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ABSTRACT 

Clay of pottery factory in Nakhon Si Thammarat Province from different location i.e. Top and 

under clay in Thasala (TT and UT ,respectively) Mo-Ka-Lan clay body (MB) ,Ban Ta Tien clay (ST) 

in Mueang, Ron Phi bun clay (RP) in Ron Phibun ,Tha Pa Ja and Tha Sa Met clay (TJ and TM, 

respectively) in Cha-uat were investigated. In this study chemical and mineralogical composition, 

physical, forming, and fired properties were carried out in order to determine their specification for 

application in ceramic industry. 

Result showed that in most clays contented silica and alumina in the range of 57.15 -74% 

and 20.62- 27.37 %, respectively, . Clays had amount of iron oxide and titanium oxide from 3.14 %.to 7.29 

% resulted in reddish after firing. The amount of fluxing oxide alkaline (Na02, KP) and alkaline earth 

(MgO and CaO) of all samples were quite low (2.27-3.48%), except in BT clay (5.20%) .Clays presented 

the loss of ignition in the rang of 4.68% to 8.99% .The mineralogical composition found in the most of 

clays was kaolinite, quartz, and illite ,except for MB clay body, TJ and TM clay also had smectite. 

Most of clays displayed high amount of residue on 325 mesh sieve (7 -27 %), except these of TJ and TM 

clay «5%). Clays contain high amount of particle less than 2 micron in diameter (>50 %), except for RP 

clay (42 %). All clays had methylene blue index and plastic index in the range of 5.33-11.29 meq'/IOO g 

and 20-34 ,respectively . Most of clays displayed moisture in the range of21 % to 24 %, except this of 

TT clay (30.73%), due to high contain of colloid particle « 2 micron). Clays presented green shrinkage 

and strength in the range of 5% to 8 % and 591-1344 psi, respectively which RP had low value in both 

properties because of small amount of colloid particle. Most of clays displayed not wide in the firing 

range and could withstand temperature higher than 1200 ec, except these of TT clay and BT clay ( < 

1200eC). After firing, color of all clays was light yellow to dark brown. The clays possess all the 

properties required to be raw materials for local earthenware products. 

http:5.33-11.29
http:2.27-3.48
http:20.62-27.37


V[[ 

rlnh 

wmYl'J L~lJdi~ 'Ill flf)1'J 'J l'U'J llJ Hfl.:Jll4 liJl'J 1'U 1 fI 'J.:J flU l'Jm ~~'UfJ rufll'W 1Vl Q~ 'Uu fl~ H~Vlnru cvl 
. . .. 

1:l1'11~m)VliYl'11m'JlJL9f'JliJfl1J~ 4 1~l'J~lLiJl4.:J114ll4U'I1~.:Jl1Vltlm'jlJLfI~tJ.:JDl4~l4LHlfl1f11~ 3 U'I1~.:J 114 
q 

iJ.:J'I11fll4mR'11i 'J 'jlJ'J l'll' i~un V1Lfltl!lJtl.:J V1LfltJ~ tJl4~'U flV llfl~V1LfltJ'Il'~ tJl~ iJ.:J'I11~l4mR"h 'J'j m 19f 

. 
'" I" ~ 1 ~ 

1~l'J'1i'~141Vltl~'U'Illf1i~'I1lJfl 7 ll'l1~.:J fltJ I) ~l4L'I1'WVl9fl4'Ul4 'IllflU'I1flHll4 VllfltJ 
.. 

vllR'lfl1 2) ~W'l1'Wt'Jl'lfl4~l~ 'IllmL'l1~~~l4 VllfltJvllfl'lfl1 3) ,rll4vlll~Vl4 1'l1'UfliJlfl'W14 Vllfltl!lJtJ~ 
'" 

4) !'d'tJ~l4~l4 1'l1'UflllJflflll4 V1LfltlvllR'lfll 5) ~l4l'I1iiVl 1'l1'Ufl~tJl4~'UflV VllfltJ~tJ'U~'UflV 
'" '" 

I I • • 'j/ 

~1VltliJ'j~iY~rll'W mniJ~fl~ll4 liJmlfl~LHl'JU'W~ ll1'un~iJ'j ~fl tJ'Uf)1'J L~l'l1tYl~ Ufl~~~ ~14 '1 'Ilil i iJ lU mn 
q q <u CU 

l1-Jl~lJ i~fl~ll~~ f)1'JliJVl1l>JJl4 1~1'U ~1~'l ~i~m~'Ul'U f)1'J LVl1 VlJ~l4 1VlQ~'UUfl~LdtJ~l4~l4 fll'J ~14~ iJ I 
H~Vlnru cvl flUl1I>JJl4 lllfl~iJ ~'UiJ'J ~m ~'U114 fll 'j H~Vl~~Vlnru cvl fll'J Wi1'UJ'I11f1l1lJL~V'I11t'J'lJtJ~~~VlnUlcvl 

q u 

rY .:J'I1lfllJ 2554. 

I 



VIII 

fll 'l ~U'U ~'4 'U 'VJ 'U 1'U fll 'l ~ l!U 'U fll 'l1~tI 'lJ tl'lJ tl 'U'W 'l ~fJ U! 'I'l 1 'U ~ 'LI'1 fl EJ 1 'VJ fl'l'l l'U rll Vi l''U fll!! 'U~ 111~ 1 ~ '1 

~!~'U'LI'l~ itl'lftf~~ 'lJtl'lJtl'U'W'l~flU! vfi1t1fflff\Pl'l1'ill'lV tJl'W'U 1'1'lJ'U1'~~'l'lf1' !tJ'Utl~1~~~rllVi1'1Jfll!!'U~111 
q <u <u 

9 '" '" II] n.1 ~ c1 Vn 1 vd d v 
!'U fll 'l 'W 1'lJ'U l!fI ~ tl'U !l"l \Pll (850 tl ~ ftWb'~!9ft!~) II ~ ~ 'lJ tl'lJ tl 'U 'W 'l ~ fI U! Nu 'l ~ fl tl'U fll 'lll ~ ~NY1 !fll'J 1'lJ tl~ Y1 fl 

CI .:u <u q 

• 'jJ ,'jJ 

!mci~,:r\Plt1m'llJ!fI~ tl~11'U~'U!N1 i\Pltlm'Wl~vfihll'J9ftl~tl 1 'LIt]
<u 

. " 
!mci~,:r\Plt1m'llJ!fI~tl~11'U~'U!N1 h~~~ iil'U~'LIlfl'W'U tJl!fltl!jJtl~ ~~Vi1'\Pl'Umft1li'l'llJ'l1'lf 

~ <u 

Q.I dt d 
3. 'Wltlftfl\Pl !'lJlJY1tl~ 

0'", 

1. 'U11'J'UUllJ1 'Wl'U'U~ 
q " 

. " 
Imci~,:r\Plt1m 'llJ!fI~m11'U~'U!N1h ~~;J iil'U~'lf~tl1\Pl tJl!fltl'l5~tl1\Pl ~~Vi1'\Pl'Umft1li'l 'llJ'l1'l5 

1. 'Ul~'UUlhr ~lJ'LIli1U'Ul'l 
q " 

fl11lJ tl'U!fI 'l1 ~11~l 'U !fli tl~jJtl rllVi l''U 'I'll fll 'l Y1 \Pl ~ tl~!l~ ~ 'U 11'J ~lJ ~ \Pl Y1 tl~ ft~ 1 ~111'fl11lJ'lf1t1!Vi ~ tl 
q 

i'U fll'l Y1\Pl ~tl ~!tJ 'U tlth~~~~ 'lJ tl'lJtl'U'W 'l~fI U! 'U flOlm rllUm l'Um'lJl'U fll'l ~mlJlj 1~1'J hVi~!l~~1'~\Pl i 'U 
q q q q 

fll'l'lf1I'J!Vi ~tl~l'U!tlfl~l'l~l~'l !~'U tl~l~~ 'l1lJ~~'lJ tl'lJtl'U'W'l ~fJU! ~!~ 1'J1~tl~'VJfl'I11'U ~ 1111~!ril'J'U llJ 1 ~ U! 

~~ ~1;t11'fl11lJ'lf1t1m~tl i l1'iflHfll'l'1 ffllJ1'lt1~l!U'U fll'l~ci 1~!!~~ rll!~ 'il 1 'LIl~~11'J~ 
q 

~~Vi1f1lJ 2554 



IX 

I 

I 


I 




x 

cv 
ill'j'lJUJ., 

& 

) 1{J.:J 1'W fll) fHllJ 1 

Abstract 

rlTWl 

n(9)~mH.I1.h::::fllff 

ffl)'!JUI
" 

1JYlli 1 1JYl'tJl 

ci 9J ~ Qlo. ~ 
1JYlYl 2 'U()~mfHJlf)1J~'Wl'I1'W{Jl 

2.1 1J~,){Jlim1Jfll.Jffl.Jtm'U().:J~'Wl'I1t1{Jl• 

If 

IV 

V 

VI 

VII 

VIII 

X 

XII 

XVI 

3 

4 

do Q.I. d Q ~ " 1JYlYl 3 'U'W\pw'Wf11)!m{Jl.J~'Wm'ln1if11) 

3.1 f11)!\9f~{Jl.Jl9ilmh.:J~'W 
Q (/ ~ d Q 

3.2 f11)l!fl)l::::'I1ffl.J1J\9lYl1.:J!fll.J'U().:J~'W 

3.3 f11)l!ml::::'I1().:Jf1'lI)::::f)()1JYl1.:J!!~l'W~'W 

3.4 (fl.Jtm111.:Jf11{JflTVHHl::::!9I)liJf)1Jl.:J1I)~f11) 

7 

7 

9 

9 

10 

0. d <V I I Q 0 , Q.I Q.I d " 4 .2 ~'Wl'I1'W{Jl"lf'Wm.:J~lmm".:J~'Wm!fl()Yllfll"l ~.:J'I11~'Wmfl)1i))l.Jn~ 24 

4.3 ~'Wl'I1t1{Jl,rl'WYil!~{J'Wv111J,,1I1f)'W'Wrll!fW!lJ().:J ,).:J111~'Wmfl11i))ml"lf 31., 

http:J'I11~'Wmfl)1i))l.Jn


XI 

'1/

'Y/'W 1 
 I
.d 
UYI 'VI 5 'ff)".tJ 67 


'U'J'HUl'WflJlJ 
 71
• 

I 


I 


I 




XII 

'jJ 

l'i'W 1 

16 

" ~'U111'UtJ195'UlJlHl1f11mri~~'U flllmJ'vhff1(l1 '\l~ 11'1~'U mff11i) )lJ) 1'If 

· " ~ 
(1) ~ ~l'UlfI~ O~iJ'U~'U1j:-/1(l~fff1~)· 

18 

.d 
\Pl1)1~'YI 4.3 19 

<J} Q c:S t I.e::. 0 , <V <V do. 

U11' ~'UO~~'l.Hl'i'U tJ1'IfW lJ'U ~1f1 U11'(l~~'U tlllfl O'YIlff1(l1 ~~11'1~'Um ff) 1i))lJ)1'If 

· " ~ (i)~~ l'Ulfl~O~iJ'U~'Ulj:-/1(l~fff1~)• 
I c1 Q.I Q.I Q.I .&: ~ ~ Q..I 

I!ff~~mllWtJf11)11'~\Pl111'(l~lm O\Pl )lf11)~~9flJ'U 1 !l(l~fl11lJ II 'U ~U) ~11'(;'l~lm 20 
OJ 

Q d Q.J l..:::to 0 , Q.I Q.I c:S " 
'UO~~'U!'\1'U 	tJ1'1f'U lJ'U ~ lf1ll11'(;'l~~'U tlllflO'Yllff1m ~ ~11'1~'Umff) Ii) )lJJ1'1f 

· " ~ 
(1) ~~l'U1f1~O~1f'U~'U 1j:-/1'l~fff)~) 

\Pl1) l~Yi 4.5 I!ff~~fllf11) 1~~~'U ri O'UlmU(l~11'~~Ir-nYimlmfliJ~ l~~ 'UO~~'U!'\1U tJ1 22 
• OJ 

Q.J I Q 0 I Q.I tV .c:!" 'If'UlJ'U 'illf1ll11'(l~~'U tlllflO'YIlff1m 'il~l'i1~'Umff)1i))lJ)1'1f 

· " ~ 
(1) ~~l'UlfI~O~iJ'U~'UI~l(l~fff)~)· 

· " ~ 
(1) ~~l'UlfI~O~iJ'U~'UI~l(l~fff1~)

q 

26 
. " . ~ 

'\l~'\11~'U fI )ff11i))lJ) 1'lfc1 ) ~ ~ l'U Ifl ~ o~iJ'U ~ 'Ulm(;'l~fff1~) 
~ IQC1 Q.I~ ~ d ~'" \Pl1)1~'YI 4.8 u(l"~\l1fhJlru fI11lJ'If'U ''UI!'YI\l~h!)~ f1l)'\1~\9I1IlJOU'\1\l 1!(l~fl11lJU'U\lm \lllJO 27 

'jI Q 	 c:S ~ I I C). 0 I Q.J Q..i' 

U'\1~'UO\l~'l.H'\1h!tJ1'1fh! m\l 'il1f)!l11'(l\l~h! tlllflO'YI1ff1m 11\l'\11~ 

. " . ~ 

wmff11i) )11)1'1$ (h ..:J\ll'UlfI~O\liJ'U~h!Ir-n(l~fffl~) 
I d. Q.I Q.I Q.I ..:51 'g d Q.f 

Uff~\lml'Q Mf11)'\1~\Pl1'\1(l\l1j:-/1 O\Pl )lf11)~~9flJ'U 1 1!(;'l~fl11lJ U'U\l II) \l'\1 (l \l1~1 28 
OJ 

" 
'U O\l ~ 'U I11'U tJ 195h! ri 1 \l 111m I11'ri \l ~ 'U fl11fl O'Yl1ff1m '\l\l '\11~'U m ff11i)) lJ) 1'If 

· " ~ 
(1) \l\l1h!lfl5 O\l1f'U~'U1j:-/1(;'l\lrlfl~)• 

29\Pll)l~Yi 4.10 

" 
951-H-l1\l 111f11l11'ri~~'U elllfleJ'Yl1ff1m '\l\l'\11~'Um ff11i))lJ) 1'If 

· ~ ~ 

(1) \l\l1'U1f1~ O\l'l1'U~'U1j:-/1(;'l\lfff1~)· 

24 



XllI 

~1)1\1~ 4.11 	 ll(;'f~\lvH'lilm1~l1V\lrf'\J'j ~fl V'U'Vl1\1lflih 1ll'U V\I~h.JllrW tl1.ul'W '\'hl~tI'W 1'l1'U(I 32 
. " 

'\J1f1'1'fW tl1lfl miJV\I l1\1'\11~'W fl 'j rr11i'j 'jll'j 1'lf(fl rill lfl~ tl\IU'W~'W Ivn.u1'W'Vi 11~tI'W)
~ . 

34 
. " 

11\1 '\11~ 'W m rr11i 'j'j II 'j 1'lf( fl rill lfl ~ V\I U'W ~ 'W 1~·n.u1'W 'Vi11~ tI'W). 
m'j1\1-V; 4.13 	 !!(;'f~\lmmW fl11ll~'W 1'W!!'I'i\l~'W1~ f11'j '\1~~1IrlVU'lr\l U(l~fl 11ll!l~\I!!HlrlV 35 

mr\l'UV\I~'W!'\1'Wtld.u1'W'l'i11~tI'W 1'l1'U(I'\J1fl'W'W e:l1!fl VliJV\I 
~ 

11\I Ml~'W fl 'j rr11i'j 'j II 'j 1'lf( fl rill!fI~ V\I~'W ~'W I~,n.u1'W 'Vi 11~ tI'W)• 	

Id 	 f.d QI ~~ c; Q,IQI Q.I 

m'j l\1'Vl 4.14 	 !!(;'f~\lfl1!lW tlf11'j '\1~~ 1'\1(1\1 1m V~ 'j 1flU ~ ~ GJfll 'W l!l(l~ fl 1 lll!! 'U \I!! H '\1(1\1 1t:-l1 36 
~ 

, " 
{flrill !fl1 V\lU'W ~'Wlt:-l1.u1'W 'Vi 11~tI'I.J)• 

d 	 I Q,;'.d,Q' <v.c:i ~ I .<::\ do 

m'j l\1'Vl 4.15 	 !l(;'f~\lmfll'j 1~(;'f~'W flV'Wlt:-l1!m~'\1(1\11t:-l1'Vl~W '\1]Jllm\l"l'Utl\I~'W!'\1wn 37 

.u1'W'Vill~tI'W 1'l1'U(I'\J1fl'W'W fJ1lflVliJV\I l1\1'\11~'Wmrr11i'j'jm1'lf 
, " 

~ 


(fl rill Ifl~V\I U'W ~ 'W 1t:-l1.u1'W 'Vi 11~ tI'W)

q 

39 

" " !'wv~'Wif'W1llflCll'W l1\1'\11~'Wmrr11i'j'jm1'lf 


.d "" . 
 I~1'j1\1'Vl 4.17 	 !!(;'f~\I(;'flllli1'Vl1\1fl1t1fll'W'Utl\IIU v~'Wif'W1llfl CIl'W 11\1 Ml~'Wm rr11i'j 'j m 1'lf 41 
iJ 	 I • I 

m'j1\1-V; 4.18 	 !!(;'f~\lm mwwnll95'W 1'W !!'I'i\l~'W1 ~ fll'j '\1~~1IiJvmr\l !!(I~fl11lJlI~ \I !!HliJV 42 

" " mr\l'Uv\lluv~'Wif'W 1llmn'W l1\1'\11~'Wmrr11i'j'jm1'lf 

" " 	 I 
'UV\lIUV~'WU'W1llflCll'W l1\1'\11~'Wmrr11i'j'jm1'lf 


.d , " " 

~1'j1\1'Vl 4.20 !l(;'f~\I~ 1fll'j 1~ 1Y~'W tl v'W!mlw~mr\lIt:-l1-V; fJW '\1]J1i1'i1 \I"l 'UV\lIU V~'W if'W 44 

lllflCll'W l1\1'\11~'Wmrr11i'j'jm1'lf 

~1'j l\1-V; 4.21 !! (;'f~ \I t:-l (111m 1~ l1V\I rf'\J'j ~ fl V'U'Vl1\1 Ifl ih 1ll 'U v\I~'W!'I1l1 tl1 eJ llfl V~ V'W Vim, cJ 46 
" 

48 



49 

XIV 

'iI 
't'i'Wl 

q ~ 0 I 4 d' Q,I Q,I ..::t 

'fl'U!'l1'U til Cl1!fltl)" tl'U'W \l~W 'il.:Jl'Il'fl'UfnflTD)" )"lJ)" 1"lf 

(1)" .:J'iltlf1 tl1.:J,hw{f1lJ~mJf1ci'1) 

51 
d 

\9l 1)" WVl 4.25 

(I)" .:J.:J1'U 'iltlf1 tl1.:J,J1'U mlJ~tl tlf1 ci'l) 

\9l1)" 1.:J~ 4.26 U{f'fl.:J ~'Hll!fn l~l1tl.:Jrl'I.b~f1tlUYl1.:J!flihllJ'tltl.:J~'U!'l1ij tl11\9l tl~U 'il1f1. 53 

~'Umij{J'J iPi'lU(ll'il'l.h~'il~ cJ1!fltl"lf~tll'fl ').:Jl'I1'fl'Ufnfl'11i)")"ll)1"lf 

(h.:Jflii~.:J... l)"'ilU) 

\9l1)"1.:JVi 4 .27 U{f'fl.:J{flJu1if11t1fl1'W'tltl.:J~'Umijtll 19l1umhl.h~'il~ cJ1!fltl"lf:;;m'fl 55 

').:Jl'I1'fl'UfI)" fl'11i)" )"lJ)" 1"lf(1 )".:J fl~ i.:J 1)" 'ilu) 

\9l1)"1.:JVi 4.28 U{f'fl.:JmlJlrum1lJ~'Ul'U!rvi.:J~'U1'fl f11)"l'I'fll9ll!ritl!!l1'.:J !!(l:;;fll1:l1!!~.:J!!)".:J!ritl 56 

11l1'.:J'tlm~'U!'l1Utll 19l1Um1Tl.h:;;'il:;; cJ1!flCl"lf~Cll'fl ').:Jl'I1'fl'Ufnfl'11i)")"lJ)1"lf 

Ch.:Jflld.:J"'. hmf) 

I d Q,I Q..I Q,I .d1 ':; ~ Q,I 

U{f'fl.:JfI1!'Q (ltlf11)" l'I'fl\9lll'l(l.:Jlf..ll Cl\9l )"lf11)"'fl'fl9flJ'U 1IW~fll1lJl! 'tl.:Jl!)" .:Jl'I(l.:J!~l
'U 

57 

'tltl.:J~'U!'l1Uln 19l1U(l'l'il'th:;;'il:;; cJ1!flCl'lf:;;m'fl ').:Jl'I1'fl'Ufnfl'11i)")"ll)1"lf 

(lHfl'U~.:J h'ilu)... 
cS. 

\9l1)"WVl4.30 
'Q,I.cjQ I IV d .aa' Q.cj 

U{f'fl.:JfI1f11)"1'fl{f'fl'Uf1Cl'Ul~1!l(l:;;l'ImlmYlfJu!l'IfJlJ\9l1.:J '1 'tlCl.:J'fl'U!'l1'Utll 58 

19l1U(l'l'i1tiJ:;;'il:;; cJ1!flCl"lf:;;m'fl ').:Jl'I1'fl'Ufnfl'11inll)1'lf(h .:Jfl~i.:J 1HU) 

\9l1)"1.:JVi 4.31 U{f'fl.:J~(l1Ifn1:;;l1Cl.:Jrl'l.h~f1ClUYl1.:JlflihllJ'tltl.:J~'W!l'!Utll 60 

19l1U(l'l'imY~'fl cJ1!flCl"lf:;;tll'fl ').:Jl'I1'fl'Wfnfl'11i)")"ll) 1"lf(1 ).:jnWGtf:;;tll'fl~'WYlCl.:J) 
~ 0 do' cio 

II{f'fl.:J{flJU\9l fllt1fl1'W'tltl.:J'fl 'U!'l1'Wtll \9l1U(lYllLrrlJ'fl m!fl ClGtf~ tll'fl 62 

').:Jl'I1'fl'Ufi )"fl'11i)")" ll) 1"lf(1)" .:J.:J1'U"lf~m'fl~'UYlCl.:J) 



xv 

I63 
y .::::!It,.cl 0 I do Q,lQ,I.cl 

Hl1.:J'lJeJ.:J~'Um'\.HJ1 ~l'tHlYlllff1J~ mlfleJ'l$~eJ1~ 'iJ.:J111~'UfI':irr':i1i':i':im1'l$ 

(h .:J.:Jl'W'l$~eJ1~~'W'V1eJ.:j) 

.Q, .:i 0 I d 0 (l.I Q,I .cl 

'lJeJ.:j~'Umwn ~li.H'l'V11HW~ mtfleJ'l$~eJ1~ \).:J111~'Wmrr':i1i'jJml'l$ 

(h 'l.:J1'W'l$~eJ1~~'U 'V1 eJ'l) 

d I QJ~..:::::).' IV.do ~ I Q.c1 

~lJl.:JYl 4.35 Hff~.:Jfl1f11J1~ j;y~'Uf1eJ'Wl~lU~~l1~.:JIH1YlfJW 111J1J\>l1.:J '1 '\JeJ.:J~'Wmwn 65 

(9\'1'1..1 ~'Vi11j;y~~ elllfl eJ'l$~eJ1~ \J.:J Wr~'WflJ rr11iJJml'l$(1H.:Jl'W'l$~eJ1~~'WYleJ.:J) 

I 

I 

I 


http:Q,lQ,I.cl


XVI 

~ d Q.I Ic::t. ~.::), d Q.o::1 <VQ)LJ~ 3.1 'tJ'W I') tJ'W fl1)!I')) tllJl')l tJ tl1~ \PI'W!W ~1 fj fl1) 1!f1) 1~'\1'V1\P1 fftJ U \PI 'W!'\1'W till I') tl.\PI U 8
" 

" 
m 1'W II ff\PI~fll)!1!i tll!U'W 'lJ tJ~ r ~1!i'!tJf)qf tJ~fi'LJ) ~f) tJtl!;':]U ~'lJ m~'W !'\1U til 17 

Q.I 'Q 0 , cv Q.I .c:1 " %'WU'W '\llfH!'\1"~\PI'W m!fltJ'VIlrllm '\l~'I1l\P1'Wmff)fj))m1'lf 
• 'JI . " 

(1) ~~l'W!f1~tJ~iJ'W~'W !~l"~fffl~)· . " f)) 1'W!!fffl ~f1l1lJ"~!fl tI\PI!m~fl1)f) )~'\l1t1'lJ tJ~ tJ'Wfl1f1~'W!'\1U tl19$'W U'W 'ill f) 18 
IQ 0 I QJ Q.I ~ 

II 'I1"~\PI'W tJl!fl fl'Vllrllm '\l ~'\1lf1'W m ff)"linlJ)l% 

· " ,
(1) ~~l'W!fl~tJ~iJ'W~'W!~l"~fff)~)• 
m 1'WUff\PI~m1lJ ifmf'W ,j)~'\1i l~fll) '\1 \PI I'll f1l1lJ U ~.:]!!H U"~fll)\PI\PI91lJlJ1 21 

OJ 

Q.I Q,J Q c::r. d Q.I 'Q 0 , " '11" ~ !Ynfl U flUJ '\1 fllJ 'lJ fl ~ \PI'W!'\1'W tll'lf'W U'W 'j) 1fl U'\1m \PI'W m!fl fl'VI1ff1" 1 
• OJ . " , 

ll.:]'\1i\PI'Wfl) ff~"Ii)) m 1'lf (h~~ 1'W!f1~ fl~'I1'W~'W!r:-l1"~fffl~)• 
QI c1Q I (LI c1. Q I Q d Q.I" 

"flll UJ~ ff\PI'W fl tJ'W!~lU"~'11" ':]!~1'V1 'QUJ '\1 \]lJ 1')1~ "l 'lJ fl ~ \PI 'W!'\1'W tI 1%'W U'W 'j) 1fl 23 

!!ml~~'W ~h!fltJ'Vi1ff1m ll~'I1i\PI'Wmff~"linlJ)l% 
· " ,

(1).:]~ l'W!fl~ fl~'I1'W ~'W!~l"':]fffl~)· " fl) l'WUff\PI~fl1)!1!i til!U'W 'lJ fl~ r ~1!i'Wf) qf fl~fi'LJ)~fl flU!;~U~'lJ tJ~~'W!'\1U til 25 

" 9$'W~1~ 'j)lfH!'\1~~~'W rl'1!flflv11fflm 1l~'\1i\PI'Wfl)ff~"Ii))m1% 
· " ,

(1) ~~l'W!fl~ fl~'I1'W ~'W!r:-l1"~fff)~)• 

. " ~LJ'Vi 4 .6 fl) l'WU ff\PI~m1lJ"~!fltJ\PHm~fll)fl )~'j)ltl'lJ fl~ fl'Wfl1fl~'W!'\1U tl19$'W ~1~ 'j) 1fl 26 
I"::::' 0 I Q.I Q.I d 

U'\1"~\PI'W tJl!flfl'Vllfl'lm 'j).:] '\1l\P1'W m ff)"Ii)) m 1% 

· " ,
(1) ~~l'W!f1~fl~iJ'W~'W !r:-l1(l~fffl~)· 

~LJ'Vi 4.7 ml'W!!ff\PI~m1lJ ifmf'W ,r)~'\1 i1~fll) '\1 \PI I'll f1l1lJU~~!!) ~ !!"~fll)\PI\PI91lJl11 28 
OJ 

Q.I Q.I c::r. Q c::i Q.I I I a 0 I " '\1"':]!Ynf)UflUJ '11 fllJ'lJ tJ.:] \PI'W!'\1 'W tll'lf'W m~ 'j) 1fl!!'\1(l~\PI'W m!fltJ'VI1ff1m 
• OJ . " ,

ll~'\1i\PI'Wfl) ff~ "Ii))lJ) 1% (1) ~ ~ l'W!fl~ fl~'I1'W~'W!~l'.l~fff)~) 

30 
I Q 0 I Q.I V ..::\ 

!!'\1"~\PI'W tJl!flfl'Vllff1m 'j)~ 'I1l\P1'W mff)"Ii))lJ) 1'lf 

· " ,
(1) ~~l'W!fl~ fl~'I1'W~'W!r:-l1"~fffl~)· 
f) )1'W !!ff\PI.:]f) 1)!itll!U'W'lJtJ~r~1!i'!fJf)qf fl~~tJ) ~f) flU!;':]!! ~'lJ fl~~ 'W!'\1U til 33 

D1'W 'Vi1!~ (J'W ~lU "LJ1m~ 'W rl' l!flfJt:iJfl~ ll~'I1i\PI'Wm ff~"Ii))m 1'lf 

. " 
OJ 

(fl ~lJ!fl~ fl.:]'I1'W~'W!r:-l1D1'W v11!~ tI'W)• 



XVII 

~lH14.10 34 

. " 
( f1 ri1.1! fl~ tl 'I U'W ~ 'W!N1.u1'W vi 1!~ (J'W• 
m l'vhl"ffrl'I fl111.1 ff'1Jl'T'W TI)~ 'yd1'1f1l':i 'I1rl~1 fl111.1H ~'I!!) 'IU{l~f1l) rlrl911Jt11 36<u 

'I1~'I!N1tl'IJtlUl. 'I1fllJ'tItl'l~'W!'I1t1(J1U1'Wvi1!~(J'W ~1'IJ{l,j 1f1'Y'1'W fl1!flV!1i~N 
• ... <u . " 

11'1 'I11rl'Wfl Hl11in 1.1) 1'lf(fI rilJ!fl~ tl'l U'W ~'W!Nl,jl'Wvi l!~ flU)• 
Q.I ~~ I Q.I al Q. I Q Q 

{l f1 'l:J Ul. ~ ~rlU f1 tl'WlNl U {l~i1{l'l !Nl'V1 fJUl. 'l1.Q1.1 \911'1 '") 'tI tl'l~ 'W l'H'W (J1 38 

.u1'Wvi1!~(JU ~1'IJ{l,j1f1'Y'1'W fl1!fltl!1itl'l 11'1'l11rl'Wfl)"fI"11i))1.1)191
'" . " 

(f1 ri1.1!fl~ tl'l 11u ~ 'W !N1.u1'W vi 11~ (J'W). 
" " " 

f1nvh! ~rl'lf1l':i!~£J11'IJ'W 'tI tl'l ~'I ~!tlf1CJf tl'lrl,j) ~f1 tl'IJ!9f'lU~'tItl'll'W tl~'W U'W 40 

1lJfI{ll'W 11'1'l11r1'WfI':i fl"11i':i ':ilJ)l'lf 

. " " 
f1) 1~!!~rl 'I fl11lJ {l~!B(Jr1!m~f11) m~1l1£J'lJ tl'l tl'W fllfll'W tl~'W U'W 11.1fl {l1'W 41 

'" '" "" 1l'l'l11rl'Wfl)" fI") 1i))1.1) 191 

m 1~U~rl'lfl111.1ff'm~'W TI)~'l111'1f1l)'I1r1~1 fl111.1U~'I!!) 'I U{l~f1l) 43 

" " " ~rl~1Jtl1'l1~'I!vn tl'IJ tlUl. 'l1 fllJ'tItl'l I'W tl~'W U'W ilJfl{ll'W 11'1 'I11rl'W fl)fI"111))"lJ'j 1'lf 
<u • <u 

. " " 
~flfjUl. ~~~'Wri tl'W!vn!!{l~'l1~'I!N1li~W 'l1.QlJ~ 1'1'") 'tI tl'I!{j tl~'W U'W 11.1fl m'W 45 

" 
m l~!I~rl'l f1l) !~(J1!'IJ'W 'tItl'l ~'I ~!tlf1CJf tl'lrl,j) ~fltl'IJ!9f'l!!~ 'tItl'l~'W!'l1U tl1 47 

(1) 'I 'iltlmmu1'W m1.1~tl£Jf1~l) 

':i,j~ 4.18 m 1~ II~rl 'I fl111.1{l~IB£Jrlll{l~f1l)m ~ 'il1£J'tI tl'l tll-J fllfl~ 'W!'I1U tl1 48<u . 
'JJ 'JJ 'JJ 

(1)'Illtlf1fl1'1'IJ1'W~11.1)tl£Jf1m) 


m1~!!~rl'lfl111.1 ff'1.1~'W TI'j ~'l111'1f11) 'l1\91~1'l1~'I!vn fl111.1!1~ 'I!!) 'I!!{l~f11) IP1rl 50 

'" 

),j~ 4.20 
<u 52 

http:fl111.1H


XVI[l 

'JtJli 4.21 
<u 

~tJli 4.22 

~tJli 4.23 

m 
" 

l'VJU (1'\91-:Jfll'J 1~(n!1J 'W'lJ u-:J~ -:J fflUfl9f B-:Jf1'tJ'J~fl u 1J19f-:JU~'lJ u-:J~'W!'\1U(Jl 54 

I9ll1Jfl'l'lltJ'J~ll~ erllilu'lf~ul\91 1l-:J'I11\91'Wmfl'11l'J'J:lJ'Jl'lf(i H~~t -:J hlltJ) 

fl 'J 1'VJ U(1'\91 -:J ml:IJfl~la (J\91I!f1~f11'J m ~ lll(J'lJ u -:J u'Wmfl~ 'W!'\1U (Jl. 55 

I9ll1Jfl'l'lltJ'J~ll~ erllilu'lf~Bl\91 1l-:J'I11\91'Wmfl'11l'J'J:lJ'Jl'lf(h-:J~~t-:JhlltJ) 

fl 'J l'VJU (1'\91-:Jml:IJ ff:lJ'w'W,h ~'11 il-:Jfll'J'I1\9119l1 ml:IJU~-:JU 'J -:Jllfl~ fll'J\91\91911nll 
<u 57 

~tJli 4.24 
Q.I .dq I Q.I t:::1 ql 1 q t:::1 

flflEJ ru~ (1'\91'W fl B'WIN1Ufl~'I1mINl'VnJru '11 JJ:lJl9ll-:J'l It'I1fl-:J\91'W!'\1'W (Jl 59 

'JtJ~ 4.25 
<u 

I9ll1Jmhlh~ll~ erlIJW'lf~m\91 1l-:J'I11'Wmfl'11l'J'J:IJ'Jl'lf(h-:J~~t-:J hlltJ) 

" 
fl 'J 1'VJ!!(1'\91-:J fll'J 1~(J111J 'W '\m-:J~-:J~IBfl9f B-:Jf1'tJ 'J~fl B1JI9f-:J I I ~ 'lJ B-:J~'W!'\1U (Jl 61 

I9ll1Jfl'l'l11 (1'~\91 erllil B'lf~Bl\9111-:J'I11\91'W1'l 'Jfl'11l'J 'J:IJ'J l'lf(i 'J -:J-:Jl'W 'lf~m\91~'W 'VI B-:J) 

'JtJ~ 4.26 
<u 

mll~U(1'\91-:Jml:IJfl~la(J\91!lfl~f11'Jm~1l1(J'lJB-:JB'Wmfl~'W!'\1U(J119l11Jfl'l'l11(1'~\91
• 

62 

erllilu'lf~ul\91 1l-:J'I11\91'W1'l 'Jfl'11l'J'J:IJ'Jl'lf(iH-:Jl'W'lf~m\91~'W'VIu-:J) 

fl 'J 1'VJ !1(1'\91-:Jml:IJ ff:IJ'W'W -fi'J~'I1il-:Jfll'J'I1\9119l1 mlWI~ -:J II'J -:J! !fl~fll'J \91\9191:IJJ1 
<u 64 

Q)' dq I Q.I d q I 1 Q d 

fl fl EJ ru ~ (1'\91'W fl B'W IN1!lfl ~ '11 fl -:J IN1'V1 ~ ru '11 JJ:IJ I9ll-:J '1 It '11 fl -:J \91 'WI'11 'W (Jl 

I9ll1Jfl'l'lll(1'~\91 erllilu'lf~m\91 1l-:J'I11\91'Wmfl'11l'J'J:lJ'Jl'lf(h-:J-:J1~j'lf~m\91~'W'VIB-:J) 

66 



XIX 

I 

I 



, 
<:$ 

'U1111 1 

'U111h 
I! 

I ~'Wm~(n (clay) l1J'W1\91q~'U'YlrrfHJ eJ~ lfl1 eJ~J'W ~'W!m fJWfl1'W'\J()~~'Wm~ en~~]j~aeJ{h~g~ 
I 
I I'imfl1eJ~,i'W~'WlmJ~~1'WflWflWHW~f111lJLfJ1lLflJeJ'lJeJ~~il\9l.nw en HI'i!~ eJ~ 11101'W li'j" 'j"lJ"ll'l~'\J eJ~~'W• 

I, 
~~!!1~ ~eJlJ ~~yhlH~'Wm~ t'n]jflWfl1'W~'Ylmo'Ylm(J ~nT'W ~ ~]j f111lJ ~ ll1J 'W eJ ci 1~ g~ ~NV-lil \91 J~ '\J 'W 1~. '" 

f111!~ eJ'W !!a~'\J'W 1~ l'YlqJ f11'j"l'1 'j" 1'U LflJU~~'W~ 1'W'IJ eJ~~ 'W m~tn~ -ff1r1ty mVl eJ~ f1'lh~oeJ 'Ul'11~lfl]j 
"ll'iJ~H~ eJ~f1'lh ~ 0 eJ'U f)1'j" m ~ ~1(J1911 '\JeJ~ '\J'W 1~ eJ'Wfllfl LflJir~f)1'j" ~'WnJ LflJU~'Ylrr~f)1'j" !~1 lv1 eJ 111'. '" 

'j"1~!11 Lf1:JJ1'j"tll'1~LfeJ'U 1~'Wfllfl Lf'W llJ n'Uf)1'j" 1lfl 'j" l~Ml'W11'eJ~1.1Qu~o 1'j"~~]j fJ1.1o 'j" ruHa~J'W \91eJ'W 

cM'UcMeJ'W ul'i]jfl d llJtlOI'l eJ~!!li'W(hLf~ f)'",h !1J'W ~ (JeJlJ 11J'\J ()~ eJ\9I Lf1'Yl fl 'j" 'j" lJ!!a~1"ll'10 1'j" 1'W 1 ~ fl1'j"!9$'j" 1:lJ fl
'" '" . 

", " 
1'W 1fI 'j" ~fl1'j" 111(JtJ~~]j1\91tl1.1'j"~Lf~f1't'weJ\91 n llLf()'U LflJllilua~f1WflWl '\J () ~ ~ 'W m1'j I'J'J 1\91 tl ~'U 11~ " . . .I' 

~ d' ~ I '.Q 0 I Q.I Q.I d 

2. ~'Wm'W(JJ'lf'Wm~ 1l1mma~~'W mLfleJ'Yl1f1'lCll 1l~'Yl1~'Wmf1''j"li'j"'j"m1"ll' 

3. ~'WmtJ(J11f1'W'Vll!~(J'W 1'l1'Ua1.11fl'W'W thtfleJt{JeJ~ 11~'Yl1~'WfI'j"f1'1li'j"'j"m1"ll'
'" 

4. tdeJ~'W~'W llJflCll'W B1LfleJ'Vllmm 11~'Yl1~'Wmf1'1li'j"'j"lJ'j"1'lf 
~ do' Q a o f Q a Q/ Q,.I C'! 

5. ~W'Yl'W(J1 \911'UmeJ'W'W\!0I'J mtflmeJ'W'W\!~W 1l~'Yl1~'Wmf1''j"li'j"'j"ml'lf 

6. ~'WmtJ(Jd 1'l1'Um'hlh~1l~ B1tfl()'lf~eJ1~ 11~'Yl1~'Wmfl"hnm1"ll' 
.c::::lI do 0 I d 0 Q.J Q.I ..:::l 

7. ~W'Yl'W(Jd \9Il'Ua'Yl1l{YlJ~ mlfleJ'lf~eJ1~ ~~'Yld~'Wmf1''j"li'j"'j"lJ'j"l"ll' 

~ ~ 'Ii'eJ lJ a {ylJU~~ 'W ~"l~1l~!1J'W 1.1 'j" ~1(J"ll'Ul 'W f)1 n.h 1 1.1~I'lJ 'W 1V-I il\91.nwen l1J'W 'Ii'eJlJ a 111'n 'U 
'" '" 

http:I'imfl1eJ~,i'W~'WlmJ~~1'WflWflWHW~f111lJLfJ1lLflJeJ'lJeJ~~il\9l.nw
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I' 
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C\ 

lJ'YI'YI 2 

. " . 
i\91 iJ~'U '1 tI f1U rJ~\91!I'l~ tl ,:jiltl ~tI!m (1'111 1'J iJ ~lU tI f1 \91111 rl'f1 '!:Jill:;:; 'Yll,:j f11(Jfll'W~,:j ~ tl,:j f11 'J 

q 

tJliu'1"lf',:jlt1 i~!1J'U 3 f1rilJ ~tl f1rilJ~'I1 ';ltI'1'UmJ~'UnJ i~w-) ~'U!'I,d~~(J111~tli\91iJ~'U~lil'l')llJmU(J1
q q '\I q 

~,:j~tl,:jl:YllJlJtl!U~(J'U~ul~~l(J u~:;:;"hjU\91m1f1 (deform easily and without rupture) I:YllJlJiJl'l,:j 

JU~ 1,:j11rl',:j f1l'J ~'U JUlil'l11lJ U~,:j U J ,:j 11 rl',:j U11',:jll1 (J,:j'W tl~tJlrim:;:; 'U 1t1 m J,ftI \91 tltll9i el i tJ f1 ~lJ 1:Y1J ~\91 
~ ~ ~ q 

fJ ill 11 iJiJ1tI mJ !rJ1 (flux) '111 (J'Vll '111'!fl \91! d m!n1 !rl tl'VllU ~m(J 1 n'U I:YlJ gtl "11 'U ~ ill :;:;~!rJ 1 'Vll '111'!~ lJ 

mllJU~,:jUJ,:j '111'n'UrJ~\91firu qf U~:;:;f1 ~lJ il:Y~~ hjiil'l 11lJmU tl1 (non-plastic materials) 'I11(J!~111'l 1111 

U~,:jl1~ el f11JI'l,:jJU~ 1,:j '11'rJ~\9lfiillqf 'U tlf1 ~ 1f1~ Vl'i)iirJ~19i tll:Ymr~'Yll,:j~ iYmf'Ul,:jU J:;:;f11'J m.y] 1'l11lJ 
'" 

U~,:jUH (Allen Dinsdale, 1986) '1'U'Un\911~,:j~f1rildlJlU~1'li'1,:jl'l'tI ~'U!1Jtli\9l(l~'U11t1f11t1f11JrJ~\9l
q 

!I'l~ el,:j~tI~tI!rJ1 !~el,:j 'i)1f1 rJ~\9lfiill qf!1'l1V,:j~tI~tI!rJliiri1t1 rJl:YlJ'U tl,:j!d el~'U1\91 (JJ111tJf1vf,:j !!19i ~V(J~:;:; 50 

~'U1U ~,:jJ'U fJillm'W 'U el,:j~'U ~,:jii 1J'Yl1J 1'Yl~ fflflt1J '1 'U I'l 11JfJlJfJ ill rl'f1 '!:J ill:;:; rJ~\91fiill qf ~ltll9il,:j"1 ell.y] ~ 
cl ~ '" "" '" .. 

1'l11lJ!!~,:jUH !'UelI'l11lJ~:;:;W(J\91~tl,:jrJ"\91flillCVl 

Q Q.I Q,.d9J.c::t .Nc. ilGJ Q l1] ~ C!o 

\91'U1\91iJ\91'U'Yl'1"lf!\91 'WlJ!'UV\91'Uil'U !'Utl\91 I:Yll1f1'J JlJ!CJfJllJf1 (!'W'i)\91J , 2541; 'Wf1~'Ylel,:j , 2541 ; 
q q q 

m\911 , 2540; mqiroJ'u, 2543) UJ :;:; f1tl1J~';)(J ~tI'II11 (kaolin, china clay) ~lHl1U(J1 (clay) ~tI1JV~!I'l~cJ 

(ball clay) U~:;:;~'U!'U'U'Yltl "1 'U1Pl (bentonite) V~l,:j h ~\91llJffll1~'UrJ~\91fiill qf!1'l~ tl,:j~'W ~'U!m~~v,:jf1lJ ~ 

'Ii 'J 'JlJ"lfl~U~:;:;!1'l~V,:j~'U ~'W!rJl~'U 1Y1'W ~'U~1"lf't1l'U i\91Q~1J11t1f1 ~V ~'Wmu (Jl !!~:;:;~'U1JVml'l ~ cJ ffl'l1 ~1J 

~'Wmu (J1!1I'U~'U!del~:;:;!B(J\91 ~ li U ~ 'Ii 1\91!~V U 'U tl ~\91111 'Ii 'J J lJ "lfl~ ~ el'W 'li'1,:j 1:Y,:j Iii 1J~ 1:Y'Yl tm iJ tl'U ~ 'U 'U 1 1 
q <u cu q 

q~ d ~ d ~ I Q rI ~ ~ 'jJ C\ ~ Q..I 

!m I:Ytll\9l1~ I:YU\91,:j 'HJ tlml1ClV,:j 1:Y1t1\91t11J tlml'l ~ (J !f1 \91 ~ lf1 f11 J! I'l ~ tltl (J1 (J'II tl,:j \91:;:; f1 tl 'U \91 tI 'H J tl f1l'J 'W \91 

'W l\91:;:;f1tltl~'U (sedimentary clay) ~iitl~flll'l'U'U1\91!~f11U\9lf1\9l:;:;f1 tl'U 1:Y :;:; l:YlJ lwmri,:j111ii ~'W1Jtlml'l ~cJ 

t1ltl~tI~ii'lltl1\91tltlflll'l~:;:;!B(J\91lJlf1 'i):;:;~\91!f1l:;:;n'W 1~ iiI:Y1'J~'U'Yl1 cJl~tlU'U tl~l:Y,:j~ ,:j'l11(Jl11'~tI "lfU \91~ ii 
q ...... 

I'l 11lJ 1'HU (J1U~:;:;'Vl1111'1i~!u~ (J'U 1U'i) 1f1 ~'U 11 f1 ~ 1(J!11 tI~! 'Yl1 'i) 'U~,:j ~~1 ul9i!rl tl tJ11 UtrJ 11 tI fJ ill 11 iJ iJ \!,:j 

~ Q Ci C1 ~ d .c::S ds Q C1 if f lIJ 9J liJ X Co Q 0' 
!'Utl\91'U'i) :;:; lJ {1''Ul111'Hll:YmlJ !tltl,:j~1f11:Y1JVtI'YlJ(J\911,:j "1 ~:;:;i:Jf1Lvn LMlJl1lJ\91!u~lf1L'Utl\91'U \91'U1Jtlml'l1:'j(J 

~\9111!1I'U ~'U!l1U (J1U 'J :;:;!fl'Yl11~,:j~1 (J!!19i ~ 'U 1J tl,,!I'l" cJ!!\91 f119i 1,:j ~1f1 ~ tI! l1U (J 1 ~V ~ tl1J tl ,,!I'l "cJii!!~ 'Ii ll9J 

!~mJ'U D~'1t1ililJlru~l~DtI'li'l,:j'lJ~ l:Y'Ylt ul9i~tlmUtl1~11UliI:Y1'J~'U'Yl1 cJ!~DtJ'UD~I:Y,:j ~'U'Utl"!I'l~cJ1J 1,:j
<u <II 'U <u 

GJ5U \91lil'l 1 1lJmU (J1.wtl (J 1J l,:j"lfU \91m U (J 1lJlf1 ~'U1Jt'lml'l" cJul9i ~:;:;u l1~,:jii ~\91 th'U 'II tl,:j I:YUU 'J:;:;f1 mJ~ 

U\91f119i1,:jn'U (Ryan U~ :;:; l'lill:;:;, 1989) 

II 
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tJf)~~h!'LltH'l!fH1Vfjfll1lJCl~!fltJ~lJlf) fjfll1lJ!'KihJ1~ !rltl!!'I1':)'K~ mvn,,~fjfll1lJ!!~.:)!!f) ~.:) ~h! 

mHUflClV~ ilOl"lf)!!'K~.:)~fj;~f)l'ff.:),,~fj!!i~h!Cl~Cl':) ~lfll1lJ! 'K'W l'Jl f) 1) 'K~~1!!Cl~fll1lJ!!~':)!!'J':) n tJh! 
" 

dl 'lJ 	 cf'd c.:t f Q a'ct 0 0'Q Q IV 	 Q.I 

!~ l"':)h! tJ tJ f) ll~ h! '\J tJ m fl Cl (J lllJ tJ CllJ h! 1 'ff.:) I'll f)1 'J 'K~ I'll '\I tJ.:) ~ 'W 'Ll tJ m fl Cl tJ 1l!'K1J1 ~ 'fflJ 'ffl 'K'J 'Ll f)1 'J III 
" " 

~~l'1nrucn!fl~tJ':)~h!~h!!mWJ'JiJ~lf)1'J'K~~l!9f.:)!bf'h!ilhil'W 12 !tJtJ~!cJf'Wl'l (Ryan !!Cl~flru~, 1989) l1"lltJ 

~iJ ~Cl~ tJf)1'J 'K~~lh! tJfI "1f) tJ'W•fIlfl '\I'W 1~ Cl~!DtJ~mh "lfUI'1'\1 tJ':) !lflll ~tJtJh! nfj~m'lfh! flh! 1I'1tJ~h! ~ iJ 
• 	 V'+ 2+ +.c:S. Q.I I Q do c.:t + + c.:t Q Q,I od I

Ca- , Mg !lCl~ H "~lJf)1'J'K~1'11lJlf)f)11~h!lllJ Na UCl~ K 'WtJf)"lf)'WUfI'VWtJtJ'WtJ':)lJ~MltJfllllJ 

2.1.1 	tJ,:)fltJ'J~f)tJ'Ll'\ltJ.:)ui~'W 

ui ~ 'W!1I'W tJ':) fltJ 'J ~ f) tJ'Ll ~hrlW~ ill t 'I1~'W iJ fllllJ! 'KU tJ 1 'ffllJ n i,)~h! 'J U ilOl!!Cl~'Vh t '11 
u 	 " 

~~l'1firucnntJ'W!~lfjfllllJ!!~':)!!'J .:)!~mll i tJ~l'W ~'W\P1tJ'W~l':) "1 'J~·tdl.:)f)1'J ~h!ttJUCl~f)1'J!~l ilOltJrh.:) 
• 	 v . 

tJCltJ~ntJ Ui~h!l1'W'Lll'W~h!!'KUtJlril'Wl'KtY~tJ !!~!flltJ~ih!~ 'WtJf)"lf)uniJ!!i~'Wfl'W "l ilOl!!n !!~lJtJ'Wl'l 

lJtJ~CllCl 1'W~ !!i~Cl iCl~ !!~flCltJ1'J1'l !!~~h!U~Cl~"lfU~iJ'fflJml!!Cl~1m ':)'fffl':)~!!\P1f)~ 1,:) flh! ~h!!'KU l'Jl~ 

ihUI'1!!Cl~ililJlruui!'K~ldul'1 f) ~1':) f1'W nfj 'fflJtr~ul'1 fl~l':) f1'W tJ1Yl ~h!!'KU tJl~iJ lJ tJ'W ~lJ tJ~ Cl h i 'W~ 
"I 0' ~ 0' 0 '1 ~ ~ ~ d '" "'I iii ~, "'" iii 0' '" "" 1 iii 0' 

~'fflJ 15-25 !lJtJ'J!Clf'Wl'1 "~111 !'\1!!'K':)"lfllJf)1'J'K~1'11lJlfl"':)U\P1f) 11'1':)1l'J mtJCl !Cl\P1lJtJh!l'1lJtJ'JCl Cl !'W\P1 

UCl ~ U i fl CltJ h I'l 'Yll hi''lfl':) f)1'J 'fff) ~1'\1 tJ.:) ~ 'W!'KU tJl!! fl 'Ll w.i1!! ~!fll tJ~ '1 'W ~ lh! f11'J !~1~':)~tJ.:)iJ f) 11• 

2.1.2 tJ,:)fltJ'J~f)tJ'Ll'\ltJ.:)!d~ llil'1fui~'W 

tJ.:) flU 'J ~f) tJU'\I tJ.:) U~ ~ lli t 'lfU ~~ 'W iJfll1lJ ~hrlty 1'W f) lnll~'W!'KU tJllJ 11'If'tJ'J ~ ltJ"lfu 

~ '"F- '1 0' 1 iii 0' d ~ ~ 0 '1 ~ "" '" o:i'1 ~Uf) lJ'JlJlruUflCl ClfI'1 (calcite) UCl~ 'W l'Jl'1 (pyrite) !'WtJ,:)Wf)h!tJtJtJl'ill11 !l1Cl~fJrufll'W~h!!'K'WtJlll 

'IlllJl t'lf',n'WlOll'W!Clf'JllJfI ~nf'W f)1'J 1!fl 'J 1~111 'I11l'J l'Ll"lfU ~UCl~ililJ1ru '\I tJ.:) !d~ lli1'1fu ~~'W ~.:)!1I'W ~.:) 
rllrlty tJ~l':)'K~':) n tJ'W~" ~1l'J 1'Ll ll~h!!'KU tJ1J'W iJ 'fflJml f)1'J 1'1f'':)1h! tJ~l':) i 'J 

" F.: "" '" 0'2.1.3 lJ'JlJlru'ffl'JtJ'W'Vl'JtJ 

'ffl'J ~'W'Vl1 V'W'Ll 11Ol! 'fflJtJ 1 h! ~h!1~ tJ tJl 'il!11 'W!I'!"I:J;'W rilh! 'K~ tJ~ ~ 9f'Ll tJ ~'Ll 'W til '\I tJ.:) tJ'Wfllfl
"" . 

ill lJlru 'ffl 'J ~'W'Vl1 V'ffllJ1'J i,)1!fl'J 1~111OlltJ1TI! fliJ 'ffl'J ~'W 111 V!Vl tJ.:)!~mrtJtJ'ffllJ1'J (1'\111 1l1'!il~ ~1'W ~ 'W 

UCl~'\Jl':)"lfU milt l1'!il~ f)1'J !Wf)!tJ~tJ'W! 'Ll 'fflJlf)~'W 

2.1.4 fll1lJ 'ffllJlHl1'W f)1'J !!Clf)!tJ~tJ'W 1tJtJtJ'W!!Cl~!f) ~tJ~ Cl~mtJ1hhi' 
f)1'J !!Clf)!tJ~tJ'W 1 tJtJ tJ'W 'K~ tJ! f) ~ tJ~ Cl~ ClltJJ11~'h! ~h! iJ ~Cl~ tJ'fflJ,m f) 1'J 1'If'.:) lh! '\I tJ.:) ~ 'W 

tJ~l':) lJ 1f) If) ~tJ'Ll l':)"lfU ~ Y)1111'~h! 1'1 f) \P1~ f) tJ'W UCl~ tJl fI~ tJ f) n y) 11 '11m ~ 'il 1tJ~1 ~.:)!11 'W ~.:) ~ l!11 'W 1 'W 

tJ\P1 'ffl'Kf)'J 'JlJ!Clf'JllJf)!W~!fllJ rll'Ki''Ll 1'W tJ\P1 'ffl 'Km 'J lJ!Clf'J llJ f) f) n!! Cl f)! tJ~ tJ'W 1 tJ tJ tJ 'W ri.:) ~ Cl~ tJ 'fflJ,m
q 	 • 
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<I <I 
2.1.5 l'YIfl9fI'iltl'i (texture) 

l'YIfl 'lf11l tlfl~hI~flU1I \lCJ11~ -:J~iiJ:,nwimn,J'u~'IJtl-:J~hI 1'Vl fl'lfl 'iltlf n111 hi IPl 1IPlCJfll1~ ~~vrhl,r 

)"~wj 1-:J 1fl'Jhi n'IJlfl'JhI1h1 ~hI ~-:Jl~ CJl.utl-:Jn'IJ~mjru~fllm)"~ 'il1CJ'lJhI 11Pl tl'4fl1fl (particle size distribution) 

)"'tJ ~1-:J'IJ Cl-:J Clhlfl1fl ll'tl~ fl1)" ~CJ-:J1911'IJtl-:JClhlfl1fl'IJhl1IPltlhlfl1fl 'IJtl-:J~hI m-w CJl1~hI {1'~'lJ1l~ 1:hl'1ill 1hi fl1),W1
~ q q q u 

~hlm-w CJl i 'tJ1~'tJ)"~1CJ'lftJ1hI~1h11C)f)"1iJfl 

1hi 'IJ)")" 1Pl11\9l t1~ 'IJ~1 'If'1 hi H~ \9l rl' w enl91'i 1 iJ fl 
q 

~ lJ U'IJ 1~l1ii 'IJ'Vl 'IJ 1'Vl rl11'1ill 1 lJ fl1Hll1JfllJ 
" q 

{1'~'lJ1l ~ll{1'1Pl-:Jfl W~mj ru~'IJ tl'l H~\9lrl'W en ll'tl~{1'mr~'IJ()-:J~lJ ilPl 
q 

G")I 'il~~lJ () ~n'IJ1i'i )"lJ'lf1~llft~~1Pl rillJ .. 

'11 tl'l ~-:JI~Cl'tJlJ ~nfhi 1h1 fl1)'lh~lJlll1"*1~lJ 1\9lfl~'IJ1h1 fll)" H~\9l H~\9lrl'ru en~'l ~11tllJ It'tl-:J ffmn II 'tl~ I~1111 
q 

flWfll'Vl\9l1~~tl-:Jfll'i 1l'tl~ftlPlfll1lJlffCJ111CJ1 lJ m~'IJ lh1 fll'i H~\9l ({1'tll'lJ lJ 1 \lCJ t ft11~1l ft ~ 1 {1'1Pl, 2545 II ft ~ 
q 	 q 

{1'fllUlJ1 \lCJ lft11~Uft~1{1'~, 2546) 

2.2 	 ~n.I'U~'Yll,:ucu'n iJfl 'IJ lnh~fl1 ';i'IHl 'l~hm..rutJ1 

~lJm -W CJ 1111?l ft~ 1111~ -:J ii {1'~'lJ~ ~ 11 ft 1fl11 'tllCJ 1h1 fl1Hll~ lJ m -W CJ 1 m 1 'If'1 lJ ~llJl91)" 1iJ mihi ii 

. 	 " 
{1'~'I.Nl'YI1-:J191)"liJfl'lJl-:J 'tJ )"~fll)" 'IJtl-:J~lJ m-w CJTtlfl1)" r\' l'W-:J~-:J (Gillson, 1960) ~-:J-W 

cl 
2.2.1 	fll1~1l'IJ-:JII'i 'I (strength) 

cl ~ ~ Q jI Q ~ I Q/ d Q.J.c:::,.d
fll1~ 11'11 -:J m 'I'll tl-:JlPllJ llft~llJ tllPllJUhI ilJ'Vl1-:J 191)" l~fl 'YI-:Jfl ()lJlH 111'tl~11 ft-:JIH 1 111 lJ {1'~ 'IJ m~ 

rl1I'1ty~-:JiJ~'YI TI'I''lftl?l tlm)" ~Thfl n H~ \9l H~\9lrl'W enl91)" 1iJ flll(l~ fl1)" t11H~\9lrl'WC}'l1 'tJi~'tJ)" ~1fJ'lfW tl1Y1 

H~\9lrl'ru en~'IJ~ 1:Ull~ -:J II)" 'I tl1 'il101Plfl11mfffJ111 m~ tl-:J 1I1fl fl1'i 1l\9l fll1 fl 'i ~1111-:J fl1)" Ifl gtl'W rJ1fJ111 tllH 1 

m1lJll~-:Jm 'I'll Cl-:J~hlm-W CJ1~~vr'W -fil IPl fJ\9l)" -:J n'IJ ~1'W llJ tllJfl1fl~ii'IJlJ l\PH~fl 'i'tJ~ 1'l'U tl'l tlhlfl1fl llft~ 
q 	 .. q 

'i :::: ~ 'IJ '11 Cl 'I fl1)" 1 ~ I1Pl)" i''W (hydration) 

cl "'19.1 .& 	 ~ Q.I

(montmorillonite) fll1~1l'IJ-:Jm'l11Pl 1Pl'il1flfll'ilPl-:J (tension) fll'ifllPl (compression) 11'itlfll)" 11Plfl 11lJ\9l
'jJ
llJ 

m-:J'lJ11-:J (transverse) 

2.2.2 fll'i11\P11911 (shrinkage) 

Q.I .:::::::S ~ I Q cv 0'0 Q 9J Q/ d,Q C\ I C\ <j} ~ 
lH 1 fl1'i 11 \PI \9l1h1 tl fl '\J 1fl ~H(I 'Vl-:J \9l tl '11 hi1\PI '11 tl 'I H'tl \9l fI WC}'l {1' 11'i 'illl ft 1 CJ 'I ~ tl 'Vl1i 'Vl (I \PI Cl fl1 'i I fl \PIll \9l fl 'i 1111 )" tl 

fll)"t1\P11~U1'IJtl-:JH~\9lrl'W enihl mill ~ H~\9lrl'ru eniifl1'i11\P11911mfl111 tllO \PI~lJl~ 110'W ill fl1'i 11 \PI 1911 11~-:J 
~ Ji "'" ~ ~ 9 Jf. c>"~ '" , "" " ~ 	 <19

fll)"tl'IJlm-:J'lJlJ fl'IJu)"lllru 'W1 !lJl~W\PI'WulJ ftflEl w::::m 'Vl1::::'11 tl-:J ll)" \PIlJ ll(l::::u)" mw tl'4fl1fl fltl'tlfttlUIPl ! lJ 

~hI fll)" 11\P11911111:l-:J fll)" tl'IJUl1 -:J'\J:::: {1' 'lilJ ~ lJ ~ ii fll1m11-W Ul111 tl~lJ ~li fl1)"'Vl tl-:J 1911~'l tl1 'il Vi111110 \PI fl1)".. 
11\9l fl 111 tlt r1'-:J-:J tll911 fll)"111Pl1911ii ~ 1~1ilJ~ 'W ~li'Vl)" 1Ulllfl 1lI?lH~\9lrl'ru en~ tl'IJ 1111-:J i:u II~ -:Jll)" -:JIW:::: li)" 'Vl)" lJ" . 
mfl fll)" 111Pl1911111:l-:J fl1)" lH1~lJn'IJmmw {1'n~ {1''tllU1hi '11 ru::::IH1 lJ tl fl 'il1fl ~5-:Jltl'W H(I 'il1fl fll)" 1'tJ~U'l.J 
lfl) 'l{1'~l-:J'lJtl'lH~fl fl 1)" '11 \l\PIJ1 1lJ 1m -:JtY~l'l'IJtl-:J II ~ ~hlll'tl~'tl·~'I.Nl~llJfl11lJWUIPl111tlm 'l~-:J~h 
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f ~ ~.at 9J" 
2.2.3 'lf1~Qu!'M~llfl11tfWH'iHlUf11 (temperature range of vitrification) 

!'W f111 H·n~'Wmtt l'J1'M~fl~~~nU!cvl!9f11iJf1 ~~ fflflty mh~ 'M~~~~fl~flli4~ f1~fl 9h~ 
~ .Q ~ iI.& d I 0' q ~ iii ~QJ 9J 

flU! 'M fllJ f1 11 tf1I'H 'W flUf1 1 9f~t tl 'W ~ r;'l '\11 f1U 1 fl~ 1'11.11 ~ f1 fl'll 1'W 1'1'14 'Mr;'l flll r;'l~ mtHlJ B ~'fI1tJ 1'I11lJ1 fl'W ~n 
q ~ ~ 

. v,.. . 
t~l'J~l'leJ ~'Wm{jl'Jdl1ihh~flu!'MfliJ!fl'flIUflWl11:Y'W ~B,n~11'f11~1~I'Wfl11tVllJflu!'MfliJ Ur;'l~!\9l1Im ~mii 

q ~ q ~ 

1'I11lJUliwhtY~ !~flr;'l'fl1'l11lll~l'J'M1l'J'lJB~~~\9lnU!cvl~.:JBl'\liim1'lldll!rim~1~flu! 'Mfl1JtY ~tfl'W I tJ fl11lfl'fl 
<u q <u <u 

n1'flUfh 1'W~'W '\I~~'Wll'U'lfiJ'fI'lJfl.:Jui~'WIm~m1tJ1~f1fl'U-wrl'f1~.:Jflflf119f1Pl (Fluxing oxide) BlVll9f!~lIll 
BBf119f1Pl (Nap) lWU'YItYl9fl'Jllflflf119f1Pl (KzO) Ul'lm9fl'JlJeJeJf119f1Pl (CaO) !W~tllJf1ttl9f(JlJeJeJfll9f1Pl 

(MgO) 

2.2.4 ~ (color) 

~ltJ'W tYllllileJU1.:J'I1~.:J~I9i'V.:Ji'l1i4 .:J!rifl'\l~!tieJfl~'WlJ1!~.:J 1'W 19l1'Wt9f111Jfl ff111f'U f111!fl 'fI ~ 

'IJ eJ\I~'inf\lrieJ'W !W~'Mrl'\I!rmf'W!fl'fl '\I1f1~'V1~'W r;'l'MmtJtJ1~m) !!l'im~f)BeJf) 19f1Pl!tJ'W tY1) 1.11 ~ f1 eJ'U~ii ~r;'l 
!~'Wi'fl~tY'fI ~'lJV~~~\9lnU!cvl~'WBcifl'U~'W\9leJ'WBflfl91!'fI9fm~f) BlVl eJu!'Mfl1Jm1!~1 U~~1~1'l'U m1!fl'fl 

q <u q 'U 

11 'jI '" d 'jI 9 'jIC! 'jI '" c:l lit "'lit I '" • I '" c:l '" '" ..,. I '" c:l
l'WflUfll 1'I'W'V1!~1!W1 t'MtY'lJlJ'\I~\9lfl\lm'l1~f)eJBf) !9f1'l !lJ!f1'W 1 !lJeJ1!9f'W\9l m'Mr;'leJ\lBeJ'W lJm~fl 



, 

'U'YI'YI"" 3 
'"QJ e:s ~ ~L:! 

'U'lHUlUfll) H'I'HJlJYI um1 ~11i fll) 

~ Q.I I Q ~ 0 d1 Q. 0' I ~.d .Q, .c::o 
3.1.1 !fl 'UlPll eJtll.:j~'W!'VH)'Yllfl T:J fl'fl EllU ~::; 1!m 1::; lrYl~ (1'eJ 'U 1'W U\9l ~::;Vi'W 'Yl' 'W 'U J!1 tll 'Yl fl TI1'W ~ 

~.:j!~U~'Wl11tjtll~9fll,jl'W ,~!~'WU 'I1ri.:j 1m)~'U lwJ'il 'ilU'W ,T'W\9leJ'WfllJ !\9l1 t1lJI'11eJ~1.:j~'W!!~::;11ifllJ .. . 

1!ml::;li'Yl~{1'eJ'U~'W U{1'~.:ji.:jJu~ 3.1 

OJ 

Ci ~~iI~~ c:: I o~~, ~ 
3.1.2 fllJ !\9lJ t1lJ!'W eJ~'W'Il'W!Vifl'U'W~ U!ti'WUm'YlIPI 'fffl'U 'W l~ 'W 'Yl rll'W fllJ 'U~ '11 t11'U 'illfllf1 J eJ.:j'U~ 

jaw crusher !\9l1t1lJJ1~'W 1~t1l-h~'W~~eJ'WN1'W\9l::;!!m.:j!'Uflf 18 !lJ9flJlvmlJJll~t1'~5\9lJl,h'WJ1~t)tJ~::; 
80 1~t1Jl'I1Uf) 1T'W'l1'~'Wm::;'illVI'11eJ~WWeJtI 2 i1llJ.:j u~::;!meJ::;i'WueJu'Wumm\9leJf!Y1tJil1'u'W

OJ OJ 

tJmm\9ltJf~~JllllflJl~'W mrfl!dtJ~'W~'W~I~'illflfllJ!mtJ::;vr.:jll'tJJ::;lJlru l1U 'Yl~'fftJ'U,)'U!dtJ~'W til 
OJ 

Jf '" lJ] '''' "" , 0 lJ].1 lJ] 'jI '" 0 lJ].1 '" '" '" ,M .1lJ] 'jI
!W)~'W LlJ\9l~lJtJ!!'ff~.:j11'ffllJlHI'WlllJ'Wl~ l~ !lJtJ'Wl !lJ'W1~'il'W~'WlJf111lJl11'WtllU~::;'ffllJ1HI'U'WJlJ !~.. 

o lJ]. F.:! ~I '''' 'jI' 0'.1 '" "i 'I 'jI '" '" 'Ul LlJJ~!lJ'WU'Yl.:j~'W'Yl~'fftJ'U'U'Wl~!{1''Wm'Wfl''Wtlflm.:jlJJ::;lJlru 1!9f'W\9l!lJ\9lJ !~t1 !9f!f1JtJ.:jJ~ (extruder) U~::;.. . 

~'WJU!~'WUN'W~l11~t1lJ'U'Wl~ 4x4 !9f'W~!lJ\9lJ 1~t1'~!f1~tJ.:j5~~'W.:jl'W lHl.:j\9l1flul1'.:jl-h'utJ'U!!l1'.:j~ 110.. 

c:: cv V Q.I Cl.I 'jJ

(moisture content) f111lJU'U.:j!!H'I1MfllJtJ'U!111.:j (dry strength) fllJ'I1~\9l1'11~.:jfllJtJ'LI!!'I1.:j (dry 
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+ 

~lU~~llfl'H 100 Ill'll 

~lu~~um~ 18 Ill'll 

.c:o. " IQ 

- 11fl~1~'I1l1n\,Wl 

. ~ , 

fHYll'l11 80% uu 2 'IIll. 

- "fl1flflH~~llm~ 

- m1Jl\u\fl~tl '~~~mt:n.h 

- fl'l11Jl'l1U(Jl'\Jtl~~hl 

'I11)fl I fl.l 

~ 

enJ I 10 °C 24 'till. 

I . 
I 

~ 
1~1i1900, 950,1000,1050, 

- l11flllll'lill 
1100, 1150 llCl~1200 °C 

~ 
" v " - fl11lJll'\J~mnH'~lllHl'IH 

- ff 

- ff 

M..... 
&M.

1>15~tmW11~btu l 'll~ 3, I ~'W~fl'W fl1'mi~ tlJj~'H)cil~~'WU(l:; ill fl1:1 1Lf1:1 l:;,,1'1'l~bH)'U~h..t!'l'T'u tr;d'\PltJ~'U 
~rumwr&1~~1Jl~f1~(ilJiru'tf 

ffil-lfu'1Iili1l\-lfl'in11mlDn D2553 
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I q cv I ~ 0 ci <Q I .:4 . 

3.1.3 U'Vl.:J~'W'Vl~'iJtl'lJlm.:J~l'Wfll'H),I.HI'\1.:J'WllJWHIf]'Qtu'\1iJlJm.:J CO] f1tl900, 950,1,000,1050, 

1100, 1150 ll~~ 1,200 tl.:Jfl'll9f~I9f(J'iJ ul~hj'Vl~'iJtl'lJ'iJlJill1mf.:Jlm 'lh~fltl'lJ~r;1tI fll-:i'\1~19l1'\1~.:Jfll-:iI~1 

fll-:i~~91ml1 f111lJU~.:jUH'\1rl'..:jfll-:ilmll(l~f)1-:i ItJ~ (J'W UtJ~.:J'IJ tl.:j~mf.:Jfll-:i l~l~ rll'\1f'lJ fl1-:il~~ IPi') (J 

3.2.1 mmtulil\9J-:illJ (total analysis) 'lJtl..:jlil\9J Si, AI, Fe, Ti, Na, Mg, K, Ca, S ll~~ Cll'W~'W 

l~(Jn X-ray fluorescence spectrometry (Jones, 1987) 

Q.c.:t Q ~ (J' 

IlJ'Vl~~'W'lJ~tl'Wl~fl9f (methylene blue index) (ASTM C837-8J) 

dQ~9.I ~ Qldd' IVtI 

'lJtl..:j~~fltl'W BaS04 'Vllfl~'IJ'W~lmmtl.:j spectrophotometer ('Vlfl''W(J ll~~ 'il..:j-:i flEl , 2542) 

~ .c::! O.c:1.c:1 Q.I 0 Q..I.::::t(v' " " 1965; Whittig, 1965) llif)1-:ilm(JlJ~ltl(Jl.:jtl'4fllfl~'Wl'I1'W(JllJ'IJ'W~tl'Wfll-:i'V11~..:j'W 

l1l'J~'lJ'Wll~'W 19f-:i llJfl (ceramic plate) 1~(Jf)1-:i suction 'il'W tl'4fllfl ~'Wl'I1ii (Jl~~fl~~fl tl'W 'lJ'Wll~'WI9f-:illJfl 

lJfll1lJ'\1'WWW l~(Jvll 2 1l~'W 1l~'W~'\1~.:jvll111~lJI9l11'W 'fn-:i~~m(J l~(Jlfh\jll'Vl'iJI9f(JlJfI ~tl1-:i ~l'\i'lJ'\i''W 

I N '\1(J~'lJ'WU~'WI9f-:ilDfl~lJtl'Wfllfl~'Wl'\1ii(JTl.h~lJltu 3 f1f.:j ll~Tci'l..:j~')(JJlfl~'WI~mrl.:j 1'WU'Vl'ffl9f(JlJ
q 

f1~tll-:i~~lJmfllil'Wm)f)'l11'\1lJ~ (~l.:jtJ-:i~mtu 3 f1f.:j) 11~1~..:j~1.:j~1(J ethyl alcohol ~l'Wl'W I f1f..:j ftl'W 

1l~'W ~ bl'tl.:j vlll11~lJI9l1~1 (JlllJ flU19f(JlJ 1~ (J 'I~lllJ fl ii I9f(JlJ fI ~ tll-:i ~l '\i'mY'W I N 1 ~ (JlJ J'W ~ tl 'W fll-:i vll 
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3.3.2 w,i1,.J!9f)1~f)~iim..jfllfl~h-H'YIUtl1~1119111'i";II:J1'Y'Hl'VlmCtltl11f1m) 1)1Pf 'YI5'HJ1f)~'YI1 GlfW ~u,,::;
q 

~ . 
m11 1U! 'U eJ-:J!! j ~ 'U!'YIU tl11 ~ tl 1TI f)1)! ~tl 1!'U'U 'U eJ'l ~ 'l ~l eJ f) c1Vi eJU! 'YI fl ~l1eJ-:J!! cl'11111 IJ!~11'U!\9l1!~1 

q .. 

(muffle furnace) ~eJu!'YIfl~ 550 eJ-:Jff1!9ftllCtltlbY 'U1'U 2 i1111'luKnh111!u'U1'U desiccator U~1111111 
q .. 

1lfl)1::;111~ tlThf11) !~tl1!1J'U 'U eJ-:J ~-:J~!eJ f) c1 ~f)fI f,m~'l 

oJ . • 

m 11 1U! 'U eJ'll! j ~ 'U mutn 1~ tl 1TIf)U l~ tl1!'U 'U 'U eJ~ ~ -:J ~leJ f) c1Vi eJU! 'YI fl ~11eJ'l U~1111 !!~'U!9f) 1~ f) Vi ii 
q .. 

V'4fllfl~U!'YIUtl1~1119111'i'1{Ju11f)u!Ctltl11mwhlPf 1IJvll111~1119111'i'1tl ethylene glycol ucl'11111111!fI)1::;11 
v v • 

1~tlThf11)I~tl1!'U'U 'UeJ'l~'l~heJf)c1 ~f)fI~-:J'YIU~ 

3.3.4 'YI5~ 111m!'U U1 ~,,~ 11'i'1 IJn.l1 tl'U!Vi tl'Ufl'U 'lfU ~ 'U eJ'l uj 111\91) !lU (standard minerals) 

(Whittig, 1965) u"::;'l.h::;!~'U'YI1mmu!'UV'l!!j'lfU~~1'l'l 1~tl1TI relative peak height !m::; relative 

peak area (Jackson, 1965 ; Brindley and Brown, 1980) 

di i Q d! .c::.9 

ImeJ~ particle size analyzer !~tJ!'Vlfl'Ufi sedimentation method (ASTM CI182-91) !'Y'Hli'1'f)'I:l1f11) 
• v 

m ::; 11 1tlfl11:lJ "::;I~tI~ 'U eJ'l'UU 1~ eJUfl1f1 ~1:'lVi 11'i'111f) f) 1)'Vl~ bYeJ'Ull1:lJ1U 11 f1!! l1'lIJ) ::; !fl'Vl'U eJ~!ij V~'U. ' 

" " 3.4.2 'Vl~b1'eJ'Um1:lJl'YIUtl1'UeJ~!ijeJ~U 1rn~~u 

Q ~ I .<::::::!o 0 Q.J ~ 

f11)1!m1::;'YI'Y11f11'V'lmb1'\9lf)111f)~(Attenberg method)\9l1:lJTIi ASTM 0 -4318-00 

" . 
I) 'th~UI911mh~'Vlu 1111:'l::;!~tI~ fl~'U'U 1~ ~1'U \91 ::;um ~ j eJU 'UU 1~ eJ'U 1~fI 11119fUVi. 

'" d '"f,ltI!'YIJJ:lJ 110 eJ~i'1'l!9fr;u9ftlbY 'U1'U I flU 

2) i~~UI911eJ~1~tfhJ1U! 200 f) ~11 !~ml1m1IJVi 1:'l::;tYeJtlfl eJtlf) 1'U ~bY:lJ il1ltl1tl'U 1'i'1tl 

iiI'lIJ1~ml\91'UI1:'lbY 

I 

I 



I 1 

5) l~lJ11lJ'U';1'n'Ut1"Wlm~n1J~uhJ519l'Jll~1 2 f1f~I'iB'U1Yi 'Vllfn'J11lJ'l-HHl~UU 
~1'U1'Ulfll~ hli~mJ'11~tI«\llfll9l1J~nod B\I I~B!'dB~'Ul~BW;'l\llJl9f'U n'U1JfI 11lJ till I 1"lf'U ~llJl9l'J 1;1' 

11 tI~11lJ'Ull't'l~ ~~'lI'U.yjfl ~1'U 1'Ulfll~ (t1111 1fl ~1'U l'Ulfll~lfl'U 55 fI f \I '1;1''l-1l~ 'U lJlv-!Cl'lJJ 1 '1mjmhl~lJfll'J. . 
'Vl~'t'lB\I\9lllJ~'UI9lB'U~ 3) I9lfl~'U19l1eJ ~l\lU~ nO.! ~'J BtI~ ~9f'U n'U '1 rit11 tlutf1GJt\lJl11Ufl ri B'Ullfl~11rl'\ll.h1 'tJ 

B1J~ 110 B\lflll"lf't'l19ltlCl' I~B111ililJlruJll'U~'U 
o a. Q.I' ~ c! C\ ~ ~ ~.Q 0 ~ , 'jJ 

6) 'U l~ 'U19l 1 B tll\l 'illfl '\I'U I9l eJ'U 'Vl 5 lJlll9llJ'U 11'W lJ 1I't'l 11 J lJ 'Vllfn J 'Vl ~ 't'l B\I "IflB tI 1 \I 'U BtI 3 

f1f\llu~'UI9lB'U~ 3 1~tll;1'~1'I-J1'I-Jlfll~UI'i't'l~f1f\lfl~'t'l\leJQ''l-Ji1\1 10-15 lfll~ 

7) 'lh~lililJlruJl'1'I-J~'l-JlJl'W~eJl9lflJll'lI~B111~lmlJlruJl~~1'U1'Ulfll~ 25 f1f\l 

fll'Jilml~,.fmlJlruJl~ln~(Pfferkorn method) 19l1lJTh ASTM 0-4318-00 

" , , 

118 ih f1~\l1'tJ11BtI'1 'il'UflJ~'Vl\lI~'I-J~'I-J'\I'l-Jl~BBfl'illfln'U 

3) 'I11~'l-JYi'\l1~'illfln'I-J 2-3 'ViB'l-Jlrit11t1GJt\lJl11uflnB'Ull't'l~11rl'\lBU~ 110 B\lfll 

, i.I v" 
1"lf't'l19lrm I~B11lmlJlru'l11''U~'I-J 'Vllcih 3 f1~\1 

, " 
1) 'If\l'l1111Ufl'\lB\lll'Vi\l~'U1~ (W 1) 


2) 'I111tJB1Jll;1'\I~00!11fl]J 110 B\lflll"lfmCMtlCl' 'Ul'I-J 24 GJt11lJ\I (W2)
. .. 
o If]~ 1 0 .1 0' ~ 0' dl '1 ''''' d 

3) 'l-Jl !lJfll'U10J11l1uB'JI"lf'Ul9lfl 1 1lJ9f'U 'Ull'Vl\l~'I-J'J~ 19l1lJ\TI9l'J 

dl Gt ''''' d

% f111lJ'li'U !'Ull'Vl\l~'UJ~ = WI - W2 x 100 

WI 
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" 
3.4.5 fll"j'Vl\pnH)'lJfll"j'\1~1911 (shrinkage) mr\lfl'IJU,r\lUW!~'\1rl'''Hr.-n (ASTM C362-82) l~tJlrnlPl\lu 

Q.I I .<:::lo C1' ~ 

1) 1~fl11lJ tJl1'Ufl\lH'Vl.:J~t.n~ flfl'U fl'IJU'\1 \l (Ll) 

Q.I I Q Q.I 91 
2) 1\Plm1lJtJ11'Ufl\lU'l'1\l~'W'\1Cl\lfl'IJ!!'I1\l (L2) 

3) '1111 'l.M1'U 1U! '\11!tJ flflcJ1'Wl'lfll"j '\1\Pl 1911'\1 rl'\lfl'IJH,r\l'\1~ fl'\1rl'\l!~l 1?l1lJ ~m 

Ll - L2 x 100 

Ll 

Lp - Lf x 100 

Lp 

l~tJ~: Lp = fl11lJtI11'U'f)\luvi\l~'W1~ri'f)'Ufl'IJ 

" " 3.4.6 fll"j'Vl\Pl'fffl'IJcrm1fll'H~~91lJ'I11 (water absorption) (lJflfl.38-2531) lrnfll"jlPl\lu 

1) 'I11;'W\l1'W'\1rl'\l1r.-n1tJfl'IJU,r\l~flU!'\1fliJ 110 fl\lffWlfmClftJ'ff 'U1'U 24.t11lJ.:J. " 
~ ~~ ~ 

2) 'Vl\l1'11ltJ'Wl'W 1()~~fl11lJ'Il''W
" . " 

3) i\l'l11'\11!fl (WI) 

"" . 
4) 'I11i'W\l1'U ltJl'i'lJ''W'I11~fl'W 'W1'Wfl~1\lUmJ 1 i11m 

.." 
6) i\l'l11'\11!fl (W2) 

"'l 1: 
%fll"j~~91lJ'U1 ~ W2-Wl x 100 

" 
WI 

3.4. 7 fl1"j'Vl\Pl'fffl'IJJ1'\11!fl~'\11t11tJ'\1rl'\lflU!~1 (loss on ignition) (ASTM C2773-94) 1';1~fln 

1) .t.:JJ1'\11!fl~'W~'IJ 2 flflJ lrirl'1m~lm"j (Wi) 


2) !r.-n~flU!'\1fliJ 1000 fl\lff1191Cl1ClftJ'ff 'U1'U 1 .t11lJ\l yf.:J111,r!gw!cl'1.t\lJ1'\11!fl (W2)
. " 

WI 

I 



I ~ 
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3.4 .8 f1l)'Vl~HH)'Uil1)!tJ~(J'W ~Y,'fjr\l!N1 (ASTM E805-94) l~w',*!fl~f)\I colormeter 1~fffl1) 

!tJ~(J'WutJi:'l\l <"Hi\lfl1)!N1 rl'll1 ~ 'U ff'IJ f) \lU 'Vi\l~'W 'Vl ~ ,(H)'U~ ff\I!fl ~ ~1(J~ 1!tJri11~1~(J',*n!'vl(J1JomY:lJ~. 
.c::1 d e-. Q.J rI 

!'VIt11J{1'~'WlJ'W!9f'Hl (munsell soil color book) (Soil Survey Division Staff, 1993) 

. " 

!fl~ f)\llJ'W~'W!rn 
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. 

q 

1I'Y1'Y1 4 

ml-:jtll:i!N1'IJeJ-:j~'Umu (n~ ii'!tJ'U1\91q~hJiUHl1ri~Ni1\91!fl1fJ~~u~tJtH1mfl il>i'J~ 7 !!l1ri~ 'il1fl~U~1'l 1~C"j 
"" .J1 " 

;{eJ ~tJll1i'hrJ9TtJ'UtJ ~tJmu(rJ9Turi1~ ~'U!l1U£r:rU1U'Yi1t~I:JU !UfJ~tJ1Ju llJm'nu ~U!l1UI:J1~fJUYlmHr 
'" 

.. 
CIt, ct 'e:.. 0 , Q..I ctV QJ 

4.1 ~'Um'lW1'lf'UtJ'U mfl!I'tHl~~'U ellAilel't11ftl~1 'iI~'t'i1~Ufl1ft'Hjn1l11'lf 

(11~~lUtfl~el~if'U~'Utf-ll~~~fI~)
q 

\9I1J 1-:J ~ 4.1 t! tfl'l-:J eJ-:J rliJ J~ fl eJ 'U 'Vll-:J tfl ij'IJ eJ -:J ~U!l1U I:J li'U 'U W tJU ~U~ 1J1'il1fHL'I1 ri-:J~ tJ lw 

tlltfleJyJ1fl'lm 'W'U11 ijeJ-:JrliJ'J~flfJ'U'Vl1-:J!flli ;{fJ ~i1fll (Si02) (ti-:J'UfJfl~-:J'I1hJlu!'Vl'J11:J) ~eJU'Ii'l-:j~l 
v co • d/ ,F- .J1 co V d/ <O! .J1 co <O! 

'WI:J~~ 57.14 eJ~lJ'U1 (AlP) (m'UeJfltl-:Ju:ilJ1UJ.tUfJI'lU) ~-:J :ifJUC1~ 27.37 'il-:JlJ!tJfJl'ltJlJ1fltt~~lJ'Vl:i11:J 

iJU'WfJbWfll:i ijililJ1U! tf1J~'Yh 'lMlnl'lff;{eJ !l1~fleJfJfll9fIPl!!~~ l'Vlt'VltUl:JlJfJflfl 19f1Pl'J llJnU~ fJ'W'Ii'l-:J ~-:J 

~eJ(m~ 4 .28 ml-:Jtm~-:JlifftLl'lh;t'li'lJtJfl C1'1'Ji1I:Jtll'lfl1'Jtffl~1 HeJ~mLlm1(Alkaline);{eJ 19ft~l:JlJ 
1,' 

q 

""11] 0' <O! 11] 0' 11] 0' coo' '" 
fJeJfl !9f1'l (Nap) !W~ uU\9Im9fl:JlJfJeJfl !9f1'l (~O) UC1~tWtlm !tlUW'J"Ii (Alkaline earth) flfJ Hfltl!9fl:JlJ 

. " 
fJfJfll9f1Pl (CaO) HC1~HlJflU!9W.lJfJfJfll9f1Pl (MgO) ijilllJ1UJ.'J1lJflU ~Brm~ 3.01 9}-:Jl~~-:Jt.Tfl C1'l'J!l1riltJ 

'Vl1 'l M!nl'l! deJ Wr1 'IW.j~\9I.nU! cvl~ -:Jij Ntll'lfJfll1lJ!! ~ -:J!! 'J -:j'IJ fJ -:jN~\9I.nUJ. cvl ~n!U rl'l~eJ-:J tll 'J lvtmn llJ 

t!~-:J!!fl5 -:J iMC1' -:JUC1~ l~!~eJm;l:J~ll:J~eJ-:j!~lJ m'J tll'l fll'J C1'fl~I'll eJ-:j!dfJ~Ul1~ fJ!vtlJfJU! l1 f1lJfl1'J 1mlMC1'-:J 
<tI q q q <u cu 

~ I " , 

fl111~lJ Utlfl'il1flt.TU!{jtl~ltJfll'J!mlifllJ~tlJ!ffmll'l1t.Tflml-:j!Hl (Loss on ignition) l1~UJ.l1x:llJ 1000 

tl-:J fl'1!9fC119W tf ij ~ l~ tll:JC1 ~ 8. 99 ~-:J ~ 1~ 'il ~H\9I fll'l l~n'U hl~tJ fJ On'lJ"l1tJ I'l '11 eJ-:J H 5 !W~ C1'1:i iJ 'J ~ fl tl 'U 
'" 

fllf'UfJU (carbonacious) ~Ut-:Jij~l~Utll:J~ 'il~li!! 5~U!l1u(nUtll:J IW~ij'Vl'J11:J1h.'!lJ1fl iU'lJru~~rl'lli~l~ 
C1' -:J 'il~li C1'1:i iJ'J ~fl fJ'Umf'UfJu fJlY] flU'Vl1- 01\91 tllJ1fl ~'W ~ij C1'1'J fl'U 'Vl1- oiJ ~t1 U1J1 fl 'il~!l1 U tl11J1 fl !!C1~'" . 

~fJ-:J'J~1-:J 'luJ'U\9Itl'U tll'J IHl ~-:Jtll'J~uhI flOl-:J'J 1?11~ 1 'I1~fJfl1'J UtJ hlUtltllf)'W 1iJ fll'il'Vl1 'lMlnl'l I ffff~1 


lUH~\9I.nruCVll~ 
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'jJ 

Hb1'~.:1 V.J ~ lLfl 'J 1~11B.:I rlu 'J ~ fl B'U'VI1.:l Lfl ih11J'lI B.:l ~hIL'1'1'14 (l11'~ fI~. 'U 'illfl~hi L'I'!1J (l1ihl 'U hi 
• 'jJ , 

'il1flHl1~.:l~hI ci'lLf1 B'Vllrnm ~.:ll1i~'Wfl'J fY'1li'J UJ'J 1'\j'(1H.:l1'WLfl~ B.:lu'W~'\.Hm'J.:Ir1fl~) 

--­

~u Q 
'j/ 

B.:lfl 'J:::flB'U'VI1.:lLfl1J 'Jtl(l~~ 

Si02 57.41 

AIP3 27.37 

FeP3 3.58 

Ti02 0.70 

Na20 -

~O 1.57 

MgO 0.39 

CaO 0.05 

CaS04 
-

Mn°2 0.013 

pps -
'jJ 

fll'J b1'WL~(l'jl1l1t.Tfl ml.:lm1 
'" U 

8.99 

'Ju~ 4.1 Ub1'~.:lV.J~fll'J lLfl'Jl~l1U11'W 'tIhl1~ Bhlmfl~'W 'Wlr:i1u 'J ~fl tl'U~1(1fl1B'J~CJ1 ('VI'J 1(I)'" . 
• 'jJ • 

H~~Ll1~'Wml'l(l1Yi'W'U~tl LfllB~l'Wl'1 u~~~~lml U1Il1ri1l'lufl~lJtJ(jl'W~'WIl1l'l(l11~(li11u rl1l1i'U 
'" 

Ld Lfll B~lhll'1~'W'U ''W~hlml'l (l1JJ fllJ V.J~fl hi b1'1JU 'JtU( Disorder kaolinite) ~.:lLfl~ 'illfl fl1'J~1fl H b1'~1.:1 
'" 

V.J~flflmL'VI'W~~lLll1tl.:l'tltl.:l~~flB'W (Si) ~1(1U'J~'il'U1fl~'WG'l BlVl AIH- ' 'il~lJfl111Jhitb1'()(J'J tt(l:::lJ
'" • I 

B'Wmfl'tl'Wl~L~flfll1H1Lflltl~1'W1'1~V.J~flmJ'U'JtU (Well order kaolinite ) rl1l1i''UH1~hlll1l'l{J1fl~1J~~. '" . 
i(jl'1t~'WH1~'Wml'l (l1~liB'Wmfl 'tI'Wl~L~fl (L~fl fll1 0.002 iJ ~~L1J\9I'J) v).:IJhi ~hI ~lJH 1 ~hlmijV1v).:lflri11. 
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IJ 

-
25CO 

, 

20CG 

I 
i 

15Cv I 
I 

Counc I 
I 

I 

a 

- -

I 

., 

20 

2-theta 

I 

I 

~ U t 11 it fJ ') GJ1 U iJ U \'11 fl At 11 ri ~ ~ 'U . ., , 
Umfl''11))''HJ),l''lf (1)' ·H1Utfl~tl·:)'lh"\~h...ltf-nCl~fffl~)• 

, = kaolinhe 

2 = quartz 

3 = illite 

40 

L 

• 

c::i I V Q Q c:s. Q ~ if Q.I d. 

~ lfl~l), 1~11 4_2 !!Cl'~~mfllflm.:J ~~!!fl'j'.:J fll)' fl'j'~ 'illtlfl11lJ Cl ~LeHJ\9HlJ 11 Cl Cl'W U ~tli.H~ flCJ$ ~ "lfU 

fl11lJ!'I1t1t11 (Plasticity index) yjU111hBlJlWfllfll1t11U'IJ'Ul~ 1~fl11 0.045 iJClilLlJ~), (325 !lJ"lf) li 

mmWyjtlCl'lJfl1';i ~tl£J{1~ 7.22 litl'U.fl1f1'IJ'U1~~L~flfl11 0.002 iJClilLlJ~), (2 llJ 1mLlJ~) Cl'.:J~~ 1DtI. ~ 

QT Q d Q cl 0' ~ ~ dQ Q .:::\1 

Cl~ 72 lJmLlJl1'HjUU~Di.H~flC)f (Methylene blue index) CJ$~!lCl'~~yj'Ul1H1'IJD~D'4mfl~'U lJfIl 9 .00 

Q QQ Q rI OJ & cv I I Q.I .c::1 d. Q I' 91 
lJ"HlDfl111LCl'U~1l00 fl'j'lJ 'il.:JUU11"j.:J'V'lDCl'lJfl1';i fIl~"lf'Ufl11lJ!'I1'Wtl1 (Plasticity index) lJmfltl'U'lJl~ 

~ Q 0' 91 91 ~ ~ c: 'Q .c::s ~ c::: Q .c1.c::1 X.Q C! & 
Cl' ~flD 29.2 'illfl HClfll';i 1!m 1~11'IJ1~~U 'lfhm1'U 11~'U!'\1'U tl1"lf'U Ui.HtJ'U ~U 'VllJ!'U DL Utl'U Cl~!D tI~ lJl fl CJ$ ~ 

OJ 

'il~'Vi'1'M~ulifl11lJLl1t1t11 ~u '.iD l~~ltl !tCl~'lf1t1!vilJfl11lJL!~~L!), ~'IJ D~Hil~tlW cnyf~riD'W!L{1~l1~.:J!Hl...
" .. . 

UDfl 'illflt15~'lf1t1{1~f;!Wl1 ~iJfll'.i LJ'fl~1'IJ tl.:J~'U l'W D~ 'illflyj~~~l'U li'i1 'U fll'.i Lf1~Dfim tllCl~mfll1~ulili 

D'Uillfll1t11U. 
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. " ~ 

,).:Jld'\PIufl':i 11'11i'J'JJJ'J19l' (l'J .:J\llUlfl~ f) .:J'l1u~U!fn'J 'H;Yf)~) 

'jJ 'jJ 

fI1f)m.:Jff~ff11'IJU\9l~Uf)H ('Jf)£J?l~) 

100 l119l' 2.27 200 l119l' 4.90 325 !119l' 

'" 'jJfI1'J m ~1l1£Jfll111?l~!f)£J\PI ff~ff11 ('j m.m~) 

< 120111 lfl':i!11\9l'J 98.1 <70111 1fl':i!11\9l'J 98.1 <53 111 lfl':i!11\9l'J 

<40 111 1fl':i l11 \9l'J 97.9 <20 IlJ lfl'J!lJ\9l'J 95.1 < 10111 lfl'jl11\9l'j 

<5 111 1fl':i l11\9l'J 83 .1 <2 111 lfl':i!11\9l'J 72.0 <1 111 lfl':il11\9l'J 

<0.5111 lfl':i!11\9l'J 53.8 

'" '" '" ~ d' Q ct,Q .:=to 0" Q.I 

t11 'VI?l?lU 'IJ ?If)U!\PI f)9f 9.00 11?l?lf)flll1!?lU\9l/l00 m11 (meq/lOO g)... 

Atterberg plasticity Test 

Liquid limit 51.1 Plastic limit 21.9 Plasticity index 

7.22 

98.1 

89.8 

63.9 

29.2 

J 
" Q.I I q 0 f Q.I Q.I ~ 

9l'U'lJU 1l1f)!!lHI\l\PIU f)1!.f)f)'Vllfi'1?l1 ~\l'\11\P1Ufl':iI1''J1inlJ'j19l' 

, " " (1'J .:J\llU!fl~ f).:J'l1U~U!~lMflf)~)
q 

Cumulative Finer Mass Percent vs. Dlameler 

100 - -:.- Rl 100 16 .S M P -,-,T SK --,,' :...C;:= "--_____,-_ ________-..___,-, 

q~ ---------- I---------~~--~·------------_+-----~_1 

. -. 
-""""" 

60-­ ------/----4----------- ------·I--""-c--------I---II--I........ 


........... . 


7 0 .---.-- - . ----------.- -----­

E e
Jf. 60-1----1----~--------1 ----1 ---------_+_~-+__1 

::! 
~ 
~ 5.~----_+--_+--------_r--_r----------_r--~~ 

Ii:.. .., 
~ .O-I---~----~----------~---I---------_+----_+-I 
:0 
o 

3~--_r---_r-------~--~--------~--~ 

2 0 ­ -------- 1----1-·--------­

10 ' ----.. - --- - - . - . - - - -'­ ._­

o -- I r--r- ,-­ - - ,--­ - 1 '-,-,.-,­ -,-- , --- t----- ...- ,- -.-.- 1­
100 5 0 10 5 1 0 .5 

P a rtida O iOntal e t (1J1I1) 

r 
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""'" JI tl4 . 1.4 fflJ'U~'Vl1'lf111't1U1 
'" 

~1f) m1 1'l~ 4.3 Uff~ 'l ~ 1 fl11lJ ~u 1 'U!! vi \l ~U1 ~ f)1 1 '\1~ 1'l1UCl~fl11lJ!!~ ,HI H'I1rl'Hl1J U M' \l 

'W'U ';i1 ~umnfni'U1Ju ff11J1H)1~~U1tl ilPi'lrl eJ 1 i\h'~ff1J ~ eJ rJCl~ 30. 73 ~\l~ eJU'il1'lff 'l IrleJl!M'\lii~ 1 
~ ~ 

f)l1'\1~ 1'l1!; \l!~U ff.. \l'W eJ ff1Jfl11 ~ eJ fJCl~ 8.12 ~ 1fl111JU~ 'l!! 1 'l'l1rl'\ll! M'\l ii ~ 1 68 I tl eJ'I..J ~~eJ~U1'ld1 

(47.87 nlClfl i'1J~ eJ I'll 1 l\lI9fU ~!1J ~1) cl1'\1 i''U ~ 1f)11 '11~~1~ 'Wfl'U'I1 Cl1 rJ'!'J ~,rfJ eJ 1Yl fl111J Cl~!B fJ~l!Cl~ 

1tl ~ 1\l 'tI tJ\l eJUfllfl ~U tl~ 1JlU! J 1~ 1i~ff1J1U f) 11 ~U nJ~\l ~\l1iJl~fflJlJ 1fl f1 ~\l ii fl 11 '\1~ 1'l11Jlfl 
~. ~ 

~~~rl'U!CY]~\lii1eJf) 1ff~ ~~'\1~1'l1~ iliffJ1Iff1JeJnU'VlflYlfrVl1\ll!Cl~ 'il~ln~fl111Jlfl1 rJ~1u!'dtJ~u~ \l d'lii~ 1. 

t1 ~HnU~I~eJ~U 'il~'VlU iIPi' l1ml1iM!n~f)11 !!~fl~11UCl~!1JrJ'\11fJ !rl tJ~ 'il11u! 1'il1flfll11J!!~ \lU1 \l'tleJ'l~U 
'I1rl'\leJ'U!!M\l'il~llttJ llPi'11iliff\lufl ~\leJ1'ilii1eJrJ~11~1JeJ'lili!lttJln~fl1rJ1uuvi'l~u ~\l ri\l~Cl iM~ 1fl111J 

~ 

U~'lU1 \lCl~Cl\l'il1flff1m~~f)ri11lJl!!r:1'1'il1\ll9itJ cll'Hi''U ~tJ~iif)11'\1~~1'11rl'\ll!M'\l!nU ~tJm'l~ 10 ilifl11. 
t11lJl1i!tlUl~q~'U (Ryan, 1987) ~\lJ'U1'Uf111'111~'U~lJlii1~rJf)11 ~tJ ~ff1~'\1~tJ1i!!i1u '\111'U ~\lfl11 
1~1Jf)1fl'\1rJ1'U eJlYl 'Vl11fJ !~ml~f)1Hf~1'l1 1 1mf\l!~eJ'M'!~eJ~'UhJ~ \l!!Cl~1~'U1fJJ1iIPi'ffJ1! fflJ eJY'll 1M' 

Cl~f)11 ffUlI ~m~ tJ\l 'il1fl fll1!!~ f) ~11 l!~19itJ\l1~1\l ili1M'f)1f) '\1 rJl'Uff 'llntJ ltl 'il'U lM'~1fl'J11J!!~\lm \lCl~Cl'l 
.. u ~ 

d ~ JQQ Q.I.d rv d ds 91 
m11\l'Vl 4.3 !!ff~'lmlJlrufl11lJ'lfU1'W!!'Vl\l~U1~ f)11'\1~~111JeJ!!'I1\l 1!Cl~Wn1JU'tI\lU1 'l!1JeJU'I1'l'lJeJ\l 

Q e::::s ~ ' ~ o' Q.I Q.I d. 

~'Um'U rJ1'lf'U'UtJ ~1fl l!'I1Cl\l~U eJllfl eJ'Vllfl'lCll 'VI'l11~Umfl1 'fj1 nn l'lf 

cl .d 31 
fl111J!! 'lJ\lU1 \l11JeJU'\1 \l 

(tl eJU ~l'1il~l'J l\ld1) 

680.97±94.2130.73±0.35 8 . 12±O.13 

_ ______________L-______________~________________ ~______________ ~ 

~1f)m11\l~ 4.4 U(l~'jtl~ 4 .3 l!ff~\l~1f)1'J'\1~1'l11;'1!~U f)1)~~~1JJ1 !!Cl~fl111JU~'1!!H'tIeJ'l 
~ ~ 

mi\l~tJ'\1rl''llmi'U"ti1'1iltu'l1fl1l900-1200 eJ\lfl1!9fClICb-t'lff 'W'Ul1 ~'Uiifll'j'\1~~1tl)~1Jltu ~ilrJ(l~ 8.70­. ~ 

16.81 ~ If) U ~ ~~lJJ1Cl~(l \l~ 11JeJU! 'I1fljJl~ rJii~ leJ ~1'U <ti1\l ~ eJ rJCl ~ 21.83-0.70 fl11lJ!1 ~'l!!Hii 
cu II cu cu 


iI " ,.. 


~ltl'j~lJ1tu 2,917-9,850 tleJ'U~~eJm11\lih ~\lfll'Htl~rJtJlltlCl\lmril'rHtl'U~Cl 'illfltl5m rJ1 'lJ eJ'll! ~1 'U 

~U Irl eJ i 1Pi'i''U fl11lJ ~ eJU 'il ~ Vi 11M'ln ~ I~ eJU ti'1 ~'1 <ti1 fJ!~eJ1J ti~1M'eJ'U• fl1fl1 f) ~~~ n'U '\1~ eJiI ~ '1ft) 'l11 \l 

I ~ Q c9 Q,f Q.I I & ~& cl ~~ 
'j ~'I111'leJl-Jfl1fl~U ~u ~\l'l1~~1 1!Cl~fl11lJ'W ~ 'U~1 Cl~Cl'l fllf)1'j ~ ~9flJtJ1'il\l Cl~ Cl'l fl11lJ!! 'lJ \l!! H l'W lJ'lJ 'U 

" 'il1f) fflJ'U1l'\1rl'\ll~1'W'Ul1 ~'Un ii'lf1'l fll'j ImUfl 'UUCl~'VlU i'W iIPi' 1100-1200 tJ'Iflll9f(l!Cb-rJff 

d'll~lff.. 'lfll1~m'ilVil1M!n~f)11 'U 11J'tI eJ'l ~~~rl'tu cn""llPi' 

http:21.83-0.70
http:30.73�0.35
http:680.97�94.21
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. " ~ 

(1) .:J.:Jl'U!fl5tl ·nj'W~'WtI!-l1(;j.:Jfrfl~)
q 

c:: '"'" 1'l11lJU'\J.:Jm .:J'\1(;j.:J!1!-l1tlW'H.fllJ 
q '" 

(tJ tl'W ~1'1 tl\9ll) l.:Jd 1) 

900 8.70±0.16 21.83±0.62 2,917.58±562.24 

950 9.16±0.15 20.81±OA9 3,755.52±443.14 

1000 9.39±0.22 20.05±OAO 4,165. 70±492. 70 

1,050 12.61±0.26 12A2±OA7 6,396.90±738.70 

1100 15.76±0.26 4.27±OA9 7,541.99±657.26 

1,150 I6.65±0.23 0.98±0.34 9 ,676.89± 1,074.06 

1200 16.8J±0.28 0.70±O.32 9,849.60±529.78 

http:9,849.60�529.78
http:0.70�O.32
http:16.8J�0.28
http:1,074.06
http:0.98�0.34
http:I6.65�0.23
http:7,541.99�657.26
http:15.76�0.26
http:6,396.90�738.70
http:12.61�0.26
http:9.39�0.22
http:3,755.52�443.14
http:9.16�0.15
http:2,917.58�562.24
http:21.83�0.62
http:8.70�0.16
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'if1~vnl~Unmi'1J 


~£UIllmVl~~lJua:;!.l~Mm,r 01 CVQJ .do 


~mm)'vmnm ~"111~ 'W fl ':i ff':i 1i':i ':i lJ ';n'lf~lmu~(i\illWlrnJ\'1fll~n n2553 
, ~ ~ 

(1 ':i '1'11'Wtfl1fl'lil''W~'WtVll(l'lrrn~)• 

I'll':i l'l~ 4.5 Hf:'l'Yl.:Jr1l''lH).:J ~lu ':i~iJiJ911 fl fl (erE) U(l~ tY'1ml?lYiiJ ~~1t11?11'lHl'l~'Wm-wtl14''WiJ'W 
fia'WU(l~,}Hi'ltm~a'illl1fllJ 900-1200 a'lfl'WlI(lt91t1f:'l' l'mil r11fl1UJf:'l'il'l (L*) ~r1l'l.h~lJl'ill. .. 
65.86-71.52 r1lmlYl'l~UYl'lU(l~~h~tl1 (a*) ~r11iJ1mh~lJl'ill 8.26-13 .81 rlll1fiJr11~Jlt~'W~m~a'l 

I 	 ,.. • • 

(b*) ~r1liJ1mh~lJl'ill 23.75-26.37 9f'lr111911 It 'l.h ~ In f11'J l~-W f:'l'a~mra'lniJ~lim 1 'ilYiiJ ~lifl~"U'lf1'1.. 
~lJG'IJl\Pl1(1rimJ ~'1U~~ 'I l'WYll'J l'l~ 4.5 f11'J t'I.J~tI'WuU (I'I'lJa'l ~l1 «'1t~lt~'l.H·l(l~lfl 'I.J~m til 'lHl 'I 

~1'J'I.J 'J~fl eJiJaan i9f~'IJtl'lmiifll Yl mrlmvhHl'ill l1 fliJ f11'J t~111l1l1'~'W f:'l'n~1tYilJ~'W ~.nr'W flafl'W 'IJ tl'l. " 	 . 
I· 	 'IJa'lm~n m~ WlJl i'VI 1'1 (FeP3) 1J~~~u~ ·m~ml1~a'l 1'W'lJUJ. ~~ L3lJll'VIl'1 (Fep4) mi'Jll?llm'li'lJ H~ 

a~l.:J i 'J nl?lllJfl1'J LU~tI'l.JU'I.J (1'1 ~l1«'1Lm 'Wan 'illflL~'W ~(I 'illfl ~ n ri11lJ1LL~1 cJ'IL~'W ml'illfl flaa'W ~Ln~ 

~1lJ llJ~'W~1(J m~ flaalJ'lJa'lHfI(lL91t1lJO ~~1111l1'~~lJl1«'1Lmria'W (1'1 l1~a a(llJ'Wl liVl(ll1l~lil'W~lJ ~ .. 

http:23.75-26.37
http:65.86-71.52
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, V 
I Q.I C1Q f Q.I.c:i Cit, , ~..:::::! Q,I 

UbWl~mf)1J 1~ b1'~'W f1tl'W!v-n!!bl~l1tWv-n'Vl ~ru 11 fJlJm~'l '1Hl~~Wl1'W tJl"lf'W 'U'W 
, " ~ 

lJlmmri~~'W rl'l!mll'ilrnm ~'1'l11~'WflHY11iJJlJJ1"lf (1H'Il'W!fl1fl~11'W~'W!v-nbl'lflf)~)
q 

'" fl ru 'l1 j)1J 
q ., ~lf11Jl~~~h~'U'U9fiflfl (L*a*b*) 

~~ ... 'J} 

b1''Vl b1'~! f1 ~W.W I'll 
q 

(fl~ fl'1!9HU9ftJb1') L a b 

, 
f)flW~l 68.66 +3 .83 + 14.62 

, 
!'Vllflfl'W 

900 67.87 + 13.81 +24.52 
'J} , 

b1'lJflfl'W 

950 70.71 +13.15 +26.12 
'J} , 

b1'lJflfl'W 

1000 71.54 +12.72 +26.33 
'J} , 

b1'lJtlfl'W 

1,050 71.45 -+ 1O.66 +24.43 
'J} , 

b1'lJflfl'W 

llOO 71.52 +9.90 +24.87 
'J} , 

b1'lJflfl'W 

1,150 67.54 -t 11.64 +26.37 
'J} , 

b1'lJfltl'W 

1200 65.86 +8.26 +23.75 
v ,
0 

'Wl~lf1tlfl'W 

r QJ I ..::sA fI 
L = I00 l!Ml~11\9l1fltJl'l1Jb1''lJ11b1'lJ\!Jru 

a ~1!~'W'U1f) ~U~ iLJ''Wilfl''Vll~~U~'1 

a ~l!~'Wbl'U ~ll~ iLJ''Wilfl''Vll'1~!~tI1 

b ~1!~'W'U1f) ~1l~iLJ''Wilfl''V11~~!11fitl'l 

b ~1!~'Wf1'U~u~iLJ''Wilfl''V11'1~Jl~'W 
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I!!A. :i'lJ~ 4.4 ~f1l1W~ff~'UrltllJl~lU~~11
£M ~ SI 

QI '.:::!to 0 I Q.I QI 4=l 

lin"JtmUtlf'.iu "lflJUlJ ~lf1U11~'1~lJ tl11fW'Vllfflm ~'1111~lJmffj1ij'nJ'jl'l1 
~lUIllwli1qkJlIa~W1J\'tu'ti , SI " 

(1 j '1'11lJlfl~tl'l'lllJ~lJl~1~'1fff1~)d1m1J'l'1itl\lf1ml\'lfr1~n D2553 . . 

~ fJlJ ,j\~ ff'l I 'U fll'J 1\911 tJll!dfJ~ 'U ~'U1Pi'fJ'IJJ f11j fHYlJ 1ff~~. hiJJWJ1lJl'l1u rn fJlVl 'Vl j 1 tJ mEl fll'l1'U ~ 
~ 

1flifJ.:j~lJ~'U1H1U~ 11~.:jlH1H~\91rl'U! cyj~~JJl:Y~lJ citl'U ~.:jJ l\91l~~fJ'U 'Vl'U li1l 1~IJJ1n 'U 1100-1200 fJ.:jffl 

19i~1qftJ ff JJ fl11l.J 111 lJ 1 ~ fflJ l'U fll j 'I11lJ 1 H~ \911 fli fJ.:j ~lJ ~ '\.J 1H 1 ~ 1 -1'1 ~fffJ U111 tl \9l fl ul'i.:j I'i 1 ~~ fJ lVl 

H~\91rl'U!cyj\91flUI'i.:jff1'\.J fl':j~1~fJ.:jtJ~'U Hil\91rl'U!cyj~lPi'fJ.:jfll'j~b1UtJ'\.J~~lUtJ~ enVi 'Utl~~j~~f1 'lJeWlfl~1tJ 
~ 

'j 1l.J i.:j ff1lJl 'j fJ'I111 tJl\911 tJml1~'\.Jl~ fJ~'\.J j tJ~lon fll'j 11ritll~ '\.J fJfl 1)1fl6 fJ1 ~ '1111 tJ1 ~Hffl.J1 'U 1~ fJ 
" 

http:tJml1~'\.Jl
http:lin"JtmUtlf'.iu
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.. 
~ .ct vi ,~o 1 Q.I QJ .c:t 

4.2 ~'l.,!m'l.,!l'.l1'lrlHn3 mmnHn~'l.,! t'll!.flt'l'YllflTt1l 'i)-3'111~'l.,!mfl)1i)"HJ)1'lr 

(1)-!I-3l'l.,!tfl~ t'l-3if'l.,!~'Uw-ll'tl-3~f)~)
q 

""'" '" 4.2.1 {llJU~'Vll-:Jtfl:lJ 

~hH11U £.I1'17,,J ril-:J ttllJ ~h..l~'U~ 'illmrU t1~ ill f1~Ut11i1I:niu UU 'U v~ -eJ1tf1 milrllen ill f1 ~ (1 f1n• 
ltml~111h~f1VU'VI1~tflii ~~mY~,:jiu\pnn,:j~ 4.6 ~v 9f~f11!mm~ 67.86 V~1JU1 !V£1(1~ 20.62 ~,:jttlu 

~u ~UU'VI ':i l£1ff,:j iil11~nvvf119flPlu(1~1'VI !'VltU £1:lJ V v f119f1Pl':i 1:lJ flU ! v £.1(1 ~ 3 ii ff1':i GJf1£1(1~ VW 11 f)1J f11 ':i 
~ ~. 

" " .
ffUlt~tJlJ111Unml,:jtH1 iif11! mm~ 6.07 tm~~'hii'VI':i1£1UU:lJlf1f111~uilJUlJ i lJ 'Uw~'Yjii td~lJmu £11 
~ u 

m':i1,:j'Yj 4.6 Uff~ ~ ~(1ItfI ':i 1~11V,:j flU ':i ~f1 VU 'VI 1,:jtflii ':i 1:lJ 'U V~~ lJtMU tJ11'~ tl~Uil1f1~lJ t11U £11ilJ ri 1,:j• . " ~ 

tt'l1ri,:j~lJ -eJ1tf1 mhrnm ,r,:j111'~lJm ff11in1l':i 1'l1(1'l ~,:j1lJtfl1 V,:j'llW~Ut~lM ftf1~)• 

67.86 

20.62 

2.49 

0.70 

Na20 

Kp 1.93 

MgO 0.33 

CaO 0.06 

CaS04 

~--------------------~

0.013 
..---­

6.07 

----------
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3COO 

1 =kaolinite 

2 = quartz2500 

3=illile 

20Q() 

I 

I Coun~ 


I 1500 

1000 

soo 

J L 
....a- ~ ~ Q.I' • 0 , Q.IQ. Q.I " 
1A~~n1'i£ltw.&\'lJ ~'Wm'W01GlfU(l1.:j ~lflU'l1'M~'W tllAfltl'VIli'l'l(l1 ~\l'l11~ 


'lOUllm&lq~1J~~~filflru'rf • " d 


.nmu~filifllltlmJ L~~tl D2553 q

'WflHy11i'i'.i1J'il"l$(1'.i \l\ll'WAfI~tl.:j'l1'W~'Wt~l~.:jrTfl~h r 

Q 

M. '.iU~ 4.5 ml~mY~.:jf11'.iAio,)A'U'W'Utl.:jf.:jffAtlflCJf tl.:j;U'i~fltl'UA;.:jAd'Utl.:j
~~, 'U 

mu I'n li~l~fl'W'ti'l'1{1' '1f; fl 34 !~fl!ill fJ'U!~v'Un'U~'WmUtni'Wril\l!!~~'1~\.Amutni'W'U'W ~ ~ !11'W 1I9il1~'W 
<u 

i'W ril\lihBlJ1tU f11fl'l1 Vl'U'UtU~~'U'W 1~ fl'Wfllfi ~~!~V~UflVfll1~'WmU v1i'W 'U'W !dfl~'W~ \l'l1 Vl'Ufll1~'U 
q 

cI '"' " m'UV1"l$'W'U'U 
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" ~l'Jl~~ 4.7 !!ff~-:jfflJm111~fllVfll~6ijB~~Ubl1{jtJ1i'Uril~ rolflb!11ri~~lJ tlltflervllfrl(ll 
. " . ~ 

,r'l'j'rr~'Um fl'11ij j 11 j 1"If(1 ') 'I '11'U~fI~ tl'll1'U~'Uu;-nCl'lrrf)~) 

~ ~ 

fll f)fI 1'1 !;1~ !;111'U1-J I'l ~Uf)H (HJtI(1~) 

100 III "If 6.73 200 ~ll"lf 12.84 325 !1J"If 17.10 

d ~ 

f)1'jm~~l('JfI'n1J(1~Hl£J~!;1~!;111 (H)£J(1~) 

< 1201111mrmn 99.2 <701111mlllm 99.0 <531111mlllm 98.4 

<40 1111m 111m 97.0 <20 1111mllll'l,) 92.1 < 101111mlllm 83 .1 

<5 1111m~1JI'l,) 74.1 <2 1111m~1l1'l ,) 62.6 < 1 1111mllll'l,) 55.3 

<0.5 1111f1'j~1J\9I'j 47.2 

<> d "" ~ "III 'YHHl'U WW'U!~ f) 9f 
'" 

Q ":::'<Q 4 t:I Q.J 

8.33 11 (1(1 tlfl J11W'U I'lll 00 mll (meq/lOO g) 

Atterberg plasticity Test 

Liquid limit 59.5 Plastic limit 25.5 Plasticity index 34.0 

Cumulative Finer Mass Percent VS. Diameter 

10 - RII OO I S.s ,.",p LCS I< 

9()· j---+---~-----'·'~--+---l--------+----+-- 1 

---.--------.-.80-----·-+--­

7~1----b---b-------+---~-~'-----~---1-4 
... _,-. 

~ 
~ 6~---+---+-------+--~----~~~--~~ 
g 

:.E 
m 5~---+---+-------+---1------~--··~~~ 
Ii:.. 
.j; 

~ 40 
:> 

U 

30 

20­ ---- f----I----------l 

l aO 50 10 5 0.5 
P a rtlc11:l DIClmel~r (pm I 

IJ 
1~Jn~om".,61u 

f\1lU11wt61q~UUOltf.J~(Ilfiru<ri . " ~ r 
IiIwru~G1if)t-lnrnJL'lIrllln \J 2553 (1') '1'11'Ulf1~ tl'ltr'U~'U~~l(1'1rrf)~)

• 

I 


I 


I 
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'j] 1fl \9I1';ll~~ 4.8 U(1'\9I~ ~ 1 fl11lJ~'Wohm'Vi~~hl~ \91 fll'J 'l1\911'11!l Cl~ fl11lJU ~~!l 'J ~ lnf~ D'U U'11' ~ 
l'l'U11 ~'Wnrw(J1i'W ci1~ (1'llJ1'Jti~\9I~'W 'J'I.J1~~rleJ 1~J1Vl(1'lJ~(HJ~~ 24.41 ~ :Hlvl 'Wlfl Ulcn'IJ D~~'W!'l1W(J1

~ ~ 

~D\9I1'J1~ii1 ~\llll'j]~lrJ'iH-lCl'j]lfl~'WlJf11fl'l1(J1'UtlWJ1fl rll'I15'Ufl11lJ!l~~!l 'J ~'1'Hf~u 'I1'\I'IJ eJ\I~'W'l.J Df) 11 1fl 

~I '" '" ~ '" '" d ~ I ~ I "l lj '" <l "" <l 
~u'W VlCl 11 1flfl11lJ(l~!eJ(J\9I!l(l~fl11lJ!'l1'W (J11!n1 ''If'W \9I'lJeJ\I DDD'W 'VI u~u'W ~'W~ 'W D\9I'W fllJVl(l\91 Dfl11lJ U 'IJ~!l j ~ 

'I1rl'~!l'l1'~ i~~'lf'Wfl'W 1 \91 (J~'W ~lJfle)D'W 11 'J ~ 111 J1f) 'l1~ ~ UlY! 19f1~ (JlJ 11~lJfl11lJ!1~ \I!l H fl11~11..J ~ lJ11 'J ~ 11 

~ .c:! Q.I t 'art. 0 , Q.I ¢.' ..:::s." 
\9I'Wm'W(J1"lf'W(l1~ 'j]lfHm~\I\9I'W Ul!J1D'VllfY1m 'j]~'l11\91'WmfY'J1ijnJ'J1"lf 

. .. .­
(1 'J \I~1'W!fl1emJ'W~'W~Vl1tJ~fffl~) 

"j "jQ/ ~ <l ~lj 1 '''' '" f11'J 'l1~\9I1!lJm! 'l1 ~ fl11lJII'IJ~m ~llJDlm~fl11lJ"lf'W 'W!l'YI~\9I'W'J\9I 
, Q 

ImCl~\9I'W 
~~ " 

('JD(J(l~) ('JeJ(J(l~) (11 eJ 'W ~~ eJ\9I1'J 1~ih) 

Q .o::::::! Q.I I " 59\.88±123.32\9I'Wm'W(J1"lf'Wm~ 24.41±O.20 6.21L-O.20. 

12.23 ~~t!D(Jf1':h~'W!'l1U (J1i'W'U'W ~~ D~ 11 1fllJ'YI'J 1(J~ D'W 'li'l\l~ -:i ~ 1f11'J~\9I9$lJJ1(l\91 m\9l1lJeJUl 'l1J1iJ! \91 (JlJ
I'\J qJ q I'\J 

~leJvl'W'lfl~~eJ(J(l~ 18.64-3.84 fl11lJ!l ~ ~ll HlJ~11h ~lJlUl 1,422 - 5,175 tJ eJ'W ~~ eJ\9Il'J l~if1~-:i li~ 1 
~ 

t!D(Jfl11~'Wm-w£ni'W'lJ'W ~~'WeJf) 'j] 1fHrJ'W VlCl 111flli f11fl 'l1 (J 1'U ~ (1' ~ f111!l '"1 rr~ IrJ 'W! l'l 'J 1~ ~ 'W!'!1 -w (J 1i'W 
~ 

ci1~111f1li'VI'J1(JtJ'WlJlf1tYl1 vb 1'11'~'W'YI'W 11vl~'W ~'Wm-w(J1i'W ci1\1li'lf1\1f11'J ~m1~ f111~,rfl!l(l~'YI'W1vll~ 
, "" Irf <l ~ ~ '~I 1~ IIrf ~ ,~ .M Irf ~.I ' 

~~f1'n 1 ,200 D~fYll9fm9W(1' D(J1~ !'Jf1\911lJm\9lD~f11'J!Vll~-:ifl11D1'j]'j]~!u'W u 1\9l!l\9l\9lD~'IJ'W mD(J1~ 

http:18.64-3.84
http:6.21L-O.20
http:24.41�O.20
http:59\.88�123.32
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" ~'W!l1thJ1i'Wril'l 'j)lfH!l1ri'l~'W elltiHl'Vllmm i'l'I--r-JI'l'Wmf1'1'fi'J'j"ll'Jl"lf 
, " ~ 

(1'J 'l'll'W tfl ~ tJ'lD'W ~'W t~l ~'l «n~)
q 

'" tJ l.U 'H fill 
q '" 

~ "' 
fl1lllH'IJ'lm,mmt~1 

(utJ'W~~tJm'Jl'lli1) 

900 6.32±0.20 18.64±OA4 1,421.91±196A2 

9S0 6.46±O.18 18.3S±0.34 2,044.4S±329.13 

1,000 6,S2±0.IS 17.8l±0.22 2,364.22±S08.18 

1,0SO 9.17±0.37 13.1S±0.48 3,940.2S±S01.56 

1,100 10.84±0.lS 8.3S±0.40 4,3S0.97±73S.37 

1, ISO II.S6±0.22 S.S9±OAO 4,796.36±S79.36 

1,200 12.23±0.20 3.84±0. 11 S,17S.39±793.26 

~o 

IS 

16 

14 

o +-------.-----~------~------~------~----_.------_+ 0 

6000 

5000 

:> 
~O<JO ::: 

i' 

3000~ 

:r: 
,", 

:ii 
~ 

1000 

900 950 1000 1050 1100 IIS0 1200 

"...... 'lArJn"l'i[Jm:;~lJ 

~mn'w1~q~lJLla:I.j~Glflf\l'ri 
ii,muqlil<lll1nmJl'lmOn l:i2553 
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. " 
\91l'~Tlli 4.10 mY~.:JA1'lJ0.:J1t11'W'j~'U'U9!105 U~~ 5.:J~f1\91~i:i ~~1£1m'lJ o.:J~'W!l,d:j £119f'Uri1.:J no'W 

U~~ 'I'Hl.:J~vnlim.u'l1flll 900-1,200 0.:Jfll~9m~9!£1'ff l"l'Ul1 A1fl11lJ'ffl1.:J (L*) liA1th~1J1U1 62.81-71.21 
• <u 

A1H'ff~.:J1t1H~.:JH~~ 1t1~:U£11 (a*) lJA1'U1f1'\J'j~1J1U1 10.09-15.56 rl1'11f'IJA11t1J1~1'W'I1501t1!'11~0.:J (b*) lJA1 

'\.nf1'\J'j~1JlU1 20.0 \-24 .02 'il1f1fl1'j 5.:J!f1\911t1~1£1'ff1£1\911 'il~ 1~~~'W 1~11 ~'W n O'WH·nlJ1t1!'11~o.:JelO'U 'I1rl'.:J 

tH1'J51.:JOUl'l1flll 900-1,200 O.:Jfl'l~9fm9!£1'ff 'il~lJ~fflJelO'W u~~~~mvtlJOUl'l1flll!:[j'W 1,100-1 ,200 0.:Jfl'1 
q q,J q <u 

19fm9!£1'ff 1~ml1m:[j'WffJ1\911~elO'W!!~~J1m~~QUI 'I1JJll 1 ,200 0.:Jfl'119f~I9!£1'ff ~.:J1t1~'\J'j1tl{] 'ffO~fl~O.:J 

n'IJA1~1~ 1~'W'j~'IJ'lJ9!105 

, " 
\91l':J1.:Jli 4.10 !!'ff~.:JA1m'j 1~1t1~'WnO'W !~lU~~'I1rl'.:J~j:nli QUI '11 JJll~ W'l 'lJo.:J~'Wmu £119f'W ri1.:J 

, ., , 
'il1m!'l1ri.:J~'W t11IflO'Yilfl'lm ,).:J'I11~'Wmfl'11i'j'jm1'1f (h.:J.:J1'Wlfl50.:JU'W~'U!mmrrf1~). 

Q 

OUl'l1fllJ. <u 
A1fl1'jl~ff'j~'IJ'lJ9!105 (L*a*b*) 

COd '" 'jJ 

'ff'Yl 'ff .:Jlf1~~. 1 £1\911 

(0.:Jff119f~I9!£1'ff) L a b 

, 
tlO'Wlm 72.75 +4.71 +19.36 

... , 
!'I1~O.:JOO'W 

900 66.75 +15.56 +23 .68 
'jJ , 

'fflJOO'W 

950 68.51 +14 .35 +23.80 
'jJ , 

'fflJOO'W 

1,000 69.61 +-14.04 +24.02 
'jJ , 

'fflJOO'W 

1,050 71.21 +12.85 +21.90 
'jJ , 

'fflJOO'W 

1,100 69.46 +12.33 +22.28 " 'I11m~elO'W 

1,150 65.63 oj 12.98 +23.96 " ,
0 

'W 1\911"00'W 

1,200 62.81 -t 10.09 +20.01 " 'I11\911~ 

http:10.09-15.56
http:62.81-71.21
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'<v I c::!c::! <I
L = 100 t!(1'~~11\9lTtltJl~1J(1''111TfflJ1J 'HU 

'" 

a ~ll~tJ1J1f1 ~u~l'\JltJYiff'Vll'l~t!~~ 

a ~ll~UfltJ ~u~1'\JluYiff'Vll'l~l:UtJ1 

b ril~~U1J1f1 ~'il~l'\JluYiff'Vll'l~!l1~m 

b ~ll~tJfl1J~'il~l'\J'tuYiff'Vll~~lh~tJ 

" ~UrI1ij tJ195tJ ~1'l 

900 I 950 I r 1000 I ! 1050 
--­ -­ '---­ 1100 1200 

Nt.." ...--­ SI -- QI , I ~ 0 I QI QI ..:::t......... 

"ll'tJfll.:j 'illf1U'\1f1.:j~tJ fllltHI'Vllfflfl1 'il~'\11~tJfl'.iff'J1i';j'Jml"ll''lRr~n1'itltw.611J I 

~lIUllwr~q~l.J\Ul:;I./~~(u,r . " ~(1 'J .:j.:jltJ!f)~~.:jtrtJ~tJH:nfl.:jfftl~)ihmu~(ili'lIWmlMf'rl~n iI 2553 . 
I 
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~l-Hvd1 cni'W cil<Ull'W ~'WIl1i1 en Irlelli1 tI'W i:l~IB tI~fll1lJmi1 tlTW elfl1'j lJffOtlil TW 1'Wf11'j1111111~ 
1'Wf11HI~\911fl~eJ'l~'W~'Wlrn ilPi'l'lf'Wl~ tl1n1J~ 'W1l1i1 tl1i'W 1J'W 111lJltlnl1~ lctll 'W 01'j~'W 'j 11mil'Wtf1w cy)

'" '" 
110 ~1 'W f1l 'j 1\911 tllJlrleJ~ 'W ~'W eJ l'ill9i'eJ'l lJf1l'j HbYlJ l'bY~~ hilJfl11lJ mi1 tl1 m~ 'Vl 'j 1 tI lfffJ il1'b''W ~ . 

. " 
fl111JmlJl~bY1Jl'W f11'j111lJlH~\911fl~eJ'lU'W~'WIHll n~bYeltll1~ el\91f1l1191'l~1'l~ m~ m~m'lI9i''W ilf u~ 

m~ldel'l ll~lJfl11lHl11J 1~bY1Jl.l11 'l1 H~\91 U~lJl0011~'Wmi1 cni'W 1J'W ~~ eJ 'l 'il10f1 eJ'WU)J~ el'W,r1'll1'W 1 

19i'el'lf11'j~i1el~'W~1'l1~ 'l 'j~lmnl11~ ~~eJ"\91f11'm\91o~11 el~l'l h f1\9111JeJ1 'il19i'el'llJ01'Jrl~ 'lJ'W 1~ el'Wfllfl• 
9J .dt d d d' dc1V ~ Q, Q.I cI ct ..::9 o:!i 0 I 

elel01J1'lrV-Wl'W1Jf1l11Jll'tl'l!! H 'W elO 'illO'W mw 'Vl\91 el'l f11Hli:l\91 Hi:l\91iltl!cVI'IW'l'Vl'j~"O l1'j el'U el'l'b'l'j lt1 f11'j 

01, I '" 4.3.1 el'lflu'j~Oel1J'Vl1'l~fllJ 

U1'il~lJ'Vl 'j 1til 'W mlJlWUeltJl'lf'W~~ til n 1J~'WIl1i1 tl1i'W1J'W el1lJleJ'Vllmm ~'Wmi1 til'!!l'Wvill~ tI'W rlll1~1J 

mlJlW CaS0
4 

iJ~T~'l'WeJbY1Jfll'j 561 ppm ~'lJ'WH~\91nWCY)l1tl'l!vn~'lel1'il~fl~fl'j11J'U11~~1t1on'Wl1 
" ." 

!1I'W "'j 1"iIPi' 'W elO 'il10 tr1l-11~'W i1 111 H~\911f1~ el'lU'W ~'WlHl'b'U~ ~fl ~eJ1J 'il~lJUUJm01'jl1"~~ el'W 'U el'l~f1~ el 1J 
u • 

IIPi' ~'l J'W NNg\91~ 'il~ 1~~'W 1 'WIm ci'lrl~'l fll'j ~~elO 'b'U ~ H~\91.nW CY)1 Mll1lJl~bY1J~~eJ,,~ifilll11~\9111JlJl 
'" u 

http:H~\91.nW
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, " 
V1!fHHljtl'1 11'1 'I1'JIPi'U fl 'j ft'11i'j 'j:Jj) 1'15 (f1 rill!fl~ tl'1iJ'U ~'UH,mJ1'U 'Vi 1b~ tJ'U)

q 

60.59 

21.84 

4.61 

0.91 

Nap 0.09 

Kp 2.16 

MgO 0.74 

CaO 0.09 

CaS04 561 ppm 

0.01 

0.045 

" 
f1l'j ~tu bff£J11111tJf1 mt'1 !f:-l1 

'U u 
8.52 

I 
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'il1nf1l11Im1~rfU~ l'U'\J'U l'fltJ'Ufl1fl~'U 'W1J 11th ~n tJ'IJ~';WWJtJ 191CJf If'll tJ~l 'Uv1 U~~ ~~ i ~v1. 
.:9 31 Q,I Q d. ~ Q.::::j ~, 0 I 

9i\lfl ~ltJn 'IJ'fl'UI11'U tJl9f'U 'IJ'UII~~'fl 'UIl1'U tJl9f'U ~1\l'\J tJ\l tJ llflf)'Yl1rr1~1 

I '000 

3500 1 =kaoliuitf' 

2 = quartz 

)000 

~ 500 

Count... 

:woo 

I j()() 

;000 

100 

0 

Q 10 20 )0 40 \ 0 70 so 

IU L 

~'Umurrnj'l'U'Yhl~(J'U ~llHn.hn'W'U flllflmijf)\l 

. ., " ,r,ml'fl 'U f'll rr11i lllJ ll'if (n cilJ 1f'l1f)\l 11'U ~'UU·mj'l'U·..h!~ (J'U) r
• 

4.3.3 bYlJ1Wl'Yll\lf1ltlfl1'W 

W'Uv11l 00 ni'lJ ~\lU l'il~!~W'lflt11nl1 tll'IJUfl~ 'illn ~f)f)'U '\J f)\lln ~f)1! f'l m9WlJ vil 111'~'U!fl'fl t111 !t11~n'U 

!~'Ufi'f)'U 1'11 111'~'U~ ~h~'flfl\l~nh111'~ l~~l~\l rl1l1i'1J~ Wl9fU fll1lJ mu til ~~ 1~f)'U ~l\l bY \l~ f) 29.2 
'" 
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1911H:J Vi 4.l2 !lfflPl 'I fflJ ~ f11 t'Jfl1'Vl 'U t}:j ~hH'1'f'U cr:l'li'Tw 'Vi ll~ t'J'W 1911 'IJ ~1il tl 'Vl 'W ell!fHH{jtl 'I 
<lJ 

, " 
~'1 'I111Pl'W fl~ fl'11i~~m 1"lf (tl ~lJlfl~ el'l'U'W~'Wl~·nU1'W 'Vi 1~~ t'J'W)

q 

1001lJ"lf 

<120 llJ lmllJ\91~ 

<0.5 llJ lmllJ\91~ 
..:::::..:::s. at. c:: 0" 

llJ'Vl~~'W'IJ'JeJ'WllPltl9f 

Liquid limit 

1.58 2001lJ"lf 4.42 325 IlJ"lf 7.94 

99.5 99.6 <53 llJ lmllJ\91~ 99.7 

99.1 <20 llJ lmllJ\91~ 94.2 <10 llJ lmllJ\91~ 89.2 

79.7 65.6 58.4 

51.7 
Q QQ Q rI Q.I 

5.25 lJ~~tlfl1111~'W\91/100 tl1lJ (meq/lOO g) 

Atterberg plasticity Test 

53.8 Plastic limit 24.6 Plasticity index 29.2 

I 


I 


I 
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1l1f1l9l1~ N~ 4.13 L! ff~..:J ~ 1 fl11lJ~'W '1 '\.J II 'Vl..:J~h-t5~ f1l~11~1911L!"::;fl11lJH~..:JUHl1rl'..:Jtl'UUM.:J 

'VI'U11~'Wll1U(nUl'\.J'Vill~(J'U {yllJl~f:i~~~'U'JtJhn~l'Ju'Vi..:J~'W '~U\9l fllifll ~1'J1111'J Irl D '1 ~Jl~ {ylJ ~DI'J(l ::;
'" 

24.71 ~.:J'1fl~Iji)I'J.:Jfiu~'\.Jll1UI'J1i'\.Jril..:J IrlmIM..:Jij~lfll~11~1V1119$.:Jl~'W ~DI'J(l::; 6.39 ~lfl11lJL!~..:JL!H'I1rl'.:J 
UM.:J 1 ,357 tJD'U~~D\9l1~ l.:Jii 1 ~.:Jij~1'~..:Jfli1~'W 1l1fl~'\.Jll1UI'J1i'\.Ju'\.JU(1::;i'Uril..:J el1lilV'Vllff1(11 1l1fl ~(1 

• y • 

Vi l~uUff~.:J '1M!11'\.J i1~'\.J Viijfl11lJU~.:J!!~ .:Jl1rl'.:JVUUM..:Jff..:J li'V..:Jij -ff~ ~h'W 'U V.:JV'Wfl1fl (1::;IDI'J~IW::; V'\.Jfl1fl 
'" q q 

19l1'J1..:JVi 4.13 llff~..:JmlJlWfl11lJ~'U '1'WL!'Vi..:J~'U1~ fll'Jl1flIV11IrlVUM..:J IW::;fl11lJII~..:JIIHlrlmIM.:J'UV..:J 
~'\.JmUI'J1Ul'\.J'Vl11~tJ'\.J 1'11UmJlfl'VI'U elllilVlliv..:J ~..:Jwr~'Umff1li~~ml9f.. 
. " 
(flrilJ!fI~V..:JU'W~'W!f·nUl'\.J'Vll!~I'J'\.J)

q 

... .,. co: ... ~~~ '1 'Q d 
fll~ 11~19l1!lJVUl1..:J fl11lJl! 'U ,HI ~ ..:JIlJ VL! 11..:Jfl11lJ"Jf'U 'WU'Vl..:J~'U'Jfl , <> 

Ul1(l..:J~'\.J 
~~ " ('J V I'J (1::; ) (~VtJ(j::;) (tJV'W~~V\9l1~1 ,rU1) 

Q , dd ~ 

1,357.00±102.11~'W!11'W1'J11Jl'\.J 'Vll119l1'J'\.J 24.7I±O.28 6.39±O.30 

4.3.5 fflJlliil1rl'.:J!Hl 

.d d I Q,lC\9) &~ Q

1l1fl\9li~1..:J'Vl 4.14 IW::;~tJ'Vl 4.11 !!fffl..:JfI1fll~11~19l1!9f..:J!ff'W fll~~fl9l'lJ'Wl !!(1::;fl11lHl'U.:JUH'" .. 
'U V..:JU 'Vi.;j~ 'I-i'l1 rl'.;j!f-.I1 '1 'W ~1..:J flW 11 flil 900-1200 fl.;j ffl! 91(1 I;I'J ff 'VI U i 1 ~ '\.J ij f1l~ 11~ 1911'1..h ::;lJ1W ~VtJ (j::;

q .. 

6.81-13.66 l~l'JiJu'\.J11UlJ!vt'lJ~'W\9l1mi'l~u ~ lfll~ ~fl91mj'1(1fl(j.;j19l1lJVW11 flil1 fll'Jij~ lfl ci'1 'U ~1.;j~tll'J
<u q QJ 'U 

(j::; 21.44-2.47 ml'lJ!!~..:JUHiJ~ltJ'J::;lJ1W 2,643 -8,212 tJV'\.J~~fl\9l1'Jl.;jd1 ~.;jffV~fI~V.;jfi'U~lf1l~fl~.. 
9l'lJJ1~~1(l.;j ~'Ull1UI'J1Ul'U'Vl1!~tJ'\.J ~~l1J'W~'U~ij~1.;jfll'Jl~1 '~fl1l.;j'Wfl ffllJ1~t1'Vl'U Il~'~ 1200 V.;jffl 

http:21.44-2.47
http:6.81-13.66
http:rl'.;j!f-.I1
http:6.39�O.30
http:24.7I�O.28
http:1,357.00�102.11
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. " 
(n rilJlfl~~'Il1u ~u lfilD1U 'Vi 11~ trw). 
'" f)1'j'l1~~T"Hi'llfil~w 'I1f1lJ 

q '" 
'jJ 

('j~CJCl~)(~'Iffl19fCll~cJCl) 

<!/ 1i 
f)1'j~~9flJ'W 1 

'" 
'jJ 

('j~CJCl~) 

~ ... 
fl11lHl'U'Ill'j'l'l1Cl'llfi1 

(iJ~U~I9i~\9l1'jl'1d'J) 

2,643. 14±24 1.466.81±0.33 21.44±0.39900 

3,553.59±269.4221.00±0.637.49±0.13950 

3,851.23±277.847.66±0.45 20.23±0.521,000 

20.12±0.79 4,699.35±659.701,050 9. 17±0.90 

12.55±O.24 11.05±0.80 6,417.69±463.591,100 

13.47±0.21 7,137.72±772.431,150 3.O2±1.l8 

13.66±0.29 2.47±O.48 8,212.29±979.761,200 

---- ---­
20 

o 

M. 
;~, .....a... 

lA'i~m'iorwJ'1J 
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http:8,212.29�979.76
http:2.47�O.48
http:13.66�0.29
http:3.O2�1.l8
http:13.47�0.21
http:6,417.69�463.59
http:11.05�0.80
http:12.55�O.24
http:4,699.35�659.70
http:20.12�0.79
http:20.23�0.52
http:7.66�0.45
http:3,851.23�277.84
http:7.49�0.13
http:21.00�0.63
http:3,553.59�269.42
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\91l)l\1~ 4.15 UfflPl\lrll'tm\l~hJ) ~'lJ'lJCtlleJV U(l~rl"\llflI91YiU 'il~';WI911'iJ fl\l~h.m1'w{J1UTWvl l!~fJl..! 

nm.HHl~'l1rl'\llmYleJtlnffliJ 900-1200 eJ\lfl1!9HHCtlUff 'V'I'lJ11 rllfll1'lJff1H (L) iJrlnh~'lJltu. .. 
49.43-67.57 rllU fflPl\l ~UIPl\lU(l~ ~t:UfJl (a) iJrll'lJ lfllb-~'lJltu l3.70-19.4 3 -am ~llrll~J11~l..!'l1~ eJ ~ 

!'l1~tl\l (b) iJrl1'lJlfllb-~lJltu 22.20-31.6 'il1fl)1J~ 4.12 UfflPl\l~~l..!nflWf'lliJ~I'YI11,j''lJ U(l~'l1rl',mn'lfl\1.. 
tltu'l1i1iJ 900-1200 fl\lfl1t9fmCtlUff 'il~ltJ~fJl..!ltJI911'lJeJtu'l1i1iJllPlfJ'lfl\1eJtu'l1i1iJ 900-950 eJ'lfl119f(l!Ctl£jff iJ 

q <u q q,J q cu 

" 'l1rl'\llm'iJ eJ\I~l..! mu fJ1Ul'\'.I'vhl~fJl..! 'il~iJ!'l1~eJ'lUl..!fl1l~~W 'l1'WfJ li'W 'lJ l..! IW~ ri1\1 'iJ eJ \I~l..! mu fJ 1 ~i'1Ii1 eJ 
, 

'Vl1fllm 

d 

1911)1'l'Vl 4.15 
'Q.I' dQ , Q.I' d ~ I Q d j.J '.::::i 

UfflPl\lfllfl1) l\P1fflPll..! fl eJl..!l~lU(l~'l1(l'l 1~1'Vl ~tu 'I1.fJ'lJ\91l'l")'iJeJ'l\PIl..!!'l1l..!UJ'lJ1l..! 'YI1tl91 fJl..! 
", 

~1'lJ (lU1fl'V'll..! tllti1eJ!ijeJ'l i'l'trJ\PIl..!f1)fl11i':i )'lJ':i 1"l$ (n ri'lJtfl~ eJ\I'l1l..!~l..! tmD1l..!vl 11~fJl..!).. . 
'" eJtu'l1i1l.1• .. rllfl1)l'\PI~':i~'lJ'lJ9f1eJV (L*a*b*) 

C<d ... 'JJ 
ff'Vl ff \I!fl 191 \PI 1 fJ \91l. 

(eJ\lflW])'(ltCtlUff) L a b 

, 
neJl..!t~l 52.15 +2,39 +12.09 

'JJ 
!'YIlI'iJl.I 

900 ~3.01 +14.42 +26.88 
'JJ 'JJ 

ffl.l!'iJl.I 

950 p5.2~ +14.65 +28.73 
'JJ 'JJ 

ffl.lt'iJl.I 

1,000 ~.9~ +15.15 +30.04 
'JJ , 

ffl.leJeJ'W 

1,050 67.57 +14.19 +30.87 
'JJ , 

ffl.leJeJl..! 

1,100 64.41 +15.26 +32.65 
'JJ , 

ffl.leJfll..! 

1,150 55.55 +19.43 +31.18 
1: , 

l..!1191 l(leJeJl..! 

1,200 49.43 +13.70 +22.20 " 'I11\91l (l 

http:49.43-67.57
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b ~lltJUU1f) 1:Y'iJ~111iU'Vlmn:J1:Ym~tl':) 

b ~lltJU~U1:Y'iJ~1111U'VlffVl1.:)1:YJ1~U 

l~nmJtm:~tJ 
~0IJ11m~lJUil:~~¥1flru" 

ih\lfu~~m\lnmJ~~n2553 

~W'l1U rrJ'Ulu'Vi1l~ (JwtJ'W~'Wmu (J1liftHU(JU ""11J 1) tl~U) 11 ,~~ l(JU~~ ili U\9l mim1:Y(J'I11(J
" 

'\15.:) II M-:J 1!-l~\9lflW cvllJfl111J u~':) m -:J lrltlll!-l1 url'11!-l~\9l flW cvl 'iJ~lJ 1:Y~1J l.u1J()-:JJ1\9l1~ 'Yl U'~ i~1I) ~1JlW 
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, " " 
1200 B~ffW1HH~tI'ff nfl 1 TlH'I1lll::: 'fflJ It.J fllJ"t11lll~i:'l\9Hfl~ B.:Jif'W ~'W l~Wlfl UI9l.:J 'ffl'W l'l.:J'IJ 'W l~l~mr"::: 

" ,
'IJ'Wl~ '1'1"iUJ mil ~fl\91ll'lflUI9l.:J'ffl'W m:::\:l1.:J 'WBfl 'illfltJ rJ.:JnrYfltlm'Vl~'il:::t11' 1.1~\PlJ'W llfl~m/l~(1'~ 

u • '" 

A .cd a dl ~ ~ Q " ~ .cd
~'W'Vl'WllJ1ffflfll flB l'WB~'Wil'Wh.Jfl-ol'W 'il.'W flJ"ff) 1iJ"J"lJ) 1 'If 'illfll'll)l~'Vl 4.16 U(1'~.:J 

B.:J~1.1J":::flBiJ'Vll.:jlfln'IJB.:jldB~'W~'W llJflm'W 'VliJ11 n~ftfl1 'ff.:J lJlfl 5CW-O::: 74.50 B-olJ'Wl ~B'W~\!j~l
'" '" 

5fltJ-O::: 14.82 ~ 'W ~~ n 'Vl J" 1I'J1.1 'W (1' .:jlllf1 ~nA 1 'il :::ltJ'W 'Vl J" 1tI~t11lJl~ 'fflJ '1 'Wl d B~ 'W ~ 'W 1.1~ lllW ni ~ fl 
'" 

", . . 
~B'W,j1.:j I'll U 'ff~~n'Vl) lt11.1'Wlllf1 9$.:J'ffB~fl ~B.:J niJ1.1~lJ lW ~ftf11~ fl ri l1lJlU~1,jl.:jl'i''W 'W Bfl 'illfl tJ n 

1'l1)1.:J'Vl4.16 U'ff~.:J~"'llfl ·n:::'I1a.:Jflu):::flaiJ'Vll~lfllJJ"llJ'lJa.:Jl'Wa~'Wu'W LlJflm'W 

tfhnw CaS0
4 
~n~l 210 ppm ~.:JRfl1'ilnilty'l11mliJ'lJl1iJ'Wr:il'IJB.:J~i:'ll'lnWcYl'1~l'lf'Wl~l'JlniJ~'W 

CS 'j) 1.::1 

ni'W tlliJ1'W'Vllll'l tI'W 

d "".. "'01 d Jj "" o~ 1 

,r.:J'I11~'Wmff11iJ")ml'1f 


"'1.1 da.:Jfl ):::flaiJ'Vl1.:JlfllJ 
~ 
) BtI-o::: 

Si02 74.50 

.­

Alp) 14.82 

Fe2O) 2.50 

Ti02 0.64 

Nap 0.39 

~O 2.31 

MgO 0.52 

CaO 0.11 

CaS04 
210 ppm 

Mn02 0.009 

L-­

PP5 

" fl1) (1'UH~tI'l.J1'1111flmf.:Jl~l 
'" U 

0 .022 

4.68 

http:1'l1)1.:J'Vl4.16
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1500 

1 = boliui't 

~ooo 
! -= quam 

.'=i.lliff' 

-1= 'iwt'ctirf' 

1500 

('ount'S 

1000 

500 

o 

10 !O 40 50 so 

IJ ­ L 

" " lU~~UirU llJflrllU ~hl.flt)l'hfl'lm\l'l111'~'Wmfl'11iJ'JlJ'Jl"ll' r 

~ , <JI .::1 <:::\.::1 Q ~ " 

~1f)19l1'J 1'1 'Vl 4.17 Hff~ .:JfIlm f)fIl.:J19l ~um.:J m 'J m ~~1I'Jrl11lJrI~n:Jt'J~ AlJ'Vl r1r1lJ 'U 'J ~lJA~ fl ~ 

~'lfWfl11lJ!'\1UI'J1 'Yl'U'hlllJ~lJ~llirl~A~I'J~lJlf) iimlJlrumf)111'Jl'U'U'W1~ 119lf)';h 325 !lJ"lf rl8mJ1.:Jff.:J 
<u 

1111mJ~/l00 f)llJ rl1~"ll'Um1lJ!'\1UI'J1 lJrl1'Ylt)fl1'J ~~ 20.4 ~1f)Nrlm'J1!flJ1~r1!!ff~.:J'r1'!~1.r<hltft)~'W 
~'W llJrlm'W~lJAtf~l1I'JT\J ~'11h~~1~ ~'1 ~1f) f) 1'J N fflJ'Vl 'J11'J1~t)i1(JrI~ f) 1'J 11~vl1'U B'Iltf~~'W 5'W ~~'lf1(J 
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~ ~ 
f11flfl1 'H'(~{yll1J'W\91 ~Hm -:j ('HWCl~) 

100 llJ'lJ' 13.75 I 200 ll1'lJ' 19.47 325 !11'lJ' 27.27 

c1 ~ 

f11'J m~ 1l1t1fll1lJCl~mtl'fl {Y~{Yll ('J t)tlCl~) 

<120 '111 ifl'J!l1\91'J 99.8 <70111 ifl'J!l1\91'J 99 .2 <53 111 1m!lJm 97.3 

<40 111 1m!11\91'J 93.2 <20111 1fl'J!11\91'J 80.9 <10 111 1m!l1m 71.6 

<5 111 1m!11\91'J 63.5 <2111 1m!l1m 52.8 <1111im!11\91'J 47.5 

<0.5 111 1m!11 \91 'J 43.0 

4 c1 '" <:l <f 
!11 VI Cl Cl 'W 1J Cl tl 'WI 'fl fl9f 

'" 

.<::\ .t:::).Q ~ rI Q.I' 

9.25 llClCltlflll1lCl'W\91/100 mlJ (meqllOO g) 

Atterberg plasticity Test 

Liquid limit 36.5 Plastic limit 16.1 Plasticity index 20.4 

Cumulative Fln~r Mass P(!lrcc nt vs. O lam OWr 
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~lfWI1J'1':)~ 4.18 m"~':)~l fl1111~'Wi'WU'Vl.:)~'W1~ f1lJ'111'11'l1U~~fl1111U~':)!!H115\ltl'UUM':) 
'VI'Ui1 tdtl~'W~U illflmU tr1lllJ' fJ1~~'W)'tJ 1~trltlli'J1~bYll~tJ(J~~ 21.03 trlmtM\lii~ 1 f1lJ'111'11'l1t;\l ... 

'j) r Ij} ~ , d c:v Y £1 J .... I rI I ;f dl ~I 
tbYUfltl'W'U1\l\l\l J'tlI:lCl~ 7.32 fllfl11lHt'U\lUHl1Cl\lUl1\l 111'11 1,345 lJtl'W~~tl~1J'1':)'W1 9f':)tlJU~Cl~lf) 

f)lJ'iiu~ bYtllf) lV1I9i'~iitdtlCl~tfll:ll'l9f11:l~I'IV'Wfl1fl~U iMt~tlll~1'I nu ~\lyJ11Mn~lfl1111U~\lUJ' \lbY\lvt\l~ii. ... 

f)lf)111:l1'UbY\l... 

" " tUV~UUU illflm'W ,r\ll1i~umft11inm1"lf 

" 
fl111195'W l'Wu'Vl\l~u11'1 

.... .,j 'JI 
f)lJ' 11~~1tllVttl1\l 

d .,j 'JI 
1'1 1111 U'U'I UJ ,UllVUl1.:) 

I "" 

Ul1Cl\lI'lU 
'JI 

(J' tlI:lCl~) 
'JI 

(J'VI:lCl~) ('tJV'W~~flmJ'1\lif1) 

" " tUV~'WUU illflCl1U 21.03±0.43 7.32±0.14 1,344.57±129.14 

~Tl.h~lllru 2,400 -3,258 'tJV'W~~V911J'l'lif1 ~\lttl'W~1~llJtr'lUf)UCl~~1f)i1~UmUI:l1 V.'Vl1ft1m vt\l~... 

ii 1'11111 tt ~\l!!J' \l115\l tl'U tt M\l bY \l f) i1 ~\l ttl'W~Cl ~1mdV~ 'W ~'WiiVl,)ll:l'tJ'W1Jlf)yJ11MtdV~U VI'W 1~ f) i1 
" 

I V V V I , 

I'W 9fl':) vru 11 flii f)l') t~l 'fit'If'U f)l':i f'Ymnu rl111i''UtU tl~UU'W ill fl mu 'lJ'\Jttl'W~'W'Vin9f1\l f)l':i t~l'Vi f) 11\l 

" " 'WVtrllfl1':i tUtl~uu'W illflmuiifl1111Vl'Wl~1~bY\lf)i1 l200 V\lft1t9fClt91l:lbY 
" 
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13.92±O.28 

13.72±O.09 

12.99±OA9 

9.24±1.02 

6.74±0.39 

5.66±O.31 

3.26±0.57 

900 

950 

1,000 

1,050 

1,100 

1,150 

1,200 

7.35±0.16 

7.37±O.16 

7.73±OAl 

9.37±0.13 

9.82±0.16 

10.36±0.32 

1O.8I±O.12 

~ ~ 

fll1lJU'tl\l!!'j \ll1i:l.:JtNl 

(11 eJ'W IPlI'i eJ~l'j l\l-d1) 

2,399.89±183.91 

2,276.99±260.34 

2,457A4±212.12 

2,605.39±146.37 

2,634.52±536.97 

3,086.80±510.66 

3,258.52±485.11 

16 

1~ 

12 

, 
~ 10 
'i-.. 

~ S 

\-~ 

W 

'" ~ 6 
C 

4 

o 

35000 

3000 

25000 

2000 ~. 
:: 
2­
'" 

L51}1) ~ ... 

:: 
~ 

~.. 
1000 ~ 

500 

o 

,~---

1100900 950 1000 1050 

M. 'j11~ 4.15 f)'jlvJU'ff~\lfll1lJ-«lJ~'W11''j~1111\lm'j11~19i1 fl11lJU~\lU'j\l !m~m'j.!ta ....... .. 
'Fi'!~fl1rum::iu 

ljtlUllWl'ilq~1Jl(w~§Mru'ri 

~lmu~i1illW1'l'illlnn U2553 

http:3,258.52�485.11
http:3,086.80�510.66
http:2,634.52�536.97
http:2,605.39�146.37
http:2,457A4�212.12
http:2,276.99�260.34
http:2,399.89�183.91
http:1O.8I�O.12
http:10.36�0.32
http:9.82�0.16
http:9.37�0.13
http:7.37�O.16
http:7.35�0.16
http:3.26�0.57
http:5.66�O.31
http:6.74�0.39
http:9.24�1.02
http:13.72�O.09
http:13.92�O.28
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, " " 
~n:i1':j'Vi 4.20 U(;1\Pl.:j ~1'U B.:j ~1'W 'J ~iJiJ9fiBV (erE) m~~ if.:j!f1\Pl ~iJ 'iJ~1VI911'UfN!i'18~'W 'I1'W III 

rH'll'U riBW!Cl~'I1rl'.:j!H1~Btu'l1.f1lJ 900-1200 e:J.:jfl'll91Cl!9fV(;1 'VliJ'h ~lfl11lJ(,";h.:j (L) iJ~l'll'J~lJ1tu. '" 

60.40-70. 73 ri1U(;1<f\.:j~U<f\.:j!lCl~~~h~V1 (a) iJ~liJ1mh~lJ1tu 6.0 1-17.21 -ff1'\"!i'iJ~1~JlI1~1'I1~e:J~l'I1i'l8.:j 
(b) iJ~ 1iJ 1 fI 'tho ~lJ1tu 22.82-29.59 ~'W ri 8'WlH11i ~!'V1lfl 8'W -ff1 'I1i'iJ~'U8.:j ~'W 'I1rl',mn<tf1.:i Btu . 'I1.f1lJ'" 

900-1200 8.:jfl'll91ClI9fV(;1 'iJ ~iJ~!tl~v'WhI 191111 Btu 'I1.f1lJl <f\V<tf1.:j 8tu 'I1.f1lJ 900-1100 iJ ffllfl8'Ulrlmvill 
q cu q cu 

'" 8tu'l1.f111• '" 
~lf11'Jl'<f\~'J~'lJ'lJ9f'BV (L*a*b*) 

cO cO <V 91 
(;1'Yl"Htfll91\Pl1V191 1. 

(8.:j fl'1 191 Cl 19fV(;1) L a b 

. 
f18'UlHl 60.40 +3.00 +14.14 

. 
!'Yl188'W 

900 68.70 + 11.27 +25.59 
91 • 

(;11188'W 

950 70.07 +1I.22 +27.15 
91 • 

(;1lJ88'W 

1,000 70.73 +17.21 +27.82 
91 • 

(;1lJ88'W 

1,050 69.76 +10.67 +29.59 
91 • 

(;1lJ88'W 

1,100 64.09 +14.02 +31.92 
91 • 

(;11188'W 

1,150 60.49 +13 .60 +28.37 
91 

"lflJ'VlI'UlJ 
'" 

1,200 61.36 +6.01 +22.82 " '111191 1Cl fl8'U 

'11lJ1 VI'11 191. 
I Q,I I .:::j,.:::::i 0 0' 

L = 0 U(;1<f\.:j1119118Vl.:jlJ(;1\Pl1(;1lJ'lJ'JW
'" 

I Q.I I .c::1ct tI 
L = 100 !!(;1<f\.:j111911BV1.:jlJ(;1'U11(;1lJ'lJ'Jtu

'" 

http:22.82-29.59
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b ~lb1JUlJ1f) ~~~1'll1uilffVll.:j~b11~m 

b ~ lb1JU~lJ~~~1'll1uilffVll.:j~Jl!~U 

M..".­--­-­.....-. 
~o-nutn".ilJ 

f\:lUl1~q~IJI1i1!;~'tf 
Wqili11Wl'i1lJlm-lfln D2553 

'lJtl.:j~umuI'J1i11'll ml.:jb~l~~\9lfiwqflldj~-fflJcitlu~.:jJwllm)VU 'VlU l'Vll~bfi'W 1,200 V'ifl'lb91TI!QWtY 

iifl11lJmlJ1~ tYlJ 1U f)1)t11lJ1~~\9lbfl~ tl.:jJu~wm~ i~tYtlI'J111tl\9lf) bl~.:j~l.:j"l mil fl )~m.:jl9lu llf 
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~I ~ 4.5.1 f)'lflu)~fH)iJ'Yll'llfllJ 

I 
tJfl ~fltH'l~ 4.02 ri'lr:-H'l'1M'H~l"lnWcvll1rl''llf-nliffhjl'li'lJmfl t!)~flf)iJ~1tl uf){lflllm1 ll{l~llf){lfl'llm.r 

lBffi limmw )1lJn'\.J~m.J'Ii'1'lff'l ~f)tl{l~ 5.20 ~'\.J~'lI~'Yl'\.J ll'JlJlm1fl l1rl''llHlij~lfll) ffWlfftlJll1tJfl
'" ... " 

" " 
l1rl''llf-n 'V'Wffllfl1) ~f)tl{l~ 7 lU f)~'U ~'l1.hil~'Yl)ltlt!'\.J-Wf)tJ!GJf'U l~ tl1nll~'U mUlI1i'U U'lHhUH)";Wll (ll 

Q d. ~ I d 

ll{l~ ~'Um'\.Jtl1iJl'U'YlllI'W'U 

at! ~ f)'lfl )~flf)iJ'Vll.:jlfllJ 
'II 
)f)tl{l~ 

Si02 57.15 

Alp) 26.29 

Fep) 3.62 

Ti02 0.40 

Nap 0.52 

Kp 4.26 

MgO 0.34 

CaO 0.08 

CaS04 <87 ppm 

Mn°2 0.031 

PP5 0.043 

" fll) m:Ulffml111tJ fll1rl''llHl 
'" " 

7.31 

I 
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r--­
1200 

lOCO 

Count!; 

600 

4ca 

200 

IJ 
~ ot::t 0 • ~ flfV (V Q 

~Wl1U£Jl VlltHl':itlUVflJC1£J 'j)~'I11~Ufl':iff':ilinml'b' 

(1 ':i ~ 'j)tlfl £Jl~TIlU ~llJ~tlt!f1~l) 

A 33\ , j , 
. ~ -~j~ ~ "" """'" 

1 = kaolinite 

2 = quartz 

J=illite 

4 = ~meetite 

V~, 
l ' " 

, \ 3 3 ,3) 
I 

10 :0 3C 40 i 

, 
I I 

2·theta I 
L-.. 
I .J 

r 


~9fWfll1lJmlh"'J 'VnrJl ihBmWfllfl'l1t11'lJ'tlUlIPIII9lWh 325 IlJ"lf ~tlu'Ii\:Jtl~~tl ~tltlC1~ 20.90 ii 

tlUmfl~l~flfll1 2 llJ1mIlJl9l J ~tlU'Ii\:j~l ~mm~ 43.6 ~lllJY1C11:'hmC1~h!l~flcif ii~l 5.23 iJC1il~fl111. ~ 

• v v 

IC1Uv11l00 flflJ ~1~"lfWfll1lJmWtll ii~l'lhuflm,:j~tl 18 .7 'j)lfHH'l~,:jVtflriT"JmU~lWyh'M~Uwl~ 

1{1£JUC1~ltitl\9lUfllw~ii!~tl'l1 tll'lJfll1~ulmri,:j ~U tlfld'U ~U~U llJfl mu 
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'" '"f)lf1m'HY~bYlJlJ'UI'l~!!m..:j (nJtJ~~) 

100 llJ9f 5.04 200 llJ9f 14.58 325 llJ9f 20.90 

'" '"f)1';i m ~~ltJflJllJ~~WtJ\9l bY~bYll (JeW~~) 

< 120 llJ 1f1JllJl'l';i 97.8 <701lJ1f1';itlJ\PJ';i 97.5 <53 llJ 1f1JllJl'l';i 96.2 

<40 III1mtlJ\PJ';i 93.6 <20 llJ 1fmlJ\PJ';i 82.2 <10 llJ 1f1JllJ\9I';i 68.2 

<5 llJ 1fIJ tlJ\91J 56.0 <2 IlJ1mtlJ\PJ ';i 43.6 < I llJ lfIJllJ\9I';i 36.4 

<0.5 llJ lfIJllJ\9I';i 28.3 

Q '" 
Q c:l 0' 

llJ'Vl~~'U lJ ~tl'Ul\9l f191 
'" 

~ ~~ ~ d' cv 

5.23lJ~~tlflJJll~'U\PJ/100 mlJ (meq/lOO g) 

Atterberg plasticity Test 

Liquid limit l 38.6 Plastic limit 19.9 Plasticity index 18.7 

Cumulallvo Flnor Mass POrcont VS, Olamclor 

- RI OO43I.SMP : 2CRB 

- -" ,,, ---~--L -'--- -- - -'I' 
" , I 

I 

,~
~ GO J - - .~j - - -- -- -, - I 
i so ~ -- ,- - - - ---- - ----\-'-~-,,----"-----'-- ---I 

" ! 1 

'i i I " , I 
~ 4~ir-_-r_ _ r-----~--~-----~--+----+~ 
~ j I "" , l 

U j " I 
30+ --1 ----- -1--- ~-; 

i 
1 

I I 
"O J - -- - -- ---- --- ,- ---- -- -­ -- I 
'oj - - ~ ,-, -,-,-.-,- -"~- --- - " -. ~- . -' -,--,- ,--- -- I 

!(to SO 10 5 I O.S 
P.lrUcig D lcllnQIOr (J..LIlI) 

IJ 
\,-- lA1Vn~unm\\J 

~(UffiwlRq~IJ~~ilflOl'tf 
mmiJ~~il'l~tmlJL'llI1nn D2553 

I 
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\?ll';il\l~ 4.23 U"'~\lfllfl11lJ~U1:wUvi\l~'W fllJl1~\?l1 Ufl ~ fl1llJU~\lm\l11rl'\lfltlU11\l 'lIfl\l~'W 
ell!flfl~flU~'UCHr 'Vi'U '",i1 "'llJlHI~~~'W ';itl1~1~(JuYi\l~U ':UU\?lfl'Yffl!~(J111(J 1~J1f:,mlH~ fl il1~ 'W ';i tl 1~ 

~ ~ ~ 

tlfl'W ~~fl\?ll:il\l~1 ~\l!1Ju ~fllllfl fll:i ~ JJ'lI 'W l~ fl'W fllfl!fi fl ~ lit fl ::;JJfll fll1 (J 1t1 tl~ U'W fl Ufl flU ~1\l '" \l t:1'1 
• <u ~ 


'V .:::;. d .::::s. Q.I <jJ 


~Hl\lfll:i !'VilJfl1llJl!'lI \lUJ \lfl1:ilJ fl1:ifl~'lI'W l~ flU fllfl flflfl 'U 1\l. 

<l dt 91 
fl1llJU'lI \lit H!lJfllt11\l 

(tlfl'W~~flm:i1\l~1) 

23.55±O.22 5.48±0.19 335 .25±71.54 

5.51-10.93 1~ (JJJltU 11UlJ!'VhJ~U\?lllJelW l1fliJ fllfl1J~~91lJJ lfl~fl\l\?lllJfJW 11 fliJi ~ (JJJfl1eluiU 9f1\l 
Q QJ cu q QJ QJ 

'j) 0 QI f d d 1 ~ ~ ~ c::S I i I ",I d f 

:iel(Jfl~ 24.42-7.01 "'111:i'Ufllfl1llJU'lI\lUHlJ!!'W1 UlJ!'VW'lIUlJfl1 U"l11\l 672.-3,673 uflU~\?lel 

\?ll:i l\l~1 !~fl~U rlJJ9f1\lf11:i !~l~ fl1l\l'Vi el"'lJfl1:i ~\l'Vl'W 1vJ'~'" \l fl i1 1200 el\l ff1!9Ifl!9W'" 1l1fl fl1f11llJ 
~ 

" " 'jJ 

U~ \lUJ \llil9l'lfl ilL!l1~\l~U ~U"l !1Ju ~fllJl1l1flliJJ fllfll1 (Jltl f1 elU ~l\l ~ \l 'W fl fl1l1fl ihJ\li:i el 'jihl1fl tl 'W ~l\l 

'"\lvhil1!fl~~\lJJ!~elltn1!fl\?lUel(J1u9f1\lflW l1fliJ~ffmJ1 ~\lJu ri\l~fl il1JJfl11lJ!!~\l!!J \l ~\l~1 ~'Wmihn 
~ ~. 

http:24.42-7.01
http:5.51-10.93
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d 
\9Il'n~'Vl 4.24 

I 
£> 

tlW l1fllJ . '" 

~ .,
rll1lJIt1] ,:jlt~,:j l1(l,:j~~n 

(tlmJ~~tl\9l1'Jl,:jdl) 

900 5.51±O.l9 24.42±O.23 672.25±39.14 

950 5.70±0.16 23.85±O.66 788.42±51 .66 

1,000 5.82±0.23 22.92±1.31 909.9l±129.28 

1,050 7.80±0.16 18.84±O.76 1,895.29±201.86 

1,100 9.42±0.27 14.36±0.31 2,536.77±273.98 

1,150 10.29±0.23 11.l2±0.84 3, to 1.74±360.30 

1,200 10.93±0.53 7.01±0.63 3,673.06±339.85 

----. ~ 

400030 

~500 

3000 

~500 

::000 

1500 

1000 

500 

o o 

900 950 1000 1050 1100 1150 I ~OO 

N....~"'-
.....=u­

l~n~vflr'..6i'lJ 
~f)Ifl1'lrl'~~~lJUi'lUl~Mru'lf 

d1\1fu~ilifmnmJl'!lrujn \12553 

.­'" ~ 
~ 
5 
u 

~ 
J:: 
:»~ 

3i g 
J::"
:::, 
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ne)'j,.JU~:!;l1rl'~lH1YitlWl1f)lJ 900-1,200 tl~ffWlf~lCtltl~ 'W'lJ11 ~1f1J1lJ~i1~ (L) 1J~1 73.30-57.53 ~1 
• 	 'II 

>I 

U~~~ffU~~u,,:!;~h~tlJ (a) lJ~l'uJtl1b' :!;lJ1W 11.72-15.51 rl111~'U~lff'l11l~'W11~tlffI11~tl~ (b) lJ~l'UJfl 

,Jl':!;lJ1W 23.20-27 .07 'illmtl~ 4.20 U~~~ff'\Jtl~ ~'Wntl'WH·nlJffm~tl~~tl'W Um:l1rl',mnGJfJ~tlWl1f)lJ
'II 	 • 'II 

JWl1"~tl'W 'il'W ffJwllm~lJ ~HYtl~fI~tl~tl'U~1~1~ 11~1'W ):!;'U'UCtl1tlfl rl'fllJW:::ff~'W"Hl~lN1ffl~lJ 

1fl ~l~ tI ~ tl'U ~ 'Wmii tilU1'W vi1l~ tI'W 

\9l1)1~Yi 4.25 	 U~~~~1m)1~ff~'W n tl'WlH1H~:::11"'~lfnYieJW l1IJiJ~l~"l '\Jtl~~tHl1ii til , 

eJllf)tl~ tl'W~'U~U <O~111~UflHY11i)HI) 1"lJ' (h~~lU 'iltlfl tl1~U1'W ~llJ~eWfl ~1)
'II 

"" tlWl1f)lJ• 'II 
~1fl1~1~ff):::'U'\JCtl1tlfl (L*a*b*) 

"'''' ... ~ 

~'Yl~~lfl\9lWW\9l1• 
(tl~f1Wlf"ICtltl~) L a b 

, 
fl tlU1Hl 68.47 +2.36 +18.77 '" 

, 
m ~tl~ tl tl U 

900 68.54 + 12.24 +26.84 
~ , 
~lJtltl'W 

950 70.57 +12.25 +27 .07 
~ , 
~lJtltlU 

1,000 72.42 + 12.36 +26.90 
~ , 
mJtltlu 

1,050 73.30 + 11.72 +25.25 
~ , 
~lJtltlU 

1,100 67.04 +- 13.76 +27.06 
>I 

'1.11 I9l1 ~~ tl U 

l , l50 61.27 + 15.51 +25 .78 
>I 

t1119l1~~tlU 

1,200 57.53 +14.08 123 .20 
>I 

~0 

U 119l1m'\JlJ 

f Q,/' , C\d 0 a 
L = 0 H~~~Jl\9lJtltll~lJ~~l~lJ'U)U!

'II 

I cv I dct rI 
L = 100 lIMl~J1\9l1tltl1~lJ~'\J11~lJ\!)W 

http:23.20-27.07
http:11.72-15.51
http:73.30-57.53
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" b l'l1'flll1'W~ffn1~'fJ~l1~ 'flff111~'W 

b ~l!t1'Wlnfl ff'il~i-tJluilffVl1"ffn1~tFJ 

b ~l!t1'Wfl1Jff11~1tJluVlffVll'lffJ1~'W 

--M.."",a.. 
o I ~ rI~ QI ~ 

m!fl'fl'HI'WVflJ1:W 'il"111~'WfI';iff';ili';i'rlJ';il"1flfn"~n~w)f'J.iilJ 
~rntllm~lJ~:Il~6UiOl,r 

illl1fuqi1!jl\ltm1JL'lln~n ~ 2553 (1';i ""1'W 'ilmHJ1",rl'W""llJ!mJfl~1) 

......... 


~'Wmu(rrrll!fl'fl':i mrw'IJ~~ ttl'W~'Wmu en1li!u ~'U ~~t~~~lJlflt!fllfilJlruJl~H''Ufll';i~'WnJ 
" " 

~ 

, 
~ 

ili~' 'I 1'U fl TH~1CJlJrw 'fl~'U'l1'UH'I'l'IJ'il~ 1li~fl"iJ fllJ j:.jftlJ 1ft~!.wmWlI;111lJA l1U CJ 1 '1-Hi'l !j:.jlj:.ji1~ ilru ctl 11 ~iJ 
~ q 

lfl~'fl'lJ'U~'U!m~l'l1'ft'flCJl1~'fl~flH~'I~l'l"l mil flJ~m'l 'il'flflJ1CJ1'1'W1Jl U~~j:.ji1~ilructl~~'fl'lfllJ~1 
, " 

!UCJ'U~~tflI'J~ mil 'tI'fl"Vh~~fl 'tIeWlh':i11'J U~~'fl'lrl~'tI'Ul~'fl'Ufl1fl~1'I.Hff~fi'fJ'U 'UDfl'illfl.um'il1111tJ 
q 
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\911) H~ 4.26 !l tY~-H).:J rlll)" ~ fH)'lJ 'Vl1 ·:jl fl ii'lJe).:J ~'U!'I1 utlTVl l'U 'j ~ 'il~ 'VI U11 iit.l1lJlw Cti~fl1 

r1fJ'U.u1.:JtY.:J ~Otl(l~ 69.70 fJ(llJ'U1 r1fJ'U.u1.:J~1 ~fJtI(l~ 15.59 ~.:J1l\9l~1J'U~'U!'I1Utl1~ii'Vl'j1t1t.l'UlJlfm1~f1
'" '" 

fJfJf11GJ1IP1U(l~1 'Vlt'VltU t/1.JfJfJf11GJ1IP1'J1lJn'U ~mm~ 7 .29 i'11 1~ii~11~.:J~mt.ulJlJlf1 llilJlW 'J1lJ'U fJ.:J tYl'j 

'lf1t1(l~fJWl1fliJf11m·n fifJ Hfli'lf111mf !t(l~HfJ(lmlmr~~h iillilJlw'jllJo'U1JJtYnJf1 ~fJtI"~ 3.85 . . '" 

19l1'j l.:Jll 4.26 HtY\9l.:J r'l(l1 ~fl'J l~,.rfJ.:J rltJ 'j ~f1 fJ'lJ 'Vll.:J tfl ii 'j llJ'U fJ.:J~ 'UtlfU tlTJI9l q~'lJ 'illf1~'U tlfU til 

1'l1'lJmi1tJ'j~'il~ e51~flfJ'If~fJ1~ 1l.:J111'\9l'Ufl'Jrr51i'j'jlJ'jl'lf (h.:J~~t.:Jh'ilu) 

~tJ QfJ.:Jfl 'j~f1fJ'lJ'Vl1.:JlfllJ 
'lI 
'jfJtI(l~ 

Si02 69.70 

Alp) 15.59 

Fe2O) 6.08 

Ti02 1.21 

Nap 0.21 

~O 1.53 

MgO 0.72 

CaO 0.18 

Mn02 0.014 

CaS04 
93 ppm 

pps 0.055 

" ~ 0 Q.I Q.I 

f11'j tYtlH tYtI'U 111'U f1l1(l.:JIHl
'" " 

4.89 
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1400 

120C 

1000 

BCC 

Coumo 

600 

400 

200 

I 

20 
2-theta 

30 

1 = kaolin ite 

2 = quartz 

3 = illite 

4 = cmectite 

40 , 

~'Wmi1t.l1 ~l1Jl:l'VhLJ'j:;;'il:;; thm)G)f:;;tJl~ ~\l111'~'Wmff11i'j'jlJ'jlG)f 

(1 'j\l ~li~h 'iltJ) 

nJ~ 4.2l Uff~'lr-Hlf1l)1lml:;;r1ufh."!'lJ'WWlfJ'Wfllf1~'W 'W'tdnh:;;fH)1J~';W f11tJ)l9lctl !f1tel~ 
• q 

i'W1'l5'U i'Ul'l H'U:;;ff!lJfl i'VIl'l ~'l~fl1:lw:;;H~~'W1Jl'W~'Wrl 'iJ:;;mi1eJ'W f1wdeJ~'W~'W tlJf1m'W 

I· 


'iJlfll9ll)l-:J~ 4.27 !l'U:;;~LJ~ 4.22 Uff~\l~lf1lfll'i'l'lI9l:;;llfl)'l f1l)m:;;'iJlt!f111lJ[l:;;IVtJ~ UJVl'U~ 

'W1J'J5'Wl~flctl ~'lfttf111lJmtttJl 'W1J'h ihfilJlWf1lfl'l1tJl1J'lJ'Wl~ 119lWil 325 llJG)f ~eJ'W'lil'l~l~eJ .welt! 

fll1~eJtJ[l:;; 4.32 iiel'Wfllf1~l~flfll1 2 ill tf1HIJI9l) ff'l'Welffllf11)" feltJ'U:;; 59.8 ftllllVl'U~'W'J'U5'Wl~flctl 
• qJ qJ 
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IPll:il:Jyj 4.27 	 UbY~,nnJ'lJllf)1mnW'tlD~~'U!'l-rWrn 1'l1Wlyjl'l.h~~~ thf1D'lf~D1~ 

~~"d'~'Wmff11i'j'jll'jl'1f (1 'j ~~1ij ~"". 1 'jm1) 

~ ~ 

f)1flfll~ cr~ crll'IJ'U \9l~!lflH ('j D(Jr:l~) 

100 UJ'1f 0.75 200 !1l'1f 1.25 325 !ll'lf 4.32 

'" ~fll'j m~1l1(Jfl1111r:l~m(J~ cr~crll ('j D (Jr:l~) 

<120 ill 1m!1l\9l'j 99.8 <70ill1fl'j!1l1Pl'j 99.1 <53 ill im!ll\9l'j 98.6 

<40 ill1fl'j!1l\9l) 97.7 <20 ill 1m!1l\9l'j 89.5 < 10 ill1m!ll\9l 'J 78.5 

<5 ill1m!1l\9l 'j 69.2 <2 ill1m!1l\9l 'j 59.8 < 1 ill1m!ll\9l'J 54.0 

<0.5 ill iml11\9l) 48.3 

.,. '" .,. c:l <I 
!1l'Vl r:l r:l'W 'lJr:lD'W!~ fl9f 

" 

Q 4Q Q. cI cv 

8.1411r:lr:lDfl111m'U\9l/100 mll (meqllOO g) 

Atterberg plasticity Test 

Liquid limit 47.2 Plastic limit I 20.2 I Plasticity index 26.9 

Cumulative Finer Mass Porcent VS. Dlameler 

10()' 

- - -- - .•._-
", 

-...., ­no 
-" ., 

8.~-----r-----r----------~-r-----r-------------r-----r~ 

__ - - ...::0' ­ __ •__7<> 

~ 
~ 

~ G~------+-----+-------------+-----+------=~~---+-----+~ 


~ 
::;; 
~ 5()-!-----1- -----j--------------!,------1------------- 1-- - ..:....'-. I­

ll: 


!li 
1i .~o 

~ 
3~---~----~------------~-----1----------_r----_r-1 

.--- ­20 

10 - . 

0, 5.00 	 .0 5 
P n rtk: la Dl fl lllalQ( (pm) 

.J 	 J'l.j~ 4.22 ml'V'1!!crlPl~fl1111r:l~!UtJ~!!r:l~fll'jm~1l1(J'tID~D'Uf11fl~'U!'\1U(J1 L
'0 	 • 

1'l1'IJr:lyj11.h~1l~ ~h!.fW'lf~D1~ 'il~'\11~'Wmff11i'l'Jll'Jl'1f r(lH~~t~hllU) 
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\91l:l1-:J~ 4.28 u~~-:J~lJllil fl1t'Jfl1~'tleJ-:J~tH'\1UWJ'vil'l.h~~~~llJl:l t;)1~~'WHI '~l~ml-n-:J~'Whi 
<u 

ltl9lf111fllft't'J'\11t'J 1i'Jlf-l ~lJ t~eJ 'hr~ 'W:I tJ '~li ~ If tJCJ~ ~ 23 trlmn1-:Jli~1 fll:l '\1~19l'"H 9f -:Jt ~'W f eJt'J~ ~ 7 
<u 

" & 	 " " ~lmllJU~-:Jm -:J'\1rl'-:JUl1-:J 1,160 tJeJ'Wffl9ieJI9l1:l1-:Jij 19f-:J~eJ'W,rl-:J\1'-:J t'lf'Wt~t'Jln1Jt'WeJ~'Wu'W llJfl~l'U 

.c:d 	 ,J I ..::. .ct Q..O dt 'j) ddt" 
19l1:lWVl 4.28 	 u~~-:JmlJlWI'l11lJ'lf'W1UU'Vl-:J~'W:I~ fl1:1'\1~19l11lJtlU'\1-:J U~~W.lllJU'tl-:Jm -:JllJeJU'\1-:J'tleJ-:J 

~'WmUt'Jl 1'111JmhtJ:I~~~ rlllfltl'lf~eJl~ <ij-:J'\11'~'WI'I:lf1'11i:l:llJ:ll'lf (lHa211-:J hm.J) 

"" 
)11 '''''ci

I'Il1lJ'lf'W 'WU'Vl-:J~'W:I~ '" .,j y 
fl1:1'\1~19l1tlJ eJU'\1-:J 

~ .,j y 
I'Il1lJU'tl-:Jm -:JllJeJU'\1-:J , 

lm~-:J~'W y y " 
('HW~~) (:ltlt'J~~) (tJtl'Wffl9itlm:ll-:Jij 1) 

~'Ul'\1ut'Jl-nl'lh~ ~~ 22.68±0.31 6.95±0.41 1,160.07±30.20 

4.6.5 ~lJllil'\1rl'-:Jf11:1!Nl 

15.68-3.40 rll'\1f1J~lmllJU~-:Jm-:JiJ~lmn'W'lfl-:J 2,924 -6,326 tJeJ'Uffl9itlm:ll-:Jdl 'illf1,rmJ~~f1ril1 
"" 	 , . <u 

lJlU,h!l~~rl'f1lJW~'tl tl-:J tt-n-:J~'U1 ~'\1~ tl9ftH l'U hi~1J:I tlt'JUllJlJJtJ!Nl-Yi tlW '\1fllJ 1200 tl-:Jf1'l!9fr:1t9i(J~ 
q " 

I 

I 

http:15.68-3.40
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C! IeS Q.I d1~ cl QIQ.I CV 

\9ll':i1\lYl 4.29 l!{1'~\lfl1llHlt1f11Hf~\9l1'11J;l\l lvn V\9l':i 1fll':iI!!~CJflJ'W 1!W~fl11lJl!'IJ\lm \l'\1J;l\lIJ:-l1'IJV\l 

~'W!'\1l'h.n \9l1umhlh~~~ th.f1V'lf~V1~ ')\I 'yrr~'Wfl'jff1'fi':i':iml'lf(h\l~~~\l h~tJ)
""q 

Q 

VUm,fUJ. '" 

(V\l fT'11CJfJ;l19ftl") 

fll':i'l1\P1I?l'mrl"\llm 

11 
(':iVtlJ;l~) 

dI 1: 
fll ':i ~ \PI CJflJ 'W 1 

'" 
(~VtlJ;l~) 

~ '" fl1llJU'IJ\lm \I '11 J;l\lIJ:-l1 

(UV'W1Pl1?i V\9ll':i l.rd''1) 

900 7.2S±O.40 15.6S±O.57 2,924.64±392.0S 

950 7.37±O.13 15.59±O.34 3,604.71±402.45 

1,000 7.76±O.40 15.52±O.44 4,037.5S±45 1.33 

1,050 10.00±O.19 11.02±O.SS 4,709.S9±646.11 

1,100 11.92±O.27 5.97±0.45 6,OSO.52±157.20 

1,150 12.27±0.25 3.S1±1.l0 6,121.57±335.92 

1,200 12.64±0.22 3.40±O.Sl 6,326.12± 766.15 
-­

18 

• • 
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I~ sooo 

70001" 
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>S ~ 
G: ..• 10 5000 ~ 
~ ,;:.
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C!>• ';1: 

4000 ;_S"~ !5 
~.;. ... 
~t: 

30<)-() =:),~'" ~ 

" 2000 

looe~ 

0 o 

900 950 1000 1050 1100 11 50 I~OO 

M..,\_. 
;~­
.....iA. ~ ~ Q.I 'q.ct 0QI A 

fll':i ~ ~CJflJ'W I'll ,,\I IJ:-Ilfl uvru f) lJ'IJ V\llm"\I~ 'W I'll 'l.-W 1 \9llU J;l\Al~rnwn~1J '" . '" 
~rut\1wrGlq~1J~:I-l~61J1'ru<ri 

'Vhu':i~'il~ allf)U'lf~U1\P'1 ')\I'trr~'Wfl':ifT'1ti':i)lJ)1'lf(1 ':i \I~ii '11) 'iltJ) ihll'fu~61i1lllf1"jm\~~nn2553 
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~1':i 1~~ 4.30 II ~~.:j ~1 'IJ tl~ ~1 'W ':i ~iJiJ9f1tlfj 'IJ tl.:j\9lltl~l~~'W ~ t1~m~tllJritl'Wlf-ll!tn~l1~.:jlf-ll 

1'W'lh~tlt\!l1flli 900-1,200 tl.:jfYl19lnl9ftl~ l!n~~~!f1~-W-Wu~lt1~lVliJll ~1f11llJ~1H (L) ii~1':i~111l.:j. '" 
, cS dc:t. .::$' I I 'CS~.Q.c::S

62.92-45.43 fI1ll~~~ ~ll~.:j lln~m'IJtll (a) lJflliJlfl tW':i~1111.:j 22.16-14.37 fill! ~~\I ~'W 1I.:j'Wlln~ ~ 
'" 

d I QJ C$.Q I Q.I -=t £:l. , ~ ~ 
~l':il.:j'Yl 4.30 1l~~\lfI1fl1'il~~~'Wfltl'Wtf-lll!n~l1n~lm'YlfJt\!l1lJlJ~l\1 '1 'lJtl\l~'Wm'Wtl1 

1'l1iJn'Vi1t1'i~U~ thm)'lf~tl1~ :fi'·m1~'WmfY11il'iml'lf (h\lu~d\lhuu) 

"'" tlt\! l1fllJ • OJ 
~1fl1'i1~~'i~iJiJ9f1tlfj (L*a*b*) 

-=1-=1 .., ~ 

~'Yl~\llfl~~lt1m 

(tl\lfY119lCll9ftl ~) L a b 

I 

fltl'Wl~l 6l.l7 +6.15 +24.83 
., 
o I 

'WlmntltllJ 

900 62.92 +20.09 +33.79 
~ ~ 

~lJl'IJlJ 

950 62.48 +19.81 +35.64 
~ ~ 

~lJ!'lJlJ 

1000 63.68 + 19.16 . +35.66 
~ ~ 

~lJl'IJlJ 

1050 63.58 +18.37 +36.15 
~ ~ 

~lJl'IJlJ 

1100 55.86 +22.16 +33.79 
., 

~0 

'W 1mCll'IJlJ 

1150 50.25 +20.46 +27.57 
., 

~0 

'Wlmnl'IJlJ 

1200 45.43 +14.37 +18.96 
1: 9J 

'Wlmnl'IJlJ 

I Q.J I QQ 0' 
L = 100 l!~~\l11~ltltll.:jlJ~'lJ1d~lJiJ'it\!

OJ 

http:22.16-14.37
http:62.92-45.43
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a ~l!tJ'WUlfl ftll~l1Jl'Wl1f1"Yll\lftU~\l 

a ~ l!tJ'W~U ftll~ l1Jl'Wl1ff'Yll\lft!~ en 

b ~ l!tJ'WUlfl ftll~ l1Jl'Wl1ff'Yll\lftm~ eJ\l 

b ~ l!tJ'W~uftll~lul'Wl1ff'Yll\lfti.h~'W 

~11mviTIJ'j::;1l::; ~h!fH)"If::;tll~ i\ll'rr~'Wmff1li'j'jlJn:jf 

(1:i'l fl! 1'1 hllU) 
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Q q 0' (:$0 <uV d 

4.7 Yl'Ut't'i'W'Jl Yll'U~'f11!(nJYl 61!i16'lr~e1Ylll~'YilYl'Ufl1rt'j'1i'j''j''U'n'lr 

(h-'l-:jl'U'lr~61Yl~'U'f16-:j) 

if. I Q

4.7.1 ~-:Jflu)~fl6iJ'VI1-:JtfllJ 

" 
5.55 lflrl'tji)fJ-:Jfi'\JrU6~hrvhLJJ~'il~ 

\911) Vl~ 4.31 HffYl'l H~itfl)1~116'lrlLJ) ~fl6'\J'VI1'l!flih 1lJ'U 6\l~'WtMU fJ11Vi'1'\J~'Vhtm'1Yl cl1ti169f~61Yl 

\l'l'l"d'Yl'Ufl)ff11iJJ:JJJ19f(1) 'l'll'W9f~mYl~h"!'Vw'l) 

67.71 

18.07 

6.07 

1.17 

Nap 0.19 

Kp 1.36 

MgO 0.55 

CaO 0.17 

0.008 

CaS04 121 ppm 

0.021 

5.55 

I 
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J 
q ~ 0 J d 0 

~'Wt11'\..W1 \9llUCl'YllmlJ~ fl1t.fHJ'1l'~m~ 

~,n1'r~'Wfl'.lrY1li'.l '.llJ'.ll'1l'(l '.l ~'l1'W'1l'~fl1~~'W 'VHJ'l) r 

I­
I 1200 

1 = kaolinite 

1COO 2 = quartz 

3 = illile 

800 

Co\,jn~ 

600 

400 

I , \ ' '\~~- ..~)
200 I '~! ~ _ I I ~ ) 

I 'vI \.~,....-_ W.-/', \~~~
o L __________________________-----.: 

I 
10 20 30 40

I 2-thetaIL __ _ 

i9fUfl11lJt11Ucn ~u 'h ih.filJ1tlHl1f1rHJ1lJ'\J'W1~1\91f111 325 tlJ9f ~fl'W~l~~l~fl Ufl£Jf111~MCl:;:; 4.70 

lifl'Wmfl~!~f1f111 2 llJ lm!lJ\91':i ~fl£JCl:;:; 62.2 ~ltlJVlCl~'WlJCl~'\..H~f1CJi li~l 11.29 il~~~fl111m'W~/ 100. ., 

, 
mf1f111 
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\91THrYi 4.32 

<;J <;J 

fllflfll ·:r(;1'::::~nJu'W \91::::llflH ('j 'e)rJ~ :::: ) 
-

1 00 ~11'11 1.97 200 !11'11 2.86 325 ~11'11 4.70 

d <;J

fll'j m~~lrJfll111~::::~'e)rJ~ ff~ff11 ('j vtm :::: ) 

< 120 111 1 fl'j !11\91'j 100.1 <70111 lm~llm 99.9 

93 .9 

<53 III lm~ll\91'j 99.4 

<40 III lfl'j~ll\91'j 98.3 <201ll1m!ll\91'j <10 III lfl'j~ll\91'j 86.4 

<5 III 1 fl'j ~ll\91'j 74.7 <2 III 1m~ll\91'j 62.2 < 1 III1 m ~11\91'j 55.9 

<0.5 l111f1'jA11m 49.7 

"" d "" <:l a 
~11'Vl ~~'WU~'e)l-H~ fl91 

" 
Q Qt::::lt. Q rI Q.I 

11.29 mmtlflTllW'\.J\91/ 100 m11 (meq/lOO g) 

Atterberg plasticity Test 

Liquid limit 48.6 Plastic limit l 19.2 I Plasticity index 29.4 

J 
0' do QlCV 4­

\911U~'VllAm.m m!fltl"lf::::m~ 'iJ~'}1'1~'\.JmfY'j1inml"1f 

(h ~~l'\.J"If~tll~~'W'Vltl~) 

Cumulallvo Flnor Mass POfoool YS. Dltlmaler 

6. 

4~·~--1---~-----------+---~---------4----+ 

2~·~--1----~----------+---~---------~----~ 

100 50 10 S o.~ 
p"rlldO Olal11olol (~.un) 

·r 
L 
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a-= ~ 	 01
4.7.4 mJ'UI?I'YI1~fll'j"LI'W'j lJ 

" 

o~ ,l 'I ''''' d ",.,j 9J ~.,j 'JJ 
I?Il'jHYi 4.33 	 Hff~~lJnmlH111lJ'lf'W !'UHm~'U'j~ f1l'j'l1~1?I1!lJ'OU'l1~ U(l~fl11lJ!!"LI~U'j~!lJ'OU'I1~"LI'O~ 

~'U!'I1tjeJ1 I'llumi l!ffiJ~ ·~h.fl 'O'lf~'01~ ,r~wr~'Wmfl'lIi'j'jlJ'j l'lf(h ~~1'U'lf~'01~~'W'YI'O~) 

~ .,j 'JJ 
fl11lJl!"LI~U'j ~!lJ'OU'l1 ~ 

eI, .£
(t1'O'U~1?I 'Om'j 1~'W1) 

Q. d. I cl 

~'WmWJ1'Y1l!fflJ~ 22.79±O.36 7.56±O.16 1,103.57±73.76 

4.7.5 fflJllilml~m'j!Hl 


'Ufl':)Ul1~~'W ml~!Hl1'W~1~flru 'I1.fl:U 900-1,200 mfl'1!9HHc)Wff ~~!,"lJ 1~';il~'WiJf1l'j'l1~1'11~mlCl~ 7.99­. " 
13.06 i~mYilJ~'WI?IllJflru'l1.fliJ ~1f1l'j~~9flJll1(l~(l~l?IllJ'Oru'l1.fliJi~£JiJ~lmj1'W~1~ ~'O£J(l~ 17.65-3.43 

q <u <tI 	 q <u <u 

d 	 fli ~ ~ ~ 0<:1' ~ 'jI 

fYl'l1 ~'U~ lfl11lJU 'U.:)l! 'j ~iJ~ltl ~llJ~1~ 3,058 -7,672 t1tllJ ~I?I tll?ll'j 1~'U 1 !'W 'O~'U lJ'lf1~ fl U !Hl'YIfl11~ 
" 

VWfflJfl1'j'YI'U 1l'lI~iHw;h I ,200 'O~fl'l!9fm~£Jff 
" 

http:17.65-3.43
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cl '" 
f111lJ!!'IJ~UJ ~'\1o~lm 

(tJ~'W\Ol'I'i~\9llJl~d1) 

900 

950 

7.99±0.14 17.65±1.45 3,058.58±280.14 

8.45±0.25 16.51±O.71 3,784.00±195.80 

1,000 8.71±0.32 15.85±0.73 4,260.08±342.83 

1,050 10.77±0.14 10.58±0.31 5,088.97±348.42 

5,414.52±665.851,100 10.87±0.63 10.32±O.21 

1,150 12.84±0.17 4.67±0.47 7,409.94±417.84 

1,200 13.06±0.31 3.43±0.37 7,672.54±373.09 

I 
9000 

SOOO 

7000 I::> 
6000 !:! 

t:: 

a. 
" 

5000 ~ 
2­
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~OOO ~•. 
:9 
:A 
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3000 ~'. 
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0 

900 9$0 1000 1050 1100 11 50 I~OO 

.liA .dl :: Go' QI ~ ~ ct 0 I d 


lA'iJmmm"~u .. . ..
f11J~~9flJ'Wl'\1o~l~l nUfltUl1.f1lJ'IJ~~~'W!'I1'W£J1 \PllUo'V11!b1'1J~ 

~0I!11wi~q~Ul~~~liIli'ru'ti 

dl1-lfu~liIiI1Wmlll11il~n D2553 Vl1.f1~")j'~~1~ ~~'\11~'Wmf1'1"fiJ'n.JJ1")j'(h~'l1'W")j'~~1~~hJ'vW'l) 

20 

IS 

16 

14 

6 

4 

o 

~ ----...---. 

M. 
. , ~.---­



65 

d~ f a" 

4.7.6 ff~'Wf1tl'WU(l::;'rH'l'lLm 

m'J 1'1~ 4.35 !tff~'1~ 1'\J tl'l ~1'W 'J ::;iJiJ911 tlfl '\Jtl'l1911tl ~1'l~'W 'J tJ~m~tJllfi tl'W Lf-nLW::;11~'11m
'" 

l'W'lfl'1tlll!l1fliJ 900-1,200 tl'lfYWlIm91tJff 'WiJ ',h ~lfll111ffl1'l (L) li~1'J::;1111'l 65.87-53.88 ~l!tff~'1~. '" 
Q Q .::::1' I' 'd~ ~ c::1 C! QI I 

t!~\lt!('l::;ffl'\JtJl (a) llfl1iJlfl tltJ'J::;1111'l 15.03-8.96 mHff~'1ff'Wll'l'WU('l::;ffm('ltl'l (b) llfl1iJlfltltJ 
~ '" 

1tJmlltlll!l1fllJ l~tJ'lfl'1 900-1 ,000 tl'lfYWlI('ll91tJff li~JWll('l~tl'W U('l::;'lfl'1tlll!l1fllJ 1,050-1,200 li~ 
q 'U q IU' 

JWll('ll<UlJ 1 tJ~'WJwllml1t{tl'l ~'1fftl~fl~tl'lniJfh~l~1'W'J::;iJiJ911tlfl 

d. I Q,I.c:tQ' Q.I.o::::s...::::. I Q d 

\9ll'Jl'l'VI 4.35 Hff~\lfI1f11'Jl~ff~'Wf1tl'WL~lH('l::;l1('l'llm'VI'eJll!l1JJllm'l '1 '\Jtl'l~'W!11'WtJl 

I'lltm'Yhlm1~ ehtfltl'll'::;m~ ,r'l111~tJmfY11i'J'Jml'll'(h'l'l1'W'll'::;tl1~~tJ'VItl'l) 

'" tlU!l1flll• ~ 
~1f11Jl~~J::;iJ'\J911tlfl (L*a*b*) 

d.ci Q.I 'V 
ff'VI ff '1!flI91~. 1tJI911 

. 
!'V11 tl tl 'W 

(tl'lfYWlIm91tJff) L a b 

. 
f1tl'Wl~l 58.51 +6.02 + 16.46 

900 60.14 + 14.95 +24 .76 " o • 
'W11911('ltltl'W 

950 62 .75 +14.31 +26.44 
l: • 

'W 11911('ltltl'W 

1,000 63 .87 + 14.01 +27.26 
l: • 

'W lm('ltltl'W 

\,050 65 .87 +12.34 +26.32 
l: 'V 

'W11911m'\JlJ 

1,100 
1-. 

1,150 

64.30 +12.1 8 +28.05 " t111911('ltJ'W~lJ 

57.27 + 15.03 +27 .58 
l: 'V 

'Wlmm'\JlJ 

1,200 
'---­

53.88 1-8.96 +21.11 " t11mmJ'Wm~tl'l 

l1lJltJll1l91• 

I OJ I dd rI 
L = 100 Uff~'I111911tltJ1'llJff'\J11ffll\l'Jtu 

a ~11~'WiJ1f1 ~'O::; 1tJl'W.y;fl'VI1'l~H~'1 

a fi 11~'W('liJ ~~::; 1tJl'W.y;fY'VI1'l~1:U ~n 

b i~nll1'W~~111~tl 'l115 tl~Jl!~'W b fi1L~'WiJ1fl ~'O::; ltJi'W.y;ffltmff!11~m 

b ~ll~'WmJ~'O ::; 'tJl'W.y;fY'V11'l~J1~'W 

http:15.03-8.96
http:65.87-53.88
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~ IU~ 4,28 i:TflllW:ff~'Ut1m.mnU~:Mi:T~un~~WMiJiJ9il~'1 uMri~~'Umtltn 
--­&r.. 

'im'~tmllrrm\'lJ 
~llUl'lffiiIQ~Lla:f.j§Mru,r 

,hU<l; ,,,,,,,in,.,,,,,,, II.1<'>iin n2553 

~'Umu l'J"Jvilltn1~ !~'U~'Umu I'JTUU 'VI) l{j~!'deJ~~lVI'J~'W eJfl"J) lJfl1lll!'I1U 1'J1~ ~U ~tJ 1~~ 1I'J 

!rlm!11,mvi~~u lJfl1llll!~~!l) ~ tY ~'W eJtYllfl1) !f:-nl !~1'il~ l11~hlWll~~eJ'U ~~Jl~l~l.ulll!"~l'I1~fl~ 'VI'U 
<u 

1~tY~fl':h 1,200 fl~ffl!9f"!9$l'JtY lJfl1llll!~~m ~'I1rl'~!~n1litY~tTfl lJfl1lllmlJl~tYll1Ufll)'I111JlHalPl
<u <u 

!fl~ fl~~'U~'UlHl~i<Jf'tYmJ'\15fl~fll!l9!':)19!1':)'1 mY] fl'j~m.:)~'U 111' 'il-e)flJ11'J1~ 'I15eJHalPlJ1W ctl~~eJ~fll'j 
~ ~ 

!f) ~eJU i~ tY ~ ) 111'\'1,:) fll'j !~1 I'Jll~11'J1TIfll'j 'I1riV'l11~U 
'U 



. 

q 

'U'YI'YI 5 

• 0 "" ~)f '" "~ 'I '" d • "I
fI1(57.15-74.5%)!!(I~(20.62-27.37%) mlH'l1~'U l'lfH1'W l'Wel~'W1J'W !lJliH'll'W ~'W!l1'Wl'l11'l.'Yl11J~~~~ 

!I(l~~'W!1'I'Wl'l1 I'l:vh!ff~~ ~iifl(lii'W 1~1(l4 . 82-18.07%)~'W'YlfH!l1ri'llhfJlJ1u! 'J 1lJ'tJ fl\l!l1~fH)flf1 iGJ$~ 
~ . 

" .. 
Url fl'W.u1\1 \T \I'Vl11l1'~'Wiiffl.ulJfY.h~'WI!l1ri\l~'W"l1'W 'tJU!~VimlJlw ~1lJ'tJ fl\l~l'J !lfl(lf11 i mJ (l9fI~l'llJ!I(l~ 

1tJ~mqfl'JlJflflf1 i9f~) 1!(I~!Lfl(lfl1 imJlu!1i (!!f1mqfl'JlJ!!(l~!llJtl{jlqil'JlJflfltl i9f~)iirl1rl eJ'W .u1\1~1 (2.27­

<j) Q ..::::s 0 I Q d'"d.::t I 0 QJ ..::::s ~ QJ QI 

3.48%) l'lfH1'W ~'W!l1wn Oll.t1 tJ) fl'W'W 'U (ll'l'YllJfI1b1" \I 5.20 % b1"TH'J'U tll'J b1"WI~l'l'W1Y'! 'W tlY'! (l\lf)1'J lr-ll'tJ (J \I 
<u <U cu u 

~'W'Jm!l'lri\liirl1 (4.68-8.99%) 

{) .:I~1.h::: n{)1.J'YI H!flij(~()[ll:\:::) 

~~'1H~~~\J Si02 AIP3 Fe20 3 Ti02 CaO MgO Kp Na20 Mn02 P20S 'CaSO, LOI 

~ 

iUUUYi1P11fl1 57.41 27.37 3.58 0.70 0.05 0.39 1.57 - 0010 - - 8.990 

~ 

iU~1~Yi1P11fl1 67.86 20.62 2.49 0.70 0.06 0 .33 1.93 - 0.013 - 6070 

" , ., 
60.59 21.84 4.61 0.91 0.09 0.74 2.16 0.49 0010 0.040 561 8.520 U1UVl1IIilUU 

'hH'lfl1U 74.50 14.82 2.50 0.64 0.11 0.52 2. 31 0.39 0.009 0.022 210 4.679 

i'iJUV;1,J~u 57 .15 26.29 3.62 0.40 0.08 0.34 4.26 0.52 0.031 0.043 7.310 

vilth::.,:: 69.70 15.59 608 1./1 0.18 072 1.53 0.21 0.014 0 .055 93 4.893 

Yi11'illJVI 67.71 1807 6.07 1.17 0.17 0.55 1.36 0.19 0010 0.020 - 5.550 

• ""'l ~ dI • 'l ~ •* .Y'!'W1l'l'Yl !9f: Y'!'W\lb1"1'W !'Wm'Wb1"1'W (ppm) 

http:4.68-8.99
http:fI1(57.15-74.5%)!!(I~(20.62-27.37
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5.2 1!~l'Vltll 

r'Hlf1l':i· llml~-Hllill-Hl'Wmfl~l-Hl1f1H'I1ri~\.i1~'l'W'ldl'll) ~ fH)'U~1t1U~ fl1el'J 1'1"11 !fll f.)~• 
1'W1'l u,,1,,1'l t1f1!i''W d1'f.)~'WJ'Wl:IJflm'W ~'W!'I1iJtl1 elllflf.)~f.) 'W V;'Umr l!":t~'W!'I1Utl1'Vi1'l1'J~~ ~ 

'" 
o """'" II] "',1 . 1 ,~
fJ1lflf.)O)f:tel1~ 'Vl:IJ u'Jm:IJf1 ~'Vl1'I u:tu'Uf.)t1~1t1

'" 

c). I "I 1..:::::1' V ' rv ~ 
~'Wbl1'W ~'I1ru:IJmfllf1m~bl~bl:IJ'U'UI'I:tUm~ 325 !:lJO)f flfl'W'lJl~bl~ (7.22-27.27 %) tlfH1lJ 

u '" 

325 !:IJ%100 !:IJ% 200 !:IJ% 

7.222.27 4.90 

17.106.73 12.84 

~ '''' 7.94'Ul'U 'Vll!1'I t1'U 4.421.58 

27.27 13.75 19.47 

5.04 14.58 20.90 

4.320.75 1.25 

4.701.97 2.86 

5.4 fll'Jm ~ ~1t1f111:IJ"~!fltl~ 

1'W'lJtl!~~'l11:1J1tl!f.)'4mfl'IJ'U1~" ~ !fltl~ «2 !-tffi) \T~fl';h 60 % l'U~'Wln~'U'l2f1!I'l1ri~ 
jI v .• I. 

t1mi''W l'Wf.)~'U'lj'U 1:IJflm'Wlw~~'WmUtl1 ell!flf.)~f.)'WV;'U,,6 ilHh-iWl1f111 50 % !i'1f.)~'tllf1iifl1f)'I1t11'U
'" 

:IJ1f) 

'" '" ~fll'J m :t'tllt11'11f111:IJ ,,:tWtl~ bl~ bl:IJ ('J mm~) 

, "" 
U'l1"~~'U <20 !-tffi <10 Ilffi <51lffi <21lffi < lllffi <0.5Ilffi 

" 
i'U'U'UvlWnm 95.1 89.8 83.1 72.0 63.9 53.8 

" 
'l1'W ril~vlwnm 92.1 83.1 74.1 62.6 55.3 47.2 

~ , 
'" tIl'U 'Vllll'1 tI'U 94.2 89.2 79.7 65.6 58.4 51.7 

l:IJflm'U 80.9 71.6 63 .5 52.8 47.5 43 .0 

, "" '" 'Jfl'W'W'U"t1 
'" 

82.2 68.2 56.0 43 .6 36.4 28.3 

vll'l1'J~'tl:t 89.5 78.5 69 .2 59 .8 54.0 48.3 
, cl 

'Vll ! bl:IJ~ 93.9 86.4 74.7 62.2 55.9 48.7 I 

http:7.22-27.27
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.:::::.to I d I ~.c:1 .:::::.to cl cI Q,;' cS Q ~Q I 

IPl'lHJflll'l1(l\llJfl1LlJ'YH'lt'l'W'Yt'ltJtHlPlfl91Ilt'l::;IPl91'W'V'H'llffl9lfl'VllJfll (5.33-11.29 meqllOO g) 

Lm::; (18-34) \9llm\'l~'IJ llPltJ~91u 'Vw lff~ flll~ii~ lmfll'W~'W L'l1U tJ1~lhnmru 'U'WllPl eJ'W.fllflL~fl flil 2• 
1lJfI)tJ'W mfl 

, ~ 
5.6 fIlfl1llJ91'W 

" 
 , ,
Q,;' 0 I .r:::t..:! I ~ c1 d 0 Q.I Q.I 

91'W'tJ'W eJlLfltJ'Vllfl'lm 'VllJfllff\l 30.73 % !'WeJ\l'illfllJeJ'W.fllfl'U'WllPl(l~WtJlPlmfl ffl'l1';i'tJfll'J'l11Pl19l1!lt'l~ 
~ . 

fl1llJ!l~.:IIl'J.:I'UeJ.:I~'W'Vlfl!l'l1~.:IiJ~1 (5.48-8.12 %) Il(l~ (335.25-1 ,357 utJ'W~/m'Jl.:lii1) mlJrll~'tJ llPltJ. 

cv.:d d 00 '.:::sf Q,f d 
'l1t'lHlfHf-n'Vl 900-1200 tJ.:Iffl!91t'l!91tJff \Pl'W~ flll 'l1t'l.:llJfl1fll'J 'l11Pl 19l1!lt'l~fl1llJ!l 'U.:I!l H 

d J eJ ~ .oJ .:::::.to 4 ~ ed.:::::.to d C'I d ~ 
!'WlJ'U'WIlt'l~ fll'J IPlIPl91lJ'W It'l1Pl (l.:lLlJeJeJru 'l1 fllJL'WlJ'\J'W 1\Pl tJ'Vl eJru 'l1 fllJ 1200 tJ.:Iffll91(l!91tJff \Pl'WmWJ191'U'tJ'W 

<U Q qJ q <u 

e3llfleJ'Yhfflm LlI'W~'W~iJ~lfll'J'l11Pl~1'l1tl.:lLm 16.81 % IW~fl1llJ!l~.:I!l'J ·HY\lfflPl 9,849 utJ'W~/m'Jl.:lii1 
~ q 

!m~iJ~lfll'JlPllPl9imll~lfflPl 0.70 % ~'W ri1'W lmuiJi1.:1fll'J [f,n hJfl1\:nrfHl(l~'Vl'W 1vJ ilPi'ff.:lfl11 1200 
<u q u IV 

" , 
tJ.:Iffl!91(l!ttltJff tJmi'W~'Wmu tJ1'1f'W 'tJ'W eJ l!fltJ'Yllmm IW~~'Wmu tJ11il'W'Yil!~tJ'W 'Vl'i/lvJ i lPi'iilfll1 1200 

H~I9lJ1Wcv1!fI~eJ'tJ 1vJ~11U'iI'W IJ.:I i vJ ff.:l iIPi' ~'WL'l1U tJ1i''W'IJ'W 'Yilfflm!W~~'WL'l1U I'n~ eJ'WVj'IJt'l~!lI'W~'W ~ 
~ ~ 

mlJlru~'Wmfl f) 11Lm~\lt'W fflm'Jmllm'VllH~l9lnU! cvl~l?i'eJ.:Ifll'J ~h!u tJ'l.lt'l~LVtJlPl eJlV1 '\J eJ\l~ 'J ~~fl '\J tJ.:I 

"}$1~1tJ 

http:ed.:::::.to
http:5.48-8.12
http:5.33-11.29
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'lflty 1l'j'Wl1'W'lfcJ !!~~ Mll l"j<'\.nr~'ll1Jlihll. 2540. mfll't-!1(;lihhYi~1.I.:JnHJ'\lfttUcr\. 'l.j~'\J'V1 Ifl~cJm)hI~ 

llthltlf~mf ('l.h ~ I'V1fl'i'V1lJ) ~ltl~, flHI'V1l"j"l.
q 

C> '" .. 

flW~!fl'ilI9l'j, 1J'I111'V1lJl~£J!fl'ilI9l'jfl'l'ffI9l'j , fl1.:j!Vll"j"l. 

mm ~1Jv('lJl1'ih 2540. lCJf'jlilfl. ~1Jv(flf.:j~ 4. mfl1'lfl1'ff~fl'1'ffl9lf, flW~1'YllJlfl'l'ffI9l{~Wlmmru 
1J'I111'V1lJltflJ, flHIVll"j"l.

q 

Q rI c:v ..::::1 

fltlnlm 1~'I1, m1JVI'jl"jlJlm li'j W, m~VI'j 1'lfJI9I'ff1'11m'j1J , fl1 'l!Vll"j"l. 

il"j~m ~'lml\OJJu. 2541. l-del~'t-!.j't-!ICJf'jlilfl. ffltTfl~1Jv(i m~lJhI'ffil9l{ fll'ltVIl"j"l . 

.. 
Q QI ~ ~.c:t ~ .c:t. • 

lJlI9I 'j j11h1 N~ 191 fl Wc}1 fJ 191 'ffl '11 m 'j 1J . 2535. 11i'YI vHlel1.l fl'j~1tI el.:J VJ't-!lm ()Jelfl.38-2531). fl ';l ~VI';l1-:j 

fJI9I'ffl'l1fl';l';l1J, fl1 'lIVll"j"l. 

fl'1 i 'Q ~ 'lJ hi VI hi . 2546 . (;l')J u~ ~ 't-! l't'i ihn~'.u 111 't-! l'~ tl ~ 1.11 't-! II 'Yi r;; 'i..r~ tl fl 'j 'j)J ~ 'W ih 'W 
q Q 

flHIVll"j"l.
q 

fl' hi cJ111lJ!l ~ ~ 'ViI'lJ hi 1 'fl 191 (1" I'll fl 'j 'j 1J IfI i tl.:j ~hi ~ l.!! N 1 fl tl 'l fl U 111 lJ fl ';l1J 1 VI lJ 1 fl'1 'ff 191 f 'IJ '5 fl U 
~ q 

m~VI'j1.:j1V1lJlfl'1(1"l9IfIVlfl i hi i ~V!!~~~-:j!!1~c1mJ . 2529. mfll't-!l(;l~ICJf'jlilmdel'i~'t-!. fl'fl'l 

fll'j 111tI, fl ';l1J 1V1 lJlfl'l (1"191 f'IJ'5 flU, fl ';l ~VI n 'l 1 VI lJl fl'1'ff19l f! VI fI i hi i"V!!~~ ~ -:j !n~~tl1J, 
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eJlt11WJ'W ~11'lJ:-H1. 2543 . • 
fJl'1~ll1m':ilJft~~, flru~l'Vltllfl'l~l'1f!!~~l'Vlfll 'W l~l ~mu'W':il'lffinnlm'm'W'lf':i, flg'll'¥l'W"I . 

Uty'lf~ tJ'Vllhh~fll':i.. 2534. U~h.!~lH~~~ 1,2. fllfll'lfl'll5jVil'Vltll, flru~lflElI'1':i, 
""'" 0'

lJ1111'¥ltll~mflElI'1':ifll~I'1':i, fl1'll'Vl'W"I. 

lV'U l~tJ1~'W':ilJW. 2542. fll'ith'i11l~1.!. fllfll'lfl'll~~l'Vlm, flru~bflElI'1':i, lJ1111'Vlm5mflElI'1':ifll~l'1{ 

fl':i'll'Vl'W"I .• 
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