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Swelling soils cause millions of dollars of damage to buildings every year in the
Unites States alon@ne essential piece to understanding these soils is to understand
how water moves through theiydraulic conductivity is a measure of how easily
water flows through a soiCurrently, the most common method of finding the
hydraulic conductivity of a satated soil is to confine the sample in a rigid container
and saturate it for 24 hours, then measure the value and assume that it is constant.
This method assumes that the hydraulic conductivity of the soil is not dependent on
the swelling of the soil or tHength of time that it is saturated. The validity of this
assumption was evaluated in this project. The goal of this project is to quantify how
the hydraulic conductivity and swelling of the Chilean soil changestomerwith
continuous saturation, wheine soil is allowed to swell freely. A standard soil core
was wrapped in lateand submergeid in a sealedar full of water. Water was then
allowed to flow from one end of the soil to the other, and a container was connected
to the jar that allowedvate to flow between the two as water was displaced. The
hydraulic conductivity of the soil was be calculated at each point in time using mass,
pressure, and tempena¢ measurement$he three significant samples used in this
experiment each expanded aboQt15%initially thendecreased in volume by about
2-3% slowlyovertime. A total of 90100 pore volumes weftowed through each
sample Each of the samples initially increased in hydraulic cotidily during the

first 24 hourghen slowly decrasedby alout a factor of twan hydraulic

conductivity from 1 day to-8 days These data show thidte assumption that

saturated hydraulic conductivity is constanviolated by real soil.
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Background

Expansive soils can cause large amounts of structural damage. It is estimated that
expansive soils cause $2.3 billion worth of damage per year to buildings, roads, and
pipelines in the United States alone. This is more than double the amount of damage
caused by floods, hurricanes, tornados, and earthquakes combined. The American
Society of Civil Engineering estimates that a quarter of all homes in the United States
have damagfom expansive soils. Expansive soils are a problem in places all over
the world. Figure 1 shows the estimated distribution of expansive soils throughout the
world.1 2

S —
—
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Figurel: Map of expansive soil distribution throughout the world. Areas in blacksesytre
locations with high concentrations of expansive sbils.

As indicated in figure 1, there are large amounts of expansive soils through out North
America. Expansive soils are also prevalent in Australia, India, and parts fo Africa
and the Middle East.

Pore volume is the volume in a porous media which is occupied by fluid. This means
that this pore volume is the volume which fluids are able to flow through it. Hydraulic
conductivity is a measure of how easily water flows through a porous media.
Equationsl is used to find the hydraulic conductivity of a sample

_ QL
K= (1)

1King, Hobart. "Expansive Soil and Expansive Clay." Geology.com. 20@b. 09
Feb. 2016.
2Case, James C., and Patricia B. Bersie. Wyoming Maltard Mitigation Plan.
Cheyenne, WY: Wyoming Office of Homeland Security, 2004. Print.
3 Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Enginee
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print.
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Expanive soils can change their volume by up to 30 % depending on the level of
saturation. This can cause large stresses on structures built witkoiltag the level

of saturation of the soil changes. These stresses can lead to structural damage to the
foundations of buildings. In some places, special building techniques must be used in
order to mitigate this risk. For example, some houses areuiinly a drilled pier and

grade beam foundation, where large metal stakes are driven down into the soil and the
foundation of the house is all built off those stakes. This is done to isolate the house
from the pressures of the expansive sbils.

During perials without significant rainfall events soils water evaporates from soils,
causing the volumetric water content to decrease. In expanisve soils this can cause the
soil to shrink, leading to cracking formed within the soil. This can lead to preferential
flow patterns in the soil during future rain events.

Clay minerals composed mostly of two main structural units. These include silcon
tetrahedrons and aluminum or magnesium octahedrons. Figure 2 shows the structure
of silicon tetrahedrons.
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Figure 2: Struaire of Silicon Tetrahedrons. Black dots represent silcon atoms and white
circles represent oxygen atofns.

Silicon tetrahedrons are made of silicon atoms bonded with four oxygen atoms. These
molecules form a tetrahedral configuration. Oxygen atoms havbdnding orbitals,

only one of which is fulfilled by the silicon. This causes the oxygen units at the base
of the tetrahedral to bond together with silicon atoms from other tetrahedral as shown
in the middle part of figure 2. These molecules together gosmape which can be
approximated to be a trapezoigalsm as shown on the right of figure 2. Figure 3

shows the structure of both Aluminum and Magnesium octahédral.

4Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Engineering
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print.

5> Stewart, Ryan D., Majdi R. Bou Najm, David E. Rupp, and John S. Selker. "Measurement Tool for
Dynamics of Soil Cracks." Vadose Zone Journal 11.2 (2012): 0. Web.

5Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Engineering
for Expansive Soils. Holk@n: John Wiley & Sons, 2015. Print.

"Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Engineering
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print.

Page p



“ A
C—\: I 1 ] £
O O LV

Figure 3: Strucute of magnesium or aluminum octahedral. Black dots represent atusninu
magnesium atoms and gray circles represent hydroxl groups.

Aluminum or magnesium octahedral units are made up of either magnesium or
aluminum atoms bonded to hydroxyl groups. These atoms form ionic bonds that are
octahedral configurations as showrtle middle section of figure 3. These can be
approximated in shape by a simple rectangular prism as shown in the right side of
figure 37

There are three main types of clay minerals. These include kaolinite, illite, and
montmorillonite. Figure 4 showselstructure of kaolinite clay minerals.

| |
/ \/ Weak Bond

| |
[ \

| le— Strong Bond

[ \

Figure 4: Structure of kaolinite clay minerals. Trapezoids represent silicon tetrahedral units
and rectangles represent aluminum or magnesium octahedral units.

As shown in figure 4 kaolinite is made of magnesamaluminum octahedral units
bonded to a single silicon tetrahedral unit. The silicon tetrahedral unit is more
electronegative, so there is a slight positive charge on the silicon tetrahedral and a
slight negative charge on the aluminum or magnesium aitah&he Van Der

Waals forces cause a weak bond to form between the minerals as shown if figure 4.
Figure 5 shows the structure of illite clay minefals.

8Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, afid ENelson. Foundation Engineering
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print.
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Figure 5: Structure of illite clay minerals. Trapezoids represent silicon tetrahedral units,
rectagl es represent aluminum or magnesium octahedr
middle represent potassium ichs.

As shown in figure 5 illite is made of magnesium or aluminum octahedral units
bonded to two silicon tetrahedral units. Due to the diffegen electronegativity,

both ends of the have a slight negative charge and the middle has a slight positive
charge. Positively charged potassium ions bond between each group to form a strong
ionic bond. Figure 6 shows the structure of montmorillonite almerals®

.
—
\/ﬁé/ Strong Bond

Figure 6: Structure of montmorillonite clay minerals. Trapezoids represent silicon tetrahedral
units and rectangles represent aluminum or magnesium octahedrdl units.

Very Weak
« Bond

As shown in figure 6 montmorillonite is made of magnesium or aluminurhedtal

units bonded to two silicon tetrahedral units. Due to the difference in

electronegativity, both ends of the have a slight negative charge and the middle has a
slight positive charge, just as it is in illite clay minerals. Unlike illite, there is no
positively charged atoms bonding the slight negative charges together. This causes
the montmorillonite to form very weak bonds as shown in figufe 6.

®Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Engineering
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print

10 Nelson, John D., Kuo Chieh Chao, Daniel D. Overton, and Erik J. Nelson. Foundation Engineering
for Expansive Soils. Hoboken: John Wiley & Sons, 2015. Print.
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Most expansive clays are made of montmorillonite. The weak bonds between groups
and slight polar nature rka it easy for water to diffuse between the groups and form
bonds. The water pushes the groups apart, causing the soil to expand in size.
Similarly, the soil shrinks back down as water evaporates from the soil and is no
longer forcing the molecules apétt.

Adhesion of water to hydrophilic surfaces can cause capillary forces to occur in small
channels. These forces are inversely proportional teatffias of the channel. This

affect causes water to preferentially fill smaller pores within a soil duringngett

Figures 7 to 10 illustrate how the wetting process that occurs in expansive clay soils.
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Figure 7: Pores within dry soil Figure 8: Initial wetting of soifrom left to right Blue
indicates pees filled with water and white indicates pore
filled with gas.

Figure 9 Soil pores after initial wetting. Blue indicates por Figure 1Q Soil pores after large periods of wetting.
filled with water and white indicates pores filled with gas. Dotted line indicates shrinking of pores over time.
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