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A _

2 Lj}Jl i+ ,?\:iil di*-.rilt aJ+ J.+ -..,--.j c.,l..JsiJl gjEj i.ils Z
4 9d-r (permeabilrty) 4'ili.ill u'ar! dli^ l+r.idL ri C Ct g, -
fr tclr..,ll 6rL i-r^.,r Lyii &L:lJ ,.tr-rro_{consolidation) 6t,";iyt 4n .6L-Filt #+Ln_,ftki!-)-r6JrSlll .#i 7 _g,a
g J#ti AL)-J r:lll olr cr csJil igj-, , ,. -t flrii-L ,o,-Jj f-S E ^
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4 6 :iL:.lt rtltii..j Gl 7 Vg
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4- 7 '14i^t l-Z g 7a
i l0 i&u,,!rn iiij" J,Jt{JatjJt+ rCis_jut6jL ltJ-Aj 2_Z t0 |g l,Jliylr ' -illl L:ijll drtsll Fo
4 t2 rtJilt ,r*ster+at+rJt_x!tj3;2 ll t;
X t3 pp6 qltbu str42 t2 ;f,

4 t3 , 
, 
. nit \r! dfi.ii! ts.i. i+i- d l}i. lsiJt 6lt. ttrijll 5_2 ! 3 ;d

E 14 rr,,.,oLr-.rLri+i",''*'-FT'"jlo, M f
g 14 r,+)r ,-bul tuLr-i Glo rriKrut -.i- c.tJ$b 7-2 i, AO ;rECt {st dt3 (Capacity cation exchange) Itd (Specific surfac.e area) O
1 15 . ,-jt c,)-l*. stc rrrsJJt rjLr &2 16 f
1 16 .m.urr.:.1,.;rs;ur'ru *1, q-i ;; 'u
d l7 dlrJt h. d ednt djs. uj!-t lG2 t8 fg 4U|l,ir.Ici..J$$.............................................. Ettitt&It 19 g
g 22 (A thereby Limits) rLitl !* L*i l_3 20 ?
E 23 (specific gra.vity) ,rra.lt 1-.u r{nr +rilt titi$t u--i 2-3 2l t-O 24 (Soil Compaction) ir.Jil s-J oai 3-3 22 f*
8 25 )-:Jt j. !i-:jyt ,-.r +3 23 tO (Unconfined Compressive Strength) &
E r.rNu.IJc4lilr .....................crb1td!.rt 24 ,g 28 ptCt :rs t-4 25 Zg 30 ,r*$rt.q;;-; ;; TO (Unconfined Compressive Stength) 3
i 30 (Soil Compaction)..3'u-r',r1l3l 27 fove7s^v4
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: Lrljl:l_l
-.-rll trlF 4".ir..rjrrt iiL.:".6Jtx fr, t<1",.-rl tutj Jlb 4-.b...-ll l.r os f

rpill .rla5.lr(consistency limits)flilt r:r- (,Jo i. Jl .')A jlh i-!p J e+- .:.rlrl

.(soil cornpactionp;dl cry{shear stress)

i+-J,'.L-L l-ell ;rSrJl 6JLll ii[;L trlil cr.tF sp ir.".i eJlir 41 6;U:ll c,Jeli $!

rA o/o4,Yo37 f/o4l Jt d^-:! rlrlt !\ arn cuij d,J. Clljjl &:il (%10) {iU!l

,J Jrs O.,,',, db ;ltsj llfll "! 
(PI) i+ll -"tr.r GL) i:1,r!rj (LL) ilaJr gn

.,{J+ll i.jill u-Jll cJ.L-j 4-ilt rl6J

: ,-r. Jilt c,$fii s.6 L$':..".11 dJg.lt et91 :2_!.

: is"i" l+J 6H1,,-,lrtrt -yJ

(FJ t+ c|5 (Soil compaction) i,JAtl u,ir i!-!r .3 is$r<r lt dAlL,-Hkrl

,3111,31!, !''tl 'trt r!';rrtl .JA Jd.n L bK" r iili-ll clr,ll crl.u alrij.,L i{ill

illis 6Jtu e[f.r LJi! a:j LrjCt u;L-ilt _]sr + ffu!}| orA il",jr drUL i!-.!ill

,lirl C. rF.r,.ll '!xll r.- ,l!n {rJljlt! k :.r .'.1-1E i.jnt di+rF .'.-. *tq tS+tS+ {rjtl

lnE eLJt F-



: c!',ii.r dJtrt-Ja d+ll]ll -Ln- lj

: ll.Li iJ. LiL;U ,'rir.ll -l
d+,Ul q,! dJLi rrrl ,r. 4+J!l .JAJ{:.i r ( (clay-gravel) G,-Jl C. d+Hl .tlr &.

. r(ftr r kilLl.i.:jt dr. Jl6r +!t ,-F a.rJ_*:,rJc. .rL; .":-

t L3" L&J< Jr. ::!L;L .":inll-2

j 4-'ils J+ $rl.sjJ d+.'!lt ,jJL,lrsr-'- .arJ.lt ,.:i d:;.r J..I| \ 6$o cJ,".:-3

,j_rl c,.Ll Ol r t+iilt ri ajs"* -rd rli (JFL t$,,,.c.,)a -rc, ir.Jl Ji{n_l aJJ..

: a,:" !l ir*I .tl:i-L # 4-ritJ.SI ,"!i,rtl

., r i

. ;-.r:rll _..,

. rrtlcnJt rL Jt --

. i_nli-_ tl jjFj _r

.p3+ 1Sl$l tuL cJ!- eilr.:- iJ:. !.5 rlr*.

(,cri oj,, ,rlj (cL) q,rrlt illtr (silty clay) r-*" ._p !+ 4ij dl^,:-l .:

J- $) Vo37 , o/o24 ,0/(61 bJai (consistency limit) fj ,r,^3 2.69 .-|],

. dld .,1" (PD :rrJI| ;l"3.r (pL) :rrJlr (LL) iJjr,Jl ,er-

2



: Lril,..-ll i;it .b...!1 6rlJl:4-l

rcti dj dJl:;rL sa, ilL;. irL.t (silica fume ) pjg l<!..,tt ...r1- 
Jris-t i

L<31js;.rLJl ..re ,jl ,.r-.bJs.!: l-a-t-!ij,.l 4JGJ r l .rA j+j.l a:J O ul iirii. -e

.13717s2.5)2) ,1 Tjty
.(2-1)iJ &.i,,,s ir;. ilJs lslJt .-,1++- e- e.jj

.(2-2)42-l)$ u.i" r,sJ s! :. : I rrul ,rd 4+-lj{ltr {3. !^rst- I d-tdl
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ruri t$sll ilJ rr&.*ilt !n4,.Jt:(2-l) dJ5

Woperf/o Silica fume

Meo



;-ni t<rt .-tt ;* a*.rt o.lL6ilt:(2-2) du+

:itJIi.ll crLa.n l:S- 1

(consistency lirnits test) al.ill r+r or-.i _l

. (ASTM){,.!|, u--i! r,6,- J.!t +-+J ,:.u..lp s,-.ra ,F.J lj. ,1F.1 ts

. (ASTM D424_59) turJI d|.:ir r 6 (ASTM 423_66) ib^"I| , ^ir

Propert5//o Silica fume

Density, (Mg/m3) 21.5

Gravel (>2000 pm)

Sand (2000-75 pm)

stlt (2-75 F"m) 20

clay (<2 Fm) 80

Atterberg limits

Lrquid limir

Plastic Iimit

;; -: --- .rlasnclty lndex



(ASTM rt-./I, , -.in 4.srJ.!rt i_..,_.Jt oLi-tJ'. ..'-rFr , E:iI tr ,lJ+t i
LlJl d'.J i l-rrX 4. o*lSll _rr- OIFJ.^ rrl. ,r.;,,- Jt i.r;Jt r-r:,.r. 2166_66)

uasilL u-tll e :r..! -l;G.i i O. -e (standard proctor test) /,".r-!i! n<:> 4r,-j-

.--,-. . .1,^.' . ( standard Proctor test ) !-b!.! n<.,r qn-JL , ^iI lrA ,tJ+t rj
. (ASTM D698-70 and D1557-70) JjJt, .^;I q_.,s." 

-.r.!t 4-.*.+l .:,ti_t *

.(ASTM),.rt3Jt3 u i! 
-irs.-J.)l 

a:,Jt r.:ti-te" c=sja L !:-. LFsit| ,lJst F

o*-."s ar3 lSlJt ;.rL ;. %10 4+.,jll i_iL:l .u ! vtrll d'lLariin eljat i
i] .Ot--' Orr, i,...jil d,t-Fill u*ij elJAtr o-.s Js,; Lr::Jt ijr-lt ir.-1jl ljr !- i:il;
f, !!!lt L.Jilt dr-: a+; ij,r-: e[:l e! tuJljJl u:rr jl

ilfl1{iliiiliiflHllillill!tl!1tlFr ui
l

.-:=;-_c_"_





.L$"lt_l_2
'.+r. d+ Crij-L 4J-\ll i,.jlt crtF u. JKi ei r.lj *j 4+t " .*a ir...;ilt d+,,n

,-d-.r 4iHl: iil+ll ijESll cB. ,r>i .l^".1A ,rl; C,*,*:-r ar.Jill tuB.r r.l,9 ijrJJ

a-E ll d-ldl c..r. b-1": (p.L ,p.I , p.p) alCl ,r,^, ,,^ Jl _;e luJai)l

..4J1+lt r+JiJl+

,,' ,:ll u-lF,"r,.irl 4jt..lslt rtlt o;r thij.,L,-.!il (Fj.lt cllltJjl L;,J e! I JiJ

.i+j$ll
iJlJs cr|.. ]L , r];l| al.Llt +>! +-tr (Abdul_Kareem , 197U) 6.,;l

r J.il , LA\l d*.!r. & (CL,ML) L{-} dj-,:ik-" dri.t_ .Jr e.sLlt U e* ou.-
+1L3 Hydrated lirne ltit tt 6 dl 1,. rihl ,...,1.. I €t.lcj . ,-r ,i O. Jj,)l

e L..lt ;JlJ- L. -,. ;rL,.j rtr; L3GJ' Ot ,.*tr , .r 60,40,30,20) ii':^ ;Jr>
, ,ffr *-!Jl ill-il :-iljslt ;i, Curing time eL-aj)t ".13 

Curing iemperature

Ol ;tll Ar!;i 5, elJs , i.ir.. ll 6,Jp.!t iu;rL; &!t :.JLjt Gr,* Jrjr
. eL:iyl rj_F rrJ.r;r$ L:,.i Jnr. e Lsyt a_j ir-tr_.,jp Je _Jl IJL+ 4.ruJL

,]t Crs, , 6L-iilL ir: 1""., i oJti.tt 6J.jlt (Jrir^ \ Jt .rtrji !l.i-:j)l L3tL.../,e

i+,i L.,:r . e L:jyt ;JtJ- L1 r_iDE:,Lr ql ,rlBJ ;-13dt !, n_"J:L) rt$r 4,.jj

-o 4.5) O^r;l;l 7 -rr (yo6-yo4) o. s$^n rJCt d n-- .*! r.rr,.., -d.r c+F

. "p (50-20)u. ;JlJAll :iJr .rlJjt L^rb, , t ,Zg ),_a (%6

,r--,,f .-L (,+* - r ,JAtl do t lltl ailj.jt ,,,Jr 4JJ,l, (Ahmad, l9S5)$

,, , "rrt c.r. :,.ir'i- !:tj Ct i *t . 9.r:< ._.,; e.)r, .$,i , LL-, _ jrrij



, 6iilJt rrCt & {ir,,i..,...,1 l+jl GL:tr drill .L (o/og.3 , yo7.5 , %4.5)

C\!l !.n irtr , l.*, l*taI dti:ll ,,,.^ %95 t+."+ rt.Uj ir.Jil L-:fL,.j ++l
d* u. ..llii Ci Hydrated Lime rliL l| 6r,j.lt rrL.j !.Jilt :J.l- r d!3 ijtlll
!li.:j!l Lrti" ol 

-L!Fj 
.!yJt4 cunr . &:Jt r4.r. ,rr . &Ul eG cts;),I

,iltsi.ll _i-,rlj , Cohesion €Ltnj ) (J.iI LjL J-bc ii_! \.r rr.u gfu

.$t Lrti.r ( s!.htl
6 'jrrl r aE (-a+liill .l+lt) srr..- rt jB:.-l-l.r (2008 , ql+.J) a-lrl
:LJl {rr!;i r;kr itj. u.,:'lii e,. _rilt & etrirl iD.i !i.-ir ir"j-,1ii-t d,.,, {r
. a.ALll :-!i.I d: ct % (15 . 13 , 8 . s) ,,^ r:iJt 6 in_. ,+-r gl.,il .

i)s ts^ 
o/o (9 , 7 , 5 , 3) oa Hydrated Lime 6i.L lt 6rJl i'. :;hr ,.j,.r

rs rlrjr . a)+ L.L rl"dl r.r p.I !:Jll q!j.r ;t E;bfl ,., ,.!t rn . :jtj a.Jilt

G-lJl I,iLll iiLf(]| ul als: $r , (;Jrij r ,".1....t1) ,i: l rtjJt i-iL;f, p.L turdul

ars q.e . iti.LJl r-ljlL ;-.Jilt eil-j LLL- rc Jrj, &!t i!!jl dri! drr . cF:

io :,lJ$ ;rUj dba O9., . 6jj Li %g qr,.ir ,",1.. ,t :.iL!L G_!Jt liut &ljsl J6:

;LLJl .,,-nI -)r^" ;Jl !lr5!t eE ol e.jbjlt ,-, !a!tr . JKlr %13 cldl
i!"nL U , a.iK;l-n^*lt ...,-ill ...1 rt i.r; i:l;-) .r:c a-;tr rrL"j 6jJj $,-,t....rL

,,. $l e,. LEI ..-,+ iAl: .iJ,_r,x rL.j r:c L+l d,,.trjl rii;fuLJl eJJ,l-L:.LLJ' !rJ:!

. ,-,r rl_r 4LLJI

j C,Ll.ill dr.L .":in i-t_+ @skiogtou and Dfthmiou , 2000)d.!

4ilJ"5 it& Jj- 6k_l-Jl r.JL; (Aridea , Drame , Grevena , Xanthi) .:rL!tL
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, ( NaCl - iJri - tu-rrlt e-;r) e6!t ,.,.ritt-, (g:DE.,Ct ,-,r-.-rl: , ; r;l) : &
, 'J!L tJ'l c..,_! ,rb , ,s_^l L" !.S .rtj.3 (..;,-l!Jl rLjtr _ 6Jir _ tu-r e_-r),
i++ cl++-Jt t-".L ._-Ujll ;l lrEill g" Cel. : . A+! 4L-.r: . 

-4,:,-,1. 
!L-l . !r:_r-t

l+^'i€ll u6it-ill di,,*.j:r , tuJi! -i!Jl ,.,jJt s ;_y: 0/og-0/o6 
4+^,.j &L:L d+,!.ll

Jl d-..'iY Lr6ll 
a,o 6$3 L3tiJl # .r,, l.,lr, , tu:!_y't-: . LAGsJt3 , tujrlt : Lfs

8JJ,:ll rl L:i.JL l(rl Lj &r Cl++ O_.:: a:r!l ,--r. _Fll gl .uj dJ.rS . .?,"lil 
17

!'i iSY dFL'ete,s 17 .r. JKI Jt LJiJt Jr-!,,.^ (Fly ash)JPunjr ri-jtr
a6+y ( NaCL - z:,y - \j),,,<_rrt e;jJt Lt , dJnlt !-*ll u-rr. ^rrr ,._-r

. 1nK rrL"j nc )L.ai LjGJI d+ .1,-: gl e!--y d dL.:-f
(Winn Rock Parish 4J!- +_r ,-,,rt rt-rl (Wang, et a1.,2003) pt!

i.rS;.!l ;'-r t1 oL"yjJt or b!_)Jrt..JL.j,.j (CaSOa) .3l!"J,6lt .'tc i.r"-:l-!: Stoil)

+lJ"S 4Jll* 113.3 cuJl ;- ijs.J^ .rt.yr.3 ("o uijr,",,...,rt) & +jl;.g ::n^ .rr-r- ,

rL_.;Jlj , (BFS) (Granulated Blast fumace Slag) o+:,! ntyrt +r &
(SF) (Silica Fume) r<r..,rt irErr (CFA) (Class C Fly ash) c ei!- i-,.LiL l

c,:aJL ''!:"..ll ul . e.iBJl c,:tS: (AS) (Amorphous Silica);,rt:.1 .,:ld tsr-.:tr

, Expalsion \\ rll d:lL- iJ,--._,"1 ag, L3t t .rlg d+- ::ri- -r. 6JCl rl
a!L:l r Lii L3EJI or dl! ar,..l ,J.-- i,.i - ,.., .rt e,-! BFS Jl diL:tr

C: rt C: BFS.AS &L:L OsL. Lrult d 6rL.j (,fn) AJ.J! _ djaJt e! CFA

as.! e L;il .i:_r: 9l+: s gl (j*J )r i-JtlJl d ;rl!.j &Ej CFA:AS

. ilti. -r. (As) of (sF) c. (AS)dr+,:-i

9
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.r.jF-e !:)3 , Low Dosage Ratio (f.lrE :-> i!,jr) rJr,jll & cr_*!t c,tj-,:-lt {1.

. g.rt4.!l c,i,Jtr,r-Elt ,",1 ..,I, ilLJl ,,>rt L_:t!Jl e* c.r+ cjJLc
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.g-rl>.ll 6-.$lt ,=,+,+ !\i .r rt 4irLltllsjL +.jlt ir.Jjjt ilAJ cl !-n . ! irlt i,J} (+
alj+i Jl rl -n i{J"jl-r cn-Jt cliijl .=,+ rlr!$ :..r.J:ll {€i 6lJ+ilt osL"r rr.r',j
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c.UJ'l 6i.r-J4 LE.aJlGjJtr rlrJj ,J J*ill L:..^rl ;ji Ot ,.:- !t!!t3,:.rt1

.4:+t!l ditlall i."c|j 4jjJ.Lll qrJjll C. fuJti.tL irljyl-r !-r1ll
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l'"+ l{-lF u-Jilr ,:S.j-r .jiLJJI c.jtLlrtt !+ ljsr ,".1.-r..t i,rLlt liA

:(2010..r- ' ^"1*-r .'i*.t'

a+Ui J li1j J !r* diL-<jt. dL iJte LlcjL-i frj aJj.i- ij. djc Ll+. G^ _l

.&Lit *;-r.L"Jt or irL.jr 4*lt- LrfLJ iljE

rDL.j cj:lt: 4#.ti- tl^-i3 c,\L- ,:lj 6b-j+ ct 6:; ;e irg,
rlrJl J^ri 

-4iiL! 
jr +-r: Jt)r .l. ,JE *jt: _L.lslt rrJ. ;,e dilAfll

.:il-c Lj6.3 Lj,9j3 tuJJ crti 6-r"lij. 6rL \il Gle tutJt rrA .!-l

o'tjr OS-".j trLJt !n rjb gJLJt i :.r rt 61 ,r;5 -jJLjt LrtiJt

. 4J3r"JsjFt .3i,,irJl 
C- fuj,lJ o++ 

"rair 
I c$^r_J aj" t. 6t,1 . jjj

. d^.jll 4r.lle (llij. -t_..j 
LJt ord cFl r.yt !l,tr i,l- l_ll drlll

ti1j .J.

.:JllJl L_r.Ljlr irj" ljnslt c,l_rihl l; i,.L".ll tarj -{lLlt aKijl ;_Jt-i" _4

i-r.JXl r6lF dJ-j"Ej i..i;.{Jl o.r,r s;LLr.lt s. r& itlii.t F;_!s),1 A-jJ)t \r.ij
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.drL$t stjrt ei i+lAJ 6ri.i.

lJill d-lF sle ar+,<rtJt 6J- J$:i: t_tJl. L;Jt2009 rrc (KALKAN ) rE ril

.: J J 'll4:!!ll

i di 
"+: .O.Llt dt ,.'$- qJr 150 t!.Jij Jt uJg {jJ.iir 1!+! ..,jlt €jr.
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<s ,,/o50:, %30,%Z|,%Z0.yol5.%l0,yo5 a,rsn c.!$rl a.tp r<!. .,t iJ.s .;.iLl

.,+i r <rl ..rl 6rL-r i.lrlJt d_!jl iLlrt ajsll ijr i lt &ESll

optimum ) &)l 1..L rll (rri* e!,.j1 etJt 0,. i.jLll irslt C. ,-,Ltr :.iL.j il.till

.moisture content)
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cl. e+J 6l-e"r r:l 1 
r :- . L.Ji cJ4iL-: dr,,rj Glc ru-Ai 

t<r: ..\ 6rL" c, .j! jf: e-iJ,-l

u;+ elJ+l i liiJl Jl i,.-r.ll cJr*: r,{ rl$r i.*ul j!ti" sf ,,s c!*
rJl>:ll ,..5 LJ.iJl ir.Jnt 6_)Jj: l*-r &J.l l{:L Lj t a+Jrjj,lt €r. ^--ill

tujll fu+J .lx ilJJ (water content) s++Jlt crri.lt L,^i el_Ft i )B.i
i-: ej'- Ais i *- (tin) .,f ,'-.-rr !J.tt o.ra ;.6\r.r :rit i,-!- :r!-rl
;jr.G 6JlJs 4+Jr ri u-,g s! cru-aj el}i r-J (tin) rjl Ojl Jt EL:. tejjJ o^l+
g.r"il d.iJl olrti rh:j-L nu..rtt etJ+t r-.r a-c1* 24 ;$ (4_r5. \_1105)

, %23 !.r-.r 4+JjI !V d_Ajt rs::,Jt dl ,r3
alLjll :.U+i 

'l.j+l d1.,;! & 6tr.lt i.c.lj ir.J,: .,A L\:r .."tt i-,.;!t g; i!_r pi s:
(.-,. " Jillr (sieve analysis) LSJI c-!L:lty rrr.r--".,,t* (grain seive analysis) G++.l
-3 dS.llD6Jgrill !-l-clt dj,tlJl i.cr.* ft.ljj-Lr.r .( (hydrometer) !iE(.tt rllAj_L

(ir-ljl Jiljlt i].L e,:Jct

l"-rr t diti.,l it-L:(1_3) Js.!l
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(hydrometer;citis.Jt:(2-3) dls.iJt
LAJ*J ir--iill €iJ il ir"-Jii- .5;sl ol*j:s3 e,;rrt etJ+l i d_rt-Fill orA tl_jt &+
i,il5SJlr (atterbery limitshlrnt rrs & {,_,:I .*l d;js)l d.rFl
J*i .I.1: tyl ddl (compaction soil) cr_y't o^r-r (specific gravityF;cJitl

. (unconfi ned compression )_L:*-.Jl
erJ.r turol i e + lstlt ;rL" i-itll -j"db trJ* JAr esjt Li$ clJi.j cr-.F: elb .-.-:
ijJli" c.d &s -'rLJl 6*l;JJS IL.iL.:-.jJt ;r.JAll cJ. elF (5L q1t. - qilt .rA

. l,6J!r AjU)t Lb L! eurll
: 4J-ii.Lll ir.Jnt GL ,'.,ti I qrjtt ,).cl 6J rs.iJl cjf--:.i! qJ-Jj qrl U *",
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: fafterherv limitcl al-.ill J_.l. i_,.ri-! -_r

;."c8 4+Jill !4i,-j lrl dl gr.Jil r.r'l..l s.-,n L jl pl_eilt .rj.rr Lr. s++jl &J,iJt Ol
j.liil il +Jl \ L). cF:)L in 

"r-J 
;r.Jnt iji 4+Ji r !"-i .--L.r 1-Ft Jl iiUt drrl.ll

.}li,l.jyt "ir. i.:n
(1932) ?t- (casagrande)asl;6 l-IS ClJt in".rf rtsj-t I i.lgt rr Jl:L ;l_.!3
d.i c!J,-ij tA$e eill ir.+jt i-l-j 4jt Glc' 4+ lfllt :l +.Jt .r: cJsl inJ.L , r.i,Kl ,,!-
e I elnJl cr. i-Ull Lj .. $c rL I 3 iltJ ,+_l:! !-lsj 4_U sj i,irr!^ .a.! (,_lj

,lJ- l L .i-
cr.e+! kJ.tr ir r.100 Jlra+ .lCt qi a.ii-Jl i+jrrjt i,r,ijt u. e:F $.t i ,"r-

.(3_3) dS;tr ; a.:""tt gr.ilj t*IS jra; pt.s,j_L.J J. t eLtl
aplrill Ll!!l j;rJ+J.lt :r.-.)ilt s! 6.ijl rLlt Jt srl €.:lt dtf,:.|t Jb {jL l:r $i

. e+i 20 c.r. cJ! f.:;.._F 30 j-rt+l J gt iJ.F 26 grt-jjksjr L-t:tl
!D njsj ejll 4J+!l ,,. 'iI al_+ll \ ,i..A dJSa 4jl" eL"Ul 4jlt d-..ji L els rt .r. \J

: slEll OJ nl rt\i!.L ,.lr\-r !!i .st3 iJ3l-- ,.1. .)c.1 rrJt O,"; 1$ll.F

',, ,"1 :,
. Jt e+-

JJSr.ll cir*:ll $c ie :J.J3! $lJtjt c, qirJt -:rlw.

,,:6.$ll dil. il i L.J+i! ,iA qf d,6tr.l2t-0.068 dr+ 6:t-* ortrl c.!.Li €.n:
.i-i.rll tul-5,l

iJJS\ll dir.J.:ll rc. JAN.
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{ casagrande). dJtJsl{u jl+} (3_3) Js_itl

l.ra l! ljti +! CJ+ e$J L.j , k' cL-.-: ,ulr+ l-_i.lt C.,+- i! ij3$t \ j.i!y Ll
'ld (tf.rrrit c, i.:ll d"1-€ ;,,-)4+_!l !-l 1rF + 3 ":!i ols.: guri\ :.r-gtr

.a.:_,JJl .r: +Jia t" o-r iJLll

.jF Gjllj cJL^ll i"cu! c,Jjti !.Cr Aljslt i_iJ.J I cJ^ilt t.rA ,tJ+t c.). Li.Jilt Ol
. i.-i i+Jr 4 tJlJ- i-:rr &, ctlt i_iUSJ , jr. ^tt crUu-jijt :jES rrl irdll kjl

;-Lii ll\rr. l f:re --; .rt!t L._jlt u. f l0 JtF $,t F 4-!Ft ctj+l Lr.JiL
(pynometer) iltiij.tt_j c,","j cJj tss .lj .E.ilt j+rF. 6 !,_ illt-j

ilJr GJ. 6 
'l+.J Alj-: iJt-G.lt a:r e..-..r 

-4.,L+ rLlill C ,.1-- iJ drtj Atfi. Jl:i:,t .l.l
# dF.J e+- eruilt i- rr-ul eltjj ir.J,rjll elJa & ;-r& dKJ;nt tu ,:tt rrr_
ilEj.ll i, iJ 1,lc c!-j es*ltl i,L. etJ.l !.! .IJJ.J ir-atr srL rt s dh+ ij t on



r+_* O,r-.dl_: .r-.)tJl pL.J, O ultJ aetJt rL.Jq ,jjjt) s)ls g): s! ,LJ. 6jJ..tl

. r+l+ ii_.,-r .,1' Aibjll \!,,ir (JjJ JSI 6Jt_!l ,,ats_ Jr Llr+_i dJ .:!S{i!Jill i,Jt}
kl r+J,,il OjJ iiL:t .u iJt6.lt Oj_, u,,G- J i.;Jl.i ,,rr-, AlUiJt Oj-: cPlj clG, ,t r
C-l i r+-ilt-: etJl u. dS iitLl C. 'e 

, u_r (e*,,-rt1 e;Lc .u.ir1Jt 46!1 6. r+j:-r
iL)- ii aj.* rJt')',j 

-;s-t -.: t'tl-r Ji*,,L C-9 sjL it^ s! iltliJt
. 1.r ,iX dt Jt eut a+ O.4-jult +tJdt ,-iEitt u. 1]lti i_.|liilt dr.-,-l lrt r4i

:L-lll dl! (;i r{iJt'p L1 dsljj n^11 ljj tutct ajj c,tcGll E-r_r- ar lsr.il ),r.r
ii.9ll 6Jlrall Glc r 'rFJl r+ ;* cj:.r+ JiL.,j-LJ i-liJt 6-)t3:Jt rsJ.r g.3
iitisll duili &il"j Jli d. (GS) 4:"r.tt &l3lt slo Jr-Jt ('.i tel" ru..+ C(cT)

. ij"Jjll

'e ^r 6. i-j.3t c,E"j+ .+-r! t+{,j.15* Ljlt 4iljs irLj arL. !c lJllo i,.JjI u4J
. r:,.1: crJt r:- er4t C. ,6. !t etrdt es dir$j slljlL.r

c,-,{ l:.1 lr.Jnl cr,rl i*,r-t_r. 1933 rt (R. R. proctor) Gi-r> ClJt rr. $j
{Standa.rd prectoliesi) s,."Uill ris_9} u<:i stua ,.,1-;.!_tllt} q* LF..ilt

. (Modilide procror rest) J&ll _iS j,j+.r.s
Standard )),=.-!ilt .r-ill .1,l: rJ_ryt or--il ,,tc:L"jc)t i $i,,,-Jtt lra sj Ll
;+4 klli iJ f3000 sJlF k*J.\t!t iJ.JiI uj e 

iJ t .l:l i d+. (proctor test

r: €Jl )s.-l+ll .-$nl j.4+Jllt C*': r+: i..,._il ,.t:s ts yol5 tnJtr!^;J"rt ij!-,L^
'l:-Ldl in-J,tll, L.J:ll cr: 1 ( L.-r.rlr ,.1x ,rx- $: dj-r cr,l,!" : 3e994 tnJt o-r- .*\p
t&,jr) i-,-- lrill i! J.lt tl$-L in! JS L- u 4:JL",r" (:J6l! &)B Glo !_i! C*:,,-:
tuF 25 diL.J*ll ij.r* OA,':- t-F rLJr " 1L300 aljjJt O. Li..r cjlt (dS 2.5

frLll "-Fililljl *, llrit iJjr qu^ 
rjJ uEjt l1xt :,.r..r ii)i1 c.rli.Llt &&+dsl

CF t{+l}:l ,-r i._.,n.f.A_!t drjrll rit *-: g-lgl (t!tL)t drt)+Ell clJsLll

+litl
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tljsL;:t-:jl ..A ,lF d+- eLlt , j..t s-i:Jif$ i\_r c,-_tt !!c 6jEt 
F..t clj .l*.r.J

oljjy edE!;.r .,.1o LJ.r.J .l-l c,t_r 4_3 ,r.)t r:LE ;.)tel e,ll i!L. cjsl%s

. i!la- dlst e! J"jt d .jsJtr i*rEJ^ft ir.Jft C. !_Jt!tl

c, .iJlJ LlJll ArJ$l i.il{ ,-Jt* cDj, g. iJ_5t-- L}Sl i_Al+lt &l3r c-1r.s p:1 eljt u1

dc.i i!:lJl e,L.j,. r-,i {:.tJt J l;Jr Glc ejr:jl Lj:..r .,; &lsll i!ll$ -.:?.]
. &LJt iiLiSltj ,r=r !.L:ll .e n*tl

li1js G.jl sa-, a++!t !_.rnl ,r-.r .:)-14- i:iJtu fi sj5jll lrA tl.l:i-l 6r"-1L aDJ
.(optimum moisture content) cE yt sJ.*jJl c, .j-lt{p dry maximum)esr+

_,J,alt 3;: L:.._lt i_nrUt ,rJit LJ6. crt J 9 , ^ill tra dJ. q,-,Jjjl L-J,lt Ol
L*-rtl lra dr.J ( the unconsolidated undrained shear )cJt ,-. L^ qp da\ crJt3
i,.>r'.r. elF -r.;J r+ e+- (4-3) ds,il d e-3. crl:' jk.- cJL"n L rl,r+
!..rL dr,,.- dil."n"L +li 6\lr i!L- dj jslr i!-l_6tl dlajt 4nA rspq :--:-_x
Lj<JJl ;jF d. € niJl dfYt 4i3l-,1]t cr-Ji.- .,.lc ,Ul i.rljv e.i rLj,yl +_J \lJ
cr 6F. g.qr- CU &;."1 FJ.bJll a:Lc 6J!"St .u3 inLJt i.Liilt d .-.:..1t

OIS J.;il Ol \J dt+' oj.! !:,,; aetXJt ,.,J-sJ,,r- iiJj OJsj cJnl tra rl,rtj Lrrlrlt
. ,.u76 Cr.i.tr gri:Jt ;s tLl $:S ;r*

c-r.llill .rLr! i-j-_!t ir.Jjlt rJ* ejJ,., e tJjj."y :iL"+ &;_r+ ,=llijt ClJ rjj clU r,r.r

.(5-3) $3t d d+" Ld &sJt dil._j_L dJ&jr 
e 

j+dt 
CJ.l e+ i ,r.:

jl{a! i-llt ex,lt ELra-:J d!.&L e,rrt t _J Lr ill jk} !.s e.!J.jlt e*.r-,.r .:tij _r-:

.(cr$ltiiL p,.r:; _r,r-tjyt d!,!i") uLlLJt nj*l drl Jt
0.01) dS u"l:ilt {iI. 6olj e. : .t rt.r ii.i a-r_ t*611 ilJt cl: _l i$ dli 'l'r.J
L-rlj i+'rl i:t . eir.ltl d dLiilt ,J--J Ot Jt ( 4-tj)t Lj-lJL Gte rL&)r.jtrg (erl

. JF)l C' d.l' l
,,.-"+ €lir;r"Jsll rjill .rtr;t *: d;Ut e.U tu s.r$J.lt .e;Jt J4l f; e[sj

.iit ll c-1: C. u"Ldl lil- crrj. ;"tj
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. di,iill Jn e 
j o"$ aj-)l LLJI , ir, . JD.:, dr4 dss.Jt 4sL""1l d.* .rJ

.isarJl 4-t-Jt slo :.JJr-lt orilll"j! d_,ilj cljj reu cJsl J-.syt !. Ls dJ rJcj,rj

It rtx-)j a^:6 Glel \r tu_ l+ ii.,73 .,JD d,nyt, Jas. !t ,.se i!:{Jt pJ d)Li &J
.e iJ'tll LJ.i6 uri, c!^.,

"_,r,,-:rtJra .bu.bJyr , €ri jk+3{4_3) ds&Jl

A

g;srl ,rtrrr*L 6jl;tr 6L!:(fJ) ,.Js_tr



41i./il J-.alI

&li-lblidltg 
6+LiCL



ir" iF LJill L'rr... lt i,!r ;r ra.Dr_i rr. dr-rr sjll ir.J.n:,Jt sJsjll :,il5 ,tJ:r r!
L Lc.Jj :;J-. .- rJ".6t -j, crlj c.jjts ir.Jilt ora aJtJ crLslt ;_6 a:.i:! otj _n .j.,lf
.rL"j ,r:ll i;. t9.-SJl rlJ.ll cjF,J i.aL;l CS4 l!-L F t"SJ u.tdt .la rr_.a.F),ilj
% l0 taJlri. irj" JJ i-l.-! tla I <rj..,rt rlL aut i ,..^ trt t.$ urj r_r-t_:i.ll !n dj*.6j Glc

4Jj:lll ir.Jill ciajL-i 6r ^6!#slc' iJJ! r<!J.,tlljt 2ib,n11;1lcij,rll a_J,

i: ::-iLJt-i!Gl t - :: :rrLlr aG-L!-I ::r+= 11,:o*a',, qsLbr r$ ,rLlt At}t dd ] 
:4,=rt 

._t-J_l
Afler treatment Before treatment Laboratory test

:pt3ill :-5"r-- 1

Yo4l %61 L.L tur+Jr .._l
o/o37 o/o24 p.g ;.:3-rur .r---
Yo4 :::::"^- : Jri,n,:-:.:

--i -\ r'l rrJr'ir JiFe
GiDtr.55- ,4:ccl {il3tr-2

Specific gravity

Soil compaction

Cr-rc)roo . l\, --. 
,'IPilet'on

tr:t)t5s4 .,-r.'rraurijuslll

g
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p Dry max.
%re j %l 5.8,i-)r i,.;-t:r.r:ri.-_^.,-

o.m.c
Kpa72 -ts-Ipt'-F" 

=t-i -;-:-]

Unconfinea 
N. comDressiye strength



: dJa+ll er tuJlJl A.jtijlt a,nj. slj t4ij

:.tJijl JJlr _ 1-4
irL Liut .b.J d,! eLt"j! *l: nL-F eE: ,JJ| ilt :t ,-;j.Ur ij_+.lt Cc+
otltl qJ3'rll d!* e+. , ((PI) tur$t jj. r (pL) turrlt r (LL) :!J.,\t) t+ r<r*.rl
irqj ajrrll \ # 6ir-j_, (pIFriI -xr. .: 6I-; i.rrr,,,I $- # ,/ .Fliijrt Jl.,r.
c+s 6tiL:l gj.rr i,__):J :jrJl ,rA C. fuJ6. ir.-jjll Jt ijL:.ft tj-ji l<!...It 6j- trd
;:!Lrt B.rLJt c.r. %l0b_,r.ri iiut 

-L^"j 
ljc tlnJylJ u'-lii:!t ,_r. Jl& J5) d;

Yo4 ,%37,%41 (pD tur.itt 
".i-!"" r (pL) ijr.)l]r r(LL) ilJbl,Jr (fl:eq..Jl

. dtjl *L
Jl l.FL:l Jo c33EJl a.-U 6rL r.-r: t:p r<1..!..lt 6J.. Ot Jl dlj dl,l,l O+
O-:+ iJ.jll ,:+ ,tll-r iljF.i. clls rritr L.Jilt c,h"J+ dr+ rlir rt dllFil cji.ij ir.Jjlt
tu:tllt :@L) il.lJl cr.r. Jl dJ*J!:,.JUJI ,tJl i,.,j cllij .'lc cJ.-i cl., dj.iL:l
4+'"i !ir">.-l drl.+ill +& i-iUJt r.ut ,,r: ir d+s % lgtuL:il i-!"i ". Jlr (pL)
t& crlJ+dl ..u 6_i-:, +:sL:t er.* cJL;r.., u+i r<l:!..tl ,rt t$ i.r,,jlt orA & ijL:)t
sr,'l3ill r3"r' 4al.ir:l Ol .c.{-lll-lt ..ra E-&-, ,lr-! crJ:l etJterx j rrLjjlt ,_,ll.rr

,..piJl .i^e[i.61 ,'r- otJlLJl J d]lte.i t!L"tiLK L \^1.., Jt iJiil;+:ll liljjJt
(PI) turJll J"ii o*r i- Jt .Erl ,.,+.lt r!+ll !,!.j..-r r .r3!t o.re .rt*ij rjc rl.Uj {.UjI

:(1991 _.,rii,lt) 'dr.rJ cr*Ll Glc L_j5!, r.r. -.r,
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4r.Jitt , 1rr iJ {jJJtr d-!b Cr* iU*tr _(Z) dl &+

L...Pt, r:.
4$

fuJ"tll

4!tFEj 0 I
Ll'rjijJB 5.1 ',

;Jtujsrio|J-{'. 10- 5
4jJJl i.L-Ji.- 20.10 4

5tujrtt@-i.; 40-20

lr+ ictre fuJJ €ll L.Ji

J3sl
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d,-l,ill ;-,: E o%lQ L; i_r_y:ll urrr d6:! eEj Ol d,bJ 6)Et dJr+lt (J),: d,.
eitij ajl . Ljslj.ll q!".t.:ll i".; C! i.itlyt Og i.Jnt u|. s e.rEr ut L,,,_ r.r dBlt
-, r.! Gll crL)l +!l e+>,r-,1 :JJUJI crti-lJ.! i,.,,)f!. %10 Lrt.. L-,.jj L^i!
Ti\4 5-330 / ) 4_!JJ1 _tuSr-J.yl ir_J+jl irllt cJ.Jr j crli ^lJJl ,,,iJ"l6tJrLJl
(Military Soils Engineering, FM 5-410) ( Air Force Manual (MFA) 36-3
au+ Ol q'a dJll J .!lJt!.I ,-r,L!l &+;:.,.r..rl aJJjI !:rr.ll^.i. Jt ,,:_Jsrj 

sillrr OjE."!-l lit:Jl.r^lt o.ra e,_:i C<+a.:l,"i$t (J. JLjll OtJ 5 rjr.+ (pI) fuJ$t J,i}.
.'Xl flj]||6. +;t!l-L hAr .,'10 r d5+ (pI) tu3.rltt ;:. j 35 .r.$.+ (LL),rjj...rl

. % 10 le 
-r.r! 

iiL:," .rt:" :;; ,i" ,_-r-.tl+ ., teL rj_r,-_tt F



(Unconfined comoressive _g,aer Uill ii.5ll craj - :2-4

:strensth)

( (1) riJ drdJ d la.:r. g.iill l.ll s! ir.Jttl Jt e3ai lSl-jJt tuL &Ut ,cft

Jl t4":Jl ;:LJl i;; 6iLjc rFilt Lrti. LJ d IJJS tuLJ sljr 6t rj:,b} .s# ,'r-
r-,..j$ dls-li JlS 54.9 _rt$.r OF ( Su ) cFilt L5tL gt 53,,,r- %10 {r"nt .u
:".J.,l dls-t JF72 t"_,':": i.F,rLl J d;-ilLJGJ| orA _rtJL rhij c,tiL:t Or+

. %10 bli iiL:t t&]r
ouul O:+ i-r_.f lt ls;4-itt Ljti. or .)trjl .q.,l (l) Cl ,!+tt eo+:
lrA Ol clr dJ.i asaJ. o/ol0 lJL:t ri -t sjo % 25 sJtF.JH$lt ei:i.-tlt d.-j (:+:

.uladl 6j e! !"lJr u. ,=+."J L. ir.J3t drtJJ {},.rltsjr)l|r$j slc dl{j ljJl

lll.:ll iiE<llr (wolo),rill crriilt L,j &+ gj.tt (l) F-.1 cJ.95ft tlrr,.r
cs..Jl d i iji rl di!L:1t1 .,,..rr {J"jl:.Jt .;;Flt C. 6uL.at OJ! ir.Jjl ( Dry densiry )

l-.L"Jt 5rut ir"i tuL"J| (ydry) t!t+J Ait3S! d 6L-i: etto rr. 3

Optimum ) (.E.!l etll djJl l-j r.! !iL-j ciljA \j ,"i:rt o*iir.: .

(,Jirll 1+-,i ir-S e+- .(O.M.C) ilL-tl rllt i+"i 6.)tr-jc (moisture Content
::iL;. rlsr is,j .ti. % 19 le*i Jt d.-rl % 15.g oUL:t O.+ i-r..jt &!t jul

%10 bJ,$

kiallJ s-Lll lJ|sll lill5ll Lg d _,r.1 d .,rt :!Lrt erUt ir^"j 6.nrj r-,.r

g-Lill iilsll iitlsll t J {r! Jsr1t e!- drt l Ofur &yt ,rr..lJ".jr 6.pJr ; *;
liL-all tut ll Ol t f-!l ,.jul ,JrJF..I 4r-j {je }r5ltJ (Maximum dry density)

oJe c!"rj , t .. ..'tli, 
-, i.r._.,13! c.,&j+ d,jr 6J -. .rJt t!:t5Ct cjrtJilt c,r! .rJe &t ci5_

,-.r n i..JAJ fjL5l 't l+,.s €E:i, :J.- ci{$.lt rn ..,ji ot lt .r.iir._, t ,urt ffLK JC.l

. rLJl {.,ral slo dJsrll la - L -
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