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Introduction

Soil mechanical properties change with increasing humidity and saturation. In some soils, due to
increased humidity, certain phenomena sometimes lead to damages in construction projects. These
soils are called water-sensitive soils (Askari & Fakher, 1995). One type of these soils is dispersive
soil. Dispersive means the separation of fine particles from each other, which leads to soil erosion.
Divergence is a phenomenon in which soil particles float due to contact with water and exit the
ambiance because of the force generated by water flow. It can be physical-chemical (clay) or
physical (fine sand and non-cohesive silt). The erosion of clay particles mainly triggers to overcome
repulsive forces between particles. In contrast, the transfer of particles in fine-grained sand is due to
their lack of adhesion and small size. This action causes internal erosion in the soil (Rahimi et al.,
2004). As a result, a divergence is a progressive event that begins with water flow from one point and
gradually expands. Recent experiences have shown that insufficient attention to this phenomenon has
caused adverse effects. The scouring of many earth dams, the walls of canals, and even the possible
failure of structures, especially in the vicinity of areas bordering water, are examples of such
problems (Sarshar, 1992). So far, extensive research has been carried out on the chemical divergence
of soils, and therefore, numerous chemical and physical methods have been proposed for their
determination. Although most scientists who have studied divergent soils have pointed to the
physical divergence of soil, a comprehensive study on how and why divergence of these soils occurs
and a basis for their identification and classification have yet to be addressed appropriately.

Methodology

The studied soil samples were collected from sandy banks of Karoon River and classified
according to ASTM D 422-87 standard. For further identification, soil density test (ASTM D 854-
87), soil moisture test (ASTM D 2216-90), standard density test (ASTM D 698-78), and Atterberg
limits test (ASTM D4318-87) have been carried out. Montmorillonite nano-clay was mixed with 1%
and 2% of the soil sample. Moreover, the cement and bedding clay were also mixed in a certain
percentage with sandy riverbank soils for comparison. The purpose of this soil selection was to
compare the effect of clay and nanoparticles. The Crumb test (ASTM-D6572), double hydrometric
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(ASTM D4221), Pinhole test (ASTM D4647), and water absorption coefficient test (ASTM C128-
97) were performed for each mixture of samples. Also, the California bearing capability (CBR) was
used to determine the capacity of loaded soil, according to ASTM D1883-87 standard.

Results and Discussion

The results show the positive effects of all three additives on the reduction of dispersion potential.
In the design of mixing 2% nano-clay and 7% cement, the soil samples became non-dispersive. The
results of the dispersive percentages chart indicate a positive trend in reducing about 10% of this
index in the 7% cement mix design (Fig. 1).
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Fig. 1- Comparison of the performance of fixed samples in pinhole test

In Pinhole experiments on soil dispersive correction, the proper performance of all three materials
has been shown. The use of nano-clay with 2%, cement with 7%, and clay with a ratio of 1.6 would
modify the physical divergence in sandy soils. The factor that stabilizes the sand samples is the
bonding of sand particles with sticky materials. Naturally, the specification and amount of fine-
grained material will have a definite effect on adhesion and divergence. Based on the plotted
diagrams, in nano-clay, water absorption with increasing mixing ratio first decreased and then
increased. This factor is reduced for cement, thus would reduce the water absorption by increasing
the amount of cement in the soil. In addition, incorporating a higher amount of sticky clay in the soil
sample leads to enhancement of water absorption. Maximum water absorption was obtained for 1/3
bedding clay and minimum water absorption for 7% of cement (Fig. 2).
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The results also showed that the range of bearing capacity changes in cement is more than nano-
clay. The highest amount of CBR for the 2% nano-clay with 7% cement, while the smallest amount
is related to the mixing ratio of 1.6 clay.
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Table 3- The results of preliminary experiments on clay

Soil Moisture Liquid Plastic Plasticity Dry
Classification Content Limit Limit Index Density
(%) %) %) (%) )
cm
CL 31 44 26 18 1.75
Non-Dispersive Slightly Dispersive Dispersive

%

— \@8/ ]

= ——

o/

Highly Dispersive

JI;l

@3
f

Fig. 3- Interaction of soil particles and water content at crumb test
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Table 4- Classification of soils based on crumb test

Reaction

Descriptions

No Dispersive
Slight Dispersive
Moderate Dispersive

Crumbs may slake, but no sign of cloudiness caused by colloids in suspension
A bare hint of cloudiness in the water at the surface of the crumb.
Easily recognisable cloud of colloids in suspension, usually spreading out in thin

streaks on the bottom of the beaker.

Strong Dispersive

Colloid cloud covers nearly the whole bottom of the beaker, usually as a thick

skin.
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Fig. 4- The picture of the Crumb test on Dispersive soil
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Table 5- Classification of Dispersive Soils Based on dispersive Percent

Classification

dispersive Percent

No Dispersive
Slight Dispersive
Moderate Dispersive
Strong Dispersive

Less 30%
30% -50%
50% -75%
More 75%

Fig. 5- Double hydrometer test
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Table 4- Classification of soils based on pinhole test
Classification Descriptions
Dispersive It is easy to wash 50 mm with a water bar and remove the
colloidal solution

Moderate Dispersive

Non- Dispersive

With a water bar between 50 and 180 mm, it is washed slowly
and going out
Water is not washed out by more than 380 to 1020 mm, the water

is clear
Nipple cone
One laver of ° ) manufactured
e = / from metal with
wire Screen O/ B

, / 1.5mm hole
. dyilled in center

Two layers of

wire icrees
Oin 14-38m

—_
Fig. 7- Dimensions tested on pin hole device
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Fig. 6- A schematic picture of the pinhole
apparatus
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Table 7- crumb test result

Mixing different materials

Crumb test

Non-Sticky Soil

1% Nano clay

2% Nano clay
5% Cement
7% Cement
1/9 clay soil
1/6 clay soil

7% Cement+2% Nano clay

Dispersive
Slight Dispersive
No Dispersive
No Dispersive
No Dispersive
Slight Dispersive
Slight Dispersive
No Dispersive

45

40 B Percent Dispersive

w
(5]

32

Percent Dispersive(%o)
- - N N w
=} w (=] w =]

w

=]

30
27
21
I |

29
24
I |

soil 29%pnano 3%mano  5%cement

7%cement 1/9 claysoil 1/6 claysoil  29%nano

+7%cement

Mixing Different Materials

Fig. 8- Diagram of the percent dispersive in the double hydrometer test
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Table 8- Double hydrometer test Results

Mixing different materials Crumb test

Non-Sticky Soil Moderate Dispersive
1% Nano clay Moderate Dispersive

2% Nano clay No Dispersive

5% Cement No Dispersive

7% Cement No Dispersive
1/9 clay soil Moderate Dispersive

1/6 clay soil No Dispersive

7% Cement+2% Nano clay No Dispersive

100

B
~
s 60
o
o
=
™
& «
=
B = J%nano clay
20 — N Cluy
e TheC orrwt
e 20 0nano+ T o coment
o
0.0 05 1.0 1.5 20 25 30 s 4.0 45 50

Discharge{ml's)
Fig. 9- Comparison of the performance of fixed samples in pinhole test
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Table 9- pinhole test Results

Mixing different materials Crumb test
Non-Sticky Soil Dispersive
2% Nano clay Moderate Dispersive
5% Cement No Dispersive
1/9 clay soil No Dispersive
7% Cement+2% Nano clay No Dispersive
50

a5

B Absorption Water
40

=
< 35
1)
= 2% 241
=
-% 20
g 15
=
« 10

5

0

soll 1% nano 2% naneo 1/9 clay 1lcclay 2% Nn+7%¢e

comom comom soll
Mixing Different Material

Fig. 10- The Absorption Water
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