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ABSTRACT: This study intended to evaluate the ground strength by applying biogrouting method to a sandy ground. Injection
material was prepared as a cement-like powder form with bio material produced by microorganism reactions. In order to perform the
experiment, a total of 10 types of grouting mixing ratios were prepared by a combination of different materials such as Ordinary
Portland Cement, Micro Cement, Bio Grouting Material and Sodium Silicate No.3. The specimens were made in cylindrical molds
with the diameter of 5cm and the height of 10cm. And they were cured in the air, and their homogel uniaxial compression strengths
were measured on the firth, third, seventh and 28th days. In addition, the grouting materials (cement, and sodium silicate No. 3) used
for LW (Labile Waterglass) method which is a conventional grouting method was applied by two-liquid one-process grouting at
150kPa and its shear modulus of elasticity was measured by using a bender element on the 7th, 14th, 21st and 28th days to analyze
their strengths according to the duration of curing. Based on the test results, it was confirmed that the uniaxial strength of the
specimen made with Bio Grouting Material, Ordinary Portland Cement and Micro Cement was increased by more than 30% than that
of the specimen only used with Ordinary Portland Cement, as a result of hydrogen-released heat reaction between calcium carbonate,
the main ingredient of the bio grouting material, and calcium silicate in the cement.
RÉSUMÉ : Cette étude visait à évaluer la résistance d’un sol sablonneux en appliquant la méthode du bio-grouting. Le matériau injecté
est préparé sous forme de ciment avec un biomatériau produit par des réactions de micro-organismes. Afin de réaliser l’expérience, 10
types de mélanges bio-grouting sont préparés en y ajoutant différents matériaux en variant les taux tels que le ciment Portland, le microciment, un biomatériau d’étanchéité et le silicate de Sodium No.3. Les spécimens ont été réalisés dans des moules cylindriques de 5 cm
de diamètre et 10 cm de hauteur. Leur durcissement s’est fait a l’air libre et leur force uniaxiale de compression a été mesurée au 1er, 3ème,
7ème et le 28ème jours. De plus, le matériau d’étanchéité (ciment, silicate de sodium No.3) utilisé pour la méthode SL (Silicate Labile) ont
été appliqués selon un procédé de coulis conventionnel (2 liquides – 1 procédé) a 150kPa. Son module de cisaillement a été mesuré en
utilisant des languettes piézocéramiques aux 7ème, 14ème, 21ème et 28ème jours afin de mesurer leurs résistances durant la période de cure.
Les résultats montrent que la résistance uniaxiale de l’échantillon fabriqué avec un biomatériau d’étanchéité, du ciment Portland ordinaire
et du micro-ciment a augmenté de plus de 30% que celle de l’échantillon fait uniquement avec du ciment Portland. Ceci résulte d’une
réaction de chaleur libérée par l’Hydrogène et le Carbonate de Calcium, l’ingrédient principal du biomatériau, et le Silicate de Calcium
du ciment.
KEYWORDS: Biogrouting, Powder, Microorganism, Homogel, Labile Waterglass
Mots Clés : Bio-grouting, Poudre, Micro-organisme, Homogel, Silicate Labile.

1

INTRODUNCTION

1 .1

Background and Objective

It is difficult to secure grounds in Korea due to increasing costs
of raw material led by the depletion of natural materials and the
expansion of national key industry resulting from industrial
development. Therefore, soft ground not previously utilized as
construction sites increasingly attracts attention to efficiently
use land. Soft ground, coastal dredged, and reclaimed grounds
are used for construction sites as a base ground. Therefore,
significant attention is now given to the method for improving
soft ground that contains loose sandy soil or silt, not typically
considered as a construction site before.
The grouting method has had some issues caused by grout
materials, and researchers have studied how to address the
problems. The method generally employed in grouting with
chemical liquid is the Labile Waterglass (LW) method which is
effective for grouting into the gravel and sandy (larger than
0.6mm) layers, but not effective for grouting into fine sand (i.e.,
smaller than 0.6mm) layers (Ahn 2006).The major material
used in the LW method is cement, of which disadvantages
include gelation and low levels of permeation. However, recent
development of materials, cement crushing and classification
technology includes new cement-based grouts, for example,

micro cement, quick-hardening cement (Kim et al. 2007), and
plastic cement (Kim et al. 2009).
Their anticipated effect is improved cement gelation and
permeation (Kim et al. 2010). Advantages of the LW method
are to increase water resistance and adhesion between the soils
and waterglass-based grouts. The fast flow of ground water can
wash out the chemical liquids used in the grouting. Therefore,
for the LW method, it is reported that raising the chemical
liquid concentration, and the injection rate and speed, with
shorter gel time, if it is applied to running water ground,
enhances its efficiency.
For this reason, in this study, Bio Grouting Material
consisting of CaCO3 was produced by biochemical reaction of
microorganism Sporosarcina Pasteurii (KCTC 3558) and
Calcium Chloride, and was made with a form of powder-like
cement. The following ten mixing ratios used for the
conventional LW method and bio grouting method were
prepared: OPC (Ordinary Portland Cement, hereinafter referred
to as “OPC”) 100%; Micro (Micro Cement, hereinafter referred
to as “Micro”) 100%; Bio (Bio Grouting Material, hereinafter to
as “Bio”) 100%; OPC 100%+sodium silicate No. 3; Micro
100%+sodium silicate No. 3; Bio 100%+sodium silicate No. 3;
OPC 100%+Bio 30%; OPC 70%+Bio 30%; Micro 100%+Bio
30%; and Micro 70%+Bio 30%. Then, the uniaxial compression
strengths of these homogel mixtures were measured on the 1, 3,
7 and 28th days of curing, and compared.
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1 .2

Previous Studies

Various studies about cementation of soil using microorganisms
have been conducted over the last decade. Among numerous
microorganisms present in the soil, many researchers chose
Sporosarcina Pasteurii in particular to study cementation of soft
grounds using the Biogrouting material produced through their
biochemical reactions (Park 2015, Kim et al. 2013, Park and
Kim 2013, Mitchell and Santamarina 2005, Dejong et al. 2006).
The method, which enhances the strength of soil by mixing
the Bio grouting material into loose sandy soil is named the
Microbial Calcite Precipitation (MCP) method. The MCP
method has been recognized as an environment-friendly method
that can improve the strength of loose sandy grounds or
improve soft grounds by having cement permeate the gaps
between particles. In addition, a variety of studies for improving
the grounds has been conducted using Biopolymer, organic
materials, plant extracts and others, to fundamentally reduce the
cement (Kim et al. 2011, Chang and Cho 2012).
It is confirmed that the MCP method improves the strengths
of pure sandy grounds. However, a limitation exists in that the
Bio grouting material needs to be injected several times in order
to precipitate into loose or soft grounds and thus it is hard to
apply in the field (Dejong et al. 2010, Soon et al. 2013).
Therefore, in order to ensure a more efficient and practical
application of the MCP method, the eco-friendly microbial
cementation method, the Bio grouting method, was proposed by
combining the injection technology for soft ground treatment
and the MCP method.
In order to develop such a bio grouting method, an
engineering assessment of the grouting materials needs to be
conducted first and, in this study, the engineering assessment of
OPC, Micro, and Bio was conducted to apply the bio grouting
to the field.
2

PREPARATION OF SPECIMENS

In this study, a method of using the Bio grouting material in
place of chemical (sodium silicate No. 3), which could be a
problem when the LW method was used, and the concept of
admixture that could reduce the amount of cement by 30% were
used.

method and the bio grouting method, and 2 represents the
specimens made for uniaxial compression specimens in which
the bio grouting material was injected as admixture with 30%
reduced usage of cement.
Table 1. Mixing ratios for uniaxial compressive strength test specimens
for grouting materials.
Classifica
tion
O
M
B
OS
MS
BS
OB-1
OB-2
MB-1
MB-2

Solution A
S.S
Bio
(mL)
(g)
65
65
65
65
65
65
65

OPC
(g)
200
200
200
135
-

Solution B
Micro
Bio (g)
(g)
200
200
200
200
200
135
-

Water
(mL)
200
200
200
200
200
200
200
200
200
200

Note: O = OPC 100%, M = Micro 100%, B = Bio 100%; OS = OPC 100% +
Sodium silicate No. 3; MS = Micro 100% + Sodium silicate No. 3; BS = Bio
100% + Sodium silicate No. 3; OB-1 = OPC 100% + Bio 30%; OB-2 = OPC 70%
+ Bio 30%; MB-1 = Micro 100% + Bio 30%; MB-2 = Micro 70% + Bio 30%.

2 .2 Making of the bio grouting material
Figure 1 shows the process of making specimens for grouting
materials. Lubricant was applied to specimen molds that were
separated into two halves, and then the injecting material was
agitated according to the above mixing ratios. The agitated
grouting material was put into the prepared molds. The
specimens were taken out from the molds after six hours, and
then cured through air drying.
According to KS F 2403 (2014), the average temperature
and humidity in the lab were maintained with 20 ± 2 °C and
65% ± 20%, respectively. As the humidity in the study is lower
than 100%, the strength obtained would be lower than that with
100% humidity after seven days.
Figure 1. Making of homogenous gel specimens for the grouting

2 .1 Mixing ratio of the bio grouting material for uniaxial

compression strength test

A mixture of grouting materials used for the conventional LW
engineering method and the newly developed bio grouting
material was made to measure the uniaxial compression
strength of the developed grouting material. In order to evaluate
its strength, specimens were prepared in homogenous gel type
in cylindrical molds with the size of 5cm (D) × 10cm (H). After
3 h, they were taken out from the molds and cured by air drying
and their strengths were measured on the first, third, seventh
and 28th days after curing.
Mixing ratios of the grouting materials are as shown in
Table 1. Solution A, an accelerator, and Solution B, a hardener,
were mixed at 1:1 ratio through agitation and the mixture was
cured at the prepared molds. Through the compression strength
test, the homogenous gel cementation strength was measured
according to ages of the grouting materials. The uniaxial
compression strength was measured using a universal load
tester, and the compression rate was measured at a rate of
1%/mm. Here, O refers to OPC; M, micro cement; B,
biogrouting material; and S, sodium silicate No. 3. Of the
numbers 1 and 2, 1 represents specimens in which the bio
grouting material equivalent to 30% of cement was injected in
place of sodium silicate No. 3, to compare the conventional LW

material: (a) application of lubricant to specimen molds; and (b) curing.

3
3.1

RESULT OF LABORATORY TESTS

Evaluation of the uniaxial compression strengths of OPC,
micro cement and bio grouting material

Figure 2 and Table 2 compares the uniaxial compression
strengths of OPC, micro cement and bio grouting materials over
time. For OPC, the initial strength was measured as 630kPa,
which increased over time to 1350kPa on the seventh day and
1680kPa on the 28th day. For micro cement, the initial strength
was measured as 1230kPa, which increased over time to 1980
kPa on the seventh day and 2650kPa on the 28th day, about
double those of OPC. For OPC and micro cement, the increase
of strength over time resulted from hydration of the cement.
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Table 3. Uniaxial compression strengths of the improved OPC.
Uniaxial Compression Strength (kPa)
Curing Time (day)
OPC
OS
OB-1
OB-2
1
630
190
810
540
3
780
440
1,010
650
7
1,350
560
1,520
1,040
8
1,680
780
1,930
1,430

3.3

Figure 2. Uniaxial compression strength graphs for OPC, micro cement
and bio grouting material.
Table 2. Uniaxial compression strengths of OPC, micro cement and bio
grouting material.
Uniaxial Compression Strength (kPa)
Curing Time (day)
OPC Micro Cement Bio Grouting Material
1
630
1,230
3
780
1,450
100
7
1,350
1,980
110
28
1,680
2,650
300

For the bio grouting material, strength could not be
measured, as specimen was not yet formed. On the seventh day,
its strength was measured as 110 kPa and on the 28th day, it
was measured as 350 kPa. There was no hydration, but as
indicated by the result of a study done by Jeon 2013, strength
was formed as water evaporated and the bio grouting material
shrank. In order for bio grouting material to be useful, it should
be used for the purpose of blocking water, as claimed by Kim
and Park 2013. If it is to be used to improve strength, it should
be used as admixture that could lead to further chemical
reactions.
3.2

Uniaxial compression strengths of OPC and bio grouting
material

The measurement of uniaxial compression strength (see Figure
3) shows that OB-1 (OPC+ bio grouting material) had the
highest strength while that of OPC reduced by about 15%
compared to OB-1. When OB-2 (OPC(70%)+bio grouting
material (30%)) was used, the strength of OB-1 was measured
to be about 15% lower than that of OPC.
A comparison of the uniaxial compression strengths of OPC,
OS, OB-1 and OB-2 is shown in Figure 3 and Table 3. As
shown in Figure 3, for OPC, OS, OB-1 and OB-2, the
compressive strength increased sharply up to approximately
seven days, and then increased gradually. In order to evaluate
the increase of the compressive strength with time depending on
different mixing ratios, regression analyses were conducted
using logarithmic function. The compressive strength of
specimens with different mixing ratios can be estimated
accurately using these regression equations, as the coefficients
of regression are more than 0.93 for all the cases.

Uniaxial compression strengths of micro cement and bio
grouting material

A comparison of the uniaxial compression strengths of micro
cement, MS, MB-1, and MB-2 is shown in Figure 4 and Table 4.
When measured for uniaxial compression strength, MB-1
(micro cement + bio grouting material) showed the highest
strength, while micro cement had about 15% reduced strength
compared to MB-1. When MB-2 (micro (70%) + bio grouting
material (30%)) was used, the measured strength was found to
be about 15% lower than that of micro cement. This result is
similar to the result by Jeon 2013, where the use of 30% bio
grouting material produced a strength increase of about 15%.

Figure 4. Uniaxial compression strength of the improved micro cement.
Table 4. Uniaxial compression strengths of the improved micro cement.
Uniaxial Compression Strength (kPa)
Curing Time (day)
Micro
MS
MB-1
MB-2
1
1,230
420
1,320
1,040
3
1,450
780
1,670
1,250
7
1,980
1,050
2,350
1,680
28
2,650
1,730
3,540
2,240

Based on regression analyses for Micro, MS, MB-1 and MB2, the regression coefficients are more than 0.97. This implies
that the correlation between compressive strength and time is
very high.
When the bio grouting material was added to cement, there
was a tendency that setting time was promoted and the initial
strength increased. This may be due to promoted hydration by
the reaction between calcium carbonate (main ingredient of the
bio grouting material) and calcium silicate in cement. This
observation was similar to the results by Kim and Noh 2000
and Daimon 1998.
4

CONCLUSION

In this study, an environment-friendly bio grouting material was
prepared in powder form using the MCP method. Untreated and
treated specimens, O, M, B, OS, MS, BS, OB-1, OB-2, MB-1
and MB-2, were cured for the periods of one, three, sevenand
28 days age. Through the uniaxial compression tests for those
specimens, the following conclusions were made.

Figure 3. Uniaxial compression strength graphs for the improved OPC.

1. Measurements of the homogel uniaxial compression
strengths show that OPC 100% + Bio 30% and Micro 100% +
Bio have the greatest strength. It is confirmed that the strength
of both OPC 100% and Micro 100% is about 15% lowerthan
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that of the aforementionedtwo specimens. It is also confirmed
that the strength of OPC 70% + Bio 30% and Micro 70% + Bio
30% is reduced by 15% compared with that of the latter two
specimens. This indicates that the use of 30% bio-grouting
material instead of cement in the grouting can be a reasonable
mixing ratio to save the use of cement, leading to reduction in
CO2 emission.
2. Calcium carbonate, the main component of the bio grouting
material, reacts with calcium silicate in cement to release
hydration heat, leading to increased strength.In order to use bio
grouting, it has to be used for the purpose of blocking water.
For its strength to be increased, the bio grouting material should
be used as admixture.
3. In future studies, the strength, permeation range and gel time
willbe determined for different mixing ratios of Bio grouting
material, OPC, Micro cement W/C (Water/Cement)ratio, and
sodium silicate No. 3. It is expected that various mixing ratios
of the bio grouting material created through microbial reactions
can be determined depending on the conditions of the ground to
be grouted.

5
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