19 e olowss oFolosi ool o (ST J@,z.-,, cblis alxo

&9 93 AVl Jgdo g (5 LiSCuglio 2 adgl 05155 Mo )3 g Cagb ylade 55U (o) 2
Slawlo wyg ow, S

v w; 9050 9 Y l.yw.‘u Oﬁ"" fﬂ glﬂ.\b‘ 5‘9?
Ja_ahadiyan@yah00.com :o3lKe J gt 3lsal Ol pasr dgd ol O pske e sdSC2Sls Jlsland ()

Sl O e g o8ty T (glaoslon iyl wlidyIS (g pmeiils (Y

Slsal QlNJ*ioLi.iﬂ; Gl g,y g B3] L;.Ah.i)géﬁ.ﬁ.jb (v

AUANARENCIR e Qe PNY il b

oaSa

-Coglio vl 33l Ly bl o S diugioY] Jodo g (g5lid Cunglio cusl 0d)lg (gl i ply 0 SB L8, eniad ol a5 ol yielyl dlos
SSig S tagiy ol 9 Al e S S s Jeuslly ol SIS S S, AV yto bism Sl ST 6yl b
5 Cgby 3 (gldwle =y g (o) SLE cladises jskaio pb sl 48,5 plos] ddlllas 5)yg0 duwle Ko™ 4y Jhalius ooy SB couss
oy 93 aS doyd Ly e Loy 93 it gy ol g, B S )15 (6y5macSS ilojl 350 5 00 aibls il (slaST s
olibCuaglio ¢ 550G hlol sl b 5ad 4l 203 Ve e 920 AD (slaST5 5 ladiges ol (oo 5l adly o iy Loy Jlaz g i
2 libunglis Cogby Gl b 4 13,5 jasetio b talojl gl s 5 )y Sl ey b dslino Wodiges (ol (sl atntio¥] Jgdo 5
Iyt awle =) Gladiged 53 (g3libCuglio (Lol ol oS dgei dr gl AUl 4 b Ll o (28I Ao =30y 5 (o) sladigel (oled
e oy sladige )3 dinge Casbo) Sl jiier 20> e & A Cugb) I a8 o) Jlae I Cugb i b S (SIA56S 4 el gy sladiges
Cowd 4 ol bl Byl 5hul o GialS STy coled )3 2o yd AV (lawle — oy (sladiged 3 5 do)d AY Lawgio job 4y (g)Lid Caoglin
Cpiomads S0l o (LS 1o )3 BY dgas dwle Ll b o )3 VY Coghy 53 g aoyd Voo 1T )3 dtpanin¥] gl jlade 45 13,5 polre ol
D)l olyer &y 1y poliie gy eSTy5 oles o dule i3l b deania ¥l Joso yialS 48" 0l yasciio

(b aglis il Jpso fale 55,5 S, 40515 58 5looly

Wt J ol 4S5 5 o iy Al dodko
sl Sla K ot ilie s il oS S e sl S QS s S8 sk

Lo gos 054 o S 5 03,50 e glia e Zmsby e A L L s 0L
3 S shs S a5 slsle s S Sl gz i ds 5 o pims D)y
1 3L Slasl Wi ,S e 518 aug Sashy 2503 ke et S (SIS
oo [y 3D JSS i 5 03505 o lrelSinl (285 5 bl Gladlls g5l

c.bb“ J:“'.'-b'g‘ g,\.v}b) O‘ﬂv" W a ‘L;J} """}"‘:’L;“ Jl_>r.l\ S C)J w‘ Lv Lf‘ 6&:)[.‘.«: 9 )"L...Qi

& i ‘M;eﬁédiéﬁﬂ&?} ol e 4 (o3b IS s ole b 1 LS



oS dgema s Wil ual Oliast slozr /¥

sla bl plomil oy LSl L3 Ve
eVl sl 5 (LB slie (5,50 S
o kD s el aule baddpal led sl
350 Zglite glajls gl 5 Jpdar &y
Gitau et al., .= S 51,3 aslis 5 )y
S ) 2 2T G s 2 b (2006)
a0 (2 gla el 5 SLs
w«{st})quourspsij
354 gt 503 S My O g OAS Aty
Construction Industry .J—S _—» 42

Research and Information Association
50 56 Gy Geieo L (1988) (CIRIA)

Sae Lol d bglsre glgS 05 S oSl 2
22 50 68 8 6 Ay amD ol 4 S5l
J‘}_Al_gk_suojjslé}l»}‘)\x{bijsvs‘):ﬂ
ks (1991) Kamon and Nontananandh
Flme 01 2L 5 S 3l 55
e Uﬁ‘ 4 9 Josls rl_'>r_>‘ l_hn)'\...u Solas|
Sl dsd Joba= b Sl (gl o L,
Pytkaa .4 as o alS laojle Slus| 4y 5a
lately s 4 (2001) and Dabrowski
ey i g Olalllae js A
Slrad g DIk S5 el Gla o 2
ol Ol golid Conslin alax 5l St Cilise
6\)@}_&_})‘45&)—&}“b\‘&;\—w‘°-’\-&
iVl Jgds Canl 0dle 595 s
c.)_j_'s' ngjﬁcJ)‘})\{)‘.Lidﬁ.ML!w 6[}
S s IS8 n 5 2 Jlesl el S
Slosllay St awzV Jsde S35 8

wils |y IS il b ablie 015 &S L3

e 3l S oL 5 ess S bl Sbt s
s SLasSLs 4 el S5 0L g,
5Ll 5 anils S ol 35h Ysane
o2l by 5l s Ll Sl
ol ft s Cenl 3 culgl oSS LB
bl 3 48 3505 0Ly €SI 015 e s
5 iSOl past ghls ailaie SLs 4S
Sloeism Sl g b S 55
Sl S s ol s Sl e
Sldes w03y = Gl J=l e Ta
Al e S e 5 53 Sl 5 gl S
s S L laap a5 b
sle SaS 4 S (gl 5 o (g S
N R Y Ep P N P PRGN Ryt
Sl S Sllee b anslie 3 W8l5e 2l o
adaie S (ilgs b 3wl Sl 65 S
b e 4 a5 3L 0 S 0 4 0 0
il aallan sl S 3 gas Ol Ol e ok
05,5 LSl L Ol o & Conl Sl g2l a5 3
Jodee Julidlc )y glasls s ol
ol S s Ul |y SLs s ez
S b Sl e e AtV e 3
S G (pl Bda 55 e S s (g 0L
ag il e sl S 4y by i oy S
o Sl (0l L s gla S
ot O S5 555 Ol st lsali s
5 s Slas 5l aalae ool 3 il sl
5 ke Glacu b, b pladd gad anls = )
SO bl cow g ala o sline SlapS! 5
Jols Lacbsy ool e 31,5 (5 5
Ao g GeS Aos s g Casb)
Py A3 Sl 5 Sl Ao s 53 S

3340 AO LgLarS\JJ oo Ladigel aJS AL s



YV 7 Glasle pus s ows S5 55 93 il Jsdn 5 SoLadCmglin 51 adsl (ST1,5 %053 5 Cash s slaie 86 w2

=i o) Sl sl jles Pl Sl s
o=l 2 W\CL_“\J:;;“JB-JJJQJSUMS
Q.:_.i\::\fi <ol b CLM\ axs Sl b cll-
Bl golis Ceeslie sl slomsl 5, S
adllas sl 3l G 35,8 e Cosl (g i
Conglin 5 ate Y Jode Ol s aslie
sdwo 3V 5A0AD L_;l_avS\jJ).sL;)l_nié
S Ao 93 ing) sk il olie
Dl 5 i dess 93 S Ao ler
o sS ps (ap cosb) 5l iy Ao

g, 9 3190

5 el )l e 5 Vel @ g5 U
B L L e S e
350 Dl o e 1oLl
LS)L:J.I 5 = Slaels 53 pedige 4 5
L 1 sl (ool il 5 e o s L2585
ed 6l sl Wl aled el (635U
L Solwl dolss b s a gy S5
g S o 4 Ul e

L'c+P=0 )

5wl glnad go odas OLES (V) dsles
Ol € oo m cS dwy S ol 5 S
Sl as Sy gkl glaakal,y 55d o
oo Oly 25 S 4 S e 0l ) St

oc=Me ()

SUs oo o 5l M (V) e, s
RS BIFTNIIC IV S PR P SUSIE I S
J—mﬁwb“dw‘ﬁingY.zﬁw
Cgme (V) adaly ol o SLs s IS
5 o3 adaly cul sla bl SIM oS 5y

LSjjﬂJi‘@wajLNjaJuiM&lﬁ- c.l..jal;.
addlas ol 5325 a5 O3 5 4 O
o |y S ana¥Wh Jgde olis ods (2O
Aol Jeess 1 g d [ i Lesls
05,5 Jds 3 o, 4 (2004) Sheng et al.,
et S S il 5 Sy s
ol s gl el s gL
Juéw\euww&uwlbj
ol el o Lglsu s asl)l aglas
2 S ST g (S5 IS s
ot o sl g sl
O S w2 4 (2005) Kima er al., a0
aJJ_.u Sl u_{:}LiA)l:é) Lsﬁ)j"ji) awle
i S glie ol Gl anle 158l aS
4+ (2005) Eko et al., yiomen 53,85 0 S
o GslES ey S SO Sl e 2
ol SLS e el Sl (VYAA)
3505 ol Sal St b ses cueglia s anle
05 S e L, (Y++V) Dean Sun et al.,
o=l A s Ko ged s L gl e glaS
Sl Syl gladie & L) 4z
e 3 e S e L golwan
slasls SOl 5 (St Slo o
Al e e glale slls gl 8
Sl ls gzt (Yo +) Dean Sun et al.,
Ll & s, th;:lﬁ'p) CL.,J s sl
el e ileand Jb i B8 s



oS dgame 5 Wipll el Wbast sly= /WY

BE C)J;»@Lﬂaqq-jl.g.@\o.u Syl ol
@;Ad_i\du«sv\izjfumi»(\)djiz
s (S5 Slvsat bld 4 0o
Sy SLE S s s il e placias
Sod>) sl et N Jade lols eslanal
el 3 5, opl 5l ol (DKL +/A
s &S ol glaesle (g5l gilenly Ao
b i ol i e S s oS IS
4S Sl ol g o Gl dd sl
@S5 e ashy leslinal 5 anle 150 L
3y glad b b Sl bl cpl ke
e Uy ol S5y St oS 5 5l eslinad
LoV anle L S bl s ys s g

v\isjf g_.JLSL:}‘

sl 5 H)LLd e s (ol o

— 3 o S a5 Yl
33 9wy Ve 540 AD L;l_a(.SlJI).s awle
Ao slgr RS Ao 5 g SleR sk
350 pui Ao 3 Slem 5 i s 53 S
oo aalas ol e S 5 aallae 5 )
o 1Sl S S sl o8l 3]
Sl Ol e g o820y Ll psle tige
Sl 5550 s Sbt €505 2y pl
084S Ol Ol as 3 GL;A)'\L;QJM
3 e o3l OF 31 sdaze Sl ies glaols
e S (ST 55 Sleopast A5 S 4
L e 5y ge slaslailind b ulas eslizal

Gy dib Sy 4 (V) Jsdr 3 O ks

ol I gt oy S wisipe Slogad - Jgua

ol Slasie
Y ooy ey
A 2 EY N
4 4wl oy
*1/4 LL s, 4
AKVAA PL (5 s 4>
CL USCS doeis puas 53 (5403
A6 AASHTO il s 45 (53055
A Gl oy 8 wlis
Ave KN/mM2 4zl J g e

Olsme a ol (28 S 10 o SO
o=l did e 815 alis slee dalis
Csby SIS s v ar S L G
bl S Ly s S S s
Fomozme 53 LU Aoy a6l (6 eSS
oSS ialasl o 5wl wiped 3

NP Ip

Sl edd Ol ds s el S5 ap3Y

i lal sy SbE L el Lok
Ll o el YA ol ps a5 45 ol
e caale il S Ol 4l ol
Ol end 53 1y oS5 il islie 5 b
S 5l Al el sdalin ane ¥ s
BE ‘_;-M\ sl O3 a0 wblsl Ajjignzﬁ ERY

sl s s el i) se sl b,



VY 7 Glasle pus s ows S5 55 93 hsmindl Jsdn 5 solidCmglin 51 adsl o515 0053 5 Cash s slie 86 w2

TS Lsu-)w) Jlﬁ-)h J)‘JJLL.A‘)}:S)J.}:
Cotlw g poman el sl (glauls
oShe lp s ALk el 00 k3 5 zads
WLIAWL.{%,&_JBQ))JJBM}MQJ;
ﬁujTa&Mbjdﬁ%%nJL@\ S0
(Y)Jg.&s;mﬂ‘ oJ.:.iSﬁ}«,aji.gb Ls‘)}"'"&:
Lol ilesl Sk slasilgiul 5l (514 00 3o

e S, () dyd o LI g

sl by as ol Slias y Oldles
Lo sal dgd Coger sl 0l rl;.u'l (\YAN)
Jsde lomn 5 (6 mecSS b3 plnil (sl
o 2 3 el caale —SUs an oYl
S g 3okl S bl bl
Cogr Cosb) 5 s Sle SUS omm A5 055
23S sy Sy ¢SS bl s plsl
ASTM D698 3l ilcsl s 3:lkae 55l l il

u:'iL—")'T C’.L—:" () dsd= 5o C,._.ejf RERPW

wSTyT a0 y0Y ¢ 0 40 Loy DA dlunSS diged — Y S

od S 5 Sy el b B s Y
S s e S il &S Gl6 S s S
35l5 $o eSS Jialasl C B 0y, S
alds 5o ytaddes VO 550 L s 5 A 0
gLl p e S o3l B s S e oS
o5 e s SAY e ey LB
Joe 5 a5 e sl B s s s
o e S S8 w5 el el oS
OBy Bla> an )stie s S e Jlesl
5L Canglie end 53 ARELST gl

81970 S Lyimlojl g aiges Cdlw Jilwg - JSWS

b S ey S iy (1) S5 3

SV WSS Ll s ) eSS Sialesl s
Gl o sdd 0351 ds 3 VY b
Slasas Ctln Cgr SULE 05 acwlxe
T B o s 5] e
S e Ay 055 5 2wl 5855 5
a5 bds S eslinal (glamls = s 5 o)
Y w53 S S bl s Sl
Sl Sl o) onl Sl eddi g ol sS 5wy

w3 Ju}gwwgﬁ&ujéuaﬁ



oS S0z 5 Wil el 0Ll sle / YE

35 andlas pl ad syl C)Iaﬁ Aoy VN oSl
S a5 et Laphlel pbnil o
o e ol OLSGl beu b, IS
e Sl Jds eed sl s eSS
Sl 31 (ST ol La bl g5l

A3 S B e ilesl

bipgﬁéu&aﬁé«;}fgm

e 5 Csb ey 0o GRS ol oL
Slaals = sy S 5 oy Sl s (0S5
3 = Al (V) sl il ol
Sl 1 351kl oS15 tlesl s ang S sb)
) Sl = oy S 5 oy S &gl

Sialesl el oL Sen wt NI
astlw sde du LYot dsad a5l () 5e ST
e ol e 23S 3 Sialesl 5550
S Sole Jas 5l dny 5 el s iles]
2 Sl e Jaue 5 gl culas
ngYLq-;;i\)s.v\isjfwbu Lol s
5 La iyl ot 5l S0 &S cl B
Oy (oLES Canglin slads yas lee
€3 51 4 gas Sl Ll gl Js ol 4 S
St il gl 03500 b Ol S5 5k
St Gl Jo Bl 258 e (i D
2o G pl il el SHU Sl Glb G
Bl b e 8 e ol 5 wlgral Jtls ol
3 s, 8wl 656 ol 4 S O

Sl b il 4 by e Slws 55 Koo

Slawlo — o) g oy SBSE (515 3,l0ibil )55y Hulojl gl Y Jgua

ARl S o s p S5 wr Sushs
S C}'
3
kg/m” (,Od)max M):wﬁwopt
o S WV
Slaals oy Sl \0/8

(1) Jsder 53 45 455 Slen .ol ol 03,51
ik Sl Bl (55 020 o ol
oI R e e ARSI
— s S &5 S5 S S SRl
Wb 5 a1 sl sl

C,..A\ I AJ)}TJ.LJ Jj-\?')-’ .ijé

Skl 55555 bl b 4 e s L

e (il U comal okl (V) Jgdr 5 oS
5Bl Rl e Sl S e Al p
4Bl alS ) S S wnp Sosb)
(S pme ST sla ilasl plosil 3l g
() dsdor 3 dbol =S g s Sl



Yo

Slawle o) 9 o) S £95 95 Al gde 9 SHLiBCwglie 5 sl o515 10,3 9 Cugh) Hlaie il () 2

203 VY Caghy g o y3 Vo v (6515 (Sl o (5350515 (Lol ol s diged —F Jgur

S B e S B i
m/m N cm? N/em? m/m N cm? N/em?
/oY £/74 \LViaY oYY o/eYE VYAV/AD YoNY 04/
v/ ¥ Vo7 V4/V A\7AR! v/eYP \YEY/XY AKVARG l4dia
s AV/AY Y4V A /OYA ¥4/ \RAD FAIAQ
/oA AV Y4/v4 A Ay \FOV /Y ARVARS 22044
o/ AAAVAR{ Y 4/AY \Y/YS oYY \YaO/VE ARVAPN FYIAA
/Y YYV/Y4 Y4/AY \$/4V ov¥ 1140/ \RVAns OAAN
VY FOY/40 14/4) YY/VO aYE AREZAY2 Yo /vy INTAR!
/\F OVA/VY 14/40 YA/$0 YA AN Yo/F) \LVids
/A VY /YO 14/44 Y/ Y ¥ Q¥ ARVAL \iZa%4
VR A& /OY Yo/o¥ /50 /e FY AOY/YV Yo/00 £\ /0F
/oYY B aVint Yo/rA OV/AY /0 FF AYO/00 Y0¥ AIAE)

Sl Al e 5 (7)) IS D50 4 RS
IS W4 aJ)_}T (f)d).l) BEEE) LSJZ§°,)‘JU\ LS L}«é}

sl

o 3 el el sl ilasl als sl -

S axsl alen Llas ;Soslbil 5 Slalows (Guiss
4_;.15 BE S H}u‘ gsﬁda odaline (Y) J)J} BE
DS i s e Colg ps s Sl

W
W

(%)
(=}

N
(9]

2

S

(N/em”) 920 (25
o8
\

W

S

z

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
(/m) i,

(02 VY Cagb yg 20,5 A0 (5155) (g SB- (gl (5,5 (5 Ol s ¥ JSCS

Sl eV Jade 5 (55 5oee sl

sl 0l nGb\

slaSl 5 s lacasb) o azVl Jos



o5 dgemme 9 Ll Gual 0Lzl Slg

Mdh&g,b)srgsbﬁ')b ™) S i Jg.&ogd)’m Qogl.ao @l’b—f Jg.&?

P pd w Rc e E pu
kg/m® kgm’ % -- -- MPa N/cm?
Y PO/5¥ VAYO A Yoo /5 Y08 FAIVY
YY)V YAYO 0 Vo /5 AATANE) Ya/vY
YATANVS VAYO WV Yo /5 Y/40 Y/Y
YAVO/TY VAYO 14 Yoo /5 VA WA
YYVV/AA VAYO Y Yoo /5 ¥q /Y
VALV /PA ALz Y 40 - /0¥ O/ Y AVAV
Y445/¥ yVYs 0 a0 +/0f N2 A7AN
ARARVARS 1VYS WV 40 0¥ A7AN% A
Y SO/AY yVYs V4 a0 /0¥ /49 AIYA
YN0 Nars Y 40 0¥ JYVE ATAIN
\WOS/ Y 00¥ Y AD i4s ZAns VV/YY
WAV 00¥ 0 AD s \ida AY4
VAVAAA 00¥ WV AD s V/44 f/V4
VAY4/YS V00f V4 AD VY /0AY Y/ A
VAAS /Y'Y 100¥ Y AD 4s AN Y08

(F) S ps g LB asS s o ulad |
IR W N WIS | S G S S G SN [
TC PV NG R SRSV Nt RSV P Rt
Sl (F) Slasmad 53 mode il L Gilkas
L e o510 S s s sl
SoalS (s caslin lde ysby Shll
o 030> OLES (0) IS5 53 ppdge cpl il
wolid ceslis Loy Vo (.S\Jsdlj.gw\
53 Ol e 1 s MOY (s, \Y b
oS Gl sl el Ao s 1Y Cosb
o3 a g BB asS.col ol YOY us s AD
Cmsby Sl L as cul 1 (0) JSi
WSSk 4 edd Sop KUy 4 Ll g
Cooglae ol OV Ao yn YY Cushy s
e Ol ol e 5 Bl 4 (g Lis
AU e Cosby Sl il asb, s el
S5 A o SalS | (olhE Cslie p WSTS

L oS il Sl gad s S ol 5 Koo

N i S CRSSTRY A DRSERE S

Aoy W (Sl e Al 055 Yy
@ (Aol oS5 o RC ey b,
G, 5 S a eV Jodo B (S5 ol
It b bl el (55L25 Caslis
St o515 Ol ek oS ol asiiis (F)
S 0 by il olie D s
as ol ann N Jode Fals Loy il sl
Cnslie cilire slacash; o bavse 55k
@u)s\nj‘\()dl_aVSlJJL;\ﬂd)w
AD oS1,5 53 0T Jde ol p Y4 5 YT o5
5L mebl s Sl ey el 0 Ay
i (5L Caglie IS 36 ule
3 el e 0 S1 ll LeS s S
A o g Al sl ol e Sl
it Cnglin on)ly sla 25 ol s S
Cmaslie Ol jods Wy, () IS5 dls dal g

i Cagby S )3 S e olis

/Y&



Yy

Slawle o) 9 o) S £95 95 Al gde 9 SHLiBCwglie 5 sl o515 10,3 9 Cugh) Hlaie il () 2

RS VA 6@;,5‘]7 33 O S ol
LgLA(,SU_?):«SQ,M\J:J;L-ﬁ\gCFf&i\
oeals Slys s bl Cogby s UYL
Sl St s ool JSs it 5 4l

Voo vS\j)Jde)}beUm.LZVSVSlJSULAKS
AR VT e b Sl el ok A
J_.p)J/\O vs‘ﬁﬁ‘f\/j-l_.ﬁ)bqa VS‘JJ

O alS Cud Cougb, L ca o

80 |
704 —e—13%
- o= =] /
P o 5%
- A~ - 17% /
307 e —199 /
; W1 —x -21%
:3 30 ‘x
§ ~ B2
€ 10 PR - S
o X
0 !
80 90 95 100 105

o olid eslie Aoy VY by s ()
e s by e S sl Sl 1)s
st by b L aslie 5o baosls
2 S gl caglia (0) S5 AL e
Ot |y Cidisn sLaeST5 s by i

.MJ&

W20 > 2 oSy
s LaSTyE 40 owy SB 55Lid Cuglio duylis —F JSS

el o la (F) S 53 o5 5bokes

Rl oS Rl L goled caglie Ol
= slacasb, o Gl pl Jlee Al e
an Lasls sed Ao j3 AD vS\J_? 03 el i
S Sl e Ol ol eds Sonp KuS
sy Sl G S As 3 AD G815 s
S g Lo S e aalS golid sl



o5 dgemme 9 Ll Gual 0Lzl Slg

80

70

50

2

(N/em”) (suid sl
&

—<—100% compaction

== 95% compaction

— /= 85% compaction

30 N
\\
20 ~
10 A o
0
13

Alses gbcush, 33 owy S g Lid Cooglie -0 JSUG

pdw\w(f)d}p)>c)m
Aol e Sl Atz e (ST 05
a A VS‘J_:‘}‘WY‘JJJA&.&‘P\)‘J\L
FIPSIIT /A SR WSTS L (iGN R WS R
LN SRCIIV R SV A (IR W STR § IRGIVA TR
03 1y ey S anex N Jade Ol i (F)
by 53 dns e DL e slaS 5
o S el edalin b IS0 s SenSa g

Al e SIS s 508 o OF

5 8 e abd (0) Ko 5 S 480k

SRS (s Eelie S S
Golid Cwslas Lo ys Voo (.S\J:L;\ﬁ.,pkida
53 01 e il s AOY s, VY b
rS\J_: Sl e el tcdl Ao s VY b,
534S o) sbilen ool ol FOY a3 AD
ol L as S 0l se 5 axsdS gl jisu
aodd Sosp SASC w Lalsgad b,
e Ml o3 VY by s S5k

e b Glhe i e 5 Bl 4 Ll

(%)
(=]

S

—O—100% COMPACTION
—X¥— 95% COMPACTION
—A— 85% COMPACTION

(Mpa) &Vl Jyao
S o
/
7
//

19 21 23

Qo0 > Cush,

oy SB gl BliSes aST5 (3 Cugby blie 1> dimminr¥] Joto Ol gt —-F JSUS

fogr Susby 3l 5 358 0l LB WS
Q)Q&g.xﬁ&&bﬁﬁu)bww

o pp dza Jode polie i Cogb ) s

/YA



vq

Slawle o) 9 o) S £95 95 Al gde 9 SHLiBCwglie 5 sl o515 10,3 9 Cugh) Hlaie il () 2

5 Sl e ol A sl S 3w s
S slaca b, cle e 4355 e 5l
53 3,0 S w eV S s 65U
b 5 LS Cnslin L (0) Jisr
03,31 (Glicwls = oy SL gl etz

Sl sl

3l OF 5 i 5 e csby 53 s
J=ds il e (ST ) AU A J s
e oSSl sed 53 Ol e |y sy
Cosby 3l e glacshy 5 d s o 5e
Chls 5l S D3 e s Bl of g

4 enyl LgLAui;SJA;.NKSJLﬁ- 6).“,\4 V'S\JS

dﬁm&lbbqsb)g.gs‘; 9 Aﬁ‘d‘“"’_u‘“) SB » s Y| Jg.\asd)gbu ngu @UJ -0 Js.&é

P P w Re e E P,
kg/m’ kg/m’ % - - KPa N/cm®
AKRRYANY VAVY \V/# e /¥ AVAN% YYO/AY
YYYV/VY VAVY \Y/8 Yoo o/ YAY \PIAY
ARRZ VAR VAVY \o/8 Yoo /¥ \V/YY V)
YYY/P0 VAVY \\7id Yoo /¥ Ve A/AQ
YYY/\ VAVY V4/¢ Yoo /¥ +/Y4 Y48
VAAQ/TF \VYV4 \RVid a0 (VAR% YA/QY /0
YeYo/Q¥ vy \Y/8 a0 (An% /¥ YY/Y
Y OF/0Y \Vv4 \o/% a0 (A% /a8 \O/AY
Yeqy/\ e ANA%Y \\7id a0 AR% \VAA ZIYY
YAYV/EA \VYV4 V4/¢ a0 A% ARS /00
\\a%4441% \04Y \\/# AD (Vi VO/VY \O/VY
YACA/QN \04Y \Y/8 AD (Vi \/VY AYY
YAY /Y0 \04Y \o/8 AO ' /7Y VA /49
YAVY/NQ \04Y \\7id AO V/PY Y/ A \vAns
\RTAZZAY \04Y \4/8 AO (Vi1 (AR Y/¥v

IS das malS 1 Sl oy e Sl
(,S\JJ Llie s (golad cwglie Sl uas (V)
e e Gholes ) e glacasb, 6l
S 5o i salin ISS 55 45 48 Ol
Gy ol Caslie s jasie oSI
iy wen 31 (A3 NVP) o eSS
Ll oRIPl Sk a5 e
O calisa Lgl,a{,SlJJ 03 oldd Cwglie olie

spbe FSGap S

L ©) Jsds o g CL‘" sl

Cosb 5l geS Aoy 5o 3l Cusby il
ol 5 O 5l gt do Sl 4w
5 JB O 4 ol Caslie agST s
LESS T IR VI PPN GRS - e
) dons WVEocusby gl S el
Sy Sl (g Zusb) Sl 38 o pssler
S 035 Sop sl olid Cuglis gl odal



o5 dgemme 9 Ll Gual 0Lzl Slg

AL

160 T T
140 + O 200 o 2 VNP gl
120 | —O— o e WV s,
N - A oy e VOIF s,
§ 100 -
2 — O = so)d s WIF b
; 80 - e o) e 5 VS sl
en
5 60
= 40
<
< 20 -
; e
80 100 105

Relative Compaction (%)

lises ughy woyd (sl oS5 Jslio 13 (5 90m0 Cuoglile Wil pts - S

DL oS ol st s a Ly oS
AV slacysb s oS15 035 Ll s
Sk e sl el g b,
@S ol el Jals S s s e
Sy a S g Lhs i )58l Cels
58 0S5 B L 505 8 e g
o Sl 5 asl il Oy s s
s S ey Caglie il Cel gl
Ol ts (A) S35 0 035l sla oS
Sl lasle =y S eV J e
DS Sl dias e 0L | il (sla ST 5
Gl Sl ol IS ol g3 4z LB
23 et s Ao 3 WY b
as 35S o Ol Lo ;540 5 Ve slaesl s
Dt 0515 e W sk 6l S 2l
AU AT ey b o3 40
o S s ane izl Jade ialS L )53l
VS‘J; 3 &Sl e N p'y Sl glawls
e 5 Joi S Sl s 4 ds s Vo
ale 3 5 das 0 B JECRUC G
L s e IS0 i T e 25 Jlael
ol S R s WP b,

% AV Jss L 5 03l 5 Ty o S

V) U 53 el Cmaty il b ol

s obid caglie pslis oy eS BD
QJLA.:.«LSLAQ_UJ;)):MJJ\H)/\OWS\JS
A0 11,5 53 oS ol o sl 1313 3
i oS soLs Ceslie alas o s
5388 Wil Jds ol g sbse ) LSk
Sl oS oSl Cde s Ao 3 A0 oSS
S5 g0 Sopsb ) il LB (ool sl
23 Zasky SR L Gl st e Of s
J:SULQUSVJL;J_KJ;J_:JJQLQ&-;:)J
e 35100 Dl 3 e Sasl 5y gl
Cmsby il ag s Ao s Ve (S1S
il 5l S b, 8 Aoy VP
S Obd e a8 eSS e 5 |8 e
AU S s csby Gl s s
Lf‘)ﬁjij‘_ljwjéjm&;ﬂ)uﬁ‘)}@\ﬂ
SUs 23 1 ekt Jlasl i 51 ool s
2o 55 B e 1 Ses 5 il o
233 5msn Sagbs e pa S ol ) (V) S
S35 = oS 5L el sl SLs
S GlaS @ gd e arlS Of (g5lid e slie
g Sosb Sl i Ao Jler cosb o

@ ol (GuLid Cglie ulshl (Ao V4/7)



Y

Slawle o) 9 o) S £95 95 Al gde 9 SHLiBCwglie 5 sl o515 10,3 9 Cugh) Hlaie il () 2

o Sl |y GRS IS i L3 40 WS1 S
ol 4l dal ol en 4 LaeST 5 L
Slaewbe wy S (<l (.S\f Qi;%—.'gi-l’
JJ‘)AL;'LQ_{UJLLJ_&&JJ&;)}?L;U

Julbwn d_o 2 LY VSb_? ab)‘) le_hu;l,_'s'

S5 pl 8535 5 e Ol Ao )3 AD (S| 5
Aaéué\jwwdjmﬁw\éwy
LSS ISl Y liie 3 dews s Voe
Voo 580 iV Jsdie oSOT Il ol
Qu;lJJK_ngo\fsuVS\J_:up

35
30 B
—i— 100% COMPACTION
25 - -A- -95% COMPACTION — ||
3
:’“ 20 7y —¥— 85% COMPACTION | |
>
J 15 X
= 101
-9
e 5 ‘A
0 = i
10 2 16 18 20 2

0y sy g

lawle wy S gy Ciliseo SWeST5 )3 Cugby Jills )3 At Joio Ol ks —A K45

aw sl sk, blie 5 g lhs cuslie
BL .v\_ﬁJgﬁ u:uLw M)J\" )QO A VS‘-":
Sk (C—‘\) L;\ (Ll -9) L_;LQJQ'L 3l &Ia

CM‘ [ A.WJ“L;J L_S‘Mu—w) Slkbw)

S BE e.l_AT Cews @Lu 4_..\,.31.5.4 LS‘J"
A e IS S e S e (gLl
S (4) IS s 8 aslie UG L



o5 dgemme 9 Ll Gual 0Lzl Slg

/fY

18
16 [}
A Y
4 14 1 —o—caly soil EREE
D12 = 40- -sand-caly soil |
3 Y
I, AN
3 3 O,
- N
5 6 3 N\
4 O~
R N >
2
0
10 12 14 16 18 20 22
W0 )d sy Cugb
()
50
45 D‘
40 1 —0—clay soil
3 35 A = =0~ =sand-clay soil
I \
‘& 25 D\
5 20 N\~
Eg 15 s
= ‘T‘\\\
| O~ .
5 O \‘
0 T
10 12 14 16 18 20 22
W2)d >y Cagh,
(&)
160
140 O . T
. ——caly soil
p 120 v - O -sand-clay soil
g 100 4 v
3 .
§ 80 "
kN
3 &
= 60 f \
2 v
2 4 v
L N 5 TR i SR Bp oS AEREE
0 T T T el Wk =0 !
10 12 14 16 18 20 2

W0 )d s gy Cagb)

@
Slawlo — wy g ) S o, Lid Cuoglio -4 JSUS
2o oo o815 (2) A0 515 () AB o815 ()

3500 4 55 amle oI S1y el L Ol o 1)

Cosby SO s el Cwslie pslis 350



FY 1 Glanle gus 5 s S5 55 95 atmsinll dga 5 soliduslin 1 adsl o515 1053 5 Cushy Jlaia 86 w1

S g lls cnglin o aule i oS5
SlaeSl 5 5o aS Cosl pl el b s 558 e
0 3 o GRS S 5 B 5 Ly S
2alS 1 aule 3 Ll Sts 1S 515 5 m s
Ceaglie i Us s 40 VS\JJJLJ_A;J‘,
SS 03 el iy s Sl asle = ey (55 ge
S dad o 0L g 52 g0l 45 (OLSG s
o33 A0 oS5 cile O BLSI 50
L sl Jls e 53 5 Js8 B cuslin

Sl dal gt ass

o S sl Db 6,813 S g sba
S e 5 AlS ey D3 ey A
ssb A sl e S gLl eslie O
S s o olid sl e Lo s
ol il e =y VB ds Ve
QMJJAGJMJJQOVS\JJd\ﬂ)\m
RS- L RV > I R VR VARPRVA Z RN
s OLLSS glacosb) 5o polie ol &S
oS el ol s am g B sl ol
G Ll S Lals el alls (S5 sl L
)\.LQAL}B\J;@MJJAOVS\jSﬁ«SL;)}b



o5 dgemme 9 Ll Gual 0Lzl Slg

I PF

18

16 [}

14 . —o—caly soil RN
3 0 = 40- =-sand-caly soil |
B ,
> 10 v
j 8 S
2 6 &
=
E ‘\
= 4 ' N

2] g--.. D--\-‘tr\‘

0 ; 0T

10 12 14 16 18 20 22
X2 )0 > y1 Caghy
()
20
O
18 -
16 ; —
Y, ‘ —<—clay soil
14 . BEE
3 . - 40- -sand-clay soil
5 12 *\
= N\
2 10 O
x‘ N
] \
g . x‘ﬁ
= aS
N i
00—
10 12 14 16 18 20 22
0y w1 Cagby
(&)
359
30 A ]
" ——caly soil
25 R g
3 § \ = -0- - sand-clay soil
—__) 20 - .
z A Y
} 15 5 \\
éf 10 * N\
= 5 “
Or -« gl . 5
0 ‘ G = O—
10 12 14 16 18 20 2

6‘J_; Ls‘MLG—JM'J gSL?-}L;w) st.-Jb
DL | a1 ee 590 A0 slaSl s

S T )
()
Auwslo — () 9 () Shmsiaw ] Jooto (V+) JSL5
Voo 1515 (2) 0 o515 (<) A 51,5 (1)

asle Sl 535wy Sl pomen

«msby bl 5o ez Jode Ol i



FO /1 Glawle gus g s S5 55 95 Al dga 5 soliduslin 1 adsl oS5 1053 5 Cushy Jlaia 86 w1

i Dby SO s S anls
Odd oS sl e Shals Yl J s ke
L ale = s slaas s 53 atenzaVl Jse
23S e ale (1 815 ool 3 015 e
Eslanle ol Sy cunls ol oS sla S @
:L?Li\uf:\_......fgfb'- Sl g 53 S 250 0
S IS i 2 sla i el 5 o
=l aS s sl sdalie SLs s (5,50 28
ool sla IS8 53 eSOl o L g o5
53 il Sl GLQ L e 5 S eualie
salS 5 (S S a3 Ve 5 A0 SIS
R SR ROTPECPUPEINENR [N PRVNIR S
Jsidos 2alS 0,390 o515 sl 0 ST Il
sl osls 5 (g S DS L WtV
SLs sy Ve 5 A0 slanst s (Sos ojle
e L meS slacsh s Glawle )
gt ol 33,5 o arlse st S8
Ao Vrr SIS g aS das e 2 Js !
Jlael L aS osls Fo s e S s i3
ASS as l 4 amle SLS mi
S S o (SIS b 5 sy
sl 25 Jlasl o s A0 WS15 s 3550 0
5ol L3 ey ey 5 Bl 5l ey
D S s d e el ity sla i
e 5 Al S ) s e
—on Sl Al sl | ool IS
Jsde cll_u e O e sl 533
s S L anlie 5 ) S ez
S esliul Ly bl o 5 4 o slanle
Ly ol 53 12 2y 5o SPSS I8l

ol 0l ah)jT (9) ij\" BL J‘J’J u"‘ C’L:‘

sdalie (V1) ISs 53 48 e ,Solea

ol Bl Ky a oy Sy o gd
o Ao, W o eS asb Sl asb
Wb el (o3 W) g by s
Al e SRl Cud a4 a t Y Jsde slis
23 LapSt o alas gl S0l Sl
Col el 5 4 rﬁ! AEL o Lo y3 AY 5 gu
eSS IS 2 IS ol oS
o=l el T SKasl 2S5 Sl ol
Jlasl U g Cusby 53 oS Col e Ol
SASs Gas m l am Sb ol s
3y am |y ool JSb i el A
Cisby oS olKin ;803 (g5 Sl L5l s
Sl e 355 e e 3y 4 S
Gy 5 5 s S s
53 2l S5 el ) el o 2a
So 5 5l ple 48 il e Sl O3
)\MGw\ﬁbgﬁaJY.;:ﬁw S i
BRSSPI LR (S I P A, S LpurE e
OV sy aule Julsdl L ds ;5 VW o sb,
S ) Syl e als s s
L atezVl Jode JalS oS sl (5552
b seliie L) oST5 alad 3 auls il
St Ol oo ool Oy s 20 el e 4
i Ol S glazasb) 5o S S 55
U s odey 5550 atectnV Jsdo lae STos
@b osb 4 O Slde 5l avg Cushs 4 Ol
Cmsby g Ody Sl ey Ll o a8
Jsdes GNL pslie as OF il 5 asug
sl b e il 5 e ol L5 aeesaV)

{)Jj_g UL.,&‘L:J}.&L;A odalice (Q)JQL)J LY



oS 90z 9 Wil el Olasl Slg /1 FF

(S bidaglio 5 dizmianV] Jgto W95 (5391 13 e (5 lol Julos —F Jgan

Sy Solal Sl E clay E clay-sand
Pearson Correlation 1 0.884
E clay Sig. (2-tailed) -- .000
N 15 15
Pearson Correlation 0.884 1
E clay-sand Sig. (2-tailed) 0.000 --
N 15 15
Sk gy bl Sl o, clay o, clay-sand
Pearson Correlation 1 0.936
G, clay Sig. (2-tailed) - 0.000
N 15 15
Pearson Correlation 0.936 1
o, clay-sand Sig. (2-tailed) .000 --
N 15 15

WSl doys A0 (SIS 5 g Susb,

.3 a3
oSy SalSs Aoy 40 S
L - [RUEEVISTRS
BY) ”de" o 5 RUBFCI PR C)
o3l WS13 cul 51 Slee slaeds

255
oS50 e Casb) B i cusb,
)) MJ@ u:...ﬁls b LS)L”:‘J C»-ﬁju;" >
Q‘J’:’:"" )\éjo.'w g,.:.:: do s N en VS‘J;
osb a S Bl D e aslie
Sole 4 cwd dsys AD VS‘-’; Al
O amalS s b, SRl L s
SLaeSly 5 OAd s w5l iy
wta Yl Jgde uslie g Cosb, s
o 53 Rl B SIS e »
Glate 2 Bl S wg S

g Susby 5 s ol 4N

Wl jaseie (F) sl 55 oS 4 Sles

St o 5 035 S35 4 ey L
Jsdos o 27 (Staan ) 2de & Oy
Sl ey SLs 5 oy SLs ez
alie SlE (ol e boalaly 3 5sls 552 s
S S 53 s sdal G ateezuNI J ke
(Sol3 s sds s cSlamale sy 5 o)
cb_u): o 343 /) 5l S (gl
Al ol pme Ll (s s S Iy e

el Bl 5 gsliduslin (gl s ]

6 5 4
Sy s omls 48 assl Wl
50151 ol el v Sl 3 aalllas
Wl sl M 5 lad
Geioss ol 53 ool s S bl -
53 Uds aneza¥l Jode 3 5 sl
A LB (S15 an a s wa o
S
Slp Sles Glaodsn o Olg s &S
Cansy yo |y aden St daas a als



FY 1 Glanle gus 5 s S5 55 95 atmsinll dga 5 soliduslin 1 adsl o515 1053 5 Cushy Slaia 86 w1

03 4 das e UL g2 o asjfda
J= e sy Jsd BB sl

Sl dal gt a1 (goladl

Wl sl ple Bl S e slgls -

Jsde p 500 S S ksl b S
ool aes ey Sl

Sys o) g

Gtﬂqmﬂj

Ceoslie 53 anwle Gl 56 cwyn AYAA Lo oL 5o QO
ol bl Gile 3 L Sal Sl bylse

Sl psle mdige 2aS2ls iyl 2 S 4abOLL

2)

3)

4)

5)

6)

7)

s VYO Glgal Ol e L o8N

ASTM Standard D698. 1991.
Compaction Characteristics of Soil Using
Standard Effort. ASTM International,
West Conshohocken, PA.

Construction Industry Research and
Information Association (CIRIA). 1988.
Literate in road pavements., TRRL,
London, Special Publication 47.

Dean Sun S. Wenjing Sun S. Li Xiang L.
2010. Effect of degree of saturation on
mechanical behavior of unsaturated soils
and its elasto-plastic simulation. Journal
of Computers and  Geotechnical
Vol. 37, Issue 5, pp. 678-688.

Kamon M. and Nontananandh S. 1991.
Combining industrial wastes with lime
for soil stabilization. Journal of
Geotechnical ~ Engineering, Vol.117,
No.1, pp.1-117.

Sheng D. C. Sloan S. W. and Gens A.
2004. A constitutive model for
unsaturated soils: thermo mechanical and
algorithmic aspects. Journal of
Computational Mechanics, Vol.33, No.6,
pp-453-465.

Kima D. Sagongb M. Yonghee L. 2005.
Effects of fine aggregate content on the
mechanical properties of the compacted
decomposed granitic soils. Journal of

ez Jsde slie OF 51z
Al e o515l

Folhcab, RIFL s S s
e b oag Cusby Sl xS Ao
O 4y gtV Jsde ag Susb
osb Al el Al e el
A3k o o3 AT sl o J“KJLA

Voo WSS s anez N ol Sl
ol B L Aoy WY b s g A
AL e Al ds ;3 OV sy aulbe
o S Ao Ve 5 A0 (glaesT s
b S sk, s sl
23,8 or g (s gy S

SAD WS35 53 edal oy il b (illas
Rd Sl (SaeSa dsps Ve
2y 5 ST oo 4 e Jse
SalS Aoy 40 VS‘J’ Sy ST J=
031> ) S S s L N J 5
Slasbs owy S ‘)-<i5 ole ol
) S JKo i Ao 3 20 (S15 L
dalgt ol en 4 baeS1S ple 4 cod
Sl (S5 e odb
255 S Gl el e
oS5 ety e e SWSU IS
Aol e de ;340

oo Gl Canslis ke b gt )4k 4
dule =y 2 VP o3 Vo (SIS s
3 he3 A0 WS15 gl lde pl ol
Al VY 5 VA LSS A AD
NG|

Lo)3 A0 oS5 LSS Cush, s
S s i olad Caslie jlade

:J.)t? W) 6[}- “ w ML& T D)



oS d9ema 9 Wil el 0liast Sle= / FA

content on the behavior of remolded
unsaturated soils. Journal of Engineering
Geology, Vol.62, No.4, pp.319-342.

11) Eko R. M. 2005. Use of tri-axial stress

12)

state framework to evaluate the mechanical
behavior of an agricultural clay soil.
Journal of Soil and Tillage Research,
Vol.81, No.1, pp.71-85.

Pytkaa J.  Dabrowski J.  2001.
Determination  of the  stress—strain
relationship for sandy soil in field

experiments. Journal of Terramechanics
Vol.38, No.4, pp. 185-200.

8)

Construction and Building Materials
Vol.19, No.3, pp.189-196.

Kumar A. B. Walia S. and Bajaj A. 2007.
Influence of fly Ash, Lime, And polyester
Fibers on Compaction and Strength
Properties Soil. ,journal of Materials in
Civil Engineering, vol.19No 3, pp 242-248.

9) Gitau A. N. Gumbe L. O. Biamah E. K.

2006. Influence of soil water on stress—
strain behavior of a compacting soil in
semi-arid Kenya. Journal of Soil and
Tillage Research, Vol.89, No.2, pp.144-
154.

10) Naser A. Al-Shayea A. 2001. The

combined effect of clay and moisture



