a9 R - (sole alzo
C W yd—o (3 o

WWAY 5ol ¥ oyl (e, 0590

S0 41839 3 GBS i g Cuoglio S sl b 3 Cogbr y Wil

Y o. . #) w .
Sl e Bb Ls ule
e s Bl (golams 5 O jas pwdige 0SS Lkl =)

Oles Sligds p ke a1y oSl ST ol&sls iyl ol )8 (g gmiils =Y

abagherieh@yahoo.com

QY80 s B dy '@,u

AY/VE/YY 2l fu sl

o)lsan ls SSS 55 (ldie 3 (glediS et EE oS g OF 5l il Sl b sl gl 1S b —odwe

Slapy LS by Cuslie gla el U 2K 5 4 Shasn ol 55 el 035 4ie3 opl 53 O K85 4 55 3 50

J'\ v—iu“”}‘“" L(&b Skl 4{}1)'} §W> L;wj.l g;ﬁ)LiA LSth:")liJ’ ;;29\4 u,w<,a ).:S‘U odalise LS.)" Sl sl 4;;'-13).;

5 St —Ol diasiin e bl 1 wsline 8L gla i85 amd 53 5 adsl Cusby doys b (g mest 4y, St

JQM\Q)HMWUA# oKis ar 3 e adsl Ll bl 5 S lad ped LA el WSIp o

o o tlesl s alal 803 8 O pladl e S s s 0 talesl e eslel (glad sal (55, S oS e

215 QL b s Sy OF il o5l 5 Ao oy sl 3B (sla 25 53 B plralr o 50 15 Ol s

SUs by Canslie sl o s BB 50 (St slaa i adsl 8l (5K Dl i a3 5 Cosb)y Olpee Sl ks

Syl CLM‘)‘&

GBS 2l (g e Sb  Jtls SISl a5l o S cadsl usb, (ST O 319

5 LS 0T LIS ol 485 Satls S Sl
S oA CL_.,A Sl s S ol i e
Lok Ll SaSls ly ol ol ol ol 02
Ol 5 0> 8 ol sl ilos Oy pslie pL3l and
[V lewl s
L;MCL&\O\EJJQ\MQSBWM)@)—J\
Sk L Dl 53 Sl b Sb 5y Caaglin i, -0
S gl Ol 53 Sl b Sb (Sskn jb, -
e o=l o ol slad iy Sl sladle s

3 e sadde 5 @l OF bl ol ol ol

AR

dodio -
sl LIPS L el plsl Ctla oy, oo
Oeor oS 3 falge 1SSl anw g Jb s
Olse are3sn Sl Jome e O35 ol plaels
Sl Gl e 035 b Lo lS Ll ol o
OS5 5 o oo 5 Sl 0 (S o3l
ol 4l Caie SNV 5 Lyl s s S s
Sl jloy oS 5 aS ol sl ol Kaass s
53 St sy i Jle dob il Ll 5 s
Dol 45 il i 3 cal il Cilises slals



\yay }:.lL; /Y bJL@.& grhb)LG;; 092

LY Ol oe wﬁ.h}};—w.kﬁdm

03 gl slass o s (s bS8 ]
St SUs 03 8L [ s b s LU
slasls i Cuglis oS 85 8 e Ol5 0 5y 0
L8]l Bl 53 S 0550 (BL fiS6 L pldl 8
e Al e S 5L 25 e 3 e ol b
sl Il s S sl Ly A5 Dl s i
ol b aS conl gl (503l b tas s nl s gl
Sl 3 1y S 1 Ol s s 5 el
L ol gla b3l o5 ol 5l S Ol gldl 2
S i S5 0T s Jdos 5 el
SUs b caslie sl el 1 SUs 05 oL
o 35 asnia (s Skl a5 5 Sder)
slabl o pldle S BL S b s
el el Gl 1ty SISkl 4l 5 St
P e sladaly (8L 5 s b asd e AL s
Ol o 0T o Zaslie sla by 5 S 0503 8L
DS s plidl b Sk s, cls s S5 o8
sy o S 56 el e D 3 S S Bl S

NG PG CLMlﬁ.o S

S w0 -1-Y
o Ll glasls Sl el ool s S 5 O
ﬂ.@\@bdfbwauiﬁ_iﬂ)l.)._bgé:k{j Ol 500
S 0y, ol sl3l 655 S Pl b Sl Sl
w‘awdb‘}s@b;@'ﬁjs[\'].lmb&u&b
S et L AR s gy (Gremd 26 STl

Bl S bl IS 56 (8ol s, b s

AR

o ods bl gladuss S & s bl ol sel
pls Jd S GV e SIS O St el s
e 5 2 6Al.<_.i.ibﬂ slaasls o Gl
b oS Ll - (gl ol 1) gladbe o (Soalen
3 4Ok 4 35 e sdalie Sb eds gLl Sl
ado 5H[V ]y e 0L, g3 NSVt S-SV GIC S
{5 ISP g | [ S PN PP S A L
OBy s3b5 ey Ol ey ny [Y](044Y)
sladis 5l ool sl 581 &S gl S o S Ll
Jem 53 el b ale w53 Ol 1y ol
el pl 3 plasase 4 ool O SKiags o L
350 A D Q\Jidwh)fj"ww LB s Llasl s
Dol sdd oM 43
bl sla paze 5 5 sl 5l IS ol — il
sdaze Sdde S35 0 Sl ok a8 SIS &
LLE w5 ool sbadde 335 ol 5 4525 -
Laol S8 g Laxs
gLl ot Sb (gilatd gas o3 53 I A -
Gty sl [F] b 5 olin DAY Jle s
SLacsls (i Coeslie Ol sl 5e A5 5 SR
Vs 3 NAVA Jle s S 31 e S &Sl51 el gl
b sl Ol (sl S0 glalal) [£] 02255 50
b i S an aS s S &l e CLMl s>
o meglie S She (S ) AU A e lia
e ol gladle 3 s S e e Gl (1551 i
D 03 e SR s Sl el O St
Bl ool b S CL_.ﬂlJ,:.o sl 4 cwslis
Ol sl slatady V44A Jlw 55 [0V ATl
e 45 A ) Ll ey Sy sl
S s SWa ol agly 5 Sbime i LS



Sl o s 4 L Lo e

S Ao, LS b Cuslie gla byl 5 Cush, 56

G':(Gnet)+x(s) ¥-v)

S e S g Y S gl i, O 3 &S
Lt bl ol Rl (15 Opet 5 S IS

DWVATLT o Cows 4 o3 adaly 51 o3lizal

w—u -0.55
4= ( a W] (ug—uy,)>u,

1 (ug—uy, ) <u,

(&)

Sl U bls 5 il o en 35,5 5w, of 3 &S
S ol oS lsl Sl 5l Skt oS e

ey Cwglio -T-Y
QTCLM_A} Sl Cslie (Sbtes g b e sl
S L S8 Labllis gl LI5S cnl S
YA Taas &) s amino o slael s

Sl = V010 315 5 IS ey 0 25 abail

C’“’“MUL:JCL*:"J") S k;.::fCM}LL’ QLQJ

(0)

‘rfzc+(o—uw)tan( é)
s Saslassly ¢ 5 St St c Of 3«
el S

Ja]cew! sl QL\.: R Cose L JL&-

Tp =c+((0—uy)+x(s))tan( ¢) QY

s S sl ausly ¢ 5 S St e ol 3 &S
el S

i SBeeS sy U5 e 0 a4 xS
Ol sy W5 = 5i5e @3B A5 amio 3 |y alS =) 50
J4]sls

Y

L aslis o (el Jodly g (S b 4
AL SNV el o e M5 S Lt

()

S=u, — U

uw)uaw.@\dl}g‘)ﬁ);&\{&&»saszé
Ol s 5 glo i (glea HLib oaS Ol oS 5 w

&ZM«u‘ 6‘04,1;—

Foo o -T-¥
=S 2l Gl e 5 dode Ol S5 5 o
5 el gl e 5 el S s s STy
Lol S SOl b a5 o slad e 3 s 03 (6550
el ol SVslae 3 J5e s [VY]LS s
S 3550 05 0 S del L Sl ¥l 5 Sl
SR S L S e e e b R
s, sl s NEAY]ewl (S Gl L b s
Sl 5 gLt sl 5 f3e 15 i 6l S
Gl S 55 el 0l W) Lps 0 S gLl 2
[T QAT 53155 doLS sabes 4 gLl slasls

RG] P W QL\.: Ji) Q)}J
o'=0-u, ™

PSSy 5 JS 55 0 e 5 0Tl s S
RGN P v

st Ol €S ol gLl oS Gl 5
Y]l

c':(c—ua)+x(ua—uw) -y



\yay ).:'.'ZL.Z. /Y wa grhb)LG;; 092

LY Ol oe wﬁ.h}};—dq.kﬁdm

=T %S (S g (GALlT S 9y -T-Y

S -0 dasin
055 |5 oS Jlads (6 Sl sl oy o e
sl S 055 L Casby Ol (6,831 (S
Sl iz Sl ) S S A8 A )
3340 Al A L)l St S (G0 e
e e Y
k038 M sl (St il e Sl s 2
STl ol 53 35 e ealidd Sl i gal I SIS

k)i')) L J‘}_«.:lu_od rbu‘ 5"'2“

A e i O b 3 0L (S e e
ol 18 by sl 4 Odew; Ol U g2
Doy 0 s s S Sl IS GSG ad l e s
L oses s e oslind d.l_bLSJ:l:éwj\mmeaj
5332550 Sl S Ol Sl A Sl eslin
oo 5 s D3 sl 00 Gl 25 51 s
Sl il St s U ds e bl St
SUst BL S e Sl s () 5 ooy
LY+ 080 Tsyls 5,08
St S s dlsize sla Lo, 5l S S
Sloslial L Skt i s oSl L2 amio iy,
P R L R N T DR VIS UL TS
o3 DLid amio gy 5 b [V el Sa e
Ve lhas Sl Olbio Oy 4 a5 L) 2SOl s
A28 ks g, 4 cond (Gl JUL LS V0
0 Ol e aS 1y 58 e o iy Gl 3 gdome
ISl 5 LS V0re 5,8 (6,8 o3l HLis amis i,
3 L0l I8 w5 L o8 Al Sy s Ll
Ol IS ol aS el ol 151 oS S glate (glad 5e 5
St S 5 18 b cob, o daly lad e b s

1- Pressure Plate

Y

st lo3T 40l -

axdllan 390 I digad Dlasin -V -Y
S S 3 s 5 wlsgy Sk andlas 550 Sbt
e S S Y ) Gl Sl Yo o ld SIS
Voosled Jadar s e 0L T, S (.Sl;)dx{sul:
033 5 =S5 Slasiin S 5l sl > Slasie

s e LS 1 ilesl 3,50 St el o geasis

0 1 1 1
1 0.1 0.01 0.001

0.0001

mm) s e gladl
=g

Sbr guualls e (V) K2

= =
wn
o 2
~

=
w
=3

[y
=
o

=

w

w
-

(gr/em®) Sl o gk 39
5
’\
»

=
w
=

0 10 30 40

20
(1) cugh,

Sl oS13 o (Y) JK2

DilesT s e Sl Ssd claseine (V) i

AN Lo Sagb)y Lo

V/OA | (grfem’) s iy Ui o saases O
oY/o (1) oo 4>

Yo (1) G pes A~

YV/o (1) g LS

Y Skt Sldess J&




Sl ey 4l Lo e

St lap, GLSE b Caslis bl o, SU

[V Jsb) ol 4 Sy sl 23V Ol (V) Jgur

(kPe) S 2o

()"}?oujo.u

\ e bl ellS jasiie Lol e

Cmﬂ‘j})“' )‘

VeeoYoo ST
Youo)ees 33510
AR o )"5)\/

s gy 53 SIS Al SRS S () IS

s b gy 53 IS SASHA S8 (1) S

foeis 5 1 (S 2 903 (S 3lwodleT Bgfer 1Y
iz g b ases ol gl p Sk e 3Y 055 e Lz

25 e ) G (S 3l Ol gr i e OLES
G 3 s LSk S e 53 p3Y Dl e

Slo I S oolm 00 B b b 6535 els
oS il a3 )00 sles Lbie § 58T ol ol
ol 35 5e SUs sl ga Jotls (sIEIS (sla il ol
e & S ladigad 5 a3 S 13 s Ol &S Ly, b
(ISl sladd b b,y Jolas 4 Oy sl 03Y 0o
am Oy 3 g g o 0l 13 b glos b Jams 5o
o S slaassad 5l sI6 la gk sk, dles
Csh) Ol 5l 5 gl 0 U35 S b 5 0l
D o tloes (A2 Sl il (il s @ odd s
A2 Bl fSe Dolre b e S 45 L SIS
U S sby Dol 4 Ol Sl e ol Lo
3 esliul L ASTM D5298-92 3 ,lailecdd il sl 1S

DYl o s 5 s

LOgS(kPa] =5.327-0.0779w w <45.3%

V)

Logs(kpa) =2.412-0.0135w w >45.3%

Il S o Bl Bl 8l 2568 of j3 a8
C,...»:\ éJ&lSJL'.LQB C,u_’b) M).)W)

Do 03 sk 3l a4 0w Sl p3Y Sl o5l
Il kS Yovnn 51 nS 28 slie s eS8 b
[\\]C,..w‘ ol 45‘)‘ Y J}J}- DL

203 sk dslsd 4 Odens Gl p3Y Sl ek
C—ia ASTM D5298-92 3,k Gib ¢ 58 51 ()l
@u Ll e can e u;u; o3l il Lol 5,
DT e s 5 e s

3 el B35 53 @S s o515 (S
eb‘éoui‘jvaJWdL&J&:)J%JsQWf

el 0



\yay }:.ll.; /Y bJL@.& grhb)Ld;; 092

LY Ol oe wﬁ.h}};—w.kﬁdm

S lassai s sy S5 lasl il 5 S lo i

sl S99 Dy ol JL>u\

B bl mb-¢

daatiin (oin) (gSn i g lo3T gl —1-¢
(&S -of

L S glad pos (S Ol aasiin v und &l 5
s Lile IS gla 2l 5 Wil (5Ll are oSS
Cds a5 b S 13 el J5ls 5ol esls Crs S
sles b o 5o by doles @ O 6l 555 20
Slalin o5 S aw ot 2alS gl p . lds (1545wl
gad Sr oS a0 A gLl S slad sl
S3lesb osline Cogb; Ol 5 OS2 pmses 035 L
DL a8 e o rp o hlesT s il s
e 0SS A ey g S S ) sdias

s e 0L ) S = Ol wasi

100000 ‘
=
10000 \R u, = 140 kPa
\
1000 '
4, =
= ~
2 100 \
\
10 \
\
1 : —
0 10 20 30 40 50
(%) ask,

SOl aasis o (0) JK2

iin (% 9 03T gols -Y-¢

2 Sl 0 nd pae (o pasis O35 B S
Sl s e p3¥ Cysb) 03500 BT Aay al> e
OT 0313 535 5 05,5 bydsee U ¢ JalS 05 ga5 ot 55
B st 5S sl A e S g
4503 0L 3l (13a S it e 3B 55 gb,
Lo gmd A 9 ARy el B (650 B 0550

A (’S‘J:" Sl

i o 57 o 3T Ol 2 £
s i ialesl 05 S0 Aebesl sl cnl 3
53 eDslime el Csb, Ol b g pldl e Ll 0 s
g8 pa 53 A pll Cilsie Jleel 36 gla 2
Oljwe (St o goases 035) OLSS adsl Lol 1o b 4 5es
Voo e sl 5B 5 an 5o (Bl ASe 5 oo,
Byl d L peits G Gles] o JSS £
s iy Gl 5l s lae i S 18 sl 2
Lol 5 U e 5 tlesl Oles 31y s gLt 2
S Gladaizs 53 oS Sl opl boscad gle 5 s lakd
SLsl ol =S o 13 0T 3 dits 55 o8y JB
G ol atl sl Ll U e ged 5 555 pa
Pl (K58 S e 15 s 5 (Rl
FREL R oli| Q)ﬂ@ﬁfcwu;ﬂdudguj
Slads sai Il &S gl S a sl 039 (ol LS 3
A S a5 il o Sow Jlesl 36 15 o S
SLoL oS 0us Ll sl Jlesl 6 55w sl
GLad goi s S opl b s S 3 (gl i ol L
Jiasl Uy e i JalS ¢ Jlasl 36 25 31 St
A sl i 50 SUs ek gas 53 o Bl (650
L 4l oo Sow S slaas sad 1 Bl (5,5 Jles
STl slsl pas 1l OLsGl o8 s pll o



Sl o s 4 L Lo e

S Ao, LS b Cuslie gla byl 5 Cush, 56

CM‘GJV.:J‘U“)‘V d)b))ﬁﬁ}ﬁ&‘@hl};&w

450
Ws=25238 -
400 *5=8149
4522043 ,.-.".,
350 ®:s=650 I -
B:-134 n g
300 0= 'm ..
1_] 250 P o 2T
% ’ -
3 200 ‘.;;‘ >
™ 150 .
2 -" ,A-‘ - -~ N
sA Ar—b—p

(cm) oA il

rjléﬂpjijl&b_-yb_-wﬂdiﬁﬁd'mﬁ)p
Il s Ve sl

Jul_w\J_’/\)gv ‘-\ 6LﬁJ§.@lw\ ol é\)‘v dj..\?
)JJLEJ)Q_M\ a.l._AT wb@rﬁm&f L):.;“LA)T CL\I.:
Lot o Al plarlr e ) S S
)‘J_E.A 0 o)l.a_wJLwﬂﬁ_s‘ﬂ}jstJ‘jﬁ QLWJ C)}Lﬂ.ﬁ
o S pltl Sl SLs S A U blas S
00 S S50 55 e 0l Jlade 5l eslizad b a5 ol
e a5 L3 gd e dale ( paskie (1S A
e 5 Ll ad gl Coshy Ol e 55 s 0
5 L She B i slie Sk O aasiie ov
g.,_».d“\.\_wbv.ﬁ JJGV bjwf\.b..sb).} [ 43‘)‘ J}.Ajﬁ‘b

Sl slad soi a5l Slaseie (F) Jgds

oled | o gase 05y | s, Olpe | W56 S S ' e B gldl ey
Saas | (erlem?) Kot oA () oo | KPS A5 | (kPa) o)
\ VY Vo Yoo YOYYA v/ 0 AR PAS Yo
Y VY Vo Yoo YOYYA v/ 0 Vey/A Yo
Ay VY Vo Lo YOYYA v/20 ARRAVAS Yo
3 \Vas \'Y Voo AVEQ VAl q1¢/4 A\
0 VY 'Y Yoo AVEQ o/ ARAEFAN Y
hY VY \'Y Lo AVEQ v/ \YYVE/A Y
3 VY Vo Voo Yoiy V/YY 084/¢ YA
A VY Vo Yoo Yoiy V/YY 1¢4/¢ YA
q VY \o Lo Yoiy V/YY ALQ/E YA
\e VY A Yoo 104 V/EY A\ aYA% $0
N VY A Yoo 104 V/EY AR VA% $0
'Y VY A Lo 104 v /EY h\aVa% $0
\Y \Vas Yy Voo \k%3 v /AA YEV/NY OA
V¢ VY YY Yoo \k%3 v /AA YEV/NY oA
\o VY Yy Lo \k%3 v /AA [FAVARS OA
1 VY YA Voo LY \ \FAS Al
\V VY YA Yoo LY \ YLY Al
A VY YA S LY \ LEY \Al

Yy




\yay j.ﬁb /Y bJL«.& grhb)LG;; 092

;}"JJ‘ C)‘JQ.F ;;‘:‘AJ}.’;_J“LGA'\’.“

ot il ol A L ls K s o e
23 Wy i GRS Do & el e (S8
el ol s SV 54 LgLAJ.(..Z):;}AVJGJ;Jﬁ\ﬁ
JSs 5 sk S sl sladisal 4 by e 8 IS
.w\géudiﬁﬁgbﬁf%

600
@ I LS YT Am sl 25
WL LA PR e 2

A ISl LS TP eyl T

o
p=y
(=]
[=]

’

4

%, 300

=

(-9

= 200 A//

100 -
0 . . ,
0 500 1000 1500

(kPa) 50 oils s

A3o (B A5 e S 5 s () KB

600
@ LeP ot aa ] 28
Lo PN ICAT o FPIA L o)
500
A LT Rl o
—% 400
,
s 300 4
9
& 200 A
=
100 +
0 T T T
0 500 1000 1500

(kPa) 35 oil3 Lios

S el R ol iy B R Ol (V) JSKS

YA

O«
0 W YOYYAs=
. 3 =
pEI m
Yoo ®704s= | B
;. 0)f¥s= *° .'.
4 vo. ‘a.gw
% o
419 ARR . [ ] .
= o 0 IR gt £ N
< % * e
=y e -
0 '2/’ ’A‘ LA~
>’y ° h‘ﬂ*‘
Yoo *
Q-

«.0 \ 1.0
(cm) Sl gl

B R s (Bl plralr o B A5 e (V) JSO
JISal ks Yo el

600
M s=25238
#3=8140
500 A 5=2043
®z=(£50 ..-"'.
13 400
g
1, 200
™
o
= 200
100

l:l:m]u_éi_élu-."l-',L Ll

BB A5 B el S AT e (W) S
ISl AS £0r s

S 3 a8 s b e edalis A BT gbe SE a5 L
St adsl Sl Ol pae 4z O Jlesl 36 2
i s ol iy Ol ety S Caslie (Bl 2l
s s e iS55 Pl Al 4 S e
L Ks onle a il e 2l 55 0f anty s
Gl s 3l s SLs G (BL iSe sl

Al RIS S ey el

o Slailasl s i i sla i el



Sl o s 4 L Lo e

S wlon, SLSL (B p cuslie gl )b casb, S

L ol (5 So3ll s Sawl asly J3m ials
a8l S padge pl @ Uls e ) e a8
LS BLal ushy Ole Rl e 4 1S o S
e edd e e S 5s edel 3 sle i

b Skt s Shaul asly jamis ials

50
240
3
5 30+
9
a
_3 20
Y °
3 10 60 o0 °
3

0 T T T T

1 10 100 1000 10000 100000
(kPa) LuiL 5.

St glad gal adsl 25

120
3 90 -
Ny
9
= 60
2
= ©
30 - °
o 0 o ¢
0 T T T T
1 10 100 1000 10000 100000
(kPa) ,utt, <
S gl g

2 Sy S 00 eled dpdr 5 VY JSS s
el o i lite Ayl sla iSKe (Sl (slad s
Ldevs o) g gl 2S5 13 aS 555 0 odalie
S35 o A Gt e Sk (S LS Ve
L5 e s ) oS (sl o 5 s S St bl
S35 o AL S S Dl (IS S Ve
Sl a5l dilen 5 ol axils St S el

ol U 55 S S il bl Olg e (s

YA

ﬁ.}l_s.ég_.,_m.}ﬁc\' )q 6&&&&)30.@‘6\)‘L}b4}}w
w‘e“ﬂcb‘io)Lm:Jd)Jo-)bcLﬁﬁjw‘\tj)‘d&A

Vo5 sla IS s el @l bslast Vslae (8) g

(kPa) aJsl S e Lt asles
YOYYA 7=(.265 x 5) + 40.096
AV EQ 7= (2471 x 5) + 34.60
AEEAY T=(.2291 x 5)+ 19.08
104 7=(.2097 x 5) + 18.02
\E22 T=(.2143 x5)+ 17.76
£y 7=(.2093 x 5)+ 17.71

& e)LA..j: dj.a\e-)JeJ\...IrnGb‘ CJYJL&AJ-\U@‘) A..n..iu.aL:
Aol s an S s Sl asls 5 St

el 82 W10 st Syt 53 OF gl

&:J_}u.:ﬂ 4.:‘}\ 6\.&01.{»:)) J':j'.' C,.e)l.:u éL&f.abl; (O) d"J}

Sl S| St Sasl 4505 gLl a5 o sk Ol s
(kPa) (kPa) | (ax,3) J=ls| (/) )
YOYYA | £4/04 VE/AL Yo \o
AVEQ | YE VY/AY g \Y
AKEAY Va/+ A \Y/Q YA \o
104 YA/AY YV/AL g0 YA

Vet WA Y/ oA Yy
£y YV Y V/AY V) YA

S apd e edalie V) S 50 )bl Jpdr wax S L
U Sl ol S ol ansl ol i pslis s
anls 5 cnl S sl S ol s &b o
35 0y e odalive a5 & S0len .ol S O O ks
Sl b Sl s Sl agly b 255 sl
o R Dol gl e RIS - b S
S el amss 5 b Gl S dgad adsl Cosb,
DAL Laas el adyl S e xS 5 050 i
e b o s ol Jtls Sl 4 gly ltis (il



\yay }:.lL; /Y bJL@.& grhb)LG;; 092

LY Ol oe wﬁ.h;};—w.kﬁd;u

[5] Fleureau, J.M., Kheirbek-Saoud, S., Taibi, S.;
"Experimental aspects and modelling the
behaviour of soils with a negative pressure";
Proc. 1st Intl Conf. Unsaturated Soils,
Paris,pp.57-62, 1995.

[6] Oberg, A. L., Sallfors, G.A.; "rational approach
to the determination of the shear strength
parameters of unsaturated soils"; Proc. 1st Intl
Conf. Unsaturated Soils, Paris, pp.151-158, 1995.

[7] Bolzon, G., Schrefer, A., Zienkiewicz, O. C.;
"Elastoplastic soil constitutive laws generalized
to partially saturated states"; Geochnique, 46, No.
2, pp- 279-289, 1996.

[8] Khalili, N. and Khabbaz, M. H.; "The effective
stress concept in unsaturated soils"; Report No.
R-360. Sydney: The University of New South
Wales ,1996.

[9] Khalili, N., Khabbaz, M. H.; "A unique
relationship for x for the determination of the
shear  strength  of  unsaturated  soils";
Geotechnique; 48, No .5, pp.681-687, 1998.

Sl 181 Slome SList M pLa 2 sl Sl

AYAT

[11] Fernando, A. M. Marinho., Orlando, M.
Oliveira.; "The Filter Paper Method Revisited";
Geotechnical Testing Journal; Vol. 29, No. 3,
Paper ID. GTJ14125, 2005.

[12] Khalili, N., Habte, M. A., Zargarbashi, S.; "A
fully coupled flow deformation model for cyclic
analysis of unsaturated soils including hydraulic
and mechanical hysteresis"; Journal of
Computers and Geotechnics; pp.872-889, 2008.

[13] Khalili, N., Geiser, F., Blight, G. E.; "Effective
stress in unsaturated soils"; review with new
evidence. Int J Geomechanics, 4(2):115-26,
2004.

[14] Nuth, M., Laloui, L.; "Effective stress concept
in unsaturated soils"; clarification and
validation of a unified framework. Int J Numer
Anal Meth Geomech;32:771-801, 2008.

[15] Terzaghi, K.; "The shear resistance of saturated
soils"; Proceedings for the 1. International
Conference on soil Mechanics and Foundation,
1936.

c@.)_:..))‘jﬁﬁ.bﬁw Sk LSLA‘L’}‘“ 4.:3)‘ .iai‘f.a)‘ dp):

(S 5 40w -0
SISOl asiin o cund 6l Sias% onl U3
slacasb, L Laadsoi Al eslinal 28 23 5,
S bl e Pl Lol 5 s o gline 4
L il slacosb) oo fge A5 S 15 i
el [T 0V48A) 5L 5 s el 5l 26 o2l
osbie gla il pslie oS ol pl Sy b A2
Sl SKaS b il slacysh 3 el (5 S5l
35 St slaml Joalse 51 S0 L0 g s LB
Ol b St kel Jotls Sl 4l 5 St
S e el 3 gy e (sl T LIS DL
J—ol bl Ao ey ) el s o Lol e
S sl wed CLM\J.; slasl js S5
4 6ol Al s 53 5 RS Ol Sl el esS
sy fhild Bl o eslie e il (S esll
ol a3 LS Ll S gl els 5 351

el oslinal LB 5 e

&l -1

[1] Sheng, D.; "Review of fundamental principles in
modelling unsaturated soil behavior"; Computers
and Geotechnics; 38, pp.757-776, 2011.

[2] Alonso, E.E., Gens, A., josa, A.; "A constitutive
model for partially saturated soils" Geotechnique;
40, pp.405-430, 1990.

[3] Bishop, A.W., Blight G.E.; "Some aspects of
effective stress in saturated and partly saturated
soils"; Geotechnique; 13, pp.177-197, 1963.

[4] Fredlund, D.G., Morgenstern N.R., Widger A.;
"Shear strength of unsaturated soils"; Can.
Geotech. J; 15, pp.313-321, 1978.



Sl o s 4 L Lo e

S Ao, LS b Cuslie gla byl 5 Cush, 56

[20] Chander, R. J., Gutiervez, C.I.; "The filter paper
method of suction measurement"; Technical
notes, Imperial college of science and
university, 1986.

[21] Hamblin, A.P.; "Filter-paper method for routine
measurement of field water potential"; Journal
of Hydrology, 53: 355-360, 1981.

[22] ASTM D5298-92,; "Standard test method for
measurement of soil potential (suction) using
filter paper"; American Society of Testing and
Materials. Annual Book of ASTM Standards,
Philadelphia 15.09, 156-161,1992.

A

[16] Bishop, A. W.; "The principle of effective
stress"; TekniskUkeblad 106, pp.859—863
,1959.

[17] Bagherieh, A. R., Khalili, N., Habibagahi. G.,
Ghahremani. A.; "Drying response and effective
stress in a double porosity aggregated soil".
Engineering Geology; vol. 105, pp. 44-50,
2009.

[18] Braja, M. Das.; "Principles of geotechnical
engineering"; Fifth Edition, 2006.

[19] Ning, Lu., William, J.Likos.; "Unsaturated soil
mechanics"; John Wiley and sons, 2004.



Abstracts

The effect of moisture content on the shear strength
parameters of plastic fine soils

A.R. Bagherieh'", A. Farsijani’

1- Assistant Professor, School of Civil Engineering
2- M.Sc. Graduated Student, Islamic Azad University

abagherieh@yahoo.com

Abstract:

The effect of matric suction on shear strength of soil, because of its dominant role in geotechnical
modelling, has received the attention of researchers in this filed. This research is focused in
investigating the effect of matric suction on shear strength of a fine soil. The physical properties of the
soil are determined. All samples are passed through No. 200 sieve. The soil is a high plasticity soil
which is classified CH according to the unified classification system. The filter paper method is
performed to extract the soil water characteristic curve. In addition to its simplicity, one of the major
advantages of this method is the vast range of suctions can be measured by it. Specimens were
compacted at identical void ratio with different water contents. Suctions are inferred from empirical
relations that relate the suction to the measured moisture content of filter paper which has been in
contact with soil sample. Air entry suction is determined 140 kPa from SWCC curve. In order to
examine moisture content effects on shear strength parameters (cohesion and friction angle) of the
clay, soil samples are prepared with different moisture content and consequently different matric
suctions with respect to soil water characteristic curve. The specimens with different initial moisture
contents are statically compacted at dry density of 1.3 gr/cm’into direct shear test mould. The moisture
contents of samples are in the range of 10 to 28 precent. Hence, according to soil water characteristic
curve the initial matric suctions are between 42 to 25238 kPa. Direct shear tests are conducted in
unsaturated state. After applying vertical stress the samples are left at least for 48 hours to allow the
equalization of internal stresses. Based on experimental data the shear stress is plotted against
horizontal displacement in different vertical stresses and moisture contents and the results and
analysed and discussed. The effective stress equation proposed by Bishop (1959) is used to interpret
the results. The effective stress parameter y in each moisture content is calculated bythe equation
suggested by Khalili & Khabbaz (1998) using the air entry suction extracted from SWCC curve. The
results reveal that strength parameters do not substantially change at different moisture contents. The
negligible changes in strength parameters may be attributed to slight changes in pore water pressure
during shearing experiment. Such changes in pore pressure during shearing would be eliminated in
constant suction consolidated drained experiments. The results of this paper support the validity of
effective stress concept in unsaturated soils. In other words, with a proper estimate of effective stress,
the saturated parameters are valid in unsaturated state and it is not necessary to measure strength
parameters in unsaturated state. The unsaturated geotechnical experiments are time consuming and
expensive and need special equipment and skills. The method proposed in this paper has a good
degree of accuracy. Therefore it can decrease the costs of geotechnical investigation projects in arid
lands.
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