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Figure 1. Effect of different treatments of clay nanoparticles in different suctions on water retention in soil
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models (interaction effect) with time effect
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Table 8. The effect of different treatments of Montmorillonite clay nanoparticles on mechanical properties (Atterberg limits)
with time effect

(P1) e jasts  PL) gpes o= (LL) iy, 4~ 3208 ¢ sl
Plastic index  Plastic limit  Liquid limit Application levels
o/A¥ YY/Y YANY (Sample soil) s s
/v YRV 4545 (Nano treatment 1%)/y bt
v YENS Y0 (Nano treatment 5%) 7o t L
00 YTV Ya/ar (Nano treatment 1% after 3 weeks) wis «u i 4w /) 56 s
5/44 YY/AA Y (Nano treatment 5% after 3 weeks) ais o 5l ax 70 56 s

B U R B LU P e S TS K
5L 3 Sl sl Gl 5Ly L oS el ol S
Al Sl Cogky Ol Ol OAS a l
Ol 5 035 A5ln bedls 1) b o 2y (e
Bl 4 s dalpt Slys e 0, YO L illes o
Ssop Oy s b mlS clen 4 5 F 0w
(laalie 3b ool sdlal A Jsis s S 5T 350>
odd (S el 5 Slgde Auldl el )6l O 53!
10 ol sl sl p Sl s bl i ol
S O 5 5l ol <238 L oS ol w5l S
S B ) sl led ) Olamea s ol ol
ety et ls 353 e sdalie a5 5 5bokas Lol
Ot Sl 035 Mg SRl o8 Rl L
SU 0ss 3l el U 70 sl Sl sl il
Sl 6l Gl kS Sl aol b 5l sdelcans 4 ol3
S5l st lailesl bl 5 wlsg, s
5 Slas 5 S dm Sl KL el 5
Jodr @ a5 iomen (ol o g (6 et ausly ZalS
badlse plod lp Solssne mhw JlMde Oz G
Jbe s w55 bls crlpls cosl 0700 Wt el 555
Loodd Coli gladized & S S50 Dol il e
2 Sl eals Lol g lis cuslis Olagws
5 oo sl Sl el 53 UL 5 ol e
o S SagT e s st
S Pl 0o sl Ol bk e e
WS 03,8 SLE (G el 5 Slay A= Jhall sl

cdde 23l cudS 5 oS 5 gl
RMSE 5 ( Stwros O3 R2 aibs L ks, 50
Jbo el s (Wiy, Sl gl Sl
CoiS RMSE a5 R2 jlie jSTas U oo 25005
O (6o55= mSap dbe & Cnd (S5 Ld 510
97/0=R* ., S350 Sss5l o 5805 Jie s 3l
33 S — S Jde S s sls 0L |y A
Il o S 5 S Oy Sy cpl 4 Olg e 1) Sl
sdasilis 4) A bl i anil sosleS ke
doolie Sl L S5 (Gl Bl ol w5y
Coand 53 SWCC o
L (YY) Oen 5 ey A5 dalg iy plsl
Jlo o Lol 0l ts Jpedys S axdlls
LIS S5 oS —Sap dhe 4 Cud 1 s80y
Sl (148A) olKan 5 ST, (Patil et al, 2012)
RN PRE VN RV P SNR RPE JEUNE
S-Sl o en (Wagner et al, 1998)das o 0L
sskie 4 Oliis Loy (6,5 S5 e » Joline
DL Sagsy ol W Ad sl gLl abd 2y heo s
3l slse shls S L Jie Sl AL oS sl

A dsdr) )l iy Slidos 5 Slalllae 4 5L

ol S (S Gl Sy i ml
Celghis g0 Sige oy SU

St Sl glaartls Sl udd e ol s

Sl S edemie Gyl Gl glajled o

S e L Zasby Ol (Glods il

VEer Saals /) o jlad /ane il Sl



)

VP saale /) o sladd /ana 3l Sl

7/ @_U,lg_),n&,»w),ﬁl}é,l’whlgsu)ayT&,b)@ﬂhéhP')l@,gf){;Tbg.\a)ﬂﬁ‘

34 7 e B-NaN0
32.5 -
=== N2N05%
a 31 4
3 nano5%(13w)
o 295 A
3
b 28 =yt 12N01%
26.5 - e Nan01%(13w)
25 T T T : \
10 15 20 25 30 35
Sl plsldas

Figure 2. The effect of different nanoclay treatments on liquid limit (interaction effect)
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Abstract

Soil improvement in loess soils, due to susceptibility to erosion, can increase strength, resistance and change or
modify their mechanical properties. The purpose of this study was to investigate the changes in soil moisture
curve parameters and some mechanical indices of loamy sand soils containing montmorillonite nanoclay. Thus,
soil water retention was investigated by applying 1 and 5% of nanoclay and water holding capacity in soil was
investigated by VanGenukhten and Brooks-Corey models. Then mechanical properties of soil were investigated
by measuring Atterberg limits and how they change. Both experiments were re-evaluated over time. Nanoclay
had a significant effect on water retention in various moisture suction systems and increased volumetric moisture
content, especially in low suction. It also increased the fine porosity at the air entry value, indicating a decrease
in the rate of water drainage from soil and increased its storage capacity in losses soil. Increasing the amount of
nanoclay led to an increase in ®s, but the change in ®Or was not significant. As nanoclay increased, a and n
parameters decreased, respectively. Predicting the parameters of the moisture curve equation using the
VanGenukhten model showed better results. Liquid and plasticity limits of the soil also increased. However, the
increase in the amount of liquid limit was higher and the soil plasticity index increased. The increase in the
surface area and the ability to maintain water by the clays and their shear strength can be due to this fact.
Monitoring of atterberg and moisture curve parameters over time indicated their persistence.
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