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ABSTRACT: Collapse refers to a sudden decrease in the soil volume upon wetting which is attributed
to a loss in the strength of the inter-particle bonds. Collapsible soils can be founded in vast areas
around the word and subtropical areas of Iran. Collapse characteristics contribute to various problems
to infrastructures that are constructed on loess soils. For this reason, the collapse behavior of loess
soils has been the subject of interest. In this study, stabilization of Semnan loess which is composed
of fine sand and silt bonded by weak clay bonds, has been investigated. The loess was mixed with
Portland cement in the order of 0.5%, 1%, and 2.5% for and with nano-clay in order of 0.05%, 0.1%,
and 0.25%. The specimens were prepared to achieve a dry density of 14 kN/m3 and a water content of
5%. Oedeometer tests were performed to determine the collapse potential according to ASTM D5333
after 7, 14, and 28 days. Results showed that both Portland cement and nano-clay could reduce collapse
potential. Improvement performance was significantly dependent on the binder content and curing
time. The best improvement performance was observed at low nano-clay content and it was reduced
by increasing nano-clay content. Unlike the cement stabilization, treatment process with nano-clay was
relatively fast that terminated when soil moisture content was evaporated. In addition, in this study,
micromechanical soil behaviors were investigated by scanning electron microscopy (SEM) image of the
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treated and untreated specimens.

1.INTRODUCTION

Loess is a collapsing soil with a high void ratio, low
relative density, unsaturated status, and weak inter-particle
cementation. These soils are relatively stiff and suffer
substantial stress due to the inter-particles bond and matrix
suction. However, the porous and metastable structure of loess
is susceptible to sudden settlement or collapse upon wetting
[1, 2]. More than 10% of the global land area is composed of
collapsible soil, primarily in arid and semi-arid regions [1].

Depending on the depth of the collapsible soil, mechanical
approaches (e.g., surface or deep compaction) or chemical
stabilization (e.g., Portland cement, lime, acid, salt) can be
performed through different improvement techniques.

In recent decades, a wide variety of chemical additives such
as ammonium sulfates [3], potassium chlorides [3], Portland
cement [4], and lime [5] have been used for stabilization of the
collapsible soil. Among these materials, good improvement
efficiency has been observed at cement and lime stabilized
soils via soil mixing method. The in situ treatment methods
by cement and lime are limited to compaction grouting or soil
piles due to the low permeability of losses.

Improvement in the hydro-mechanical behavior of
fine-grained soil using nano-materials has received much

attention in recent years [1]. Iranpour and Haddad performed
*Corresponding author’s email: m_zamanian@sbu.ac.ir

an experimental study to investigate the effect of four nano-
materials (nano-clay, nano-copper, nano-alumina, and nano-
silica) on the behavior of collapsible soil from a subtropical
area of Iran. A considerable reduction in collapse potential
was observed in specimens mixed by nano-clay because of
the larger specific surface in comparison with other nano-
materials [1].

Reviewing relevant literature shows that OPC and lime are
the most favored material in geotechnical engineering projects
because of adequate mechanical properties, availability, and
cost. However, internal sulfate attack is a serious problem in
soil stabilized with OPC [6]. Also, Portland cement industries
have several environmental concerns, including large CO2
emission, natural resource depletion and dust generation [7].
New additives, such as nano-materials, geo-polymers and bio-
polymers, have been developed that show good performance
for soil treatment and have fewer environmental problems.

This study compares the collapse potential of the treated
soil with NC and OPC. For this purpose, loess samples were
treated by different binder concentrations of OPC and NC.
After that, an oedometer was performed after at 7, 14, and
28 days after treatment to evaluate improvement performance
over time. Furthermore, microstructure analysis was done by
using SEM images of the treated specimens.
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Table 1. Physical properties of the untreated soil
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Fig. 1. Collapse index of the mixed soil with OPC; (b) 0.5 wt% OPC,
(c) 1 wt% OPGC, (b) 2.5 wt% OPC
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Fig. 2. Collapse index of the mixed soil with NC; (b) 0.05 wt% NC,

(c) 0.1 wt% NC, (b) 0.25 wt% NC

2. MATERIALS AND METHOD

The soil used in this study was a typical collapsible soil that
is distributed in subtropical areas of Iran and was collected
near a railway station in Semnan province, Iran. The basic
physical and engineering properties of the collapsible soil are
listed in Table 1. Based on the unified soil classification system
(USCS), the soil is classified as low plasticity silt (ML).

The oven-dried original soil was homogeneously mixed
with the additives and then reconstituted in the oedometer
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mold with the same dry unit weight and moisture content
as in the field (y dy = 14 kN/m? and w = 5%). The intended
moisture content was achieved by adding water to the mixture
and the binder content was in order of 0.5%, 1%, and 2.5%
for OPC and 0.05%, 0.1%, and 0.25% for NC. The collapse
potential of the reconstituted specimens was determined
at 7, 14, and 28 days after treatment. ASTM D 5333-03 was
implemented in this study for determining the collapse
potential of soil. For a given vertical (axial) stress, collapse
potential can be determined based on the settlement that
occurs when unsaturated soil is inundated with water. For
a vertical stress value of 200 kPa, the collapse potential was
stated as collapse index I,

3. RESULTS AND DISCUSSION

Fig. 1 compares collapse index of mixed specimens with
OPC for different percentage of additives at 7, 14, and 28
days after treatment. As observed, treatment efficiency was
improved by increasing binder content. The collapse index
of the untreated soil reduced from 9.1% to 4% after 28 days
when the soil mixed by 2.5 wt% OPC. Increasing binder
content create not only stronger inter-particle bridges but
also fill soil voids which further increase soil shear strength.
Figures 1 b to d and incents show SEM image of the OPC
treated specimens with different binder content after 28 days.
As observed, the soil voids were reduced by increasing OPC
content. In addition, more interparticle bridges were created
at higher OPC content.

Independent to the binder content, treatment performance
was increased in the first two weeks and stopped over
time. This is attributed to the soil water content, which was
insufficient to provide a suitable medium for cementitious
hydration and pozzolanic reactions.

Fig. 2 compares the collapse indexes of the specimens
mixed with different percentages of NC at 7, 14, and 28
days after treatment. The best performance was observed in
specimens mixed with 0.05% NC, in which the collapse index
decreased from 9.1% to less than 4%. Similar to the OPC-
mixed specimens, the treatment process in the NC-mixed
specimens completed at early stages. However, unlike to
the OPC-mixed specimens, increasing NC content reduced
improvement efficiency. The shear strength reduction at
higher NC content can be attributed to the agglomeration of
nanoparticles due to their high reactivity resulted from high
spatial surface area.

4.CONCLUSION

This study compared the potential of NC as an
environmentally friendly earth stabilizer with conventional
OPC for treatment of the collapsible soils. Results showed
that the treatment procedure in OPC treated specimens was a
time-dependent process. However, insufficient water content
in specimens mixed with OPC suppressed the improved
performance. For NC-treated specimens, the treatment
process was relatively fast which terminated after the first
two weeks with the drying of the soil. Considering the
environmental concern of using OPC, it could be said that
NC treatment is a preferable eco-friendly approach for the
treatment of the collapsible soils.



M. Zamanian & F. Qahremani, Amirkabir J. Civil Eng., 52(6) (2020) 355-358, DOI: 10.22060/ceej.2019.15386.5905

REFERENCES

[1]Iranpour, B., & Haddad, A. (2016). The influence of nanomaterials
on collapsible soil treatment. Engineering Geology, 205, 40-53.

[2]Wang, J. D., Li, P, Ma, Y., & Vanapalli, S. K. (2019). Evolution of
pore-size distribution of intact loess and remolded loess due to
consolidation. Journal of Soils and Sediments, 19(3), 1226-1238.

[3]Abbeche, K., Bahloul, O., Ayadat, T., & Bahloul, A. (2010).
Treatment of collapsible soils by salts using the double
consolidation method. In Experimental and Applied Modeling
of Unsaturated Soils (pp. 69-78).

[4]Khelifa, A., Azeddine, L., & Ouassila, B. (2017, July). Treatment
of Collapsible Soils by Cement Using the Double Consolidation
Method.  InInternational ~ Congress and  Exhibition”
Sustainable Civil Infrastructures: Innovative Infrastructure

Geotechnology” (pp. 76-88). Springer, Cham.

[5]Ziaie_moayed, R., & Kamalzareh, M. (2015). Improving
Physical Characteristics of Collapsible Soil (Case Study:
Tehran-Semnan  Railroad). Journal  of  Engineering
Geology,9(2), 2869-2890.

[6]Schmidt, T., Lothenbach, B., Romer, M., Neuenschwander, J.,
& Scrivener, K. (2009). Physical and microstructural aspects
of sulfate attack on ordinary and limestone blended Portland
cements. Cement and Concrete Research, 39(12), 1111-1121.

[7]Mosallanejad, A., Taghvaei, H., Mirsoleimani-azizi, S. M.,
Mohammadi, A., & Rahimpour, M. R. (2017). Plasma upgrading
of 4methylanisole: A novel approach for hydrodeoxygenation of
bio oil without using a hydrogen source. Chemical Engineering
Research and Design, 121, 113-124.

HOW TO CITE THIS ARTICLE

Eng., 52(6) (2020) 355-358.

DOI: 10.22060/cee].2019.15386.5905

M. Zamanian, F. Qahremani, Investigating the effect of Portland cement and Nanoclay on
the collapse potential and consolidation indexes of the collapsible soil, Amirkabir J. Civil

357






75 g0l (1308 (wikigen g uli

VEOF b VFYR Slxis AYAR Jlo & o)lesd OY 693 ¢S ol (lpo suodite 4 pis
DOI: 10.22060/ceej.2019.15386.5905

S s sl as bl g (w3 5959 Jamdly 0 )y 93U g Wiy (low JudU (w0
3959

U‘)”‘ ‘u‘)-éﬁ s)g.-.wL».C Saf, .A.u (e g (5»3 Bt ;»......e e Sl (.,4 oKiils S Ja.«.‘)(.o 9 ui ‘ub.o.c (e cuSiisls

1S5)9ls Az U
AR N SRR T R GERt: FR
WAA- Ve A 16,550
WAA- N YF b

VWA=« Y- Q130T ail|

ol Cuoglio (38 (o 5l 3150 o Sl Cusb; IBIL S SLSU o AalS (A5 59,8 1M
Srma S (Pl 3 5 Gl 5l e Bble 3 (D92 S e e £ SIS cnassien
SE sbre slpjle 5 Slawl 4 ol Gliles Slgie Bh)s,8 E5s Nsdee L (Ol
G5 onl )0 Sl Jloy93 n oy Cueal (L3598 SlSE LS, aslllae plple ST fes
Oloaw bawgi el gy hand Gladign b Y g5 5l &5 Lo o8y ddlain (59,8 S S

tsouls olols

e S gl N ool Jade a6l g VIO gV /0 Jlade 4yl 285 (118 aslas 5,90 e, g3l g ali
~)

0559k S VT e aiilo b leaigad cadod ALl i3 598 S 4 (Sl S S5 do,0 ¢ /Y0

G598 Sy } .
e . s o3l sladiges 55, » eSS Liulejl all b .sas sole] b Cusb, woy 5 caSe yie
&3l

L5 b5 b s OYYY ASTM D bl U slhe 5,958 ool s, YA 5 VF Y 51 g
s Glate o Shos aips Lol ) (55598 el 0l oo oy 95U 9 Glosmw o0le 90y aS 0ls
nolie 5o (silae o Shos (p e O atanly §y9ldes loj g5 g (399 oole laie 4 g5 B
21,8 clages IS .28l 2alS (65l 003L () U Hlade i8I L g 0l sasline ) U (3l

o 9U

la&-.vuu.v‘)o‘w‘).’os){cMMstjl}ujjéujwbsoB)eﬂwLy)ybbw
Sl ;S olBas 51 S L8, onis (5lge 9 00l (G3lae Slodignd 5l (58wy Soe 5 o p S
28,5 13 bl ose

gl oo C8ly Siddes 5 S 2y 0 i S g4 doddio —)

it Gl b T 8,00 6V g dnle 45 5 Baes o o8 oS s a8 wines T lsalies S alax ) 555058 slaSl

o Aiandls Vb 555 s 6l)ls b S s S
Ad s Gloyd s ladign 5 Hmb Casb, wwo s (ol
2 bg omb glesl ax o 0 a5 Wi 35,8 oS Y]
5o g slailo pn sladign dg9g dlawlgds il |8 S ] i
593 51 @YU Coglin ((Gloya O g lgn i WS (g kLo
Saie 45 Cugb ) Jlaie axilis (asein (il G oo oo LS

Lol 3o (S SSU GladSs s s (il Sl cash,

4 Aeolian

OlRl 6550 5 S0 (Pl )0 Grzen 9 Ol Sl (rems bl
SN 098 ((Lhhjgp S Sy Glyieas o ighge il
ol Syle 359,89 oduy [y] S op oly oeey 0)S
A el g casb, lBl 31 e S SLSL e ShalS
ol aes o 7y SOl snmsdign Jele Cuglie (i3, s

1 Collapsible soils
2 Problematic soils
3  Loess

m_zamanian@sbu.ac.ir :olslss jlsesge sdim s ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

AEARY


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

VEOF b V¥R doio AYAQ Lo & oyl OY 093 pusS pual (e (wrbies &yl

Omizad ] a5l Sl b sabias sladiges 4 Camd (5505
b edbonds sladigel 55, » pilejl 5l Jol> mbs alis b
ooliiuwl 3,90 ole ¥ o wals ylid 3 IS el 9 Slidga pouigal
OhSy lalys 5o 5 Jlognll i oo falS ) (S35 2 a3 Lo
D] sl o WIS oy & S pgigal Clilgu S
Sy oS i oole U laieds dlge ¢l Bl ams o

Oeiize ooliinl g azgi 3)00 SL A5 el Sene
ools g0 (10938l b« il 5o g 00,8 [¥EXY] il a3 5 13
S Sleogar Dol il ulide )3 CoidglS 5 oy
w3l 1B Dbyl osee 1y Sk (oB35958 5 )b &5 el S
30938 b S 55,0,8 Jewils a5 ol ylis sdwlcasoa =l
S9a )3 ad i 4y oty g kgl olge gl 5 Sy ym 5 7Y ¢
Sl 6l 095 Giagh 50 LS s [YV] b o LmalS LAY g ZA-
G @l o5 ool Sal 5 los 5l (2350558 SlaS>
Vo,S ailol g Sy pleses AY g3l L oas ol olis
Ol wasldes Oloy Gl 5 (250098 S 4 Sl 70 L
009331 b Gl )Sen 5 ¢ oo IYAL 05" 1S 1y (252598 ity
o Gialejl 90 (o S 4y ailiyy plosw K1 5 VY p0lis
Sorte Olie (et Sl ]y 00l jpamme (5)LE8 5 (5970
o s oty plowl outs jeamme (g Lid Conglie 5 by Cenglie
S8 4wl oo o 4wl less (99381 457 ols plis b
6l vl wass sge 1) G (b Coglie sla el )l (6550
SE G098 Jeily 2Ll egaz )0 ladlas ()
Sal dlhlw gl 09580 b ladiges iols plosl slge gl b 5,5
Sl en 5 s 5l S o o [Fe] was e Gl g
U L hn)sp S eadiieS sladigel Jeslie (owyp @
Sl 9l 39331 coselamsay 2l 4 axe basls ,y Kl
Ol 4 e (Lhjye S a4 (1) 5l 2eS) o8 Hlade 4 >
3 5 sogls [FV] w49 BB oljes 4 toglie Sloogas
ly o) Sgew dilain S (Saie; Sloogas il 2 o9
4 odbs5lul sladiges agh (al 50 59 0l H13 (w390
Sl L8 ialesT 0 yee 1y ey ol glite slaos s b Ldls s,
Sk (St bulyd ogp Sl lapialejl ) esalcssd, mls

5 Mei

sail) sl sladisn wagb, oy (il L aes o &)
05,1545 Lol el 51 o5 (o slah b g oS b (S
hsb S s, [7-0] sy el s 5L
[eAA] el 039s (60L) yiizne 42930 90 Cusb, b aglae (o
rg y5ba )l 5 0atiS et ol g lgieas Sal 5l
Y] wslaxd 315 oolitul 8,50 (b9, S oles d9npe sl
Iva
o) S g o)smecSs  gylid Caeglie gglns]
90,5 dsllas |) ylosws Qo0 VO g Vo YV W 0938l b sndbcans
639700 (6,8 Canglie ¢ylomms duoyo Gioli8l L as 5,5 cawlin
Sleogas Gl 5 sl [YV] b Gl lasges
0155 Slomsy Sloges calizee yyolie b saiizMol () S g
30,8 duglie a2l Glors b oadspdlol S L) ol 5 (ouyp
PALS Cens oole g0, 3938l a5 ol lis saslcasa =L
e i3 o il |, digy sy 40 5 (8 as eSS
st jgazs (6,L8 Caaglie O b 0l s lowes Suoys ialdl b
2 L Gl al a8 o yo anb e a3l il Jyaa
Sy 5o andl sl e 3l os8 Wlows Glases YL sloos
32153, s 43 s 55 Wy s e LS Ee
SL ks, il SKan g Mo, T IYAL cosls (s xaS 150 ol e
ool ety gl .a5ola 1,8 Sbjl 0550 |y yless b sdisins o
CodS 5l e g lowe o, VIO 5l i 09381 b aS” ol Lis
wiilogegy (pSaiz b 4 S (SolKe Slogas s, )0
Ival sl oo canlio Slyee looigpn 4o oslinul Iy 1, o
Sy5ilgm Slowms 1 dnlia @y o 1o o8 T JLS- I 5 deze
slo Glas gl aiilo (D98 S g9y p ailin Sl
A ¥ 1530 (6 yilse lass b odd (gilagy ST Canglio o5
505,95 LYo ] sl ol yloww b oo (55t (slodiges 5l yiden
JRUEION IR VN IR ST PR PUURPSICEE sCOVCT AN DO i JEER
313 18 (o) 0590 5 (5050598 S 2 IS il 5 g
LSy 68l Lo 5 LS Lyl 15 45 a5 S, domes ol s o]

a9 AL 05 Wil Gl 2T L oadicnss ladiges

1 Angelova

2 Sariosseiri and Muhunthan
3  Arrta

4  Mohamed and El Gamal

V€L



VEOY B VFTR doxio AYAR Jlo & 0,led DY 095 ¢3S ol () yo suobie 4yl

53359 3y 10 b w5t 4l e 15 oo o515 5 Sush,
Sosldos Olej 055 48 syl 9090 S Slogas s5e
3590 «SB Ceaglie Sgntp S, 50 N ,b el o plyieas 5
2 (o2 59y YA VTV 5l Gy ladiges 13, 5 28557518 L)
Sladiges 5| (255w Sn (510 p S b Baion cnl j0 (nl 2ol
aiej (2l 3 00l (slaard 3 g Caaglie Sgge Wy codd (53lunte

L858 sazme (2l 0

Tl g dlgo Y
imlel 3,50 S Y1)

Ol wile (lnl 63550 lagidn 5o (SB5,98 sl
ol (slo s 5 Laosle (sl 50l ; EMKie sl el ¢yliams
Olyts ol oyloly e SG05 50 GloS 5 0y el su
plsl b a5 el dilaie (ol 5o (oB5598 S1 092y 5l (slailas
odl aine Jowe (nl 30 (S5 598 S sszs (eSS Slillas
i 2l 5 o0lital 3,50 S5 slodigas Juo (yred 4 e
e 55 g i 33 ol il 5 il 1S o i
Sl 00l oaly ylad V SS o ladiged 5

3,bl b llas (5 yog e g gainails slasialejl ploxil
Gy goie Al asiie S ganails g4i ASTM D 422
sl oo i) Joaz o el oads SLIY USS o Syl
5 (ASTM D 698) 5 Jailiusl o515 (ASTM D 4318) 5, 5l 550
ool el o 41| (ASTM D 854) S glaails o35 IS
s 30 SB (Sl 090> 55 g sanails slptab;l mls
05 G Coold b (s (S 00 (0 e ganaib

955 oo ;5 (ML)

clloy b adlaes g0 S ()98 Jeily s sl

Sro V Gos | 00,950 (6 S diged 4 pladl ( haw S
eSS (G5 Sy B 00,950 laaiges 0l (e el
e b Bllae S (Sate; Jeily e Gialejl g 4285 1,8
055 ialejl 3 e Jlxe ol [¥F] 0 plxl ASTM D 5333
g o plol (egiol) pasow oliws 3l oolawl b 5 conl &S

Wl oo Caws @ 02555 Gilejl 5l a5 S g sl gl

V€€

(y 96 do 0 O 10938l L aS olo lis g 09 ey U 5l ool
Levl Sor0 O Sl BB sba L~‘)-°-’ S (Sois; Jemilsy
5, s olge 5l 1 alKiyle] anlllas 4 (il Kan o 5l
$U e 53U ) 96 02938l b ol aisloy 58 S
s Al b oadigilsly ladigas 4 koo 5 5 poaioyl]
Syge |y Qo S (8505958 el (Jome )3 (ormbo ugb)
Soee plis oyl slaiole;l 51 Jol> guls assls 13 Sbs)!
S 5zey0 Ll odg Ji5e o5 lavo,s 10 S 4 dlse 6l o558
S (Slse )3 (55, 1 Wl oo S ol a0 3l o] Jlade
$U L oasas ladiges 590 5 by T .ol anils 35 e 3G
0us (g5luty sladigas ;5 1y (o359,8 iy (25565 cpgias]
aigad 3,90 55 ol (nl a5 00,5 3155 parteagdl G X0 /) Hlaie b
oS W) ol Saleiy ol g Bolo 5 ) S L sadicn s
Pl kew 9l & S 5555 059 laws Al o @ () 5L
S ool axBls S (o598 Jeuily p 6 5m L2l
2 5 50098 ax gl plaiz il inl e 5 g pgingl 5L )0
LEYT el ous sanlive 5 wsSme 51 (6530
alS Gas b (glod 1ud liiod b o)Ll 45 sboslen
33958 Slge jloolatal b (3398 SloS1E o (Sine; ity
solitul Lo 5uios ol 5 drgi bl 4S5 el o plovil ilio
425 b el S gl Suzr (S99 Slge ilize polie )
5 o po) s gl pgatda (o538l dlse YL Cwd 4
5 oolizal b Sotee, Loty ialS g dings i Sy )
Gl 5o sk fmed ar el l0)03 (YL Cual 5l Slge
dlga b gy iz Gpte 2ile] dallle Sy o
P9t Sleogas 59, 2 spsldes oley Sl 55 g (093
g o oolaiwl Sog38l ool g4 g0 3l Liwly cpl jo ol pll S
e Olgrear Glos 5l 09d (asiie Slge (nl dnge Jlade b an
S olgeds oy $U g 0 g e es 50 eanS et oobe
YIO gV /0 S39 sas,o b lewws .ol oolaiw] ayas  Sog38
S @y Cond 00y VO 5 /) [0 Ghs S b o) 9L 5
Oialil ALl wad 00938l lioms (59,8 S 4y W Sas
ST F R jsbar Glatr (g, So plsrear Sl e S (ST
aopo b S slawiges was mals | S e el



VEOF b VFYR docio VYRR Jlu & 0)lad @ 053 pusS sl (lyas susito il

Ol 305958 SIS 31 5 S aiged oo ) S
Fig. 1.Location of sampling from the collapsible soil, Semnan

0 5l sl slapls &0t (B 25 jlade ol pgns o @SS
Jeolsd 1o g (Yoo e e YO OYID ) SISl 5bS Yoo 4
SS Ve 5 e 50 gl oe Jlasl diged p Sl Sy Sloj
5 oad Ll T b aigel el Xy EB35 5 s JSasly
oS Dol 0 0gh o 00l @S5 o5l ol 4 el YE U
Fe XA AF XD eIV e slapleg 4o dige U
Wgd g0 ol oy, OB je 5l az B VPP g FAL YF. AY-
5 Selo VE 88 5l g aised ales S8 et ke Zaleo
AL Goll Gl 058 e cd JBly oL Ve e sl 2 0

9] Cews 4y 5 abl 5l e 1y ) B398

Ae,

I, = x100 M
l+e,

AR 6)‘K)l€6‘ﬁJMMQ|MAe wlaly pl o aS
Gy baadlge S adsl Jbs e € 5 Jul LS
1y Go3s8 oaslo jlade Gl oo @uSow (lalojl (ganSs oale
22,5 draloe ;5 abal, |
Ah
I, =—x100 (M)
h,
ol G 5l ool dges glas)l jo sy Ah alal, ol s 4
(MM) wge adgl glis,lh g JSub obS Yoo 25 50 (mm)

Ll S

si9R LS (ih,s8 a3ls ASTM [l ulal 5

100

(%) (53908 s 3o
38888388

10
0 t T
0.001 0.010 0.100 1.000 10.000

(mm) <1,5 o5l

Lo 3285 pw ddilain 239 59,8 SIS gududily o Y S
Fig. 2.Particle size distribution curve of collapsible soil, Sarkavir,
Semnan

oilesl 90 (598 S (S b Slasine ) Jgur
Table 1.Physical specification of tested collapsible soil
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Fig. 41.SEM image from the structure of undisturbed collapsible
soil: (a) 100X, (b) 500X, (c) 1000X
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Table 2.Collapse classification based of ASTM criteria [44]
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Fig. 3.Collapse potential tests result of undisturbed and reconsti-
tuted soil of Sarkavir, Semnan
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Fig. 5.Image of: (a) collapsible soil of Sarkavir, Semnan; (b) specimens treated by Nano-clay; (c) nano-clay from Sigma Aldrich, (d) Port-
land cement type II from Siman Gharb company

2 50 oYls ST L) FA meq/100gr ooliiwl 0,90 v, b So2
b aslio ,o VU B Jlaie 45 03g (S Sl p,8 e
Jles oasmoplis Sg Jobs cupd 09 Vb el o, plos
595 b g S 3 L (Gsl Jols) G Jobs 4 v 93 (VL
Y Jsoz 5o coolatwl 0y50 ) 9l Slasive .ol L, gl IS
SB 5l 6 F Wgas Jome 5 gsbas & UKE o ol on )|
Dged S olpon dy (WO JS8) Lo 295 o dilain (D359 ,3
Sy b o) 96 (om0 JS8) vy U Lot (gilege S
Olor 455" Jgazme 99 655 o 5 (20 JS8) Sy IleSns

ol 00 1) (-0 US5) oy

Oilejl plosl og, Y-V
SIS Sl Sl b S 19iSh g0ty (LB 59 8 S sladiged
ladiges b alive (rnb Cusb) g ogame (j9 b g oad byl
Sas S (s @ Ol (Fg S jlade ol bl S
S L oabig ol slotigas sl b Gl doys YO 5 ) o/
YO g IV ] b Sas S (9 4 3lge 5L (g s ()

BUGIVOE IR WS

3 3 S50 3 (5K 30d leaiiio ¥ Jgor
Table 3.Physical and mechanical specification of Nano-clay
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Fig. 6.The result of collapse potential for specimens treated by mixing with: (a) 0.05% wt. Nano-clay; (b) 0.1% wt. Nano-clay; (c) 0.25%
wt. Nano-clay; (d) 0.5% wt. cement; (e) 1% wt. cement; (f) 2.5% wt. cement;
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Fig. 8.SEM image of the structure of collapsible soil treated by:
(a) 0.5% wt. cement; (b) 1% wt. cement; (c) 2.5% wt. cement
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