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2.45 1.62

33.85 20.33

Table.1. Physical properties of soils
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Dispersive ratio

type

<30%

Non- Dispersive soil

30-50%

Moderate Dispersive

50-70%

Soil with high Dispersive
potential

75% <

Quite Dispersive soil

Table.2. Soil classification according to Dispersive ratio according to US soil conservation advice
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Odor Odorless
Particle density (Mg/m3) 3.0-3.7 - ) o i .
Size (nm) 1-2 213 Sl s s el Sl S Sl s
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Table.4. Physical properties of nanoclay material.
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Soil erosion rate erosion rate index Group number
Extremely fast <2 1
Very Fast 2-3 2
Fairly fast 3-4 3
Fairly calm 4-5 4
very slow 5-6 5
Extremely calm >6 6

Table.5. Soil grouping based on erosion rate index
105



w18y sl s il b ey sl 80 BT )

il b ol&is LB 55 5z 50 Sbt 3 0l sl o 0 K3

"4

6‘4;&}

Fig. 5. Schematic of Hole in the standard compaction mold

LS‘GJ‘;’ U’:".’.L""Jg u;‘-_"LAJT LSLA».&\: J:1>J 9 4_.,'},,,_'; _O-Y

Ly e odd (5, Se3ll glaesls La zilesT plosil 3l

Sl o i b 5 Olojy ¢ o ccws by 5 CewsVL ;j Jaa

Jebs 5 e sy balesl Sl e 5 Js S s el
o Oy [l b s S salasel 5 asd e 4 S 1
s O Il 5 0l Sk
Cowd 4 [8] Lo g o L1 Laily, 5l eslinal b (ST e
o 0313 QLI Y 5 Y Ly LB s Lauls, ol s e 0350

(%

4

Te = Pw 9 St )
aJ.d}- cb.» ool b_;b éx}j).,\.:h Lf‘:'ﬂ uf.;?‘[t cL)T‘)b Y
(Mfs?) wils ol g v J&s p, (NIM) T 0L s
B e Bl 53 S s b s Sdpsdos L3S S,

.L.wat QL&J B ojb-

Pa do;
gt =

)

2 dt
kg/ M) Skt Kot I pg b 55 8 O s oS
oo kb a4 5L by cpl sl gl 0L

Obr 3 i f ar aS (0 5 8) Lalyy 51 ol pls L tenn Ol

J}":’L;‘ oslai! WT 9 rbT

_ [16 Qtfu]lfs (8
= wpwgs
1
(6402 fre] ©
Y= w7 p, g5

106

b ialo3T plail 2, —F-Y

L oslie cnl @ gty g Sles] slaaised b e

S S g Cusb 5 dndy SES osate Uy 4 xS
B et 5 Sl odal s 4 S5 J:;..:'LA)'T)"
polie e A e o351 s 4 3L Sy S S
Sae 4 (S S G55 o yn ¥ 5 1/0 ) 0 /0) eyl
3ype S e b LolS g a5 A e 0Ll ag
B Lo Olos 3l s pshiie 4 E o wals LDl ks
Ode 53 S G S s )8l s Ses Ol
@ Sl glaabise 55 555 YA 518 VY ) glaobg
L ol 5 ezl J2S1y 5 Cogb) 0A CH B sl
e 85 NE e 2 S e 56 Obe e
S L T B D B T
wta 31 eslital b e A8 (ST ey Sl olSas
Dsmee el 53 g wiges lawy 53 e LV b 4 S s
o3ls S5 o&iws Uy LB e S bl Kses S
s ass Gla s 038 5L ol Bl s sxde
053 2l s b sl i sp5e (SJs5den sladlsl S
Sl ol s nlesl Jsb 5o s g8 bl e i
Drmad 5 2 e e 4 s Ol e a3
5 on sl 5 SV ey o Ol gl
o Sl ol 5l s (8) JS 5 3550 313
IS 5s 5 il el asls QLA gt cpl 5o el eslandl

el oddosls Aulad S s el sl e i (0)

S onl 53 et ealizal (gl o i il b oo 3l s KD

Fig. 4. Photograph of hole erosion device used in this research



YA dL«/Y A)Lo.i/(..h.))'j}e)}é

ote Ol jes wdige lash — ede doe

dslms b Sbt g0l b Olsee 5 85 ol VV/0Y
Dot 53 edel s 4 ol s o35l oy (Bl b 5 3
Shls dals St mls ol Golal 558 e sdalis ()

el o T (6 g il B

dals S 6l Gilu ) Olse N g

Hydraulic erosion rate Soil erosion

gradient index rate
7.05 3.327 Fairly fast
7.96 3.77 Fairly fast
11.02 3.95 Fairly fast

Table. 6. The amount of erosion of the soil without nanoclay
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g. 6. Variation of erosion rate index versus amount of nanoclay
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Abstract

The phenomenon of internal erosion in embankment dams is one of the threats to their stability and the
presence of Dispersive Clayey soils on the embankment dam is one of the exacerbating and one of the
reasons that causes internal erosion which is associated with dam damages. Basically, Dispersive Clayey
Soils in the vicinity of moisture and saturation will highly lose resistance Due to the presence of Na*. Due to
the mentioned fact, stabilization of these soils seems to be of essential importance for the sake of making
proper embankment of hydraulic projects. One way for soil amendment and confronting soil erosion is the
injection of additives. In this research, nanoclay (montmorillonite) has been used as a modern and eco-
friendly additives for controlling internal erosion in Dispersive soils. nanoclay materials had particle size
ranges of 1-2 nm and specific surface area value of 220-270 m?/g . The dispersion ratio of soil was equal to
86%. In order to investigate the erodibility values, samples containing 0, 0.5, 1, 1.5 and 3 (weight percent) of
dry soil were tested by Hole Erosion Test. After determining the optimal percentage of nanoclays, effects of
hydraulic gradient (i= 7.05, 7.96, 11.05) and processing time (t= 1, 2, 7,14, 28 day) on erodibility of samples
containing the optimum amount of nanoclays and also the effect of optimal amount of nanoclays on atterberg
limits of soil were investigated. Experiment results on Dispersive Clayey Soils without nanoclay showed that
the index of erosion rate of soil was in the fairly fast group. The results show that adding nanoclay to soil
increases the index of erosion rate and decreases soil erodibility. So that the erosion of the soil changes from
fairly fast group in the control soil to laminar group. At the processing time of 1 day, the optimum amount of
nanoclay in reducing erosion was obtained 1% and the index of erosion rate was 4.33. The optimum amount
of nanoclay in the processing times of 2 and 7 days was observed equal to 1.5% and the index of erosion rate
was 4.85 and 4.72, respectively. It was also observed that in larger hydraulic gradients, the effect of nanoclay
in reducing erosion is more. In addition for optimal amount of nanoclays with increasing hydraulic gradient
and processing time, the index of erosion rate increased and sample’s erodibility decreased. So that, in the
hydraulic gradient equal to 11.05, the index of erosion rate increased by 5%. Also the index of erosion rate
has increased with increasing processing time. So, at the processing time of 28 days, the amount of
increasing in the index of erosion rate in hydraulic gradients equal to 11.05, 7.96 and 7.06, is 23.8%, 23.4%
and 20.3%, to the control soil, respectively. Also adding the optimum amount of nanoclays because of
absorbing water, has expands atterberg limits of soil. So that with adding 1 percent nanoclays increased
liquid limit (about 4 percent), plastic limit (about 4.2 percent) and plastic index (about 3 percent) of
dispersive clayey soil and adding 2 percent nanoclays decreased atterberg limits of soil, compared to the
control sample.

Key word: Hole Erosion Test, Internal Erosion, Dispersive Clayey Soils, Hydraulic Gradient.
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