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Article Info Abstract

Received: 9 January 2024 Constructing in the soft soil is necessary to improve. The improvement
Accepted: 12 June 2024 of soft soil by mixing natural materials, namely stone ash and sand,
Available online: 12 August 2024 reduces the impact of environmental damage when using chemical

additives. Variations of materials mixture were 0%, 5%, 10%, 15%, and
20%. To determine the strength of the soil that has been mixed with
natural materials, a test called the California Bearing Ratio (CBR) is
carried out. The CBR laboratory test illustrates the conditions that will
occur in the field. This CBR test was carried out using soaked and un-
soaked methods. For testing by soaking, mixed variations of 0% and 5%
obtained a low CBR value. The highest was 10% mixed variation and
decreased to 15% and 20%. The CBR test without soaking had the
highest CBR value at 5% mixture variation and the lowest at 0%.
Adding a mixture variation above 5% causes the CBR value to decrease
slowly. The results of the tests show that soaking the soil makes the soil
condition saturated with water so that the resulting CBR value becomes
very low.

Keywords

Soft soil, stone ash, sand, CBR,
stabilization

1. Introduction

Soft soil is very influential on the strength of highway construction, especially on the strength of the subsoil layer
[1]-[3]. Soft soil is highly undesirable for construction because it needs better bearing capacity and high swelling
and shrinkage properties [4], [5]. In Indonesia, especially areas close to the coast contain soft soil with a relatively
large area [6]. This condition, of course, will cause obstacles if road infrastructure development is carried out in
the area. Experts have used various methods to solve this soft soil problem [3], [7], [8]. Methods for improving
soft soil include replacing soft soil with better materials, stabilizing the soil by mixing the soil with natural
materials or artificial additives, and various other methods [9]-[14]. Stone ash is waste generated from stone-
crushing plants. If the waste is not reused optimally, it will cause a pile of waste which can be bad for the
environment. Certain areas in Indonesia have natural resources such as sand of sufficiently good quality and
adequate supply. Therefore, sand is beneficial as a natural soil stabilization mixture, which can reduce the use of
chemical additives. With so many environmental issues, the authors carry out soil improvements by mixing soft
soil with stone ash and sand, to reduce the impact of environmental damage due to chemical additives that can
affect the surrounding environment.
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2. Material and Method

Soil sampling origin from Lubuk Bayas Village, North Sumatra Province, Indonesia. Excavation is carried out to
take soil samples. Then the soil was put in plastic sacks and taken to the soil testing laboratory at the Jaya Corindo
Design Company for testing. The initial tests were Specific Gravity and Standard Compaction tests with AASHTO
T-99 and ASTM D-698 Standards. Compaction testing was conducted six times in an experiment that produced a
graph showing the optimum moisture content. This process will adjust the moisture content when mixing the soil
and its natural stabilizers.

After obtaining the optimum moisture content, the next step is to mix the soft soil with stone ash and sand.
Stone ash is a material obtained from a stone crusher factory, with material sizes ranging from 0 mm - 5 mm,
where a stone crusher factory can produce around 15% to 20% stone ash. If stone ash cannot be optimal to use,
material buildup will occur, which is highly undesirable. The sand used in this study was the one that must be
passed through sieve no. 4 (4.75 mm). Mixing natural ingredients is done with a variety of mixing. Variations in
the mixing of stabilizers are 0%, 5%, 10%, 15%, and 20%.

After mixing the soil with optimum moisture content conditions, stone ash, and sand, the sample was cured for
24 hours or until the water content was well distributed. After curing, proceed with CBR test. The CBR test uses
two methods: CBR soaked and CBR un-soaked. The soaked CBR was soaked for 96 hours while measuring the
swelling in the mixed soil before testing. Different from CBR un-soaked, the test is carried out immediately after
curing the mixed soil is complete, not through the immersion process. AASHTO shows the relationship between
bearing capacity and the CBR value in Table 1 [15] as follows:

Table 1 Geotechnical characteristics of untreated soil

CBR Bearing Capacity
2% - 5% Poor
6% - 9% Medium
>9% Good

3. Result Analysis and Discussion

3.1 Specific Gravity

The specific gravity values generated from laboratory tests are shown in Table 2.

Table 2 Specific gravity value (Gs)

No. Material Specific Gravity
1. Soft Soil 2.60
2. Stone Ash 2.66
3. Sand 2.63

3.2 Standard Compaction Test

Fig. 1 shows the results of the Standard Compaction Test. The results are in the optimum water content and the
air void ratio. Testing was carried out six times. In the first test, using a water content of 12.91% resulted in a dry
unit weight of 1.39 gr/cms3. The second test, with a water content of 13.99%, produced a dry unit weight of 1.39
gr/cms3. In the third test, using a water content of 15.78%, the dry unit weight was 1.41 gr/cm3. In the fourth test,
with a water content of 19.53%, the dry unit weight was 1.40 gr/cm3. In the fifth test, using a water content of
24.51%, the dry unit weight was 1.41 gr/cm3. Finally, in the last test, namely the sixth test, using a water content
of 28.90%, a dry unit weight of 1.37 gr/cm3 was produced.

From the six tests that have been carried out, a graph is created as in Fig. 1, where the graph will show the
Maximum Dry Density value and also the Zero Air Void value. The Maximum Dry Density (MDD) is 1.41 gr/cm3,
and the Optimum Moisture Content (OMC) is 20.30%. After the MDD and OMC values are obtained, they will then
be used as a reference for the water content of the material mixture that will be used in the Laboratory CBR
experiment.
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Fig. 1 Standard compaction test result

3.3 Laboratory CBR Test

From the results of the Specific Gravity and Standard Compaction that have been carried out, the un-soaked and
soaked CBR tests were carried out, as shown below.

3.3.1 Unsoaked CBR Test

CBR testing with the un-soaked method was carried out with various variations of stone ash and sand mixtures
with the following results.
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Fig. 2 Un-soaked CBR test result

Fig. 2 shows the results of the Un-soaked CBR test with an overview of the settlement that occurs in the load
applied to the compacted mixed soil. It can be seen in the settlement of 0.1 and 0.2 inches. For a decrease of 0.1
inches, a 0% material mixture only requires a load of 252.8 Ibf. Meanwhile, for soil mixed with stone ash and sand,
starting from a 5% material mixture requires a load of 537.2 Ibf, a 10% material mixture requires a load of 458.2
Ibf, a 15% material mixture requires a load of 426.6 Ibf, and finally a 20% material mixture, which requires a load
of 371.3 Ibf. From the results of this test, we can see that for soil mixed with stone ash and sand, the load required
will be lighter or reduced if a more significant percentage of the mixture of stone ash and sand is added. The
amount of load and the percentage of material mixture also applies to a decrease of 2 inches.
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Fig. 3 The CBR value of various mix variations (un-soaked)

Fig. 3 shows the percentage of CBR values for mixed variations. From the picture above, it can be seen that
the lowest CBR results are at 0% variation with a value of 9.48%. Then the mixed variation of 5%, the highest CBR
value, equals 17.91%. It turns out that adding the percentage of stone ash and sand to the soil does not necessarily
increase the CBR value; in fact, the CBR value tends to decrease slowly. From the results of this test, it can be seen
that the content of the mixture of materials is in excellent condition compared to the others, which is 5%.

3.3.2 Soaked CBR Test

CBR testing was carried out through the soak method with various variations of stone ash and sand mixtures.
Soaking is carried out for 96 hours in a soaking tub. During immersion, the swelling of the soil sample is also
recorded by reading it via a dial attached to the sample. The dial reading is done every 24 hours. This reading is
to find out whether the soil that has been mixed has a high swell and shrinkage value so that better soil conditions
can be obtained by stabilizing the soil. The load given to the soil samples that go through the soaking process is
much smaller than the load given to the soil samples in the samples that will be tested in the CBR test without
soaking. The results of laboratory CBR testing with planning produced results like the following figure.
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Fig. 4 Soaked CBR test results
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Fig. 4 is a graph of the CBR test results by soaking. In this figure, it can be seen that the decrease is 0.1 inch
and 0.2 inches; the lowest value is in the mixed variation of 0% and 5%. The best results are shown at 10% mixing
variation. For a decrease of 0.1 inch, a 5% material mixture requires the most minor load, namely 11.85 Ibf.
Meanwhile, a mixture of 0% and 20% material requires a load that tends to be the same, namely 15.80 Ibf.
Furthermore, a material mixture percentage of 10% requires the highest load, namely 31.60 lbf, and a material
mixture of 15% requires a load of 27.65 1bf. From the results of this test, we can see that for soil mixed with stone
ash and sand, with tests carried out by immersion, the load is very varied, slowly increasing and then decreasing
as the percentage of the material mixture increases.
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Fig. 5 The CBR value of various mix variations (soaked)

Fig. 5 shows a diagram of the percentage of CBR value to the percentage of mixed variations. It can be seen in
the figure that the CBR value of 0% and 5% have the same value of 0.53%. The best CBR value is in the 10%
mixture variation, which is equal to 1.05%, and then the more the percentage of the mixture is added, the CBR
value decreases. In the end, adding the highest percentage of material mixture, namely 20%, made the CBR value
even lower, reaching 0.56% (almost similar to the CBR value at mixture percentages of 0% and 5%).
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Fig. 6 The swelling percentage of various mix variations (soaked CBR)
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Fig. 6 shows a diagram of the percentage of swelling values for mixed variations. The figure shows that in the
0% mixture variation, a swelling value of 7.33% was obtained. This condition happened because the soil grains
were still original. The potential for swelling was less. When soaked, they were given 10 lbs of ballast. An excellent
swelling value was obtained for the next mixing variation, namely at 5%, 10%, 15%, and 20%. At a mixture
percentage of 5%, there was a development of 10.34%, where this condition has the highest development value
among others. Meanwhile, the percentages of 10%, 15%, and 20% have almost the same development value,
namely around 8%. This condition happens because mixing soil with material with a larger grain size can cause
air cavities to form so that the opportunity for water absorption is more significant, and the potential for
development is also more tremendous.
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Fig. 7 The CBR value of various mix variations (soaked and un-soaked)

Fig. 7 shows a comparison diagram of soaked and unsoaked CBR values. It can be seen in the picture that there
is a very significant difference in values between the two. The CBR value is suitable for a variety of soil mixtures
with CBR testing without soaking. The percentage difference in CBR values between submerged and non-
submerged ranges from 9% to 17%. The increase in CBR values in the un-soaked CBR test is very significant.
Starting from a material mixture variation of 0%, which produces a CBR value of 9.48%. The highest value is found
in the 5% mixture variation with a CBR value of 17.91%. The more the percentage of material mixture increases,
the lower the CBR value will be. This can be seen in the 10% mix variation with a CBR value of 15.27%, the 15%
mix variation with a CBR value of 14.75%, and the 20% mix variation with a CBR value of 12.64%. Then, the lowest
CBR value was 9.48%, with a mixture variation of 0%. CBR without immersion can describe the original conditions
that occur in the field during dry conditions (not the rainy season).

Meanwhile, for the variations in soil mixtures that underwent the immersion CBR test, the CBR values were
inferior, all below 2%. The lowest is 0.53%, with mixing variations of 0% and 5%. The 10% mix variation increased
slightly by 1.05% but was still in poor condition. Furthermore, the more the mixture percentage of 15% and 20%
is added, the more the CBR value decreases. Where a 15% material mixture produces a CBR value of 0.92% and a
20% material mixture produces a CBR value of 0.56%. CBR conditions with immersion can describe the original
conditions in the field if the weather is in a state of prolonged rain or flooding, which causes the soil layer to soak
in water, which then results in soil swelling (the soil becomes saturated with water) so that the CBR value becomes
bad (declines very much).

4. Conclusion and Suggestions

The research results show that the amount of water content greatly affects the performance of soft soil. Even
though it has been mixed with natural ingredients such as stone ash and sand, which have larger grains than the
grain size of soft soil, it does not have a full effect if the soil is soaked (water saturated). Mixing variations affect
the bearing capacity's strength based on the CBR value when the soil is un-soaked (under normal conditions, not
saturated with water). In the future, more varied research is needed on other natural mixing materials or changing
the amount/amount of variation in the soil mixture and, if necessary, adding drainage in the surrounding area to
prevent the soil from being saturated with water.
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