl1j fl11':) 

~Wl1.fJiJ f)1'j11~911'\1~~lHl 

(V~ft'W1H'11;tJC1) (!VtJC1~) 

900 

950 

1,000 

1,050 

1,100 

1,]50 

1,200 

9.71 ± 0.29 

1 ].56 ± 0.28 

14.07 ± 0.48 

16.41 ± 0.58 

17.9] ± 0.30 

17.69 ±0.18 

17.02 ±0.26 

17.59 ±0.39 

15.28 ±0.96 

8.87 ± LOI 

0.88 ± 0.63 

0.57 ±0.52 

0.41 ±0.41 

0.36 ±0.30 

5,254 ±596.30 

5,669 ± 123.69 

7,070 ±362.28 

8,003 ±492.50 

7,66 ±384.23 

8,324 ± 1213.99 

6,381 ±652.35 

20.00 9000.00 

1B.00 BOOO.OO 

16.00 
7000.00 

14.00 
6000.00i"00 5000.00 
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Uil~fll'JtlflttflJ'Ul'11o..:Jmll'lflW'11fJlJ~HC"] 'tIf).:Jfl\'Hl1\'W11~l!flU 
, 'JI 

1l1fl1'j-:J-:Jl'U!fl~f).nl'U~'UlNlljfl1H ~lUilljfl11..:J 
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~nl.:J~ 4.25 U{y~\ir) l'trel\iff''Ul~1J1J~ 'e1~ (CIE) U"~ff\i!fI~fiU 1l~1fJ~1!ije1~~'UII \i\il'U 

!~ e1\iJ'U~ 'U1Nlli'-n!lY ml'lrim.t! !,,~ri"\iwmi e1 WlYflif ~1,200 e1\iffl!C)f"fl} mr v.1J')1 ri lfl1l'JJff1 ~ (L) ii ri 11h~lJlru 
~ q ~ 

41.23-60.16 ~lU{YfH*Ufl'lU"~ff!~fJ1 (a) iiril1J1f11.h~lJ1W 11.89-18.75 fJm1'U~'U~1J~iir)1~~"1J 4.78 Uff~\i11 

~'Ulj*'11111'l!~lJ1 rlllYi'1Jril*Jl!~'UlY~e1*maeN (b) iiril1J1f11h~lJ1W l3.28-32.10 ~'Urie1u!fnii*nn~e1u 
lhn.h~l" rlllYi'1JiY!ije1\i~'UlYri"\i!Nl'lf/He1rulffliJ 900-1,200 e1\iffWlSm~fJ{y ll~ii*nJgfJ'U'lI~llJe1WlYflii lf1fJ 

q ~ q ~ 

'lf1\ie111fHfliJ 900-1,050 ]j*m~e1\iU~\ii1'lU~\i !rlf)!~lJe1WlYfliJ!lI'U 1,1()(}-1,200 f)\iffl!ttsm~fJ{y '~fI"lmrJuiY 
q ~ q ~ 

J'Wll"U~\iU"~U~.:J!,rlJ ~llJf11l!tJ~ fn.HYfl11~f)e1fl~!fl'l7U!ijf)\img fle1e1f1 1C)$f1 fl\iltJ~ 420 
~ 

.d , Q,I.etc:.' Q.I.c:t Q. , A t::t Q.I A 

~nl\i'VI 4.25 <fllfln1f1{YfI'Uf1e1'U!N1U"~lfCl'l!Nll1~rulYfJlJ~1\iC"j 'tIf)'lfl'U!lY'UfJ11~1J~1J 

1l1f11l\i\il'U!<fl~f).:j~u~uml1Yl'UlYfl11\i ~11J"lYfl11\i il!flf)1Jll~~fiffrJ
'\I '\I 

Lab 

, 
f1tl'WIHl 51.44 -4.78 +15.75 

. 900 59.31 + 15.93 +29.86 

950 60.16 +17.65 +32.10 

1,000 57.64 + 18.75 +31.74 

1,050 50.15 + 16.95 +26.32 

1,100 44.43 + 13.61 + 19.33 

1,150 42.00 + 11.89 + 16.07 

1,200 41.23 + 12.77 + 13.28 IIVl~1 '\JlJ" 

• Q,I I 4d ~I Q,I I ,:::tq 0 " 

L= 0 Ur1m'J1A'J~(J1-3:lJfffllmJ'\I'iUl L= 100 Ufffl.:J'J1A'J~(J1-3:lJff'IJ1'Jff:lJ'lJ'iUl 

a l~nl11ufliYufl.:J!!lIdh~tI'J a ih~U1nn iY~::; '1llufifnmiYufI-3 a tll1rillll1J *11: 'tJ'lJfimn~iY!;trJ 
b 1~n11111M!11~6-311jOOlh~1l b ti1!llumn iY~ 'hltllfimnmnrn6-3 btl~ llllW11:Mllfifl't'miYJ-IDII 

http:l3.28-32.10
http:11.89-18.75
http:41.23-60.16
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~rmull1"..i1J 
~aq~AMIU'rf 

~«mnmA.milnD2552 

,tJ~ 4.20 
'" 

, 
III """"" III "" A' n fl1:l W::n'f1'U tltl'UAAn::ltn ~ANll1tlW'H fJ lJ~l~G"'j 

A "" .., A 1 Jt ~~ A 

\Jtl~fl1.Hlt'UfJ11~t1f11HJ1fl '~~l'Ultn tNlJ'UfI'UANl 

UTUlj fl11~ flllH'lj tl11~ fllU1tl1J' ''W~'"110 

,~ , ~ ~ !II 

l'1fnl~tJn' Jjtl11lJmlJl::iYlJ1'UflUt11lJ1Nft~lt'il tl~iJu~'UwnYi1,riYtl01t1tli'1iltltl~ 1~G"'j tlTI1 lfJftll.i1 lfJftlll1~rJ1 
!II , , !II 

tWirwi/~lri tU::lll~~'U1,r NftWilnWct1li~tl~tll'FbrUtJ'Un::A~fJfI tlll1 "tl~lh::ftfl \JfH'thi1fJ tltlfl1l1flUtllll1111tJ1,r 

Nn'lJ1'Uldtl~'U~u~~tl~fll"~lJtl11lJmi1rJ11t1Nft~nwcn~ 1~~tl~tll'tl11lJ\J11 
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~ 
'lJ'YI 'YI 5 

~ ~ 

~Hl1l1flfll1\9l111Hnl1HnJllii'\Jrl~~hr¥l~ 5 Ulfcl~ !Y~111fi'f1~~rl111u 

1l1flfll11!fl1l~rt~hnf~ 5 Ulfcl ~ 'n1J11 !ih.l~h.HlfU fJ11hJ'YIllfJ'YI flUlfft ~ ij !lfg flrlrlfl 1'1fflUft~
q 

1'Y1rtHU mJrlrlfl ''1f"firl'U,rl~iY ~''U'YI flUlfft.:J ''U'\JW~~lj ill 111W iYl1ft~rl W'Hf):iJ12.i ff ,nffl ''U~'U11,Hl'U
'U q .. 'II 'U 

it ~ "'" 'JI 91 ""'." 1 rI cs" 91 ~ "'" 1 it ~ "'" 
!fll rl~11'U~lUN11Jl'U~rl'U\9l1'lfl.:J ~'U'Hft~1;1'1lJfflJ f)'lfUUft~ll fllflrl'U'\Jl~\l ~'nrlfl11 A'U~'U j~~l'U!fll rl~l1U~U!Nl 

• v 
91 iJ 1 "'" 1 .<!I ~'" "'" 911J1lJ lUil~ l~.:JllJrl~ Uil~ 1~~TU!fllrl~uU~U!Nl1J1U\!fl11-:J 

, "" 
UlHN~'W Si0 Al 0 Fe 0 Ti02 N~O MgO CaO MnOz LO.12 2 3 2 3 ~o P205 caS°4 * 

" " Ul'W~Hl'WmG)fH 55.09 23.64 6.38 0.81 0.20 1.26 0.93 0.81 0.045 0.072 2,541 10.137 

l1 rl"UY1 'W fflJ 1.n'In.J 60.59 19.79 4.72 0.92 0.23 1.77 0.88 L80 0.013 0.030 1,224 10.374 

h-3V! 57.00 23.76 5.44 0.87 0.41 1.79 1.11 1.52 0.028 0.052 800 8.039 

Ul'Wlh 58.65 18.96 5.78 0.88 0.41 2.19 1.14 0.56 0.077 0.110 7,760 10.293 

"Ul'W1jf)11-3 53.31 24.46 6.33 0.91 0.29 2.72 1.3 ] 0.78 0.059 0.099 458 9.735 

* lnho~1i/: ~bu'mi'lulbu (ppm) 

I v 
5.3 fllfllflfll.:JU~i;T1J1.Jt&VI~Ufl'j.:J 

rilfllflffl~"ff~"ffll1JlJ~~Ufll.:J 325 !ll')f "rl.:J~'U11 'H1U!fl~ rl~,lU~lJ!Nl,j'lU~elU\9l1~1~ lj.:J~l'U~ ~ 
11.:J~1·u!fl1 rl,:nlu~'U!~nlll'UiJ111'HllJ!fl1rl.:J~lJ~lJ!NlllllJ'H fl11.:J Hft~~lJ'Hcl~!Y11JfflJ1f)'ln1ijrh~111hnu 

'U 
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fllflrrHff~fflJ'Ut.I~~Ufl'.i ~ (!mm~) 


100 UJ'l1 200 !lJ"}f 325 !lJ"lf 


0.80±0.11 1.02 ±0.02 1.34 ±0.05 

0.86 ±0.62 1.07 ±0.08 1.25 ±0.02 

0.67 ± 0.09 1.25 ±0.11 2.09 ± 0.07 

0.55 ± 0.14 0.68 ± 0.02 0.83 ± 0.04 

2.23 ± 1.01 2.42 ± 0.04 2.55 ±0.07 

, !II 
c:t '" '1 ~ A'f "'" 9J 9J c:t

fll'J fl'J ~\lll1f1111H't~!fHJ~ ~'U ~'J ~~1'U!f1'J3.:JlJ'U~'U!~llJl'U~3'U\9l1'lfH eJ'4f11fltl'U l~Cl~!eJlI~\1~ 

«2 1lJ lf1'J!lJ\9l'J) ''Utlru~~~'U1'J ~~~ 1'J ~~l'U!fl~eJ~J'U~'U!~l1YTl.n:h 1'J~~l'U!fl~eJ~J'U~'U!~l1Yl'U1j fl11~ 
!H't~~'U'H «~(l1'U (llJ 1 f1'lfUeJ'4 f11fl'\J'U l~Cl~!~tJ~ihh'U flCll~ 

U11ci~~t.I 
fll'.ifl'j~1j)1(Ji1f111lJft~lU(J~ff~fflJ (!t)(Jft~) 

<20 Ilm <10 Ilm <51lm <2llm <lllm <0.5Ilm 

!II 'jI 

'Ul'W~V'W~l"lfH 99.7 99.7 99.9 99.7 99.0 94.1 

l1rl'~ffTUfflJ1.fl'l1U 97.9 91.1 45.6 7.5 7.4 8.2 

h~v~ 96.1 90.0 79.8 62.7 52.1 42.3 

ul'Wth 100.2 100.4 99.3 73.9 6.7 5.1 
'jI 

'Ul'U'ljfl11~ 99.5 98 .7 95.6 82.8 72.3 66.7 

I 
"'" .c:t "'" '" " 5.5 fll!1-Jn~~U1J~elU!~t1C)f

QJ 

~ 'U1'J~~lU!~~J~ 'UmU1UOO'Wll'lf'~ ihhnmClft 'UlJ Cl~'U!~ fli'ri eJ'U,j'l\!(l.:j fteJ 23.83 iJ Clft ~f1111Ulwl 
~ ~ 

~ eJ 100 ni'lJ''U'\Jru~~ ri -wiWf111lJmU rntT~ 34.00 ~ 'U1 'j .:J.:j1lJ!fl~ eJ.:JJ'U~'U~-m1U1j fl1l\l ~'U'H~~{y1'U(llJlnw 

~'U1H.rru~~uCl~~'Ul'j.:j.:j~eJ.:J~'U~~wl'Ulh ljrilwtTcln~eJ 19.00, 15.67, 1525U~ 826iJClft~rn11Ulwl 

~ eJ 100mlJ \9lllJrl1fllJ l~rru rilfi'lffi fl1llJnrU rn'~H\9lwll\!fl'U~eJij ri125.07-29.07 

http:125.07-29.07


53 

, .; 
5.6 fllfl11lJ'Ut! 

"" , <:1 J' q ''''' <:1 ''JI 'JI <:1 dQJ 

~Ul'JfH!lHl..:il.!f111l.!')fU AUUl1~~U'l~'l~lT11~H)tlft~ 23-26 fll'llt~~1'H)tlfI~ 8-9 Uft~l.!f111l.!WU..:iU'l..:i 

1,257-2,0951JelU~~el~Ul..:iif1 ~U i'l..:i~1'\.Ufl1 el..:iJ'U~U!~1rl'nl~el'U~1~HJjrilf111l.!U~ ..:iU'l..:ilt~..:iellJUM..:i 

~'Ultcl-1iY1UiYlJ ifl'lfl1 iJrilfll'llt~\9l1lt~..:i!Nl~ 900-1,200 el..:irrl!C)$CH~tliY ~1,!~~eltlft~ 917-14.50 

''\.l1JW~~~Ui'l~..:ilU!f11el..:i~ll~U!~1rl'nl~elU~1~1..:i i'J..:i..:ilU3~ i'J..:i..:ilU!f11f)..:iJ'U~U!Nlrl'lll1h Uft~ i'J~..:iTU 
Afl1 el..:i~ll~ll!~lrl'11.Jlt u fl11..:i iJ fi lfll'JlY~\9l1rf)tlft~ 9.57 -17.91 ~'U'YI 

q 
flUlTri..:iij 'lf1..:i fll'J !~lUfl'lJ '\1ll''VJ1~ 

"" '~I "" <:1 J' <:1 <:1 <:1 <:1<:1 9 0 Q 

~lllJflUltfl..:i!lJllflll!lYll tl1!ll elft~!el [J~ l.!f111l.!!lYU tl1~ lJ fl11l.!!ltlJl~iYl.! Allfll'JllllJl~ft~ 

!fl~el..:i~ll~'U!~l~ '~fff)tI''\.lfli'1!j elll~l..:iC"j ell11 fl'J~llH lTrl'elJ 1 ~ll.ul'U1j fl11..:i'\1ll 1cW1~\T ~f)l\1iYll.!l'Jll'rll 
3f¥lll1'VJ ltlelvr~lll!1J'U~il~nwcn!f1~f)'lJ1mil ~'\.l i'l..:i~l'\.l!f11 el..:i~ll~ll!m.ulll~elll~~H ijfll1l.!o~!BtI~ l.!lfl 

• • 'jJ 

ffllJl'lllUll.!l'rll~il~nwcnll~f)..:ifll'l~brutlllft~!~tI~ ell111Jf)..:ilh~~fl 'Uel..:i'lh'i1t1 llelfl\llflilell\1Ul'1J'~~fflJ 
J' 'jJ d 'JI .Q <:1 QJ <fd1' 'JI .d "" <) dtQ Q 'jJ Q

''U!'\.lf)fl'U1J'\.l'YI~el~fll'J !'WlJfl11lJ!ltll tl1 'llNft~flWCVI'\1 lJ~f)..:iflTIfI11lJ1J11 '1.J1JW~l1~ll A'J..:i~lll!f1'l el..:i1lU~U!~1 

http:917-14.50
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"MlUli'~U "fH!LlJlltLH,rt"H.Uli'I1LM~ '" 0 p 

~Qf~l!n~H,11llJ~~tt!U l!Q "Z ~fl ~LU~UttLrt@P~LtLrbrt t tu H,LQ~@f1kH,L!1~ rn»~gh1 

~l!nn,~O~fMLUrol4rt~~ tUfJ tLUli' t"l "9v~l "1J",I1LlJll~LM.rt,!OtU t-I1LM~ ~Qf~l!n~.H.l!lfJ~~M.!LL l!Q 

"MLUt-~U "1JI1LIJLltLM.rt rotUli'I1LM~ 
'" "" P 

~Q£-~l1n~M.l!lfJ~~n!UtH! "I ~fl "LU!!Unl,rt@p~LnrbrtttU.H.LQ~@rtk.H.L!1~ro»~gh1 

~l!nf1~O~fMLUm~f1~~tUIJtLUt-t~1 "~v~l "1J2LIJ1l~L.H.rt,tG tUli'l!LM~ ~Qf~l!n~H,l!llJ~!;n!ul!Q 

"L->MlUt-!,U 

'rt@~~tnt-~~l!ngl!lttl~llY}~QLULIJIl~t-ttll~tU 'tLU~f1}~QLULIJLt,!;rttU '1J~~tLU 

t-@u "tt~li'@rtYUftLtlUYlJl!lttl"Lt,y "6Z~Z "ft@l!~tnt-Q~l!nlJl!lnl~Lt,n~QluLIJLt,tli'ttll~tu
t6 ft' 0 P t6 7' P P 0 

tLU~f1}~QlULIJLt,!;fttU 1J~!;tLUt-@U Lh1ytt~n£l.t-@~"yftttUH,LQ~@LnJM",M~l!nlJ~k!lM.ij 
/'Ii • 

"L->MlUt-tU 

';~QlUt~ttum~LIJLt,~L H,ft" Lt, 1Lmm ~f1JttMt}LrJ ll!; "1JIlLUIlY~ tf1t'@rb@ 0.H,Y li'1J ~lu@@n£-~~ 

"L U tt LXL n rft t t u l! ~,!i t-~M. n tt1, f1 ~ h~f tt ~Y~1, ~t IJ nH, 1tt ~~,!i ft Q "9 V~ Z "tt II tt i1 l! tl L ~U 

"L->MLlyt-~U 

'ft!',!',UH,lQ~@li'ttll~!',U "CHSZ-8£"U@rt) lh1nl,~li'@f1Y~turt@Q~Lt,Y.t "~£~Z "rU!',UM.lQ~@LbmU~l!h1ttl~!',~Lft
0Jt Pt> P "''''' 

"L->MlUli'f.U 't~l.L!ttlJ~Y@lMftMUnLQ "UftLtJl:JYM.£l.M.~@tty "{ v~Z "nJMttut-@ t~(HU 
p P p "" '" 0 "" /'Ii ""'ft' p "'''''''''';=' "'" Lt 

"L->MlAJli' ~U 'fttf.UH,LQ~@li'ttll~f.U 'rof.Y.!',ULIJMtLt,rttU 'H.~lt"Ytt-@U P '" p 0 

'ttM.~l!ntnM.~Lt"YtIJLM "ft~YHLlH,~Lt~YttLUf1tHt~tnli'@rbMLUm~ "Iv~l "~UU~tQY~f.rr li'@IA,l!UM 
o I P "'" I;'" P po'" "" I 'j' '" "" 1w "" 

"L->MlUli' f.U 'IJ l!LlJlA,tUUt 
'" 0 

,tnf.Uli'l!LM~'}~QLULfJlA,t~ro~ ';~QLU~Q~L${,!;"LU "v ~t-k"}tft~ "Ulllf.Jl:JY "Ov~l "l!btLrbpMft~ L~~ • /'Ii 

"L->MLl1t-f.U 'f.~.lnUf.~ttUYlJl!lfJlA,tlH.ft 'f.~f.{uy~ro~ 
p '" "'" 

'LlJlltM~f1 L${,t~LU "$(,M~l1ntt~M.~Lt"Yt!.LU "lv~l "rb.L!mt(!ytlltt(! ttU f,t-~ ~l!n lltttt~~~@ IJttUIA, 
oP "'" l'?' ""P 0 "" P '" P '" P '" '" P P '" 

"L->MllYt-f.U '~~l!1 CIJLt,LUlA,i~f.(1) ~l!k;@ttYll 

~n@n.!ll!"Y 1A,~~rt "~ro,Vfb.L!nlt-f1kH.L!1gl!lttl"lU "Ov~l "lttY.ftn,QJtl,tvt L~l! ~mY'p${,o.tlfJf,f,~ ml${, 

t.

utunutlttn. 

mailto:n@n.!ll!"Y
http:M~l1ntt~M.~Lt"Yt!.LU
http:f.~.lnUf.~ttUYlJl!lfJlA,tlH.ft
http:UU~tQY~f.rr
mailto:H.~lt"Ytt-@U
mailto:fttf.UH,LQ~@li'ttll~f.U
mailto:UftLtJl:JYM.�l.M.~@tty
mailto:t~l.L!ttlJ~Y@lMftMUnLQ
mailto:rU!',UM.lQ~@LbmU~l!h1ttl~!',~Lft
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http:1JI1LIJLltLM.rt
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fl~ .:J!'VI'WcIJ. 
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