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Abstract

This paper presents a field experiment of using potassium solutions to reduce swelling of expansive soil in the area
of Mae Moh District, Lampang Province, Thailand. Based on the fact that the difference between montmorillonite in
expansive soil and illite in non-expansive soil is the silica-gibbcite structure of the former was bonded by water molecules
but those structures of illite was bonded by potassium ions. Therefore, an assumption of this research was if the expansive
soil were soaked in potassium solution, monmorillonite may change to illite, and the soil should no longer swell. The field
experiment was conducted by drilling holes of approximately 2 meters depth. Then, released potassium hydroxide in the
forms of solution and flakes as well as potassium chloride solution and potassium nitrate solution into the holes. Kept the
holes fill with the solutions at all time. After 30 days and 90 days, drilled other holes nearby the solution-fill holes to collect
soil samples for laboratory tests. The investigation revealed that only the 20% potassium hydroxide can reduce the swelling
of Mae Moh expansive soil. The X-ray diffraction test discovered that after 30 days of applying KOH solution to the
expansive soil stratum, only illite and muscovite but montmorillonite was found, then after 90 days only muscovite was
found. Based on academic articles in chemistry and geology, the transformation of montmorillonite to illite, and
transformation of illite to muscovite are possible. The study of using potassium hydroxide solution should be studied

extensively because it will be useful for existing buildings.
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1. Introduction damages to some buildings as well as road embankments.

Expansive soil is generally recognized as one of the There have been several attempts to solve this problem

most problematic soils around the world. This type of soil such as designing pile foundations with uplift resistance,

shrinks and swells significantly when moisture content in and replacing the expansive soil layers with compacted

the soil mass changes. The swelling can induce very high wasted ash from the local power plants before the

pressure and cause damages to structures built on or in the construction. These approaches, however, are not

expansive soil layers. appropriate for solving problems of existing buildings

In Thailand, expansive soil is rare. It can be found only damaged by the swelling of the supporting expansive soil.

in some areas. Mae Moh District of Lampang Province, is An example is a workshop built on layers of expansive soil

one of those few areas where expansive soil can be which underwent heaving for more than 10 years, and until

generally found. The swelling of this soil has caused now the heaving is still going on. Differential heaving
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occurred all over the building and, therefore caused a lot of
problems, especially, for machine operation in the
workshop. The ongoing heaving prevents the building
owner to repair all the damages. Stopping the swelling or
stabilization of the underneath expansive soil must be done
first without demolishing the workshop building.

After reviewing several approaches of reducing the
swelling potential of expansive soils, chemical injection
was considered an appropriate approach in this case. There
have been a number of research involving chemical
treatment on expansive soils throughout the world. For
instances: lime, lime-fly ash, and other conventional
additives such as cement had been studied for more than
60 years [1-7]. However, these materials must be in the
form of slurry which has difficulty in penetrating through
the voids around expansive clay particles, and thus they
need fissures and cracks to be more effective [8].

As aresult, treatment with substance in the form of solution
should be more effective. For example, gypsum solution was
brought in to the improvement [9] as well as some other
chemicals such as chloride salts [10-14], and potassium
carbonate [15]. These treatments shown some promising
trends, however, the authors would like to try another idea as
following.

It is widely known that there are two types of clayey soils
which are very similar in their mineral structures: one is illite
which is non-expansive, another is montmorillonite which is
expansive soil. As illustrated in Figure 1, their basic mineral
structures consist of a gibbsite (O) sheet sandwiched by two
silica (T) sheets. The only difference between them is that illite
layers are bonded by potassium ions while montmorillonite
layers are bonded by water and exchangeable cations [16]. The
surfaces of those silica sheets are negative charges, and hence
attract cations with positive charge such as K, Na', and etc.
Therefore, soaking expansive soils with K solutions could

possibly transform montmorillonite to illite.
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Figure 1. Comparison of symbolic structures of

Montmorillonite and Illite.

It was demonstrated that the highly expansive Na-
montmorillonite can be transform to illite through the

following chemical process [17], was shown in eq. (1).

(Na),(Al, ;" Mg, )(Si,0,) + 0.6K" +0.15AL0° => 0
K, (Al ,"Mg, ,)(Si,,Al ;" 0,) + 0.3Si0, + 0.3Na’

Solutions of K' can be simply made by dissolving
potassium substances in water [18]. Kruadsungnoen and
Sethabouppha found their laboratory test on K-substances
such as potassium hydroxide (KOH), potassium chloride
(KC1), and potassium nitrate (KNO,) has shown some good
trends on improvement of Mae Moh expansive soil
samples [19]. Therefore, this research was an extensive
study focused on the effect of stabilizing expansive soil

using these solutions in a field.

2. Mae Moh Expansive Soil

Prior to this pilot field study, there were some laboratory
tests on a number of Mae Moh expansive soil samples. With
clay content around 90%, and variety of ranges of liquid limit
and plastic limit, the soil can be classified based on Unified Soil
Classification System mostly as CH, and CL. Meanwhile some
portions can be classified as MH, and ML as shown in Figure
2. The figure shows that Mae Moh expansive soil poses a wide

range of swelling potential from low to very high. Those
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classified as CH and MH have higher potential of swelling.
Figure 3 demonstrates a sample of Mae Moh expansive soil in
a consolidation ring after completing a free swell test under the

pressure of 1 psi (6.89 KN/m?).
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Figure 2. Plot of some Mae Moh expansive soil samples in

the plasticity chart and swelling potential.

Figure 3. Swelling of an expansive soil sample in a

consolidation ring after a free swell test.

Result from free swell test revealed that Mae Moh
expansive soil samples swelled approximately 6-10% by
volume in average, with the maximum value almost reach 20%.
Swell pressure of this soil was found within a wide range with
the maximum value of nearly 200 KN/m’. Another noticeable
behavior of this soil was its sensitivity to water. When water
content increased beyond the soil’s plastic limit, shear strength
of the soil decreased significantly. Therefore, buildings in Mae
Moh area have been damaged either by heaving caused by

swelling of the soil when moisture increased from the natural or

original water content or by collapsing caused by shear failure
when moisture content increased beyond the soil’s plastic limit.
3. Design of Experiment

From the previous sections, it can be seen that
potassium solutions might have good potential for
treatment of expansive soils. There are several kinds of
potassium substances available, however, as mention
earlier, potassium hydroxide (KOH) which is an ingredient
for soap manufacturing, potassium chloride (KCI) and
potassium nitrate (KNO,) which are main composition in
fertilizer for some agricultural plants. These 3 following
experiments were conducted respectively.

1) Laboratory test for free swell index (FSI) based on
[21]. The objective of this test was to investigate a suitable
water-solution concentration of each K-substance for the
field test. Section 4 shows more detail of this test.

2) Field study of drilled holes, made by continuous
flight auger, to investigate the effects of those three K-
solutions of certain concentration found from FSI test. K-
solutions were poured in the holes. The approach of
drilled-hole test was employed because it could be the
method of applying solution to expansive soil stratum. It
was planned that 30 days after the pouring, soil samples
near the holes would be collected by a hand auger and then
would be tested and compared with the natural samples.
Section 5 elaborates this field study.

3) Transformation of Mae Moh expansive clay
minerals treated by KOH solution was investigated in

laboratories. The details is shown in Section 6.

4. Free Swell Index Test

As described above, free swell index test was conducted in
order to determine an appropriate concentration of those 3 K-
solutions. For this test, soil samples passing sieve#40 were put
in graduate cylinders containing water, K-solutions, and

kerosene as shown in Figure 4. Because expansive soils do not
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swell in kerosene, therefor, the volume of the soil in this
substance was used as reference for the comparison with the
others. The soil samples must be kept in the fluids for at least
24 hours or until no change in soil volume can be observed.

The value of swell indices can be calculated as eq. (2).

Va—Vi

Swell index = X 100% )
Where V,; = volume of the soil in distilled water or the tested
solution (expanded soil) in the cylinder

V}. = volume of soil sample in kerosene.

Figure 4. Free swell index test of soil samples.
The results of experiments from laboratory studies as
shown in Figure 5. The trend of the appropriate concentration

proportion to use Potassium solution.
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Figure 5. Result of free swell index test.

As shown in Figure 5, Mae Moh expansive soil, when
submerged in distilled water expanded about 50% of its

original volume. The best concentration of KCl-solution,

KNO,-solution, and KOH-solution yielding the lowest
swell of the soil samples were 10%, 20%, and 20%,

respectively. These were used in drilled-hole test later.

5. Effects of KOH, KCl, and KNO, Solutions in

Drilled Holes

This field experiment was conducted by drilling 6
holes of approximately 3 inches in diameter and 2 meters
in depth in expansive soil stratum in Mae Moh area. All 6
drilled holes were filled with different solutions or

substances differently as shown in Figure 6.

Figure 6. Drilled holes with potassium solution containers.

As seen in Figure 6, the solution in each hole was kept
full to the ground surface by connecting to a container of
the corresponding solution. This field test were divided
into two stages as described here. Stage [ was to investigate
the effectiveness of all 3 solutions. Stage Il was to examine
the use of KOH flakes in expansive soil with high water
content after it was found the best from Stage 1.

5.1 Stage I: Test of KCl, KOH, and KNO3 Solution

The objective of this stage was to investigate and compare
the effects of those 3 solutions with their best concentration
previously found from FSI test. Holes 1, 2, and 3 were filled
with KOH, KCl, and KNO, solution of those concentration
determined in section 4, respectively. Immediately after drilling,

the solutions were poured into the holes. It was planned that after
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30 and 90 days soil samples would be collected by drilling holes
nearby the soaked holes and tested in the laboratory to
investigate the changes. After 24 weeks the following
conditions was observed.

Hole 1, filled with KClI-solution, was found closed up

to approximately 1 meter as shown in Figure 7.

Figure 7. The depth of Hole 1 (KCl solution) was only 1 m

after 2 weeks.

For Hole 2 (filled with KOH-solution), the depth was

still approximately 2 meters as shown in Figure 8.

o SR

Figure 8. The depth of Hole 2 (KOH) still remained at

about 2 meters.

For Hole 3, filled with KNO,, the hole was closed up

to the depth of 1 meter after 4 weeks as shown in Figure

9. Note that cracks were also found around the top of this

hole unlike Holes 1 and 2.

Figure 9. Depth of KNO, hole was measured about 1 m after

4 weeks.

According to the remaining good shape of Hole 2, it
could be concluded that KOH-solution was better than
other KCI and KNO,. Therefore, the drilled-hole test was
conducted using only KOH.

5.2 Test of KOH Application Method

After KOH-solution has shown more promising from
Stage I, it was thought that applying KOH flakes should be
easier than in the form of solution or not. Moreover, it was
concerned that the water content or the degree of saturation
of the surrounding soil might affect the use of KOH-
solution. Therefore, in this stage, three more drilled holes
with different forms of KOH were applied.

In order to investigate the effect of using KOH flakes
directly rather than making solution, the experiment of
Hole 4 was conducted by, just after the drilling was
completed, pouring KOH flakes of about 20% volume of
the hole before filling with water. It was found that this
hole was closed up to about 60 cm below the ground

surface as shown in Figure 10.
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Figure 10. Depth measurement of a hole filled by KOH

flakes and water after 2 weeks.

Hole 5 was to investigate the effect of applying KOH
to the expansive soil with high water content. Therefore,
conversely to Hole 4, this hole was filled with water for
one week first and then put KOH flakes of 20% by volume
in the hole. After 2 weeks, it showed that the hole was also

closed up as shown in Figure 11.

P <

Figure 11. The remaining depth of water-soaked hole

followed by KOH flakes 20% by volume was about 80 cm.

The treatment of Hole 6 was similar to Hole 5 but fully fill
KOH flakes in the hole after soaking the hole for one week. As
shown in Figure 12, this hole was also closed up to about 0.6

m below the ground surface after 2 weeks.

Figure 12. The remaining depth of the hole full with

KOH flakes and water was about 0.60m.

These results of Stage II suggested that applying KOH
in the form of flakes was not effective. This might be the
result of the incomplete melting of the flake in the water.
More importantly, any KOH in any form were likely to be
ineffective when the expansive soil was with high water
content or saturated. It must be mentioned here that
experiment in Stage [ was conducted in expansive soil with

natural water content of not more than 25%.

6. Property and Mineral Changes of Mae Moh

Expansive Soil by KOH Treatment

This section provides the investigation of property and
mineral changes of the soil treated by KOH solution of
20% concentration based on the result of treatment by
using KOH solution in Hole 2 as described previously in
Section 4.
6.1 Investigation of Soil Samples beside Hole 2

Soil samples were collected from two holes (Hole A,
and Hole B as shown in Figure 13) beside Hole 2 at the
depth of approximately 2 meters by using a hand auger.
Hole A, and Hole B was drilled 30 days, and 90 days
respectively after the KOH solution was fully filled in Hole

2. Those KOH-treated soil samples were examined in
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geotechnical engineering laboratory for general and index
properties as well as some swelling properties. Free swell
volume was tested by conventional consolidation
apparatus with a pressure of 1 psi (6.89 kN/m’). Swell
pressure was defined as the pressure capable of not allow
the expansive soil to swell or constant volume test using
the consolidation test apparatus as well [22]. Both swelling
tests were on remolded soil samples passing sieve#40.
XRD (x-ray diffraction) in a chemical laboratory was also
run to investigate the minerals in the soils with the results
shown in Table 1.

Results of free swell volume in Table 1 reveals that the
index properties were not much different. But surprisingly,
the free swell volume was increased in contrast with the

swell pressure which was decreased. For mineral point of

view, KOH treatment tends to increase the free swell values,

however, the swell pressure was reduced. The treatment
seemed not to generate illite. Instead, muscovite was
presented while montmorillonite was disappeared, and

quartz was decreased. Figures 14-16 show results from

XRD test.

samples beside Hole 1 where KOH solution was released.

Table 1 Properties and minerals of natural Mae Moh expansive soil without and with KOH treatment.

Hole 2 A B
Condition of soil samples Before KOH treatment | 30 days after KOH treatment | 90 days after KOH treatment
Dry density (kN/m’) 14.50 14.96 13.18
Water content (%) 24.41 26.96 36.54
Liquid limit (%) 63.94 65.76 57.71
Plastic limit (%) 30.49 37.49 29.87
Plastic index (%) 33.49 28.27 27.84
Free swell volume (%) 2.05 3.59 5.71
Swell pressure (KN/m°) 134.48 121.21 90.18
Minerals (%)

- Quartz 48.20 38.40 36.70
- Calcite 47.90 58.00 49.50
- Kaolinite 1.10 1.30 7.00
- Illite 0.80 0.80 0.00
- Muscovite 0.00 0.00 6.80
- Montmorillonite 2.00 1.60 0.00
- Orthoclase 0.00 0.00 0.00
Minerals total 100.00 100.00 100.00
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1 without KOH treatment.
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A 30 days after KOH treatment.
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Figure 16. Result of XRD test on soil sample from Hole

B 90 days after KOH treatment.

As shown in Table 1 as well as shown in Figures 14—
16, montmorillonite disappeared from the soil as expected,
and illite was detected. However, after 90 days there was
muscovite shown up rather than illite. However, to confirm

the result, another series of field test was run nearby.

6.2 Effect of Bored Hole Lay out

To confirm the result found in Section 6.1, another set of 7
bored holes was drilled. The holes formed in hexagonal shape
with 6 holes surrounding one hole at the center as shown in
Figure 17. Other than to confirm the previous result, this
design was to imitate a formation of holes possibly used in
practice. Hole AH-7 was drilled to pick up the treated soil
samples after 30 days, and Hole BH-4 was drilled to collect the
treated soil samples after 90 days of releasing KOH solution
into those 7 bored holes. Result of laboratory test on samples
from series 2 shown in Table 2. The results from XRD

tests are demonstrated in Figures 18-20.

o !

Figure 17. Bored holes AH-7 and BH-4 drilled between

seven KOH-treated holes in a hexagonal formation.

Table 2 Properties and minerals of natural Mae Moh

expansive soil from holes among hexagonal formation.

Hole Middle AH-7 BH-4
Condition of soil Without 30 days 90 days
samples KOH with KOH | with KOH
Dry density 15.62 14.26 14.91
(KN/m")

Water content (%) 38.35 26.23 25.47
Liquid limit (%) 67.85 74.75 71.33
Plastic limit (%) 24.61 31.06 25.47
Plastic index (%) 43.24 43.69 45.86
Free swell volume (%) 6.51 6.01 2.54
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Table 2 Properties and minerals of natural Mae Moh expansive

soil from holes among hexagonal formation. (cont.)

Hole Middle AH-7 BH-4
Swell pressure (kN/mz) 282.00 151.34 49.67
Minerals (%)
- Quartz 48.20* 55.70 36.70
- Calcite 47.90* 26.40 47.10
- Kaolinite 1.10* 8.20 2.20
- llite 0.80* 0.00 0.00
- Muscovite 0.00* 5.20 2.20
- Montmorillonite 2.00* 0.00 0.00
- Orthoclase 0.00* 4.50 0.00
Minerals total 100.00* 100.00 100.00
* Mineral data from Hole 2
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BH-4 90 days after KOH treatment.

The results of this set of investigation were somewhat
similar to those shown in Table 1. The better result was the
swell volume was reduced conforming to the swell
pressure. Only muscovite was found in this case. This set
of experiment demonstrate that this hexagonal might help

accelerate the transformation process.

7. Conclusion and Discussion

The research presented in the article was an early study
of using potassium chemicals to reduce or stop swelling of
Mae Moh expansive soil. KCI, KOH, and KNO, were used
as the swelling reduction agents in this study. Some
conclusions and discussions are presented as following.

1) Among the three K-substances, KOH solution has
demonstrated better potential for reducing the swell
volume and pressure of Mae Moh expansive soil.
However, it only worked well when moisture content was
in natural condition: below 25% as found in this study.
When the soil had higher moisture content, especially
when soaked, KOH may not work.

2) KOH solution, when released into expansive soil
mass tends to change montmorillonite to illite as reviewed
earlier in this article. Moreover, illite possibly transform to
muscovite later. This was possible by several processes

[23],[24]. In fact, illite and muscovite are quite similar in
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chemical structures [25]. Muscovite is sometimes called
common mica or potash mica [26] while illite is also
known as hydromuscovite or hydromica [27] which means
“wet mica.” It was possible that when illite dried out it
changed to muscovite.

Though the use of KOH solution to reduce swell
potential of expansive soils is promising, this research was
just at the beginning. The study was still limited
quantitatively. More drilled holes and more data should be
performed and obtained in order to reduce the variance of
natural soils. In the future, extensive experiments or research
should be conducted such as its effectiveness against the
water content or how to reduce water content in the
expansive soil mass, KOH’s impact to environment, etc.

Current practices deployed by an authority in Mae Moh
area is replacing expansive soil layer of 6-8 m thick with
submerged ash from nearby coal power plant. The success of
further research as indicated above should be competitive to this
current practice. The approach of KOH solution originated from
this article will be even more useful for the existing buildings

damaged by the supporting expansive soil.
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