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The building materials used by mankind in the past, such as stone, soil, and wood, have been environment-friendly. However, the
various building materials invented over time with the development of the industrial age pose problems such as environmental
hormone generation and waste generation/disposal. To overcome these problems, building materials based on soil, a traditional
building material, are being developed by researchers. However, the improvement in soil’s structural characteristics is insufficient
as it excessively emphasizes efficacy and function only. In this study, lime and Dobak-glue were mixed with soil to solve the
structural problems and improve the strength of soil, and water content and change in strength in accordance with curing time
were tested. In order to understand the change in strength, a compaction test was performed by preparing a standard specimen
based on the optimum water content and maximum dry density. The lime mix required optimum water content and quantity of
lime equal to 3% of soil weight, while the Dobak-glue mix was prepared by soil mixing in the same weight ratio as optimum water
content. Changes in water content and compressive strength were measured over curing time of 3, 7, and 28 days. Three
specimens, lime mixed specimen, Dobak-glue mixed specimen, and standard specimen, were prepared, and their water content
and compressive strength values were averaged. Although the change in water content according to the curing period differed
depending on the material mixed with soil, there was no significant difference between 7.12% and 2.82% after 7 days. As for the
change in compressive strength, the initial compressive strength in lime mixed specimen was excellent, but the Dobak-glue mixed
specimen displayed the greatest strength after 7 days. To conclude, Dobak-glue is an eco-friendly material, and it can be very useful

in compensating for the structural shortcomings of soil.

1. Introduction

With the emergence of Lifestyles of Health and Sustainability,
namely, the pursuit of eco-friendly values to improve the
quality of life by enhancing income and awareness, recent years
have seen an increased understanding of and demand for
sustainable solutions [1]. Owing to the sharply increased use of
chemical materials to enhance the usability of modern building
materials, the indoor spaces of buildings finished with chemical
materials pose serious risks such as sick building syndrome [2].
To solve this problem, more eco-friendly materials are cur-
rently being used in architecture and other fields.

Natural materials are eco-friendly and highly sustain-
able. Their low energy cost and recyclability promise low
environmental burden, thus making them ideal for the
construction industry [3]. Using natural materials in con-
struction has been encouraged recently, especially in
countries where they could be easily accessible and eco-
nomically attractive resources [4].

Soil is the main environmentally and culturally signifi-
cant construction material that is widely used in the world.
Admittedly, natural constructions have been ignored despite
their many advantages, not only in Korea but also world-
wide, while modernist architecture, owing to its mass
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producibility and functionality, has become the new norm.
Many architects across different regions and cultures have
been searching for design methods that can integrate natural
materials into various engineering systems and techniques
developed in modern times. New possibilities are currently
being explored owing to the recently emerging need for eco-
friendly construction [5].

The construction industry will keep growing at a fast
pace [6]. For instance, China will need 40 billion square
metres of combined residential and commercial floor space
over the next 20 years—equivalent to adding New York City
every two years or the area of Switzerland [7]. Environ-
mentally, this industry accounts for 30% of carbon dioxide
emissions; in addition, the global construction industry
consumes more raw materials (~3000 Mt/year, almost 50%
by weight) than any other economic activity, indicating its
unsustainability. The foreseeable increase in the world
population (by 2030, it is expected to increase by more than
two billion people) and the needs in terms of buildings and
other infrastructure will further increase the consumption of
nonrenewable materials as well as waste production [6].

To reduce the environmental pollution due to the cement
production process, researchers have been investigating
sustainable alternatives. Consequently, extensive studies
have been ongoing to use viable, economical, and eco-
friendly building materials [8].

Soil offers many advantages: it is abundant in nature and
is inexpensive. It also generates little waste and contributes
to the growth of plants and animals [9]. Recently, many
materials that can be used as binders instead of cement have
appeared. Among them, materials that are being actively
studied include silica fume, blast furnace slag, and fly ash
[10]. Dobak-glue is used as a consolidating agent; discol-
oration on account of degradation is minimal; most of the
Dobak-glue samples exhibited a less color change than
animal-glue samples; and after moisture absorption and
drying, the 0.5% and 3% Dobak samples displayed a lower
degree of change in the value of color difference [11].
Furthermore, stable results were confirmed when Dobak-
glue was used in preservation treatment for damaged areas
compared to other organic media [12], and Dobak-glue
natural adhesives have been known to improve physical and
mechanical properties of wall by additives in the earth wall
material [13]. Previous research carried out by Kim et al. [12]
had resulted in the small change of compressive strength
after volume-change-ratio, freezing-thawing, and artificial-
weathering test.

Thus, it is highly promising for the eco-efficiency of the
construction industry and sustainable development [6]. The
use of soil, such as red clay, is gaining popularity owing to its
affordability and abundance. However, there is still room for
improvement in the use of soil with respect to durability and
peptization [14]. Soil can be mixed with various additives to
improve its durability and enhance water resistance.
However, the earth block using soil as the main material was
superior in terms of being eco-friendly, but its strength and
durability were low, in addition to cracking due to drying
shrinkage. To overcome such shortcomings, the develop-
ment of solidification materials with high performance is
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required [15]. Therefore, in this study, lime and seaweed
gambling grass were mixed in order to compensate for these
problems for securing durability and long-term strength that
appear as weak elements in soil construction. Changes in
water content and strength were observed according to the
curing period for each material mixed with soil.

2. Materials and Methods
2.1. Materials

2.1.1. Dobak. Dobak (Pachymeniopsis elliptica [16, 17]), glue
weed (Gloiopeltis furcata), and jelly moss (Chondrus ocel-
latus) are seaweed species that are traditionally used to
fabricate seaweed-based glue [18]. In Korea, Dobak, an algal
species of the genus Grateloupia, has been primarily used to
produce glue. The main component of dried Dobak is sugar
(polysaccharide), and Dobak-glue is produced from dried
Dobak by boiling it in water and filtering out the gluey
extract. Traditionally, Dobak-glue has been used to paste
paper or bond soil and slaked lime [13].

The use of Dobak-glue as an organic material is hardly
documented; instead, its use has been handed down across
generations through word of mouth. In Japan, there is a
traditional technique that uses other seaweed species, such as
jelly moss, for wall application [19]. In Korea, Dobak was
more likely used instead because it could be easily obtained
by the general public.

Dobak-glue has recently been used for wall reinforce-
ment and restoration. For example, in 2008, it was used for
the preservation of the murals of Daeungjeon (main hall) in
Heungguksa Temple in Yeosu, Jeollanam-do. Subsequently,
it was used in 2010 for the murals of Bogwangmyeongjeon in
Wibongsa Temple in Wanju, Jeollabuk-do, and in 2011 for
the murals of Uhwaru in Hwaeomsa Temple in Wanju,
Jeollabuk-do. Dobak-glue was mostly used in concentrations
of 1%-3% [18].

2.1.2. Slaked Lime. The use of slaked lime in improving the
strength characteristics of soil (e.g., for canal lining and as a
filler for pavements and other engineering structures) has
played a very important role in the geotechnical engineering
sector [20].

Pure lime is an oxide of calcium carbonate. Lime is
divided into quicklime and slaked lime. For construction,
lime is used in both forms. In the past, limestone was also
used as an aggregate for cement concrete; however, it has
since then been replaced by Portland cement. However, with
the depletion in natural reserves due to the increased de-
mand for aggregates, different types of aggregates are now
being used, including crushed aggregates, and research in
underway to explore methods to use limestone as a raw
material for aggregates [21].

Lime is used to increase the bonding strength of soil and
to improve durability in some soil-based construction
methods, such as rammed earth and earth brick methods.
Quicklime is used to dry wet soil and increase its strength in
rammed earth structures via the exothermic reaction that
occurs when it is mixed with water [14].
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2.1.3. Soil. Red clay soils were collected from the grounds
near farm settlements in Yeonjeong-ri, Gangnae-myeon,
Heungdeok-gu, Cheongju, and Chungcheongbuk-do. The
physical and mechanical properties of the collected soils
were tested (see Table 1). Soil testing was conducted in
accordance with the KS F standards. Figure 1 shows the
grain size distribution and compaction curves.

The physical property test results identified the collected
soils as low-compressibility (CL) soils as per the Unified Soil
Classification System (USCS) with specific gravity of 2.79 by
sampled region and #200 sieve passage percentage of 52.6%.
Compaction experiments revealed that the maximum dry
density was 18.14kN/m> and optimum water content
(OMC) was 13.34%.

2.2. Experimental Procedure

2.2.1. Organic Material (Dobak-Glue). In Traditional Sci-
ence and Technology Research (IV) [13], Dobak-glue is
described as having properties similar to those of the sunset
hibiscus  (Hibiscus manihot), which is used for
manufacturing Korean paper, with a pH range of 6.67-7.26.
Dobak is abundant along the east coast of the Korean
peninsula and is easy to store compared with sunset hibiscus,
which is important because its adhesive power is better when
the glue is produced around a year after harvesting.

In this study, 100 g of dried Dobak was mixed with 2000
g of water in 1:20 ration and then heated for 1 h. Lee at al.
[22] studied the effect of the extraction temperature on the
production of kelp (Saccharina japonica) extract, which is
similar to Dobak, and reported that the higher the heating
temperature, the higher the concentration; however, after
1 hour of heating, no significant difference was observed. The
dried Dobak and Dobak-glue used in this study are the same
as that in Figure 2.

2.2.2. Soil Sample Fabrication. We prepared three different
cylindrical (diameter: 5.0 cm, height: 10.0 cm) test samples
with a maximum dry density of 90%. The prepared test
samples were air-dried for varying curing times of 0, 3, 7, and
28 days. The changes in compressive strength were measured
for three specimens of each sample type. The measurement
equipment can measure a force of up to 5.0 kN and perform
speed control in the range of 0.01-30.0 mm.

The prepared test samples were as follows: @ soil with
OMC (SO), @ soil mixed with 3% (soil weight ratio) slaked
lime (SL), and ® soil mixed with Dobak-glue in the same
weight ratio as the OMC (SS). Each type of test sample was
subjected to shrinkage limit and uniaxial compression tests
to check crack formation and to measure the soil shrinkage
ratio and compressive strength. For specimen preparation,
the sample was weighed in three equal parts, and the
mould shown in Figure 3 was used. Compressive strength
measurements were performed at a displacement control
speed of 1.0 mm/min. Table 2 shows the soil mixture
compositions (mixing ratios and additives) of the three
samples.

3. Results and Discussion

3.1. Shrinkage Limit Measurement Results. The tensile
strength of the soil is one of the major strength parameters as
it is particularly important to natural or artificial structures
containing fine-grained soil, which is sensitive to environ-
mental factors [23]. When constructing a wall, the volume
decreases owing to moisture evaporation from the micro-
pores after compaction and curing. Gaps may occur by this
decrease in volume, and the stress caused by dry shrinkage
may lead to cracks on the wall over time after the mould is
removed.

To measure the shrinkage-induced deformation, we
performed a shrinkage limit test according to the method
specified in KS F 2305 [24]. The shrinkage limit test is a test
to find the water content in a state that changes from
semisolid to solid. The water content of the samples was set
to the liquid limit. Table 3 presents the test results, and
Figures 4 and 5 show the states of the samples after 24h
drying.

The photographs of the three types of samples (SO, SL,
and SS) when put in porcelain dishes in the liquid limit state
(prior to those in Figure 4) exhibit different surface water
content states. In the SS sample, unlike in the SO and SL
samples, air bubbles did not escape through the surface even
after heating in the porcelain dish. The shrinkage limit after
drying for 24h in the drying oven was measured to be
16.38% for SO, 17.34% for SL, and 23.23% for SS. No cracks
occurred in SO and SL, whereas cracks were observed in SS
(following the condition shown in Figure 4). Furthermore,
despite the appearance of surface cracks and volume ex-
pansion by visual assessment, the volume measurement
results showed that the volume was reduced from 21.5 to
19.5 ml.

In the OMC test on the three types of samples, no
volume change or surface cracking was observed in any of
the three samples. It was observed that in SO and SL, the soil
in the lower part was broken to a considerable extent,
whereas in SS, it was intact (Figure 5).

Soil mixing under the optimum water content condition
of soil rather than the corresponding high water content of
the liquid limit is advantageous for volume change, but it
was found that it is insufficient in SO and SL conditions to
increase the bonding strength between soil particles.
However, under the SS condition, the volume change,
cracking, and soil particle bonding were also good under the
optimum water content condition. Lee et al. [25] found that,
in the SEM analysis of soil particles in a sample mixed with
Dobak-glue, a translucent film was coated on the particle
surface or a gel was formed in the void.

3.2. Curing-Time-Dependent Changes in Water Content.
The three types of samples were air-dried in a room
(temperature: 20 3 °C, relative humidity: 30 + 5%) and not
exposed to direct sunlight.

Figure 6 showed the change in water content with time
for each group. A decrease in water content associated with
the curing-time-dependent weight change was observed in
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TaBLE 1: Physical and mechanical properties of soil.

Grain size distribution (%)

No. Gs LL (%) PI (%) Yd (kN/m?) OMC USCS
#4 #40 #200 2u
Soil 2.79 314 12.5 18.14 13.35 98.9 70.1 52.6 17.5 CL
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FIGURE 1: Mechanical properties of soil. (a) Grain size distribution curve. (b) Compaction curve.

(a)

FIGURE 3: (a) Specimen mould. (b) Measured soil samples.
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TaBLE 2: Composition of soil mixtures.

Sample Soil Water Slaked lime Dobak-glue

SO 43.64 - -

SL 326.88 44.95 9.81 -

SS - - 43.64
TaBLE 3: Results of shrinkage limit tests on three types of soil samples.

Condition SO SL SS

Liquid water content (%) 30.24 30.73 30.29

OMC (%) 14.87 14.90 18.86

Shrinkage limit (%) 16.38 17.34 23.23

Shrinkage ratio 1.04 1.32 3.45

m 5011+L1me (3%) 8011+Seaweed

FIGURE 4: Shrinkage limit using water content.

all samples. The average water content change of the three
types of samples as measured on days 3, 7, and 28, re-
spectively, is as follows: 2.65%, 1.79%, and 1.60% for SO;
4.37%, 2.82%, and 2.52% for SL; and 7.39%, 1.70%, and
1.12% for SS. The water content changes increased in the
following order: SO >SL>SS. Further, the water content
reduction ratio of the three samples showed large differences
on day 3 but no significant differences after day 7.

For each condition, the water content ratio of change
shows the most decreased after 3 days of curing time. The
water content was decreased in SO by 10.7%, SL by 8.98%,
and SS by 5.96% compared to the initial water content.
Reduction in the water content was very similar to the SO
and SL conditions. But SS condition seems to be low
reduced water content, soil surface and void filled with
gel.

3.3. Curing-Time-Dependent Compressive Strength

3.3.1. Compressive Strength of SO Samples. Table 4 presents
an overview of the compressive strength test results of the SO
samples. The average compressive strength significantly
increased from the baseline value of 6.75kPa to 285.86 kPa
on day 3 but then increased only slightly to 321.04 kPa on
day 7 and 362.00kPa on day 28. No significant changes
occurred in the compressive strength after 7 days of curing in
the samples prepared with the OMC.

After making specimens, the water content was greatly
reduced curing time 3 days, but compressive strength has
increased 3.72 times. After curing time of 3days, com-
pressive strength was increased by 1.12 times in curing time
from 3 to 7days and 1.27 times in curing time from 7 to
28 days, even though the compressive strength of cement
was stronger at lower degrees of saturation and weaker at
higher degrees of saturation for the concrete specimens [26].
The higher the degree of saturation is, the higher the water
content, the consistency, the change of the consistency, and
the change of the compressive strength are. The results of
compressive strength according to the change of water
content show a decrease in the compressive strength with
higher water content [27]. The results of this study are
consistent with those of Park [27] research study.

3.3.2. Compressive Strength of SL Samples. Table 5 provides
an overview of the compressive strength test results of SL
samples. The average compressive strength increased from
the baseline value of 123.13kPa to 318.68kPa on day 3,
404.30kPa on day 7, and 411.26 kPa on day 28. The failure
pattern observed in the samples was the increase in com-
pressive strength over time by the load transmitted down-
ward. After remolding the specimen, it solidified rapidly
during the initial 3 days when the change in water content
decreased the most as in the SO condition, and the com-
pressive strength increased by 2.59 times at 3 days of curing.
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| Soil+O.M.C. | |Soil+Lime (3%) || Soil+Seaweed |
N4
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Water content reduction ratio (%)

0 Day
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T
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FIGURE 6: Water content change of SO, SL, and SS samples with curing time.

After that, it increased by 1.27 times from the curing time of
3 to 7 days and 1.02 times from 7 to 28 days. This change was
believed to be due to the relatively small amount of water
content change for each curing time of the SO condition.

3.3.3. Compressive Strength of SS Samples. Table 6 shows an
overview of the compressive strength test results of SS
samples. The average compressive strength increased from
the baseline value of 67.05kPa to 169.59kPa on day 3,
803.69 kPa on day 7, and 1090.14 kPa on day 28. In other
words, the compressive strength increased rapidly over time,
with an increase to more than 100 kPa on day 3, 700 kPa on
day 7, and 1,000 kPa on day 28.

Lee at al. [25] observed the microstructures of soil mix-
tures with organic materials and reported on the presence of a
semiopaque film in Dobak-glue, either covering the particle
surface or forming a gel in void. Figure 7 shows micro-
structure of specimens in the study of Lee at al. [25]. Moon
et al. [18] noted that organic materials such as Dobak-glue
mixed with soil filled up fine-grained soil particles, thereby

reducing pores and yielding densely compacted particle
morphologies that enhanced the compressive strength. In the
results of our study as well, the SS samples showed a higher
compressive strength increase rate throughout the curing time
owing to the stronger binding force arising from their dense
aggregation compared with those of other samples. Further-
more, the cracks that appeared in the shrinkage limit test were
not observed in the samples dried under ambient conditions.
After remolding the specimen, it solidified rapidly during the
initial 3 days when the change in water content decreased the
most as in the SO condition, and the compressive strength
increased by 2.59 times at 3 days of time. After that, it increased
by 1.27 times from the curing time of 3 to 7 days and 1.02 times
from 7 to 28 days. Dobak-glue shows better durability than lime
in the deterioration environments. Also, adhesion components
make soil particle to the high-density condition and the coating
on the soil surface. Even more, she study that it was show
biggest durability after the weathering, because of the water
resistance to the slow up the process of time [12]. This change
was believed to be due to the relatively small amount of water
content change for each curing time of the SO condition.
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TaBLE 4: Compressive strength of SO samples with curing time (kPa).
Sample 0 days 3 days 7 days 28 days
SO_01 77.30 295.42 326.41 370.80
SO_02 77.60 273.61 315.11 352.87
SO_03 75.35 288.55 321.61 362.31
Ave. 76.75 285.86 321.04 362.00
TaBLE 5: Compressive strength of SL samples with curing time (kPa).
Sample 0 days 3 days 7 days 28 days
SL_01 121.51 332.06 416.00 421.82
SL_02 122.53 315.15 382.63 402.40
SL_03 125.36 308.84 414.26 409.56
Ave. 123.13 318.68 404.30 411.26
TaBLE 6: Compressive strength of SS samples with curing time (kPa).
Sample 0 days 3 days 7 days 28 days
SS_01 66.36 180.77 795.98 1182.80
SS_02 65.93 164.25 815.60 1013.91
SS_03 65.85 163.75 799.50 1073.71
Ave. 67.05 169.59 803.69 1090.14

3.4. Comparison of Compressive Strength with Curing Time.
The changing trends of the strength characteristics can be
traced more accurately by comparing the compressive
strengths with the mixing conditions and curing time.
Compressive strength by condition was summarized
according to time and compared as shown in Figure 8. The
results of the compressive strength test revealed that the SL
sample has the highest baseline strength, with SO and SS
samples showing similar compressive strength values. On
day 3, SO and SL samples showed similar compressive
strength that was 150 kPa lower than that of the SS sample.
On day 7, whereas the SO and SL samples showed increases
of 40 kPa and 80 kPa, respectively, the SS samples showed a
significant increase of over 600 kPa. On day 28, whereas SO
showed a further increase of 40kPa and SL showed no
significant changes, the SS samples again showed a steep
increase of over 200 kPa.

SL outperformed SO and SS in terms of baseline strength
owing to the bonding force between the soil and the slaked
lime. From day 7 to day 28, no significant changes were
observed in SO and SL. In contrast, although the baseline
and day 3 strength levels of SS were low, a considerable
increase was observed after day 7.

These results for SS are consistent with those reported
by Lee et al. [22], which showed that the Dobak extract
increased the sample strength via the formation of thin
films on soil particles that increased the cohesive strength
between the particles and filled up pores. Notably, the
soil mixed with Dobak-glue shows good long-term
strength.

In earth construction by rammed earth, a technique that
uses little water, the clay component is prone to post-
construction cracking and thus requires supplementary
work [28]. When building a soil wall in earth construction,

the plaster is widely treated using SL dough, bitumen, or
linseed oil to minimize crack formation and ensure stable
strength [29]. In this context, organic materials such as
Dobak-glue mixed soil are considered excellent resources
ensuring stable and long-term compressive strength.

3.5. Curing-Time-Dependent Water Content Reduction and
Strength Increase. Table 7 shows the change in water content
and compressive strength for each condition, according to
the curing time, and the correlation is shown in Figure 9. In
the exponential correlation for each condition, the com-
pressive strength tends to increase as the water content
decreases.

The values indicated by the circular dotted line in Fig-
ure 9 are compressive strengths of 3 days of initial curing
time, and it can be seen that the values differ greatly for each
condition. It is believed that the changes in the water content
ratio during the initial three days of curing time differ from
each other, and the change in the water content ratio affects
the compressive strength. After 3 days of curing time, in SO
and SL conditions, the change in water content was very
small, and the change in compressive strength was also
small. However, in the case of the SS condition, the change in
compressive strength at the age of 3 days is small, but it can
be seen that it shows a very large increase from the curing
time of 7 days.

In Figure 9, the residual water content for each condition
at the minimum radius of curvature inflection point of each
graph is 3.3% for SO, 4.2% for SL, and 2.0% for SS. In the
graph, the inflection point for each condition is the time at
which the reaction of materials to develop compressive
strength begins. After the water content at the inflection
point, the compressive strength shows the greatest change.
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FIGURE 7: Microstructure of specimen [25].
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Ficure 8: Change in compressive strength with curing time.

TaBLE 7: Change of compressive strength and water content with increasing curing time.

o SO SL SS
Curing time (days)
3 7 28 3 7 28 3 7 28
Compressive strength (kPa) 285.9 321.0 362.0 318.7 404.3 411.3 169.6 803.7 1090.1
Residual water content (%) 2.65 1.79 1.60 4.37 2.82 2.52 7.39 1.70 1.12

The water content of the inflection point is related to the
material mixed with the soil, and the mixed material acts as a
cause of the difference in the bonding force of the soil, which
is judged to show the difference between the curing time and
the compressive strength.

Hwang et al. [30] studied the strength change of so-
lidifying agents with different solidification principles and
reported that the water content influenced the strength
development and showed a correlation regardless of curing
conditions. In this study, it was also found that the strength
tends to increase nonlinearly with the change of the sum
ratio.

Although the water content change may proceed further
for each condition, it is considered that the water content
change and the compressive strength change in the future

will not change significantly if the humidity and environ-
ment in the atmosphere are considered. However, in the case
of the SS condition, since the compressive strength is
expressed over a long period of time, it was found that
turther research is needed from a longer-term perspective
than in the case of precise evaluation of the relationship
between the concentration of Dobak-glue and the mixing
ratio. In addition, from the correlation between the water
content change and the compressive strength, it is consid-
ered that the correlation can be applied to the compressive
strength estimation for the water content change when soil
and water, lime, and Dobak-glue are mixed.

A correlation between compressive strength and residual
water content was also observed in the three types of soil
mixture samples, as shown in Figure 9. In the case of
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Figure 9: Compressive strength increase and water content reduction with curing time.

mixtures SO, SL, and SS, the relationship between the
compressive strength and the residual water content in a
good correlation with an R, value of more than 0.98 was
obtained. From the graph, it can also be inferred that the
Dobak-glue led to an increase in the interlocking effect
between particles in compressive strength and residual water
content levels.

4. Conclusions

This study investigated the variations in compressive
strength and water content according to the curing time for
Dobak-glue/soil mixtures to determine their applicability as
sustainable construction materials. The results of this study
can be summarized as follows:

As a result of the shrinkage limit test, it was found that
the shrinkage after oven drying was smaller under the op-
timum water content than under the water content at the
liquid limit. However, in the case of the optimum water
content, the adhesion between soil particles was found to be
somewhat weak under SO and SL conditions. In the SS
condition, cracks occurred after drying in the liquid limit
water content, but no cracks occurred under the optimum
water content, and the adhesion between soil particles was
also very good.

The water content by curing time was decreasing for each
condition, and the decrease in water content showed small
changes in SO, SL, and SS in order. Changes in water content
after 7 days of curing time showed no significant difference
in all conditions.

The compressive strength by curing time increased the
most during the first 3 days. After that, it was found that the
increase in compressive strength decreased with the passage
of time to 7 and 28 days. However, it was found that under
the condition of mixing Dobak-glue, the compressive
strength increased very significantly from day 7, showing a
much higher value than other conditions.

Dobak-glue was found to be coated on the surface of
particles when mixed with soil or increased bonding
strength in the form of a gel between voids, as shown in the
research results of previous researchers.

Therefore, Dobak-glue is an eco-friendly material and
exhibits very excellent compressive strength when combined
with soil in terms of functionality, so it is considered to be
sufficient to be used as a useful material in various fields
using soil.
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