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ABSTRACT 

Series of laboratory test were conducted to investigate strength properties of cement - fly 

ash stabilized soil. The objective of the study is to investigate the possibility of partial replacement of 

cement with fly ash in the process of making soil cement column by deep mixing techniques. Subsoil 

boring was conducted to collect 3 soil sample 

representing Chiang Mai subsoil profile : top soil, clayey sand (SC) and stiff clay. Two test series 

were conducted to study strength properties of stabilized soils. In the first test series, unconfined 

compression test on soil stabilized with various ratios of stabilizing agent were conducted to establish 

suitable ratio. In the second test series, triaxial compression were conducted to study stress - strain 

properties of the stabilized soil. In the unconfmed compression test series, the stiff clay soil sample 

was mixed with cement and fly ash at binding volume of 200 kg/m3 and 400 kg/m3 and with 5 

different ratio of cement to fly ash (C:F) ranging between 10:90 to 50:50. The results show that 

mixtures which could produced stabilized soil having unconfined compressive strength of 60 t/m2 

suitable for soil cement column in deep mixing could have ratio of cement : fly ash 50:50 or 40:60 

or 31:69 with binder volume of 280 kg/m3, 385 kg/m3 and 400 kg/m3 respcetively 

In the triaxial compression test series, all the 3 soil sample were mixed with cement and 

fly ash at binding volume of 200 kg/m3 and 300 kg/m3 and with ratio of cement fly ahs to 17:83 

and 10:90 respcetively. At to 28 days of curing, the samples were subjected to unconsolidated 

undrained triaxial test at 15, 20 and 25 t/m2 confining pressure. Results of the test indicate that, 

eventhough confining pressure has very little effect on the compressive strength, effects on modulus 

of elasticity (E50) are clear. In the relationship between modulus of elasticity and shear strength E50= 

K.Su the coefficient K can be related to the confining pressure by the equation K = 0.3003 + 91.55 

(03 = t/m2 ) 

Key word: 	 Soil Stabilization, Cement Column, Unconfined Compressive Strength, Triaxial 

Compressive Strength 
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4 ~~1 ~Ci J.... lIJ"'1 "" 'Ji 1'Jifil'HH1'llHmHHl (Deep Mixing) !lJ'WTfifil'HH1'llffntGJf()lllJ';i:::;ffHH1\l ~1J 'W~'W~1t1fi1j GJf . 	 . '" 

M1!'indiii hlfiTU !l}l~afiM'u1'W~'U VlfmJn'Lll~m ~\9l'Utl~ff1'Jt~mJU'J~ff1'W!~1iu1'W~'W 'illfii!'W~\lmJ'W 
iJ 'lI f r", • 

lUfiTW~'U 111 	 Vlftlll11\1 fi1'W ffl'Jt<trtlllU'J~ffl'U hf!~ln'WnU~'U rW() 1"fn()\9l1~'W1I1t1:l'W 'Jurt'n C}f\l ffl'Jt<tr()ll... 
l.h~ff1'W~iJtill'~..t1 'Ufl()~'U GlhlJ'W~~~ tiJ'U~:IJl'IJ()~ ~() "!ff1t~1l~'W;tllU~ (Soil Cement Column)" 
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!ff-I t~ll~'U;llJ'W~ij tlll}(l fi1~ti4() t-WlJ 01 ~\lUUfi1'll'W €l~ fil'J 'Vl';i~19i1 !-Wll!ffti tI'J m'W'lJtI~~'W1\i 1'W no'H!()
<u 	 • .. 
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~GJfU'Vl'Wfi1UVl~t'IJlJVl~ ~'U'Il'W'\I~ 'U()fi1l1fi1JW1Hll'W~H't'l1U\lml} !GJftllJ!l)fll (Holm et aI, 1983) tm€l()tl1!'t'l~ 

\9l~fif'Wl}lfifl1nl€l()lJ 1€l'H~ (Nieminen, 1974) tI\li:irutllJ'g~'j()fi'!l)f~ (Bryhn et ai, 1983) 1nfil'iNffll 
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~ 1 'l 91.1 "" <I q I dl ",.A "" I 	 <'!I
WlfWI~m)'Wlllfl'Wl'V1~lfl IOHJ ~·lfI.dW.lH3J'WWlUfl:l:: \l'W'Ul111~1I'lHmUfl11 Deep Lime Mixing (DLM) l1~tl 

Cement Deep Mixing Method (CDM) 
Q) lJi_.I_!!I I '" 0.1 .J '" lII ..U!l <r 'l 91 I '" ~I ~ "" '" III 91 ~IQ/1Hllm nl'f\'11U3JI:IJ1~'il'l111t1mul'l qf~H(;lWlm:l::Uff H'l1"Il !\9lU !"li'm'Wl1'Wlu'WI"li'tltlllfl'l'W'U !\9l11&u'W 

<'!I 
m(;ltlll 1fltl WI ffl11 m 'nJ 

1. 	 fl11t1111t1l~tI:iI1J~hn~1t11m"nJ 

fll 'j tl1''Uti) 'lfitU ffll1r~~'W ij1W1f1t1'.i~ ff 'lrll1 f{n ~d~t)'v111..r~ 'W 1'W 'U1 tdtU ~~tl ~ fll '5 titlff~H 
qq. 

y 	 • 

lJfJtUffll1r~'VI1'l1f11m'j1l~~'W 1~fll'itl1''Utll 'l fJtU ffll1r~~'W ffllll '.iflUU'l !~'W 3 1~11 f{ncJ1'l '~uri 

flntl1''U tI~ 'lfJtU ffll1r~l \9lfJ 1~'VI1'ln(;l (Mechanical Stabilization) !~ 'W fll'.i tI ~'Utll 'l 

fJtU ffll1r~lt1fJ1oNu'.i 'l.fllfJ'W tlnm:l::'Vhti'U1I1flft'W'i111..rtf)\9lfll·ntl~fJ'WHtI(;l'l'VI1~fllfJ.flllll 
y 

-	 fll'jtl1''Utll.:jfJtUffll1r~1\9ltl1~'j~'Ulu'l11Vtlfl (Hydraulic Modification) t~'Wfll1(;lt1 

-	 fll1t11''UtI~'lfJtUffll1r~1\9lU1~'VI1'i!fllJ (Chemical Stabilization) !~'Wfll'.i'~ffl'.i!fliiHffli 
1'1i'1i til'W1I1fl~lJl~V1..r!f)\9ltl~f)1fJl'V11'i tflijff~1'iffl1 !~tllltl'j:l::ffl'W'Vh1..rlf)\9lU'j 'ia\9l111~(Jl'j~1111'l 1~t1~'W 

2. 	 1I11!flilm~'Wfl11t1.:rlltll~tIJJllil~'U 
y 

fll) tl1''IJ1J~ 'ifJtU ffll1r~~'W1\9lU1~Hffllff11 lfllJ ff11ll '.ifl'Vh '~l1mn11 mU11i~'W v~ti'U"li'-W \9l'UV'i 

ffl'nfllJ~loN ~"lJ"li'U\9l11f{n '1 ~loNti'Wulll'ilnnu~'Il'1viuif 
.. I'" ".1 ~ ~ -	 'd'UCJf!JJ'Uflutl"lAUD'U\>I 

tI'WCM!lI'Wtl~'oN!~ 'W ffl 'iH fflll~lI l\9lui1 'tll~'W tI'WCMlli 'W191tlvf~ u (;l'W1l'l.h~1.fl'VI~ 1 
~ 	 ~ 

(Ordinary Portland Cement) ~'W~Hffll~'WCMI1I'Wl91i1Un11 ~'WCM!lI'Wl91 (Soil Cement) (Mitche1l976) l\9lU~'W 
CMllI'WI9111~lJfh~'i1''lJUH~~~'U fl\9lfll'.i'IJ1111911 Ufl~!~lImlll'VI'W'VI1'W ~'iI~'WHfl:lJ1'illnffTH~vlltl1:l::ffl'W'illfl 
tI~iiltJlieH\9l'i~'W (Hydration Reaction) ~1~'WtI~f)lU111f{n''Wltl'UV'iUflmCMUlI9f~lfiWl '~1t11W1 (Calcium 

• 	 Y 
"" "" dl lJi 91 ,"" '" lJiSilicates Hydrated) Ufl~Ufl(;l!qffJlIV\llll'WWI teH\9l1W1 (Calcium Aluminate Hydrated) 'VIlfi\9l'U'W !\9ltltJl'i 

d ,cg d ~~ 9J9J QJ<I.I 'lild 
';j 1\9l!'i1U(;l::; tJ\9lI'l1 'W U1V '4 il1f1'UV'it'1/\9l \9l 'W t'Ul\9l1tJ fl'W\9l'i 'GY1I fl1 ';j ~V 1tlu 

2C3S+6H20 	 C3·S2.3H20+3Ca(OHh (1) 

2C2S+4H20 	 C3·S2.3H20+Ca(OHh (2) 
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~'1'Wf.lfHl1f1116fWfJ1 '1ff~tll~'W~t1h..itl6n~u111-d'f1Ua'Ji1'11hI6n~l:l1m{tlm'W~'W (Carbonation Reaction) 

~'1~~'W116n~fJ1'Uil'l!lfl1;ltG11[JlJcHillf1~ '1eTttl 'lI91 (3CaQ.Si02.3H20) nmnf11rnh'M'~ CaC03 ~'11~'W1:11';j 
J ,I " t'lfulJu 'J :nl1 'W il t'JHtlfl'W 

!II 
- !f:mmtl (Fly Ash) 

H.-r11;1 fl tH~ 'W f)1 f1'U il 'I m ~ fl1l1f1 f1U tN 1 i 11 ~til 'W 11 'W ij flill fflJ v~h~ 'W l'fftl tl flqf 1t}f1;l1 'W 

116m{J1~tntl~'Wn'lJ!0'11;lilv'1~uritl6n~fJ1U1;lmtl~fJ'W'l.h:::;~ i'rl.vh (Cation Exchange) ~'1m:Wfl'Wntl~lfltl1'W 

~'W'U1J tl6n~{l1tlilqf lqf1;11'WlJfl (Pozzolanic Reaction) H~tO'l1;lmH):::;1cUtiHi'iflfl'W itlflflf1 it}f~ (Si02). ~ 

fl\jihUUlJflflf1iqf~ (A120 3) tt1;l:::;Ufl1;11G11VlJ (Ca(OHh) i1fl~1'Wt~lflflm~'W~Tl'htl6n~{J1ntJlr1 (H20) rifl 

1,f1nll ffl'J t~illJ 11';j:::;ffl'Wallm~fJ"Jfl '4.fllfl'Ufl'lt~ll~hJ U1;l:::;tl6n~Ulf11 ';j~tI~1'Ufl'l t~tlfi'W (Flocculation 

Agglomeration) t~fl1cUffl';j tfllh~il~vtm fftlV';j .fl1'VH~lJ1;1-:j '1 111'Wfi'W 'il:::;'I'1-I 1,ffl'4.fl1fl 'U fl '1fi'W mil cJJtflllf11 ';j 
I • v. :v 

~tI~Jn'W~tJ'WmjlJ t'Wfl'l'illflUfiVI iflflfl'W'illf1ffl11-WlJtff~U';j .fll'rfyl1l,f<Mm;l~mUm1;lWfl{ (Double Layer) 
<:: "" Cl J w!j/ ", '1 ",!j/ d?1 _I !j/!II d~1 ,I

tIl'l1;l'l fl '4.fllfl !lJtl tl'W'H~fl1;1 fl 'W ~11'Ul111fl'W Ltl V'Wt'J1VllJ'M 'W YI1'W V11u 'W u 1:::;~ tI1m'U 111 ltll1JV1tu'W u ';j:::;~ 1;1t1 

t 
3. fll"Jt'>t'>mmmn'UNIl":J.J 

rit'>'W f1 11 rifl fff1'1'i1~'Ii 'W ff'W llJ~il'l'l'h f11';j 'I'lll1;lfl 'IN'twfi'W ntl ~'WG11tlJ'W~l 'W 11'fl 'Itl6V~f111l~fl111 

B\9I';jl'U fl-3ffl 1t~fllJ 111:::; ffl'W ~ 'il:::; 1 cUhm1'i tl i'tl111•-3~'Wl~fl111~~fi1-d'.;j\9l1lJ~~fl-3 f11';j ltlvtll~1mh'l~ lJ 1'W~ 
i11NfflJn'Uff1 'J t~fllJ11 'J:::;ff1'W~ ffll ri';l1J~l.;j '1 n'W Ua'1U1 i tl11 rlm~'W1!,"'I19i'Jfl~l 'IffH'i i'Uvll fHiVltlfffltl11 1 

~ 

nl-d''Ii'tJt!Ht~fl'WUtl'Uhh:::;'Ulvt1'l (Undrain Shear Strength) ~JfJf)1';j'l'ltl ffilUU'HBtlHf1'W!~V1 
~ 

(Unconfined Compressive Strength Test) 11 lfl f)1';j V1tl1;l'fltJt!HflllffllJUf1'W!! Uti i:lh:::;U1V'W°l 

(Unconsolidate Undrain Triaxial Compression Test) ~fl1~f111tilJ~1'l '1 ltlt'Jfhn1-d''Ii'tlm-3t~fl'W~'il~ 
tIl1111'*i 'W f11 J 1tml:Mflflmtumfflt~lJ~'WG11tlJ'W~J'W'il:::; lcUti'i V'I f flI:m:::; 25 'Ufl,:jt-h~'~'illf1f11';j V1tlffutl1'W 

M'fl'l116v~f111~m~f11'jtilJ 28 1'W (Miura et.al, 1986) ti1fl'l'illf11'Wf11';iriil1;l'!1'1'il~,:jm'il1tiff1lJl'JfJNfflJ 

~'WG11tlJ'W~n'U~'W iM't-iJ1n'W 1~1;l'Jl'fftlfl m:Wil'W f1TJNfflJ '1mffl ,:jtl6v~m J 

tf1fllJ (2541) i~flflfllN1;l'Ufl'l m'.jNfflJ~'WG11tlJ'WI9i'1;l,:j i'W~'WmUfJTtifl'W1'W,ffl-311 6V~f11';jli'ltJ . ~ 

1cU~'WG111lJ'W~11~mill 250 300 U1;l:::; 350 kg/m3'Ufl'lfi'Wi1\lf1tli''U111'11cUB~nri1'W1:::;'M'h'lUl~fl~'UG11!lJ'W~ 
., . ~ 

l,"lntl 2.0 11ltJUun!f1 'W'U'hrll nl -d',:j i''UUHBi'lUf1'Ul~tJJ'lIil'lfi'WG111lJ'W~1-WlJ~'W !~tJr~1J~ H~llJ11~lJ1ill 

t- ._"... ", 
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':itl~ 1 mltnrlJ'\~\J1h::;'l'rh:Jfh,l-3i'uuHV~um.n~(n nl~ 2 fl11lJ-fflJYlUnn:'YI11-3 ilJ1Itlffa~mjufi'lJ'U1lJltU
"U 'U qJ " 

fiU1j~lJltU~'W9fllJ'W~ (lOlJlJ, 2541) ~'W9fllJU~ (Modulus of Elasticity)(If1lJlJ, 2541)11'J1'Wl (2546) 
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" 
'~'Vl1fffnnfhfh5-31lJ!l1'1LU6lJilJ it'mJ~ '~'j~1J1tJ'\,l1 Itm: llJfl5fffrnlJti~11~lJ (E50)'U6'1~lJ
" .

t11iit'J'lU~-3 (CL) U~~'Yl'jlV11lJ~lJt11iiV1 (SC) iwiflJ~lJ!~t'J-3hl~li111lJ11~'I~WfflJ1J~~'lCJ~lJclhlJlJ~'nlJ'h 
, " I ,,,. " 

I'll5-311J!!'j -31UeJ lJ ~fhrwlJ~lJ!~eJ ll~mW'UeJ'J lllJ~!lJlJ ~L-rilJ~lJl1~m~mJ~'j It'hlJ 1~111HI11~eJ11lJ;!lJlJ ~ 
~ ~" . . 

i~tJ'l,hlnrfl~~{;l'l !~mfr(lJ~Jt'JlllJ;LlJlJ~ilJt1~'jl 100 ~'1 300 nl?lfli'lJ~eJ?lfl1J1rrtl'U6'1~lJli(lfl1l1lJllHcu 'U <u q 

" " U?l~1oNt1~n11'llJ'l11~6~lJ;!lJlJ~!,\,l1nlJ 1.0 ~'1 1.7 1~tJ'l1111'lrfl'nlJ'h rllfh5-31lJu'j'lLi1eJlJ1mYtln~'~
" .

'j~lJlfJlllL!{;l:: llJfl5fffl11lJti~11~lJli 28 llJ~rhrl'hnlJ 40 (i-3 125 um;: 14,000 ~'1 41,000 ~lJ~eJm':il-3 
." . 

!lJ~':i ~lm-h~lJU?l~'i)::~fhL-rilJ~lJtim~eJ61~fl1nhJ1rJlJ 90 U~~ 180 1lJ 1~tlt1\9ln111lJ Esol cu,col ~fh 
, " 

eJ~1~1111-3 200 ~'1 500 ffl11i'lJ'Vl'jlt1lllJ~lJt11iitl1!~6~fflJ~'mlllJ;!lJlJ~ml~\h i lJ~~111lJL~U1nlJ'ntrh 
~ ~ 

fhfh5-31lJUHLU6lJU{;l:: llJfl5fffl11lJti~11~lJ~61tJ 28 1lJ ~~11~1111'1 60(i-3180 U{;l~ 26,000(i'l60,000 

~lJ~6m'Jl'1!lJ\9l1mlJ1:h~lJ U?l~~1'i1::!~lJ~lJtimrl661fJfl11tJlJlrJlJ 90 U{;l~ 180 1lJ ffl11i'lJt1\9l11ri1lJ 
d I' 1 ..c9' 

Esol CU,col lJfl16~':ig;111H 200 t:N 600 

DQ WU et.al (1993) '~fffl1:J1~'111ifl1'j i oNlt1'1{;leJ(J1l1lJ11~ '1fJ WfflJ1J~~lJ l~tJ fll'jf-.lfflJt1fl 
, " , <J/ 

(Fly Ash Column) 9f'J~'nlJ1111iiifflm1m-rilJfh5'1UlJfl'Yl1lJ'UeJ'I~lJmiirr:n:ieJlJ'~ lJeJfl'illfliithrlli,r~lJ 
" " 3J •

~f1WfflJ1J~ilJfl1'i1~lJ1V'l11 '~~~lJ'Vh'1,r!ffll~lJ ~lJ~nJlJ~~f1WfflJ1J~!rJ lJ'Yll·n::1J1tJ'l11 1lJUlJ 1~-3 ri'1H{;l1,r 
" .

1::(J::n{;l1fl11t1~~'l1~1J1(Jlll{;l~~N l~(Jlit1~ ':iT,hlJ~ffll~1t'J!t1'1?l6t1 30% 'iI:1,r~lfh5'11lJU1 '1lU6lJlJ1flfl11 

,.., . 

o ~ v , eo 
1. m':i!m::iYln'i)H"~!fl1JA16t11~~'U 

~'l6cil'1~lJ~ioNi lJfl1'Jfffl1:11f1i'lifu(Jfl i~66mrJlJ 2 111lJ ~6fllml1:ffln'ilL.yfm)lUlJ fl 
" . 

5flllruG; ilJ~lJ U{;l::fll'J t~lJ~'l6cil'1~lJ ffl111lJ'l11 illHfflJ '1lJ,r eJ'Ill~1J~fllll~Vfl1'H'ill:ffl1'l'iHvta ~lU'Ufl 
'31 " :iI • 

5 flll ru::ilJ~lJ"rlJ~Ta~l'1~lJ'iI: \l fl'l11 '1l'Yl~ff6lJ~W ffll 1J~vtlJ~llJ'Yll'11rnm '.'ill 1~tJ'iI: l 'J1I~1t1ciH~'WVl i1 
'J/ V. " 

Ql q 9J Q ,,~ G} Y 4 1 QI ~ d 4 QI ~ dG} ~6) =='tQI Q.I 

{;lflllru~ ~fl?l!f1IHfllJl'Ul~'l(JfllJ ~11m{;l6UlJ'I'.IflJ~lJ!'n(J'I 2tN 3 '.If'W ~lJ'Yl ~'.If ~lJfl1'.'i'Yl~{;l6'1HfflJ'WlJ1U'W 

'" • "" d/liJ:II d:ll' Y I .t ~ i "" '1:11
\9I1eJV1'1~lJUlJlJ\lm1Jfl'JW1H !~lJl"lflfl11t'ill:mlJ\?ntlff11'W'U'W1~lfflJmlJl!1lJtlflm'l 6 In 'WlJl!1W Ifl{;l 

!fiU~flfl 1~2 11?lll. !.yftll~lJ~16~1'1~lJ~llJ~lJ~HtJ'I ~H,,r~11~1I1ru t'Wtl'l'ntltll11i'lJ H'lJfl11'Vl~fftl'lJ~eJ '11 

:::nsalslnATuTaEiQCl81t'inSSU Ut'i15nmal:JslljrlDEhLho 
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OSO,""IL.-___ 

l1n!llIII~1J'M1io~ 

llalAln1iluJ11 
1.90 m'i~~\l\f.,':f

2.00,m",-__·~+--

i111mu!niinmiall 

,hll11l1o-l 

8.3.0'lU.-m___J.i'k______ 

o '" jI '" ~ ')I .:'1 c:l A '1 ')I.. , .... '"jI c:l _I .
'W 1101 'W 6'UU11--31J1'tl'U1OI1Vfl6'W VH !11H~fltu'W&lllOln'l flt'VW ~11 ~la~6 f11d"N ff1ld" 11lfl'UlJ'W9fl1l'W~. 

'" ~ OJ' '" "" '" _I '" a' '" 1 0 '1 "''1'' A 
~ 

_IU"tl~tfl1(;'l6V 'lllfl'W'W Nff1l~16t'l1~1OI'W m'Wu1fl'lJ\I'W9f11l'W~U(;'l~!fI1(;'l6a 1OIt'lfl111'WIOI!lf l'lfffld"l'lffl1lu d"~ffl'W 

" ~t)'!lT\1ufl~mvhn'lJ 200 kg/m3ttm~ 400 kg/m3 l'Wvml!;'h'W~l--3"1 U~1thitl'\1rim~'W1'i1mh~rlnl~'lJ'I11 

rilO'l~~f'lJUHVIOIUfl'W !~t'l1~tJ1t'l 70-:128 1'W t~61116'tl1iVl (;'l'U6~t111J1Wfl1d"N ff1ltl'W cih1l'W~u1:l~tn11:l6t'l. ~ . ." 
~fl 0'1 ~-:lfmtd" ~VlOI-fltJ1~~l ~"1 ri fl'W 'il::: 'l1uh'W Nff1l-flm1J1~ ffllU'W ~bJ'tllOlff6 'U fh~~f'lJ Ud 'I VIOl ffl1lttfl 'WU'lJ'lJ 

" .
'~d"~'lJ1{Jti1 (UU Test) ~fl itl f11';)Nff1l'll~l<Nlfl~fl'lNff1lU'lJ'lJh~l~ (Rotary) lliNff1lii'U'\.JllOlt~'WN1'W 

" " f!!'WUfl1:l1{U'Yho'lJ 35 em U"tl~~fl 30 em fl11NffllU~1:l~flf~'j)~1<N~'W'l11'\1Ufltld":::1J1W 5 fil(;'lflf1l 1101t'l~'W'j)~ 
'" .1 i'" d ~ 91 ... I~ ~ 3J 1: ~ 9J.cA ct" ~ Q.I 0 i~ I' ~ i '"Q;f Q f\lfl111lfl'tl'l 1'\1'W~fI'W1OI1{JlJl1l1w'Wl'jfla(;'l:::40 1OI1'J'Wl'\1'WfllOl'WUWHVlfl tmlllOllOl'WH~flIOl1 flfl'W'\.Jl u1J'WVI>3 1 

"iI " . 
1 0 t.ll-fl 'j)lflU'W'j)~ 1<N'l11vflfmJ(;'l~ 20 1I01a'l1111ufl~'Wu,r~Nff1ln'Uffl';)!:Jl61ltl';i~ffl'W lm1I01bi1'W~H"1 

!V1"tl~ lt11'W lliNff1lvrlmJ'hf~'W~fl itlVflVd"::;1J1W 10 'Wl-fli'l'\1 t'l1Ol In'1::;'l11ri1'WNffll~ i~tVl(;'l'lU'lJ'lJ11rltl~'Yh• 
I ..c::t':\..::l 9! t ~ • ::'I! ,~()

1ll'illfl'tlflVl19f 'U'WllOl!ff'WN1'WfI''Wafl1:l1~ 5 em ff'l 10 em U(;'l::;U'lJ'lfl1d"I'tl!1J'W 3 'If'W 1I01tJUIOl1:l::;'lf'W'il::;'tllf11';)
~ ~" " , , 

Itn::;n'lJ 1~::;!rJ'W'I11'W1'W 30 flf~~fl'1f'W !~6'rlvJ6'ltJ1fllfl'Vi~1~fldfl1{Jl'W 

:::nS61SlnATuTasQCl81l1nSSU UI115nma(lSll5n!)EhulO 
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~t1 0 QJ 

3. tn1rtVlUB'Uf,)WUaJ'UAVllUtn'tl..:J 
A,:::t IV~ Ij} 0 Q.f IV d.:l 9J QI t ~.d ~.e::l 4 ~q 
1li f11'i'VI \OHH) 'UfltlHllJ'UAi'll'W f1l~ 'IS'U U H I'i!. tl'W'UtN 0 tl 'WA 1tHJH'W 'W lJ 2 1lifltl Tli f1l'i 

q 

OWIV QJ q 

'VIi'lfI'tl'Uf1lfl~'i'UUHtli'll!O'WIi'ltl1 (Unconfined Compression Test) AllJlJ1A'i!l'W ASTM D2166-9 

rl1'Hi''U~'W'I5ii\9l~I~'W ~'Wmutl1NfI'lJn'Ul0'1~tltli'WfI'ml'l~u~~~hH~1~tll{Jf1lnjlJ 7 14 21 Ufl~ 28 1'W 
q 

I~tl 'll1tr\9I'i lffi'lfh'W 'i~Vi 1H~ 'WC}}llJ'W~~tlIO'l~ tltl~ mlJ1~ fl'lJ~,nil i rftitl 'W\9l1tl{h~ii nl~~ i'lJU'i ~fl\9l 
HO'WI~{J1~tllQ 28 1'W l'VilillJ 60 t/m2 1~f1l'i'VI\9lfl'tl'UUHtr\9lfl'llJUO'W\9IllJlJlA'i!1'W ASTM D2850-87 

~~1~'Wf1l'i'VI\9l fl'tl'UtL'i ~fl\9l fl'11l1l0'WU'UlJ 'tifl\9l\9l1tlcll~ Ufl~'i ~wh~ fIl'i'V1\9lfl'f}'U fh ~~ i''UU'i~tii6'W\l ~ 'tiii fIl'i 
" . .o 0 Q,I' d cI. ~ ~ <V , .::t 

'i~'U1t1'Wl (Unconsolidate Undrained, UU Test) fIl'.i'V1\9lfl'6'U\l~V11f)'UNfI'llC}$11l'W\9I\9Itllm~tlt:J'VIfI'\9lfl'1'W'V1 

" . " 
mlJl~fI'llillJ~'Wi1~fI'lll'l5ii\9l YitllQfIl'i1ilJ 3, 7, 14, 281'W 1\9ltlrif}'Wf1l'i'VI\9lfl'tl'U\l~irfl!H~'W"hnlJti6'W 

I I j,I <J} 

~16dl~l.wtlhrflll\9l1~1{Jlh l\9ltli.uIlHI9i'Wf)~'U 10 t/m2 ufl~i.uH'.i'l19i'W1l1'j6'U.jJ'1~iwlb~ 15, 20, 25 t/m2 

~ 

W'tlfll1vHl'l:Jl 

f)1'j 'V1 \9lfl'tl 'U rll ~ 'I i'lJII 'i Wiitl 'W 1 \9ltl 1~ f)1 'i 'V1\9l fl'tl'U nl ~~ i'ml 'j ~ fl\9l II O'W 1~{J1(Unconfined 
""'" <VCompression Test) \9Il1JlJl\9l'i!l'W ASTM D21667-9 H~~11ifll'i'V1\9lfl'tl1JUHtl\9l1:111Jllf)'W I'1llJlJlAl!l'W 

" 
ASTM D2850-87 (Unconsolidate Undrained,UU Test) fl'11l1'itlfl'~t1N~f1l'i'V1\9lfl'tl'UI~I9i,ril 

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

31S81SlnflTuTaf.lQ081l1nssu Ul115n81aaSll5rlOchlJlo 
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.... Id ..:!t 0.1 iQI tI r" d!l 'IV t .=:...::s. r/
llJ'VI 8 Atfi'ifl..:Jtl..:Jfl11:IJfi':IJ'I'fW ti'j'~lt11~UHAfi 'UW:J~fl11:IJ!fI 'HJ\&l 'U'fl.:J f)6'U \9I1'tH'.I1.:J\&l 'U9Hll'U\9INffll 


OJ} <V do 4 • <II., "OJ t ::11.1 "l 't

UJl 't"l6U'illf)f)1'J'VI\&lfi'6 'UtiH6iflUf)'U&\&lU1 GJH'Vf 'U11f11111ff:IJl"f'Uti\&l.:jf)m1Uff\&l.:jtl tl f):IJ11lJ'U 2 'j'lJU'U'UfI'fll'U.. 
~1tl~ 1.:J~ ~ 6\91 'Slrh'U'U ~Hlll1't"l'fl t/Nff:IJ6~1l1mllfh t1'1i''U u 'S 'il~tl 'U 'il ~ ijfi 1~ ill:IJl f) 1fWfl11:IJ ff:IJ -w'U n!~'U 
L!'U'Ulff\&la\&lltv'U u~i'Uti'fl'U~16~1.:J~ijf)1'J't"lfl1l~:lJltlHlll't"ltltllvtt/.:J 10 % ~mt/f)1nj:IJ ~tVhfl'Uffl:IJ1'Jtl. . . 

o G) fj} ~ QI f ... Id IV IV II r Ij/ d 111 c:S Q.I QI c::: 
'VIl llt f) 6 'U \9l161;lHllJ 't"ltJ'U fl11l,1 fflll"f'Uti 'J ~ lt1 HAt 'J '1tfl'U U't"l ~ml:1J!fI'J U\&l l1l A1'1 'U "f)l:IW:; 'U tl.:J 1 ff~U'U'UU'U.:J 

I.J QI 4 QI~ ct V c$
n.hl~(Brittle Strength) C)j''1mU'I1't"l'lf)1'j1'U\9l'U'U'I'J.:JlfI'U'il~'t"l\&l't"l'ltlUl'1'J1f11)1 

, 
"-j 

·i 


~l 
:1~.[-'/-,:-?".,...5~-.",+~~~..,;..r£ll..''-:!~~~~i-,;.....l,\...,•.......-~ ..
• .......,..,.',.."..",. L'-_'bl....~ 


_IJ d' 4 II" 0cd QI

llJ't1 9 1~mnJlJB'j'Uil~flU CL, SC U1:1~Topsoil NfflJ"lIllJUIiIN'fflJltlTflilVmlJ1:11f'1'IJ 

111~ 9 At ffifl'i 1'1 f)'t"llllJtl {'U 6'1 ~'waH~'U ffl:IJ 'lfii\&l Nfi':IJ,:}h:IJ'LJ 'ii'!t't"l ~ ,lll"mJ 'ill f) f)1'J 'VIifl't"l"tlUILH 

6ifl't"l"1:IJUf)'U mtJil9l'm'iIPi'U~l'U'ih:) 15, 20, 25 t/m2 1~6'111fil C I!"g; <p ffl'111ml1illifi'Uf)1'J 

1!ml::afl"fq~m'jll~1'i"1 9}'I lf1ui1ivm1'1'il~iiulJ'I11~";1tI1~'VI1'iml~f) (Morh 's Circle) 'illf1',?,Vl"f'U';h 

U'J ~1Pi'U 'J tl'U.u'l'1 IIIff.:JN 't"l~ 6 fh t1'i 1 UII1 'i'~6'Utl~H.Jr\&l!'il'U Hm~1l,iUffifl.:Jfll'U6'i'll1l Ifft/\&l 'VI 1 'Uilltll'U (<p) 
1~tlth~.Jrfll'il'U 

Q.I q; ('/ '0 tV Q.t .ttl QI 1 91 QI I ~ d. " v 0::: 
'fl11:IJ't"l"lJ'Vf'U1l 19; '1111'1 f)1M1 'UU 'j '1m tl'U f)um~f)1'j 'UlJ 'II tl~ f)'fl'U19l1tl tll'ifl 'U Glfl:IJ'UI9lf.!'t"l"lJ 1m'!mJ'VI 


~ A ... I ! .c:l Gt 'jJ IZ r d.Q .::! " 
1ln.I1Wffl'j'1'lftllJlJ1~fi'1'U 200 kg/m3ml~ 400 kg/m3 VI~fftl'lf)'JWU't"l"fl'l !'I11'11'U11f)1'jLl"flJV'J:IJ1WGlftlJ'Uf)'i)~ 
'" vhlrf!flfl fl1'jvr~'Ulfht1'1 '~tJ{h~'J1fl!~11'U'lh~tllQm1'LilJ 3 1'U 'I1t1'1'i)1f)lr'U6\9l'S1f)1'S-W~'Ulfht1~'il:;:(,wm'i 

" '" !!~1'Umw'Utl'ln''tJ'W~1mh~~NfflJ~1t/'t"l"U!'lftllJ1Ilg;ffl'U 400 kg/m3 lr'U~I9l'jlf)1'i-W~'Ulfht1~a'ifl'iL!'1f)':h 

f)'J WH';if) tf'irl'!:tl'Uf.! ",11tl'l:iJ1'illf)V1:iJ1Wffl'j !~tllJV 'J g;'t"l"l'U~ltij:iJ1f) f)'h~~ 1 lvhvh1rfv~~tJ1V11~!'fl~'Utl'l 
sJ t 'JJ I 

1l'UclhlJ'U~£r'lfl~tnifl<\i'Umi1\&lUm:iJ11\l'Vh lrffilfht1..:Ji'uu'j.:j!~tl'U!~:IJ<\i'U 1~lJlf)f)11 3 nil !ijtltm(J1J!~tJ'U
~ ~ 

,t "" 

fht1~1UU'j.:j!~tl'W~tll~ 7 14 21 flUl1tllQ 28 1'U 1fl(Jml"f'j1lJ'i)~!~'U111i'lfftl.:Jmwlr'Um'jvr~'Ulfht1~ 
t gJ.d • ' 

fltl 'U 'U 1'1\1 ~'fl~'VI \9I1:IJ tll~ f)l'J'UlJ 

3S

~lS81SlnATuTaflQCl81t'inSSU urnom:J1afJSlljrlQEhlho 
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02. 	6 I W D M g m m D • • D • o Z 4 6 8 10 12 14 16 lR 2Q ~2 24 26 21 30 

ltl~ 11 	 fil fili1'1i'1JUHlih),lJn1Jmqfl1'n.l1J'illfl"~nt)'IJ ltl~ 12 I'hfhi1'1i'1JUHI~tllJn1Jtllqm'i1hJ'illfl"~fftl1J 
u'j':nj~nllJUfllJ~,j:l':::nl'\.I!4tllJtI'j:::nllJ200 kg/m3 IIHVflff1lJUfllJ~lh:::nllJ~tI'j::;'i1'1lJ300 kg/m3 fffltY1lJ 
(I.t t , ~I d ff J!V 31 	 J III at ~,;v 'JJ 

tl'flffllJ 'j::;1111'1lJWlfl1JlJ~~mmG'lilU'.iilfJ{l::; 17 : 83 '.i::;111VI\llJ'lII'lJlJ~~mIJ1MU'.i'f)Ua::; 10 : 90 

OJ 	 0 QJ'. QI ~ tp ~d 0 ~ cv Q) .::I 
mUM (;j,;j1j) 1fl f)1';i i'l~ 'ffij 'U f)1 (;jn 'UU';) ~t\! f)'WWJtlTfi f)1 ';i i'l~ !:'I'f)'U f)1 t'l,:j ';i 'U m,:j ij~ 11 fl'W tl'ltl1U (;jt f)1';i 

!II 

V1I'l!:'l'f)'Ufll 1!,;j i''UU 'j ,;jV~!:'I'llJUfl'WU'U'U ~hht'U1rJ1,hua'l 1~111.u'mJt'lf)1j'i'l~!:'I'ij'U~,;jmi11 111rhVIiI';ilrl1'W.. 
!II , 

';itWh~ fh1!':)l'Um':)I~f)'Wn'U111~~'ffV~11~'W(K=E501Su) ''W Ilhm,:jrh~l!11h K l~ufhvr':)l1lJl'ltrl'WthL\!i1u 
~'V!flf)lQ f)1'n.ilJ ~,:)'Vnrjlflwll11'l1'j~':)fltil1ihhl~1l~111m ':)~'W 'jij1J.u'l-3 ffll1 i''U ~'W'2fl'lfU~~-3!l!:'l'~-31 'W 

llJ~ 13 u(;j::arlf)111 iUrll'W1Wfll E50 'Uf)-3I!:'1'lt~lJ~'WC)}llJ'W~t~f) l.n'Wfl1{:hmltMlflj',;j!:'l'fl'1'llU~'W'IJ~ 
fflMi'1Jul'it'ltfl'JiI1 'W'U'hihhf)Y''W,$1,:) 5.7xlOS-5.9x lOS t/m2 l~tI!:'I'llJ1nlU'ff~~l'WiU'fflJfl1';it\!~V'lJf)'1~'W
" 	 ,

'11'l!:'l'llJ'lfU~flij K = 0.306403 + 91.558 (Ijjf) 0 3 iim.hmrl'W t/m2) 

2n. 

, 
I•• ..".II,. 

12.120 

100",. 

10 JS 10 3. 10 IS 2() 25 30 
v y 1 

IIj~A'Il'!llJ'IIH (tIm) U'.""1MM (11m') 

ll1~ 13 	 VYlil'm'IJ{Fu!Hfi'\.J'.iVlJ'1i'l\lllltHj91':ilri1'U'.i~'H"h~ Il1~ 14 VYli'l"l"'IJ6\1IIHfi'U16lJ'1i'1~l9ia~91':ilriTj,m;'H':i1\l 
fh~\IoflJU'J ~!ua'UfilJ1)J~)'fl'fftilil'H~'U'lJ6\1~lJ111'i,,~ fh~\lof1JUHIUa'Ufi1Jl)J'(l~ffa~'H~'U'Ut)~~'U'~f\lffl'lj 
'IfUIil (K=E501Su) 'IfU~ (K=EsolSu) 

Q.,IOJt/ • 9J d 9J QI lat...:::! tI <jI

fl 1111!:'I'lJ 'W'Wti ';f ~Ml1'lU';f 'ltfl'WU(;j~fll111 Ifl ';i U~ '1W'l flf) 'W1i11f) tll-3 ~W1HlJ 'W ¥I~!:'I'lJttllt'i f) tl1j) 1fl 

fl1';ii'l~!:'I'f)'UIt';i 'l tl~Ufl'Wt~tl1ii~mJW~UIilf)l9il'ln'W 2 ';f'l1~t'U1J flf) 1'W~1mh-3~iitlm lfb'W'Uij~~ti'lt'if)V~!:'I'lJijV
~ 	 ~ 

lJ lflfll 01 ~-3i''Um 'l t~ f) 'W 1j) ~iirh~l 1j) ~iifl1111t1m''W1j~r1'W U'U1I1!:'1'~v~mj'W~-3 !:'I'l111HlUf(~-31lflii UU-301~'l 
11~'l~~!J'If!~ 1~ijVHi\91!1}'W ul'i''Wti'ij'W~1mh-3~iifl1'jt'i~Ul111wlti'1t'leut-wfH fijUt'i~ 10 ~f)1~fl1njll 
~ !'vj1fl'W !:'I'llll';imil1Ifti'e 'W ~lijVl-3IU~UUfll111t111,;r'W -fl';i ~1111'lm\Ufl'W Ut'l~fl1111tfl1[J~1'l1trl'U 1!mJW~'UtN 

. , 	 " 
. 1!:'1'~u'U'Ut!~-3tu';fi~ q$'lmtll1~'lfl1';i1ir~hr'WHHtfl'W1}~t'l\91MijVl-3';i'1I'l!~1• 
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- fln l~ 11 tl111 1tlJ ffl'H4ij lltl j ~ ff1 'U ~ ij ff\PI ri'J'U flU Nffll 9} All 'W ~~m ({1 J;1 ij tI ~ 1,:) ~ . " 
\llfl 200 kglm3 t~'U 400 kglm3 ff111l'H')'l'il'hffhr;l.:)fllUH'Uij.:)~'Utlflltl~.:)fJtlJffll'lNlij~l!lIill~'U'~lllflfl';h 3 !'Vh 

- 'H1fll9Yij'lflU Nffll 1 If'~~u tlflItl ~ \lfJtlJ fflJ'lj~~ij~1fll r;l\lfllH'J \lU\PI !mut~~nnhnll 
60 t/m2 ~\I!~U!tltlJcfi~ rl1'H'U\PI~'J1tlrll'H i''lJ flUriijff!1\1 tff1t~1l~'WC)$tll'W1K1 \PI Cl11jNffll~flff1m'Hl1~ij\9l'J1 

" I'11'.iNffll '~U\9lfll?il'lnU 3 ~tlU'lJ'lJ~'1ilfl'Oi~ij\9l'J1ri'J'U9}!1l'UI91'~m{{T~fltl!'Yhn'lJ 50:50, 40:60 UJ;1~ 31 :69 

~tl1mtlJffl'H4mJtlj~ff1U'.i1lJ!'Vhn'lJ 280, 385 !W~ 400 kg/m3 \9I1llt;\'1~'lJ 

- tl1j-WWl'U1rll~'1i''lJUHt~'O'U'Ufl\l~'U CL UJ;1~ SC iju'U11,rll!~1l~ij'U'iJ'1\11ml'ttiCl'ln'U 

1'U'lJtlJ~~~U Topsoil ij6\91'J1m'J-WWl\J1fhr;l.:)~t;!\lfl'.hmfl~'l'Jflm~tl1aill !iifl\l'il1n~U Topsoil ijtl1mtlJ 

'" c: "'.1" I "'","" 
\PIUtll\PIJ;1~mCl\PIu'U'W'OClfl11UJ;1~llfl1111mUCl1'W'Oum1 

" - NJ;1tl1'.l 'n\01 ff'O'lJ u'l~1lfn1u ·.h~lH'J \I~U 'i ij 'lJ~lUml'n TI'V'I J;1~fl rl1 r;l.:)i''lJI!'J':) ij\01~'O'U.u"'nj'fltJ 

ul?i'il~ij~'nTI'V'IJ;1~fl~11ll~~fffl1111U\01'H~U E50 mmr;hi\9lUff1m'iOff~tlNJ;1tl1'J'n\PIff'O'lJ1u ~tlfl1111ffll-W'U1i 
'J~,.yl\l~1111~~ffU\01'H~Un'lJrllr;l\li''lJ UHI~ijU'Uij\l~U \9I111fflltl1'.i Eso=K.Su l\P1tJ~~lfflltl'J~ff'nt K 

.1 OJ "'" 	 "" '?I 2\l:t:Uu'.iN'U\9illl!lH\PIU'Jij'lJ\011'U\9i11lfflltl1'J K = 0.3003 + 91.55 (1l'HU1mu'U tim ) 
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