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Abstract: Considering the importance of micro-structural characteristics of
clayey soils on their behavior, the main objective of this research is to
investigate the effect of pore fluid properties variations on clayey soils and
their physical and micro-structural changes. For experimental purposes, soil-
electrolyte solutions with the ratio of 1:50 prepared. A series of physical
experiments, as well as, SEM and XRD experiments performed to
investigate any variation on the soil behavior due to the changes in pore fluid
properties. The results of the physical experiments indicate that, with
increasing the electrolyte concentration, one will be faced with a change on
the soil behavior including its interaction with water. The SEM pictures
indicate that with the presence of sodium ions at low concentration, first soil
takes a dispersive structure. With a further increase in salt concentration,
and due to an increase in attractive forces in comparison with repulsive
forces within clay particles, a flocculated structure forms. In addition to the
above, during this process, a change will happen on the intensity and basal
spacing of clay mineral. It is concluded that the main reason for a noticeable
change in physical behavior of soil can be attributed mainly to the significant
change in electrostatic forces of clay particles.

Keywords: Micro-structural characteristics, Bentonite, Pore fluid, SEM,
XRD.



FE L OV dmio 5L AY Ll 5 ks o) 8,Les cemsslss Jlo ol

9 S Sluogas p glaijgy b Glakin s U
Cdgiy g slwy

833095 Loyl (gumgl Léyuusg

u/ul.o.b ;L.u.u 5[{2}4 olLiils
vahido@basu.ac.ir ; Siig S Gy

OVYAYNYNY ole aseas <ibys o VWAY/FITY alie il o)

5 rbo g5 g tSlun, Slasin coeal 4 axg b agh opl ol Gun euss
sy mle Slhord Sleogad 36 ) n wlbn, SLSE pwaige [18; o 28l y;
S byglsen 51 onliiul b cons jslaie oy el ] Jilags, jodd 5 oy S
~S1 egiac slodiges j slegare (glite Sel Lite b maon slocSes § Casgin
g oy S LS, i
a5l S L, s oS ke a3l b aS an se Lid (S sletalesl gl
L aS was oo lis 55 SEM gl gl oS o i S5 0T b iiSpap 4 hles
Gl L g ouiST s S LSl S «SKod o5 gacdal (5 5 made sailS a>
axdly glog sy adls glog,d dde 51 LGU aS 0gd o bowd a4 S cdale i
9 S "94 BN Lg‘od..o.c u‘).,...x.: e gid 6‘43)'5) &-’L" )...,..x.}' L» e Cow! ) ija.w O
1y Solso 418, 1 onds ol Slyesis bl 2l 5o 055 co Slomsl X 535 iy A8 s

Bl s 5,3l ) olidie )0 gy DS Zslan o sy s sl 4 GleT oo

XRD SEM ‘L;/d.f/.'j/. é.:[o ‘W}.«.a.’ ‘L;)b[“");’) uLﬂa}A} :‘5..\.5.15 ‘Slbo'}'b



ul < sy e ki s b

doddo
oty Saglie slayially dboa o) GRSL (pwsige Slatin 5 )18, Slogas
Ao glalaxdle L jsboas dosl 60y Gl d Jeailly 523 5 0l i o0 5 055 e
S G0 (opl pegdle il slajg, o] Slaogas ¢ S saums LSis slesls £ 3
S 53 oy gobe 655518 5 Gialyl 8950 ek b e oy SkedlS jpa> b et
DT el solgs uldl oo BB jsba S 6,8, Slogas i Jlis (Kuss
s @ cas oo axsd el Ghls cwy oS o b Glgae a dLily cpl jo
5 NS cuyd (oSSl sladijg, Gl s 4 wacal LSl Ghls o)
o SB Ll 6 sams plas a5 cul eols plas Gl S sl w515 olee
Cosgin 51 a5 aas e olid ead plol Sl cpimen [Y] il T 6,18, Slogas
79 JB Ol 4 Ol G5l v w08 3 I ldssls gl slaiss, o oyme 5o
i 5 WlgE o oy SLSTE 50w i opdle 4 [Y] Wb o LralS (£OY 4 7FOA 3D
oads plol lidss Lwl, ol o [F] g8 slml 55 Gy, of Sleowd Sliogas o
Slord Sloogas 8 615 b)) QB! Wlgs oo el )Lid parde a5 was oo (i
G ki izen L [0] oLes o281y ) GBS g (Sl 1, 50 (sl o
Sk 51 E] il sog S sty samlive [, it gl owlio 6,k LU & g0 LY
S50 cdg Sl cdale (oS enSou sla,lad o a5 coul oud samline j Sopd ks,
BB 5b Sl ond plonl Slidiow «pizmon [V] conl sl S15 33le cos 5 (5 i
IA] ol coisiy s pdy oS8 Sloogas p slij, ol Sy Sl G555 e a2y
2t JB b S g, o 88 ol 45 ol sols las js 3] Slalllae
D (295555 SeSig 2 e 4 s SB 5 ol byle 3l olss g Cunglie
slo,ld, sualive oo aml ol o S sawas LSas sledls o5 L] o)ls (Lbaw
el 00l dalllas 5,90 sladiges jo Dgliie

Azl b aS 0gd oo orw Sodgiin Sl eolaiul b e cansy slo,b jo Bk
59 CEC) S 5o Jobs codyb 099 Vb Jds 5 Sl jpeiine S )00 &
G S sl § GlLbl L 4 bos¥T jLassl Kl )] s pdudesi o9 il
Cbll Sialy 23,85 e o bl glere 4 Vo] 0gs eols alS See JSlos

b lakie 155 b o sese olis ansd8 cldlhs o] JLsle 4 SB e0,i5

1- Flocculated Structure



S35 w5 o¥

Sb ol A8 o 1) hzg JB Dlyess o5 S (oo et o) ol Gl sl
con o tle i ol DNV o)ls g )0 XRD 5JUT gl ,o (¢ V) Slrio 4 bgyye)
Sl (o & g ally (B0 SThe i Slom sl j0 (o) GlaSE jleslitul y (A1)
S 5 b 039, ;5 45 Canl iz ] 5] £5550 ol Coradl Zewl Coonl bl S
925 el Cl 0 lgen 130518 18 oleand Sglite Sliogas b slacs] & jloxa 4o Lodls
oz 5l S 5L, Slasie S g k3l ) Slogas 0w b a8 Cils aalys
DT s8] b p bl 5 (5035 3985 ol
ol 5 osals Gliee 5 €59 lass; mlbe ploard Slasie ool 4 azgi L 1Y
slodlly Clay )3 o 095l Aa>de BB jea> 4 )l 55 5 ) LSl Slasiise
Ay o SlaoSole &l 5o o] clé bagamme 205 4 0 by VW] mio 5 s 0
2 Oglite Gesl Lo b o 09518 b Baizs (ol po (Yoo e ppM o> )
sl 5l pledgloe c3lo b gshaie (ol & 3900 (o) 2 S S Lg; Slasie
S8y 2 Ll SBT gy oy 523 0550 Sty S L il S 5 5 pais Sl S5 0008
XRD slpisle;l 3 SEM pglas 5l oslinl b SB sl s Jlais! oS S5

ORISRy

o3l b,
RSy (o) sy ALk dne) 0 Cuisn S Sl 4 4y L
S 59y 2 5 Ghagh onl Sllllae &S [VE] cl Slgl3 05 Gyl S sloaw
S ‘S’LJJLAAJ le)" S ] M; u)ya u‘)" w)l.: us).w )| 0 d‘-’*?f W}a_u
5 o 0] L) en 3 Kb bawg odds oy by, 4 g b o] oliend Sluogas
oolawl GBC 932, AB Plus Jas (el wda olftws 5l sldisg, mole (olbonds 5JUT (6l
A s DNETASTM o laslinl g, (olel s SB (Ko b Sloogas cuiorad .o
oolitul 5)50 Cudgity (ol - (o5 Sliogas wad plonl sltale)] @l ol
(& i3l y, Sleogas 5 cuds iSI clale S pw)p glp el s 4 ) Jgoz @illas
e 3,5 lacses ) (meq/lit) sl 5 Yl STds do b jho cbale b ola Jglo



- < sy e ki s b

Jsloe jo a4 SI (50,8 a8lol b e 08 ags NayCOy) o &S 5 (NaCly
A VD S Sy SIS sladiges
oolaiwl 590 Cudgin S ol - (658 Sluogas Y Jous

bl yse darin | o oSl Jaie | ol 5yee daseiie | ond (g eSojll e
Liquid Limit, % YAFO Na" (cmol /Kg) A
PI,% YAYY Ca®" (cmol /Kg) VEY

Soil Classification CH Mg*" (cmol /Kg) A

Clay fraction, % \Al K" (cmol /Kg) \f

Silt fraction, % Yy CEC, (cmol /Kg) FAY

Sand, % \ SSA, (m*/g) 1A

pH (1:50, Soil-water) Veredd Carbonate, % A

EC (dS/m) el Organic, % <)

3 0 &5 (Sdl sladly) acgorme 5| SEM sl conlin slaaised dngd jolaie &
oaiges Tl ghate ol sl IVY] wi oolitul cé5 o 13 Jabiee Siw ol )b
WA g0 08) e 488 VO U 55,y oS o ol 4 el A8 ok 4y codg iSIT -S>
Sadiges ol (s 095 Jols licabl LT (550l - SGpd Ken 5l b wod (g loaSs
S Fle ¥ dols jlas 4y JB g5 (Stdly sladly) (590 osm; Joles 4y Eudy pSU-S1>
b i slalo o (6 08,0 5 gt S5 5l oolitul b g wid atbe, e il 10 glis)l
09,° 31 SB Lges (Ll slaise; O JolS )3 5l (m iad ()15 JISuly 5LS YO
ools 1,35+ °C slos b ailes S 45,0 ol s sl el FA b g 0 03,91 o9 gl
laaigas 51 Sy 5o s b DV] Sale s o)l Gigy ol alo o nl 51 ey
S9SN 95y S oltws jloolitul b g ol angd e gile o (o) Sl 4y (Silalas
A3 45 SEM sl Se Jeol - Jsm 840A Jow  ius,
WD dngd e g 590 bawg ok deogi gy elul » XRD sl colis sladiges
wb by, sl aY (g5, g iUl - S5 bgliue 5l okd aix ¢ g, ol (bl 5 [VA]
ook 00+ °C slos ;5 Kus 25 g e 3BT sles o boaiged | sidu ol a5 5l G g

2- Soil - Electrolyte
3- Air-dried



S50 « 59>l or

Siemens-Diffraktometer-D5000 Joo uSS! 65 olSiws 5l eolawl b Ll X g5, (3l

ol 00 solitul Lo Jglowe el jo ooliiwl 8,90 O Glgie 4 Hhaie O 51 aBisle;]

233 sl o3
Wiz g andls lag s Sy 5l (b wlon, kS G bsley) 5 b8, Slarie
o Tobw 69y oy (nl @ig K55 9 Oliee &5 yob 4 wibios (o) Tobaw O
Lilgy 5285 5 50 Lg ey ol 51 VY 5 WY sl ailSge &Y ()5 Lls, @b 095 35
Sl S o oy S S5, le lasd Slasis oo Wiy &Y 5,k
O SBgys P (KT et e Sali )0 45 S9d o0 oundSy alled LY Culis
D aales S U8 ks A 50 5 oy sk

0 s (SIS Slogas i 0 Iy, mbe bl s 15U ey i
G503l ASTM asbipyesl Lolul s cilises lgSias cale yo aslllas 5,50 S _3sS)]
3> dadiged Bl (Kes g SB a4 Sl 2SIl e cdale I3 51 ey jelaie (ny ol
Sg g0 abaxdo Caowl 00l i ) USS 0 o] @l a5 Wl (6,505l Aiges o S
a el bl 225 s g Gl cs G5ST as ey pSI el il L oS
clale 8l bogume ;0 5 S jpax b Cands a5 a0 lid mls (Ko o)le
b oot 55 s DNV (o) b (s Blo (slag i andls (gl ale b ey U
S oy S0Ssy o 2l ladsSge )18 Sl i jo g il lyd o
Al LY Culbrs polf @ azg bwaodg mSUl cdale iy oli8l g aslsl )0 000 oo
Loy oud SS0o5 St 4 (ow) gohaw andly lagys  adle Glagys &de by S
el @il 2alS sl s ke w3 e ol glasSse ¢Sl oSel tals
2 Sl am 2Slas i 315 S ol Casgin Aged (o a5 v e alixde S5k
3 Sl d iSTas o Slu,S Sl boedd oS S dised yo 9 O meq/lit clale
SluyS b Caigin Bged j0 G6] o> Gl izmen sl 00l #, YO meq/litelale
ol ol cde amo o lid gyt Gl o 3 LLS Sl (g9l Bged Ay s o
S35 b e IS 5 oy S5 st & S, S gyl (stlemsd JLl il
5 0 D3 G andls lag s Gl o JLail (nl & 920 4 Bk Wl oo ol
oty S b i ety G Sl )3 5 85 a5l sl
Dal ws salys



> < sy e ki s b

420

375 o

.4————
285

240 \

195 h
150

o ! 0 100 1000
Salt Conc.(meq/L)

Liquid Limit

by S @921»)46"‘3}9) Bl olwwd Slaogas S IS

(SEM) (s (i3 Sl o9y Ko (slgeiloT
SB k8, $lje, mle lend Slogas 3l sums las (Suid leulejl mls
o> Sh3 G Sar e 5 o3l Wi se S LB, i el YU 45 a5 sl ples e
Sloml Ul yeds oo (sl aBl oy sk Gl 5 5,18 8958 et e 40
Sleogas o 1) Ol pass i o5 Sos 3l shale jo baiged 51 G 2 51 S 0 0u
Uil 6l s ags SEM iolesl sl sladiges g 00,5 sl (55501 a>) (S0
SeiS 5 b SEM (sleue yiion oy sleSly IS 15l ond adlal sloSas T
AL A oS

33 g et O b oo ags Lges > 0 anlllas 0,90 Cusgin SEM pgas ¥ S o
o &3l,l Sad 51 0 meq/lit cdale jo o 2 IS Sad gol> Cudgin s Al -Y S
Lol gleg 5o sl am ialsl i b BLae 3] cdale a8 el S5 4 ppY ool
oo I sl a5 ans e 5Lid glal (nl elie Canl ST &y 03,18 Sad 0,5
Sl Hhate O b oads agd dges 5l iow 0als )53 S cale b slaiges jo g, skSgy
wil Sy i8I oS il Cdlo s s, D3 s asdls slag i a5l 5 56 ils e oS
al5 S Ve meq/lit cdale ol Cosgin diges o o -Y JS& SEM pews [10]
odg Sl cdale dlasde | oli8l 4 asgi b aS 04l oo cdnlive amd co lid |y pyows
5 S 4 gy s B K05 g o oo wiily el B3 ey il (slosye
el 00l S LSl ;o oe5wg Sl S5 sladisg, sboml ases jo g Ll ol 4zl
Gl Sad 4 Il etz o 6pdudei e ys a5 wleols Las sad alil Slilias
Sloa il o>k j0 SB (6 pide o5 b el 285 e bas Y]l
it 5l e8h LSl i (S oo e, Eied s ally 85 S1,e Ll
IV ] o9 salys 1o 195 15 slotng caenl 3l S slaije, mle obiowds Slastin



S35 w595 oA

Voltage:20 KV X:1000 0pm

shaie OT L oads ag Coginy diged SEM s ¥ IS0

-

Voltage:20 KV

X:1000 10um

NaCl Soi )+ - meq/L b ofpos Eosipiis () NaCl o dmeq/L b ofpor Coigiis (M)
NaCl s ol jor 45 Csgiy SEM ol ¥ JsCi

Voo meq/lit 5 YO slacdale 5 NayCOy Sws L35 F JSs ;0 SEM elas

L odd i &ges ;0 45 398 o0 oadlive .ads o Hlid |y gy 9,90 Sdgin S LSl
@ sl (sl sdal Cawas (1 jo S650T o 1 yiies a5 lalé) 1) YO meq/L clale
b anglio yo S sl SaiSTyy il oK aals a5 (6psb s el oo saiSTyy s
Sl s cpl e WY S 0 NaCl S 51 0 meq/L cdale b ool g &ged
FB Dol ols S () S sleSgy o (SSbly 5SUl slog s s 4 Dl o0 5,
LS el Hpam 5l 256 wlgi oo WFF 5 Y S &gl 50 8uiSTyy Jlisla o azgs



- < sy e ki s b

@) ol arg BB iz am 0 g (o) Tsb Gm andl slagd i Gl
Glacgls duslio b oopl poogdle IVV] sl s ) clale ol jo (Ssl v Ll
GledSs 5o o Slo,S g s 3uLlS Sad 1 oolaiwl o codsins S 4y b o Lol
05l 3l SSd o5 spsb 4 pdies At SB LSl sl g5 3l F Y
SISy o iy laakile o s & (COr Jio) () (b Jrusily Boims s

ol g Sed pl g 10 5 S diges STy Sl aSl wigd o S

Na,CO; Ko )+ - meq/L gol> Covigiss (o) NasCO; Kot FO meq/Lossls o (i)
Na,COy S b‘).n.b @ Couigin SEM C“’L‘ s

XRD (gl o1

o= S :‘39“5 axlllas 390 Sadgia :‘59‘°5)° W“‘?‘S‘U O‘}t"‘ Qw"‘ Ly cs’L“’L“’ 6‘)‘.‘
L.cé,5 L3 XRD iolesl 0,90 B0« °C slos ;o (5 lagS 9 31 sles o oy Sz
arg BB jpam sams (L oS caleald plo 5l juas VWYY A A 0 S0 4 ang
olid soga> b XRD gl a5 bul 51[Ve g V] ol Sl jo cussh jgecige SIS
S s 0,90 50 Ginbesl ool gl i 13 Cadl o) Glo SIS Sloxio (s alols suias
bl sekaie 4 gy cpl 5log walss S g sl ) bl oss Baces lis jatie
L csigin byl sladiges (o) S bslugn, » cdopSll s b glls
)5 18 oy 3550 XRD (g 42 4393 Sy piSIl slacale

- 12374
T Natural Bentonite
E
\ Air-dry Condition
?\ ot
< o
\‘\ ) Oven-dry (550°c) + <
o ] ~
© S
™
W

( 2.000 Overline X i 2thetay ! 79, Linear 29.960)



S50 « 59>l 7.

asdllae 3,90 Cosgin S XRD U1 b & JSCb

5PV meq/lit 4 & meg/lit slpzlale g9l cdgin S Lgad jo F IS ulwl

3 shie Of (ggls S5 b anglio 10 diges oS0l g5 (25lp B Dol (o 9 IS Sas
Sy Lged 0V SO 4 azgi b oS Jb )0 aed e Ol (g BB s O S
5 GBI leo jo ouls Sis diges g0 o j0) il A ol (o Slo,S Sl gl
ol ez g8 BB Dl lade Of L odd dgd &iged 4y Cond (055 slod [0 00l Sis
W oo ole,ys Sl YO meg/lit clale o Jle glee 4 0w e
oy ook o Aol il saims las a5 cel sad buls \YOY A 4 VYV A
2 65, mb wbewd Slasin i 5T s0uS Lo 5 el (euiS1,y HisLle obxy)

el oy SleSIgy 6265 )1,5 8920

12.37 A

b 1237 A =z . .

:' Bentonite with W Bentonite with

£ 5 meq/L NaCl £ 100 meq/L NaCl
\ «,

Air-dry Condition Condition Air-dry

3.34 A

333 A
319 A

Oven-dry (550 °c) Oven-dry (550° ¢)

< 2.008 Overline % 2thetay ! 4k, Linean 29,968 ¢ 2,000 Overline X1 2thetay i 22, Linear 29.960)



~ < sy e ki s b

NaCl s L ol yo aslllas 3,50 Cosigiy S XRD 5061 s # Jsa

g 1253 A - 12.45
Il § Bentonite with gl Benton.lte with
E o 25 meq/lit Na,CO; n 100 meq/lit Na2CO3
|
\ =
i o © \ ot
o . .
o138 Air-dry Condition g o « || = Air-dry Condition 3
- D 4 ') © Py ot < ™
= < N «Q “
P 2(° ] "’. |
@ N A
Oven-dry (550°) Oven-dry (550°%) |
MP\WWJ\M\JN
{ 2,800 verline X i 2thetay ! 39, Linear 29.960) ( 2,600 Overline X+ 2thetay i 34, Linear 29.960)

NayCOy i b ol o aslllas 3,90 coiginy S XRD 50T bs ¥ JSCi

L odd appd Sudgin Ages ;o VA 5l ol A8 ol woodg Sl cdale (iol38I L o puonen

IS 50 meowe au,lS S 0 meq/lit gyl usgin Bged ;0 FY 4 b S5 o Lhbe O
&S oo s VS 50 s Lo ST S YO meq/lit ol csgin gad ;0 YA 4 g F
el o0 ey A JSE 50 Kb 50 51 o g cdile e 3Ly sloals con o
b 4 S XRD b Lol sloals Gud oS a4y o 0533 b S 555 oo o3line
gl e b o) GbSg lo)d G Slagys pss ke &5 Whior MBI 2 JB
023 e HLES 35 o 2l 5 Sl T slacSel (gsl S slaaiges dalllas Coul (slas3s,
oy b Jeeily sases o Sewl Lice b (Sed ) eolatul b ol zalS opl aS
S gl Bgas ;5 ol o8l 88 Huile ol s gew ) el a8 (COr o)
GialS 55 s (O S Sl cudg Sl a8l g Sges b awslie o (¢ JS) NaCl
spax &S was e lis O S il mob Laslie o f USS jo ol A sl
s 00 ) 6LQSJ5J (_gl.QMP o OJ.»S‘)J )LA_‘>L~J »)L?u‘ g0 r:l.'.‘o Sas @5,&”
plab i oy iSTN a8l Diges 4y Cond Lol A8 Sl ytalS cel badigs opl JSis
)‘ CO\*‘ O as J.‘.Jé k)"‘ Le nNayCO\" h.A.ﬁ]ﬁIASJ‘ 69[} (_gl.bébj.o.: B ‘k)"‘ » os)l.c 09....4‘59
iy jo T 35a5 [V0 g VF] conl oy oo Jonily s BB b olagyoul dlox



S50 « 59>l Y

A ous Jals oS cul Jlo 5o ol wgdee S Lol il A oud il el e,
52 oels meos 5 51 250 (udg 2SI 08 S L anslie ,oNayCOr (sol> sloaiges
Jomilly 83080 50 (9] 9 75U &5 Ll Sl Jy ool o) slaades Gols SO
S5 ISE Sl b (o) Sg gl jo (Sl Gile )b gexd cge (b
el 0590 NaCl Ss g5l slodises lie a4 Al ol 2alS 5 oasSTy slaasys
ol S YO meq/lit 5 & slacdale sl Vo5 & oS o bals LS, Tuas oo
el oy ol s B
Ol il ©ad yss 5 XRD 3l laals bl 28,5 Sl )0 b ggame )0
Bl oot Slasie 2l 65 b 4 S g llen, Clogas a5 085 ax
)3y Slogas daxde B bLs)l 4y azgi b a5 ol o] ;0 95250 (521 g5 5 139,

D18 Cedl cwidige Glamyb 50 Ol pl s az g )] S loy, L S cwdige s

90
80 e+
70 1
60

50
40 | \‘\ A

30 —&— Bentonite with NaCl P —+—4

Intensity

20 —aA— Bentonite with Na2CO3 =

10 NN I EEEE
0.01 0.1 1 10 100

Salt Concentration (meq/L)

g S Sl 5 Bl b 5o ol A8 S ol g5 Sl S cile b A s

S g

W5 2 b 4 ) lug 5 Seid sledulesl 5l Jol> @l op yiage

Sl Slasia 13l sues Les SEM) (pag, (5955 osSmg San iulosl lis -
ol S by, sl p lags, b

LS oy kS g5 5 odle S Jlislupy, a5 ams o oLis XRD (sleeiulel b -
iy S 0k & el S 50 5290 gl £55 5 Slie, wle 3l ST ol Basas
Gl b g BB b a4 s Lol A cas g oead bulb Sei cale s L S
FS1lam) o olo,S S YO meg/lit clale o b o el cody xSl clale
ial38l saims ylis a5 09d e Lulx VYOY A L WYYV A Sl Lol A8 (ages SasST



il < sy e ki s b

S, mbe sloand Slasein 156 5 ol (euiSTyy Jlsle sbnl) v zobaw o alold
s3a> 6 5l G2l Wlge el ) amae Gl Ty gy SkSly ST 5 Bg

il () )0 (rhaw Jrnily saims i Slaggs]
s3a2) g yiSI cBle Gl b anl p epdle lislan; 5 (Ko Sletalesl -
ol Syl sums ol (S g lislen, 5 68, Slhogas p (o sl

s ) @l Ll nl o e 55 S Gy, wle 0 s9290 (5] £55 5l Dlaseie

clale o Sl v g o WS Sad g5l Cudgin Lgad jo 4T o e LS
ool &, YO meg/lit clale o o Ol S S gol> Codgin diges o o Lmeq/lit
A5 S (55l Aigad 4y el upti Dl yS b ol diged 50 Sl 0 e
wile (@laoysel (lrord Jlail 51 30 wilgige oS ams oo (LA (5t GR35 e
e iz el ;o) gobaw (al 6y (Ao Sk IRl g oy S o 4 Ol S

&zl
[1] Mitchell J.K., “Fundamentals of soil behaviour”, John Wiley & Sons
(1993) pp. 422.
[2] Sivapullaiah P.V., “Pollution Effects on Soil Geotechnical Properties”,
Proceeding of the First International Conference on Geotechnical,
Geoenvironmental Engineering and Management in Arid Lands, Al-Ain,
United Arab Emirates (2000) pp. 99-106.
[3] Soule N.M., Burns S.E., “Effects of organic cation structure on
behaviour of organobentonites”, Journal of Geotechnical and
Geoenvironmental Engineering Vol. 7?7 (2001) pp. 363-369.
[4] Sridharan A., Rao G.V., “Mechanism controlling volume change of
saturated clays”, Geotechnique 23(3) (1973) pp. 359-382.
[5] Bolt G.H., “Physico-chemical analysis of the compressibility of pure
clays”, Geotechnique 6(2) (1956) pp. 86-93.
[6] Chen J., Anandarajah A., Inyang H., “Pore fluid properties and
compressibility of kaolinite”, J. Geotech. & Geoenviro. Engng. Div., ASCE,
No. 9 (2000) pp. 798-807.
[7] Olson R.E., Mesri G., “Mechanism controlling compressibility of clays”,
J. Soil Mech. & Found. Engng. Div., ASCE 6(11) (1970) pp. 1863-1878.
[8] Di Maio C., “Exposure of bentonite to salt solution, osmotic and
mechanical effects”, Geotechnique 46(4) (1996) pp. 695-707.
[9] Nikudel M.R., “An investigation of thixotropy and cementation effects on
mechanical behaviour of hypersaline water fine grain sediments, Case study
of Urumia lake”, PhD Thesis, Tarbiat Modarres University (2001) p. 501.



S35 w5 ¥

[10] Yong R.N., “Overview of modeling of clay microstructure and
interactions for prediction of waste isolation barrier performance”, Eng.
Geology, 54 (1999) pp. 83-91.

[11] Guler C., Balci E., “Effect of some salts on the viscosity of slip
casting”’, Applied Clay Science 13 (1999) pp. 213-218.

[12] Ouhadi V.R., Goodarzi A.R., “Pore fluid characteristics effect on the
dispersivity behaviour of soil from macro and micro structure aspects”,
Proceedings of the 2" International Symposium on Contaminated
Sediments, ASTM: “Characterization, Evaluation, Mitigation/Restoration,
Monitoring and Performance”, May 26-28, 2003, Quebec, Canada (2003)
pp. 562-570.

[13] Barone F., “Description of diffusion and adsorption coefficient used for
modeling contaminant migration through clayey soils”, Geotech. News, 11
(1993) pp. 47-50.

[14] Koch D., “Bentonite as a basic materials for technical base liners and
site encapsulation cut-off walls”’, Applied Clay Sci. 21 (2002) pp. 1-11.

[15] Yong R.N., Mohamed A.M.O., Warkentin B.P., “Principles of
contaminant transport in soils”’, Elsevier (1992) p. 327.

[16] Annual Book of ASTM Standards, Philadelphia Vol. 4 (1992) 08.

[17] Barden L., Sides G., “Sample disturbance in the invenstigation of clay
structure”, Geotechnique 21 (1971) pp. 211-222.

[18] Moore D.M., Reynolds R.C., “X-ray Diffraction and Identification and
Analysis of Clay Minerals”, Oxford University Press, New York (1989).
[19] Yong R.N., “Geoenvironmental engineering: Contaminant soils,
pollutant fate and mitigation”’, CRC Press LLC. (2001) pp. 307.

[20] Yong R.N., “The impact of clay micro structural features on the natural
attenuation of contaminants”, Workshop on clay microstructure, Sweden
(2002) pp. 234-244.

[21] Yong R.N., “Influence of microstructural features on water, ion
diffusion and transport in clay soils”, Proc., Clay Microstructure and its
Importance to Clay Behavior, Lund, Sweden (2002) pp. 1-14.



