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nVT' 9 uuuVT' 3 ll'HI~ ?1!J -f11HJ1tJU 2525 

u~~'1~dn~1'~~~~~1nn1~Rn~1fl~Gw~~u~VU~1.VT'fl~u~'1~~~~1ul; (Per­

meability) ~u~~u~~nuu~'1tJ (Silty sand) ~.uJ1~~uVT'~~~VU~1.1;~u1l1'U~~~~~~ 

~~Vl1~1UW1U~ LVlu'; (Standard Proctor test) ~~~~U~ 1tM~~tlUl:'l1~'1~~~r.:~ul;1~tJ~~ 
~~,~~uu~ (Falling-head permeability test) ~U1l1'Rn~1;L~tln~~~tllv6Lfiu~. 

- LLtb 

1. 

2. 

3. 

1. U~U1 

·tJ~~~M.Ju~~'1VT'~';~~~f(u~u l;LLn 3 %, 5 %, 7 % LL~:: 9 % l~tJU~l1itn 
tJ~~1~,~~~u~ru::VT'~1n~'U~~~~~tl~~W~j~'::~;~~ 7 t ~~ 16 % 

...J6'\ ""1 ' . .,. 
1::tJ:: L'1~1V1 L'l1 Lun1'U~ hiLLll 0, 7 LL~:: 28 1'u 

1l1'tJrUtJ1~~ru~~~~tl~~ul~tJn~'L~~Vu~~'1Lfl~~11lUfill~tJ~«u~1u 2 tJ'~1l1' 
;'1tJt'i'u~tl (1,2) 

1. ll~'LL~ll LtJ~tJUDmnJ (Ion exchange) LL~::n1'L1l1:::1l~~ (Floccula-

tion) ~~Ln~~WLdtlVu~I'1~~~nuJ.u~Lfiu~uLl1UtJ'1~LU~U 1~tJ~5tltlu~tl~~~L~tJ~ 
(Ca ++) VT'tlJLWJtJ~~'lV:: L.v~ 1 tJLL~tJVT'flritlu~tl.'ll'11 L ~tJ~ (Na +) l1'tll <11 ~, L ~u (H +) '1 tJ~tJ­
L l1iltJ'1 111tl LnVl~~llllT'Hi::~~iitluw~tl~~~ Lci1tJ~tl J1~'l1tJ~LLJuuu~h~tl\l L~~~U L l1i1tJ' t1Dll~tJl 
~~n~~'1~~1;~u Ll1UtJ'1flil'll~wi,w . (Friable) ~lJLL~::'i'n~ll L ~citn (Plasticity) ~VI~\l 

2. tJDnitJ11l~'L~tl~tJ,::~~u (Cementing action) ~~LnVl~1fifi1'~~~Lci1tJ~ 
(Calcium) 'luVu~~.~1tJ:jfi.~tJ~f(Uil'~1tJu'l11'l1rl~Ofi (Pozzolan) 'lu~u L ~UtJ'11;LLf~ fl::~litJ~ 
(Alumina) LL~::/~1fl ~~fi~ (Silica) Ln~LfiuL~~ (Gel) ~tl~~rlLci1tJ~tl::~ihuVl (Calcium 

aluminate) LL~::/~1fl rr~Lci1tJ~~~LllVl (Calcium silicate) ~11;Ln~1l1'L:z1tl~tJ'~il'1U 

'::11;~~ L,jVl~W'l w~iwtl~ L ~tJ'1t'i'unutJB1l1tJ~VT' L nVl~tJ'l WtJu';Vl~L o:lu;ci1 LUUYl 

2.1 ~'1fl J~\lfiuVT''l';'l W1l1 'Rll~1 L fiu~uVl::lltliJVi,~ tI (Silty sand) ~U~VlTiHLVI\l 
,J ., ' ., J 

i'lruil'~m;tllJ .'1 l~LLil'~~ 1'11uVl1'1\l~ 1 



I 0 

~11~~1~~ILW,~ (Specific gravity) 

Wn~LLtlVl LVltl;LtJCl;fl (Atterberg limits) 

- ~n~L~~1 (Liquid limit) 

- ~nVlw~I~~fl (Plastic limit) ' 

- ~~1~OW~I~~fl (Plasticity index) 

2.67 

19.4 %" 

16.7 % 

' 2.7 % 

2.2 ~W~11 ~W~~1~~;LDu~w~'1~~~~tll;~11~Lw;Cl~Vl~'~ 

62. 

2.3 ~l Ui~~;Lwn~1~~~~W~~1ntJ~WL~tln~~tJVl~~ (Compaction) ~tluiu~~u~ 
~1Wfl' "j\'l Vl~tltJ L ~m'~fl1~~~~c.i,w l;~ll\3~w (permeability test) 'L-uuiniw 

2.4 flI1tJ~-D~ (Compaction) LLtJtJl'I~tl (Mold) LLiI~ L~~tl~n~~~~ (Hammer) ~ 

L;~ tJfl1'ltJ~~~~w ,L ;} .. mtJtJ~~-u'lWfl1 '\'lVl~tltJlJ~m;J~wW'ltl'~ L 9ltl'; (Standard Proctor test) 

n~~1~tl LLtJtJl'I~m'l'~n~~tJtlnij~w~~ L;wJ~~WtJfl~~\3 101 lJlJ. (4 d1) LLiI~\i\3 117 lJlJ. ' 

(4.6 0'1) ~1W L ~~tl\1n'i~~~ijilJui~irfl 2.5 fln. (5. 5 UtlW~) ~~f11 "itJ~~~~Wfl'l::V1i,VlllJ 

~filJ1Vl1~ltJ ASTM D698-70 

2.5 n'''iLVl1~~~1tlJ,~ U~lJ,ruVw~11~~;LWfl''lV1Vl~lltJ~::wil~~~lJ~tJ~w~1;~tJn1~ 

lltJ~;LL;\3 (Oven dry) ~1nt1w~V1ifl1~ L ~lJui~~ 1 tlLw~1W~~lJLLiI~fI~flL;~1 l'I~\3."l1n L ~~"l 

~Wfl1 'ltJVl~Vl~::L;LLc.iww~~il'~n L il'~lJ~1tlJ, \)~WLt~~LLtJtJl'I~tlLL';1iJ'Vl L ;LLtiW ' fl~"),:jlJV1i L9WflI")LoU ' 

n")::o1tltJ~~~~tlJ'\3~WL tJLLtJtJl'I~tl{in~l'I;1\3 . n")'::o1tltJvfL;~lJ~::~m~~ L ;tlUL Wil'l1~W L UtlflVliltlVl L 1i11 

'lWfl~~ 'l~Wi~1tlJ~\31 tMVlil'lltJl'I1 fl1~lJ~lJc.i,w l;~tl~~w~tll u ~~~~ L 1i1.~~L-UL Wfl1"),JlJ ~tl 0,7 

Llil~ 28 'i'w 

2.6 n'")V1Vlo1tltJl'I~~1~~~lJc.i,w l;~tl~~w LL~tJl'I~tlvfil?1wtJ~ ;.,tl U'l~wi 1 U"l-uLwn1")V1~-
o1tl1d~1f11~lJ~w,hw l;~tl\1~w '\ vWVl1\1 L ~~ lJvitl\3wi~w'iJtln'l~flLLtJtJl'IC::mr~d L ffmj'iJ~rrtJn~ "i,tJ 

n1W (Dist~rbance) ~'l~LnVl~W ~1tlJ~\3~W~::V1~~;tlULW~11~W~lJuintltJ~'l::V1in~"iV1Vl~tlU 
L~!JL;~1~~~W~tl\3uii\3 2 lJ, LLt'l::"'~1l!J~\31 ';W1W 12 .n-1LlJ\) · ~GvfL.uLtJfl~")l'I~~1~1i~lJ~~~ 
1;~tl\3~w1;L~'iJfl~5i1~~::~tJ"ji (Falling-head permeability test) . ~'~lJ~'::~V1tf 
rn'~~lJc.i,w1vi (Coefficient of permeability) il'i;"~tJLLvlil~~1tlJ~\3 L Du~~ L\l~~~\11; 
~lnn1'lV1~o1tlU~~~tlrrW 5 fI~\3 LLiI~LL~iI::..';~1;~un~~'L111'lJL;,tiw~~~~nM1ln 20·C 

.' ' ., ' , ' ., 
. n1") L ~lJVw'lJ11i1\3 L W~WVl::fltltJV1~1 u'l::V1i L ~~T'lJl'ItJl 'LLWWLt1Ni\3'iVl (Maximum 

dry density) ij~~ilVl~\) ;(\3LLs:l'~\3"W1tJVf 2 ~\3d'LW")~~\IW'lJ11'!11itlfin~tI~rrtJ1iWLl1iltl1V1iL~ 
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63. 

Lnfllfl~'I3~;'\lLLUtH11~::11~2J (F·locculated structure) djtJ11'~ d~1J'1JtJ'VI '1Ja 'l3 1 Yi"N (2) 

1Ju'1J',~"n.jvf L ",~a'OJ:: L;~LLV1"j11' tJ 1 Yi"N L da"~~11",u,tJU'~1l"r11'1Ja'l31Ju'1J I,1!~1~111~''1Ja'l3~tJV1~­
natJV1 ~~ tJ'S\lV11 L ;fl"l~1J"'tJ~ LLUtJLL ;"ij"'iflSj~~ "lfl"l'13 

11~"jL~2JVu~~'~\lLtJ~tJV1::f1atJV1~~tJU\lV11't;U~1J~ruflI12J~tJYia L"'2J~ :: (Optimum 
• ) t'1. ' II (. L-! 2) t:.." . ..I ' . I.. • • 1- - No - PI m01sture content ~fllij\l~tJ lWI ' V1"tJLYi~I::L2Ja~w'1JI,V11u~ 11 ~tJlT1UfltJL"'utJl~:: 

V11 't ;11~ "j L ; tJ,,\~h'1Ja\1 L,jfl~tJ L DuLL UU L 111 ::11~1J1J~flf1"l'~ L ~1J 11~ "jvf~ ::V11 't; L,jYl~tJ L 1tJ \1l7hatj~\1 
~ " 

L Du"j:: L u~ UL lfa~h::'t ;U11J~VI"j~a\11 W"j\1i1~~uatlvf'iYll mJf1~.~uYl~mitJ "J1 L 1Juvi'U \l 'hru12Jln:BtJ 

L~a : LYi2Jn'''j",~a~tJ (Lubrication) "j::"'~~" Ll1Yl~tJ . 

11~"jUfl~VI~tJVI::11atJV1~~tJvf1~~~2J\Ju'1J~"l1V1tJL~U~2J~Wfl"lI2J~vfuatJ11~'U~2J1rufl,'2J 
~tJW~ nUll:: (Optimum moisture content', OMC) "J::V11't;lfl"j'l3~;''13~a\1~tJL1JuLLUUL11':: 
11~1Jilr.J~V11 't ;fl'~2J~1Jr.j~tJ 1; (permeabili.~) S1~~ij'13 h, "j L yf1JU~2J~rul'i '11J:fiU't tJ11' ~~VI~Yl 
~::V11 't; L~VI~tJil111"j L 1tJ\l9r, L11Jvf dJtJ"j:: L tltJU1J111~tJ ~a~atJ"l L u~mJ~~111 fl~'I3~;'\1 LLUU­

L11~::n~1J1udjtJLLUtJ L ~tJ\1~tJ~tJ (Dispersive ~t;uc~ure) lV1tJvful~:: d~h.j~·"m1't'; dlYl 

f1, "j11~a~tJ (Lubrication) "j::11~~\1 LijVl~tJ l' fl"j\1~;~\1LLUU L 1tJ'I3'1JtJ~tJ~::~flfl"2J~2J~~tJ 1; 

~a'l3~tJ~\1 ~~fl" ~2J~1J~~tJ 1;'1Ja \l~~VI::f1atJv! "j1 tJvf12J·r.J~2J.\Ju'1J~~'OJ::Sj~~ ~1'ifl djaU~2J,rufl'~2JftJ 
vf't~'ttJ11~"jUfl~Ylil~~i\1f1~' OMC L~f1UaU LrlaU'1J~rufl'~2J~2J~nn~~ OMC ~tJ~::LnYl11~"jYia\l 
~h (Swelli~g) jjr.J~V11 't ;fl1~1J11tJ~ m;tJ~VI~'13 n~ "jvf~',J L nfl11~ "jYia \l ~,LL "l::ar.i't tJ~ll'Yirl2JU1-
~::!Jr.J~V11 'l';fl,~1J~2J~~tJ 1;Sj~'ij\l~tJ ii \lLL~~,ll'l~\l~;'\l'1Ja\l~tJ~:: L 1JuLLuu L 1tJ'I3 '1JtJ,tJfiVl~2J 
(4U 3 11.) 

11~ "j L ~2JU~2J'ru'1.JtJ'1J 1'J"l\l1 UL tJ~tJV1 ::natJV1"i~ tJ~ ::V11 't,; L,j fl ~tJ L 1tJ\1I71', LLUU L 111 ::11~2J 
(1JLfiw~::LUtJ~) 1J~11~tJ~tJ11"j::~\lii\l~,,.,rl'13 ~\l11~"jL~2JU~2JlruVU'1J~'2J~11;~~~,~~::1~V11L'; 
Lij' fl~tJ L 111 ::11~2J~11:BtJ '1 tJ11 ~ ~V1V1~audYiu~'U~1J1ru1Ju'1J~,vfV11 L'; L n ~f11'''j .L 1tJ\l~'LL UU L 11~ ::11~2J 
2J~nvf'iV1,1tJSj~~"h ::2J,ru 5 % ~'I3jjr.J~V11 '';I'l'~2J~2J~~\J'1;1i~~ij\l'iVi n~"j L yf2JU'1J1ru\ltJ'1J~';:J:: 
ilr.J,m1 't ;~tJ~Yl~tl'l31 W"j\1~Yl~'13 L Wi~::Vw~~' L;~ 1 uLLV1"jna~"j::"'~~\l dJV1~tJ~\3 djtJ11~"j ~VlI'l'~2J~2J .' .. r.J'tJ1V1'1Ja\1~tJ (lU 3 11. LL~:: 3 ~.) 

"J~n~~ 3 '1J. ~:: L ~tJ 1;"';, Lrla L U1tJU L YitJum~2J~1J~~tJ·1;'1Ja'l3~tJvfr..J~2J\Ju'1J~,vf1; 
"'U11~ "jUVIDYlvftJ~2J~rul'1'~1J~tJ. L ~u,ntJ 1'l"l'2J~w.j~tJ 1;'1Ja'l3~tJvfr..J~1J\ltJ'1J~' 5' % 'iO::1i ~~i\l11"';~~n'13 
~tJfu.I~1JVtr'1JTl 3 % LL~ LrlaU~2J~f1J\Ju'lJ.~' dif2J~tJ dJtJ ' 7 % , .. m~2J~2J~~tJ 1;f!~~0lV1~'13 LLOl~ Lrla 

U~2J~ru\ltJ'1J"L~2J:BtJ~fiu 9 % ~,~2J~2JN,tJ1;'1Ja'l3~tJ~~::OlVl~'I3a11 tJ~n~~11dr..J~11~"j~fl~au~­
LL~V1,,'ltJ.~ 3~. U'3LL~Yl\1't; L ~tJa11;~ Lrla~tJ1;-rUll~"jtlV1~?l~U~2J~rufl'~2J~tJUm.Jf1"';~ OMC 

tJ~1J~~a\1Vu~,.~L~~::~r..J~~a11'~L~~tJtJLLU~\1~a'l3fl'~2J~2J~~tJ1;'1Ja'l3~tJuatJ111~ ~ rla~tJ1~~u 
. J . . • . . '. r ' . ' 

n'''jUfl~VlV1U~1J'rufl,'2J~tJ~V11~U11~a2J'11fl'' OMC 

11~~UVI~VI~LVI::naUV11~tI~r.J~2JVu'1J~'''j::11~~'13 3 % n\1 9 % lV1 tJu1,.,~nL~a~?l-
~'~2J~U~~tJ1;L;ri~'V1~11~,~tJvf1Jr.J~2JVu'1J,, · ~::;a'l3L~u~~rufl~'2J~tJ'ttJ11'"jUV1~flaU'tJ~'\l 



64. 

~'~~lru 12 % ff~ 16 % (~~ 3 ~,) 'lunl'~~~~~~~~~'U1;d ~u~~a~Vw~I~ 5 % 

;Cl~n1'~~~lru,ji 'l Un1,tJ~~~~lnvf'i~ Cl~"O,)"O,)~ L dCl\'l~~"o')ln~U?i\'ln':~~iin~' L 'tJ\lIf!'~LLuU L n~::­
n~~~lnvf'i~ ~~u~uvf~a~Vw~~~ 3 % ;Cl\'lnl,u~~lruUi'un~'~~~~UCl~~~~ 

4~ 4 LL~~\'I';L~U?~m~~~~~'U1;~u.\'I}iu~a~\JU~I~vf1;~UnTm~~~;"w 
~1~'M'l~~~~U'~ "l fiVl1~"O,)~iiyj,~~~\'I Lrlu 1;~un~'u~ LL'~~"O,)~n~~a~a~~n d:iCl L~~'~tJ:: L~~~ 
..I"' ' . t; Jf ' .I . ..1<1 "'<I ' . i . K . ' .. . 
~'l~'unl'u~ ~\'IUL~"::L~u'~tJ~L~al~L~Lun"U~tJl~~U UD~'tJ~nl'L~Cl~~,~alu 

(Cementing action) vf L fi~:1J~::11~~\'I\Ju~';~LLa::a1'tID'1Ii'1I~1iln 'lu~ufi"O,)~a~\PtUrl\l~u:z1~ 
LilJtJ~n~EJ1\LtJu L~tJ~~uvf d1~ 'U~u;~1LL~uvi~ L~uvln1' L:;1Cl~~'::f11U'~11'..;' \'I Llj'~~U"o')~ L Gun';, 

a~~u1~~U\'l1~'\'I~i'l~~~I~~~~'U1;~u\'l~ua~a\'l;~tJ 

4. a,~ 

~a"O,)';nn~'~n~lff\l~ga~~~I~~~~'U1;~U\l~u~~nuu~'iv 1~tJ'l~VU~I.~ua1U 
1;~~~~, L~~\Ju~1.a\'l1~'lu~u<il:::~ii.';1~'\'Ia;1\'1~U\'l~Un~ltJ L fiuLLUU Ln1~mi~ (Flocculated 

~tructure) ~\'I1JLfiu'::LUtJu~~n~uLrl~L~EJUnu1~'\'Ia;1\l~U\l~u~J~a~Vw~I. L6uLl1~ 
'l';~~I~~~~~u1;ii~1i\'l~U;.EJ n~'L~~~i~lruUiLu~~,u~~~~uvf~f1~\Ju~~."O,)~~iL';l~'\l-

'" . _~. . " K!It' _ ,..I • ~ . .. . 
a,,~~u\'l~U L 'lJ'I..I'::: L UEJU~ln~U't'lu~uEJ "l L uaVU"O,)lnLLUU L nl:::n~~ L 'lJ'I..ILLUU L ·W\l~UIU (Dis-

persive structure) ~\'I~iL;~~I~~~~1U1;ii~1~~~\'I . LrlUU~~lruVw~1.vfL~ii~1u,~~1ru 
. , . 

5 % 1 ~!Jljil1un t.lfiniEJI':::l1~'\lVw~I.\L a::~u L l1iltJ1~wuu'l u~u"o')::l'Ji 'l; fl1~" Ul' ~n~~ 

Lfi~:u~lnvf'i~ n"L~~ui~1ruVw~'~~lnn~~dfi"o')::LWLL~L~tJ\l~~~u~~~u~1~'\'I1~EJvfVU~11 
L';~1~LLl'J'nuu ~\'I L fium'~~rJ11~~~~~u1;~u\'l~u;.EJ n1' Lvf~'~EJ:: L.~1Lum,U~~uvf~a~ 
Vu~1."O,)::~iL;UBniEJ1n1'L~u~J'~f11U (Cem~nting a~tion) Lfl~~ua~~,rud\'l~Ul'JiL;~1~~ 
~~~1u1;ii~1a~~\'1 

n~,L;\Ju~1~L~ua~~.1~~~~1U1;~u\'l~u~~~uUl'J,1tJClJ1\liiu'::~l'J~~1~"O,)::;Cl\'lU':: 
nUU;1tJnl'tJ~~~~u1~tJ'~~i~lru~~I~~uvfiiA1~\'In~1 OMC ~U\l~uvf~a~\JU~~1 n':1.~uuULU 
~.~~,::~1ru12-16 % ~.1~~~~'U1;~u\'l~u"o')::~~~\'I~n;1111n~u1;~unl,J~ 

fi~~n "~U' :::ml't 

~~n1'l'J~autJLUUl'J~~,~dLfiu~1Ul1rl\'l~u\l1~'\lnl'~n~n~I'~~U~~~'~' ~'~~~1 ' 
~mn"~ 1 tJiS~ ~ru~~I"I~n"~!'t1f1~'; ~111~~VI~[J~uU\Lr:lJ ~\'I ri L ~[JlJ L Guu '"0,)' 1 ~vfmf11!t' (3) 
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