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Abstract

In this study, we delve into the innovative application of Effective Microorganisms (EM)
as a water-replacing concrete admixture. This research is centered on evaluating the im-
pact of EM on enhancing concrete's mechanical properties. We methodically replaced
varying percentages of the standard mixing water with an EM solution, specifically 2%,
3%, 5%, 8%, and 10%, to investigate the subsequent effects on concrete's performance.

This study introduces Effective Microorganisms Concrete (EMC), a new concrete variant
enhanced with Effective Microorganisms (EM). EMC demonstrates significantly im-
proved properties over traditional concrete. Notably, its compressive strength increased
by 36.75% compared to standard concrete, indicating potential for more robust and en-
during constructions. EMC's corrosion resistance also saw a remarkable upsurge, rising
by 66%. This enhancement is crucial for the structural integrity and safety of concrete in
corrosive environments, potentially reducing maintenance costs and prolonging infra-
structure lifespan. Another key finding is EMC's enhanced impermeability, being 63%
less permeable than control specimens. This reduced permeability is essential for con-
crete durability, particularly in water-exposed structures, as it helps prevent water intru-
sion, a major factor in concrete degradation. Overall, EMC's advancements in strength,
corrosion resistance, and impermeability mark a significant breakthrough in concrete
technology, offering prospects for more durable, sustainable, and resilient construction
materials.
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1. Introduction

Concrete is one of the largest producers of carbon diox-
ide, it's the most widely used construction material in
the world. which can be found in swathes of city pave-
ments, bridges that span vast rivers, and the tallest sky-
scrapers on earth. It is the second most-consumed ma-
terial after water and it shapes our built environment
[1]. In 2009, it was estimated that roughly 25 billion
tons of concrete were manufactured globally each year
[1]. With nearly 0.9 ton of CO2 is emitted for each Ton
used of Cement [2]. Making it producing nearly 5% of
worldwide manmade emissions of CO2; 50% of which is
from the Cement hydration chemical process and 40%
from the manufacturing process burning fuel [3]. It's
our responsibility to be aware of the climate change sit-
uation that's threatening our world and reduce carbon
emissions from using cement in particular and from the
construction industry overall, or we'll be leaving future
generations to face the consequences.

Concrete is a homogenous substance composed of ce-
ment, fine aggregate, coarse aggregate, and water in cer-
tain quantities. Concrete possesses interconnecting
pores, rendering it a porous material that is vulnerable
to various forms of degradation such as chloride, carbon
dioxide, sulphate, and freezing and thawing cycles. If a
material were used as an additive to make concrete
more resistant to these attacks, or a mixture with less
cement required but has the same mechanical proper-
ties compared to control, lowering the amount of ce-
ment required to make concrete can be achieved thus
lowering carbon dioxide emissions from one of the most
used materials all over the planet.

Teruo Higa, a horticulture professor at the University of
the Ryukyus in Okinawa, Japan, discovered Effective Mi-
croorganisms (EM). EM is a liquid substance that con-
tains a diverse range of efficient, advantageous, and
nonpathogenic microorganisms, including both aerobic
and anaerobic kinds that coexist. It is produced through
a natural process of fermentation and not chemically
synthesized or genetically engineered.

Concrete enhancing technology is a life-long research.
The research is demanded to discover the best additives
and or admixtures that can produce good concrete
mixes in terms of physical, chemical, and mechanical
properties in a more economical, sustainable, and envi-
ronmental-friendly. Several studies have been con-
ducted to improve the compressive strength, corrosion
resistance, and to reduce the permeability of reinforced
concrete structures by modifying cementitious materi-
als in concrete or using pozzolanic or filler materials, or
by using chemical additives.

Concrete has played a pivotal role in the creation of nu-
merous architectural marvels and infrastructural ad-
vancements. However, due to its inherent limitations,
there has been a constant need for the ongoing improve-
ment of construction materials and methodologies. Tra-
ditional concrete formulations, although known for
their durability, are prone to several types of deteriora-
tion as time passes. The main focal points encompass
the decline in compressive strength as a result of aging
and exposure to the environment, the corrosive effects
of aggressive chemicals on steel reinforcements con-
tained inside the concrete, and the degradation of con-
crete surfaces caused by a range of physical and chemi-
cal factors. It is imperative to acknowledge and tackle
these concerns in order to prolong the longevity and im-
prove the ecological viability of concrete structures.

The compressive strength of concrete is a fundamental
mechanical characteristic that plays a crucial role in de-
termining its structural integrity. Improving this char-
acteristic has the potential to result in structures that
are both safer and more sustainable, hence mitigating
the necessity for excessive utilization of materials and
reducing construction expenses. The utilization of Effec-
tive Microorganisms (EM) techniques inside a molasses-
based medium has demonstrated potential in enhancing
the compressive strength of concrete. This is achieved
through the stimulation of calcium carbonate precipita-
tion and the facilitation of more compact concrete ma-
trices. This study investigates the evidence about these
impacts and aims to establish a full comprehension of
the underlying mechanisms.
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Maintaining the structural integrity of reinforced con-
crete relies heavily on corrosion resistance, which is
considered a crucial factor in the overall performance of
concrete. If the issue of corrosion affecting embedded
steel reinforcements is not effectively addressed, it
might result in structural failure. The utilization of EM
in a molasses medium has the potential to boost corro-
sion resistance by facilitating the creation of an alkaline
environment through microbial activity and the for-
mation of protective layers on concrete surfaces.

The durability of concrete, which includes its ability to
withstand freeze-thaw cycles, chemical exposure, and
abrasion, is an important aspect of its overall perfor-
mance. The examination of the potential of Effective Mi-
croorganisms (EM) techniques in a medium containing
molasses to enhance the longevity of concrete struc-
tures through the mitigation of micro-cracks, reinforce-
ment against frost-induced damage, and safeguarding
against diverse types of deterioration is deserving of
thorough investigation. This paper critically assesses
the current body of information and makes a valuable
contribution to the scholarly discussion pertaining to
this potential field of research.

The process of integrating Effective Microorganisms
into a molasses medium within concrete is an intricate
and diverse undertaking, necessitating a comprehen-
sive comprehension of microbiology, material science,
and building technology. The objective of this paper is
to examine significant inquiries, corroborate estab-
lished conclusions, and provide a valuable contribution
to an expanding knowledge base. Through a compre-
hensive investigation of the impact of Effective Microor-
ganisms (EM) forces in a medium including molasses,
our objective is to get a deeper understanding of their
effects on the compressive strength, corrosion re-
sistance, and durability of concrete. By doing so, we as-
pire to offer valuable insights that have the potential to
revolutionize the field of concrete construction, leading
to the development of more sustainable and long-lasting
infrastructure.

In this study, the author aims to find if using EM can help
reduce the amount of cement required to make con-

crete; either by making more durable concrete

structures in the first place or by lowering the amount
of cement required when compared to control speci-
mens while maintaining the same mechanical proper-
ties.

2. The Role of Effective Microorganisms

EM was initially developed by Higa and Parr in the
1970s, focusing on around 80 beneficial microorganism
species available in the environment, of which five were
especially vital for EM's viability. This development was
initially for agricultural purposes, enhancing microbial
diversity in soils and water [4]- [7]. The first utilization
of EM in concrete was marked by the work of Sato et al.
in 2003, who experimented with EM1, EM3, and EMx.
Since then, research into EM use in concrete has grown,
with studies often comparing the performance and
mechanisms of EM-based concrete to those involving
non-product microorganisms [8]- [14].

The initial hypothesis underlying the use of EM in con-
crete pertains to the belief that microbial activity can
positively affect the concrete matrix. This hypothesis is
rooted in the idea that microorganisms can induce bio-
mineralization processes, notably calcium carbonate
precipitation, which in turn densifies and strengthens
the concrete structure. One of the earliest studies to ex-
plore this was by Sato et al., who in their pioneering re-
search, noted an improvement in the compressive
strength of concrete with the addition of EM [15]. This
improvement was primarily attributed to the microbial
activity within the concrete matrix, suggesting a prom-
ising avenue for enhancing concrete properties using bi-
ogenic methods.

The mechanism behind EM's impact on compressive
strength revolves around the microbial synthesis of
compounds that contribute to the concrete's matrix
densification. For example, lactic acid bacteria, a key
component of EM, are known for their ability to produce
lactic acid. This acid has been observed to accelerate the
hydration of Portland cement, leading to increased
strength. In a study, Kastiukas et al. reported a notable
increase in compressive strength in a concrete sample
containing lactic acid [16]. This finding underscores the
potential of EM constituents in altering the concrete’s
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hydration dynamics.

Sam et al. conducted a comparative analysis, revealing
that concrete with EM achieved higher compressive
strengths at both 7 and 28 days compared to control
concrete [17]. Interestingly, the study also observed
that as the concentration of EM increased, there was a
corresponding increase in strength. However, this trend
plateaued and even slightly decreased as the concrete
aged, suggesting an optimal concentration range for EM
in concrete mixes.

The concentration of microorganisms in EM is a critical
factor in determining its effectiveness in enhancing
compressive strength. Higher concentrations of EM typ-
ically lead to a more pronounced improvement in
strength. However, this relationship is not linear, as ex-
cessive EM concentrations can lead to diminishing re-
turns, possibly due to the limitation of available nutri-
ents and space within the concrete matrix [17].

3. MATERIALS AND METHODOLOGY
3.1 Properties of Cement

Ordinary Portland Cement (OPC) grade 42.5 was used.
It was tested as per American code (ASTM Type I) and
its properties are given in Table (1).

Table 1. Physical Properties of Ordinary Portland cement

Physical Properties Values
Fineness of Cement 0.23 m?/g
Standard Consistency 31%
Initial Setting Time (min) 40
Final Setting Time (min) 497
Specific gravity 3.25

3.2 Coarse and Fine aggregate properties

Crushed Stone with nominal maximum size (N.M.S.) on
10 mm sieve was used as the coarse aggregate while
natural sand of nominal maximum size (N.M.S.) of
4.75mm was used as fine aggregate. The tests were
made as per the American code for concrete mix
(ASTM-C128) and (ASTM-C127).

3.3 Properties of Mixing Water

Normal tap water was utilized. It was boiled and left to
cool down to room temperature before being used.
Boiling the water was to make sure it's free of any Mi-
croorganisms contaminates and any chlorine added at
the water treatment plant as per ASTM D 1193.

3.4 Properties of Effective Microorganisms &
Molasses

Effective Microorganisms were supplied by the Depart-
ment of Micro-Biology of the Egyptian Agricultural Re-
search Center. It was produced through the fermenta-
tion process with Molasses - an organic material which
is the byproduct of refining sugarcane into sugar - as
the growth media. Molasses is relatively cheap and
available to use. After fermentation EM was stored in
airtight containers because of the anaerobic nature of
some of the microorganisms. The EM used contains five
families of microorganisms which are lactic acid bacte-
ria, yeast, actinomyces, zymotic eumocetes, and photo-
synthetic bacterium. Properties of the fermented EM
solution are given in Table (2).

Table 2. Physical Properties of the EM solution

Physical Properties Values
Density 10 g/mm?3
pH 3.87
Color Light brown
Smell Sweet-sour
Specific gravity 3.25

3.5 Mix Design

Two main concrete mixes (M1&M2) were made as per
the ACI-211-11 standards with six sub-categories. The
first main mix of 30 MPa compressive strength were de-
signed and prepared with a cement quantity of 350
kg/m3 and a water-to-cement ratio (w/c) of 0.46 while
the second main mix is of Grade 35MPa with a cement
quantity of 450 kg/m3 and the same (w/c) as the first
mix. The sub-categories of each main mix are regarding
the percentage of the EM added to each mix. It was
chosen to examine the effect of adding EM at 2,3,5,8 and
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10% as a partial replacement of the mixing water. The
Concrete mixes and its proportions are given in Table

(3).
Table 3. Concrete mixes' proportions
Mix Cement C.Agg F.Agg Water EM
(kg/m3)  (kg/m3)  (kg/m3)  (kg/m3)  (kg/m3)

M1C 350 1177.6 801.5 161.0 -
M1E2 350 1177.6 801.5 157.78 3.22
M1E3 350 1177.6 801.5 156.17 4.83
M1ES 350 1177.6 801.5 152.95 8.05
M1E8 350 1177.6 801.5 148.12 12.88
M1E10 350 1177.6 801.5 144.90 16.10
M2C 450 1177.6 801.5 207.0 -
M2E2 450 1177.6 801.5 202.86 4.14
M2E3 450 1177.6 801.5 200.79 6.21
M2ES5 450 1177.6 801.5 196.65 10.35
M2ES8 450 1177.6 801.5 190.44 16.56
M2E10 450 1177.6 801.5 186.30 20.70

3.6 Compressive strength

The compressive strength of concrete was examined at
3, 7, 28, 56, 180 and 365 days in accordance with the
ASTM C39. The specimens used for testing were stand-
ard cubes having dimensions of 100x100x100 mm.

3.7 Corrosion resistance

The corrosion resistance of concrete was determined af-
ter 365 days. The specimens used for testing were
standard cylinders having a diameter of 100 mm and a
height of 200 mm. A series of standardized tests were
conducted. The tests involved subjecting reinforced
concrete specimens, both with and without EM, to ag-
gressive environmental conditions, simulating condi-
tions typically encountered in practical applications.
The specimens were exposed to chloride ions rich envi-
ronments - which are known to accelerate corrosion
process.

Electrochemical impedance spectroscopy testing
method was used, the computer-controlled Potenti-
ostat-Galvanostat Model 273A and the analyzer of HF

Frequency Response SI 1255 were used for frequency
response. The test uses a three-electrode system includ-
ing a working electrode (steel reinforced), an auxiliary
electrode (316 stainless steel), and the reference elec-
trode (SCE). Before each test, 30 min were allowed for
each sample to reach steady state. To investigate the
properties of concrete and reinforcement simultane-
ously, the full frequency range (high, medium and low)
was applied in the 1-10 MHz range with a voltage range
of 10 mV and simulated seawater electrolyte (3.5%
NaCl) was used.

3.8 Permeability

The water permeability of concrete was evaluated in
accordance with the test described in ASTM (C1585
which consists of applying water under pressure to the
hardened concrete specimen which has been water
cured, then splitting the specimen and measuring the
depth of penetration of the water front. Standard cubes
with dimensions of 150x150x150 mm were casted and
curing. Two main concrete mixes (M1&M2) were made
as per the ACI-211-11 standards with six sub-catego-
ries. The first main mix of 30 MPa compressive strength
were designed and prepared with a cement quantity of
350 kg/m3 and a water-to-cement ratio (w/c) of 0.46
while the second main mix is of Grade 35 with a cement
quantity of 450 kg/m3 and the same (w/c) as the first
mix. The sub-categories of each main mix are regarding
the percentage of the EM added to each mix. It was cho-
sen to examine the effect of adding EM at 2,3,5,8 and
10% as a partial replacement of the mixing water as
shown in Table (3).

4. RESULTS
4.1 Compression test results

The compressive strength of concrete enhanced with Ef-
fective Microorganisms (EM) have been measured over
an extended period.The results were obtained at 3, 7,
28, 56, 180 and 365 days and shown in Table (4) and
Fig.1 for Mix no.1 and in Table (5) and Fig.2 for Mix no.2.
The values shown are the average of 3 specimens.
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Table 4. Development of Compressive Strength for Mix 1 Table 5. Development of Compressive Strength for Mix 2
Mix 3 7 14 28 56 180 365 Mix 3 7 14 28 56 180 365
(N/mm?) (days) (days) (days) (days) (days) (days) (days) (N/mm?) (days) (days) (days) (days) (days) (days) (days)
M1C 8.4 156 211 253 274 288 290 M1C 189 26.1 316 357 372 379 382
M1E2 184 220 30 346 361 378 383 M1E2 235 287 338 381 392 399 403
M1E3 14.8 19.1 24.4 28.1 30.0 317 324 M1E3 26.7 331 384 42.3 44.9 457 46.2
M1E5 13.0 16.9 22.4 26.9 28.4 298 303 M1E5 205 274 328 37 381 388 392
M1E8 7.9 14.1 197 234 251 259 263 M1E8 17.9 248 30 341 358 365 369
M1E10 5.7 11.2 16.1 20.0 22.1 22.9 23.4 M1E10 145 20.7 256 30 318 326 329
45 50
40 45
35 40
20 35
"t 25 e 30
£ E 25
> 2 3 5
15 5
10 10

wv
w

0 0
Odays 3days 7days 14days 28days 56days 180 days 365 days Odays 3days 7days 14days 28days 56days 180 days 365 days
C 2% 3% 5% o= B8% et 10% C 2% 3% 5% o= 8% et 10%
Fig.1 Mix No.1 Relation between the compressive strength and time Fig.3 Mix No.2 Relation between the compressive strength and time
45 50
40 45
35 40
30 35
~ ~_ 30
€ 25 €
1S g 25
~ ~
> 20 Z 5
15 15
10 10
5 5
0 0
3 days 7 days 14 days 28 days 56 days 180days 365 days 3 days 7 days 14 days 28days 56days 180days 365 days
mC m2% m3% HE5% m8% mM10% EC H2% E3% E5% mE8% m10%
Fig.2 Mix No.1 Relation between the compressive strength and time Fig.4 Mix No.2 Relation between the compressive strength and time
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4.2 Corrosion test results

The test results are for 3 standard cylinders for each
percentage and the test results are shown in Table (6)
and Fig 6. The control specimens, which did not contain
EM, exhibited the expected corrosion progression over
the testing period. Visual inspection and electrochemi-
cal measurements revealed the presence of corrosion
products on the surface of reinforcing steel, indicative
of ongoing corrosion activity. These control specimens
experienced significant mass loss due to the corrosion
of steel reinforcement, ultimately leading to a decrease
in the structural integrity of the concrete. In contrast,
concrete Mix 1 specimens incorporating EM exhibited
an improvement of 8.6% up to a remarkable 66.4% in
corrosion resistance and 25.8 - 65.5% for Mix 2. Visual
examination of these specimens revealed minimal or no
visible signs of corrosion on the reinforcing steel sur-
faces. Electrochemical measurements confirmed the
highly positive impact, as the polarization resistance in-
creased significantly, indicating a substantially reduced
corrosion rate. The formation of a protective layer on
the concrete surface due to the alkaline environment
created by microbial activity was evident in the EM-
infused specimens.

Table 6. Concrete mixes' Corrosion rate

Mix Rate
(um/year)
M1C 522
M1E2 477.1
M1E3 381.2
M1E5 175.3
M1E8 651.3
M1E10 903.1
M2C 487.2
M2E2 361.5
M2E3 238.1
M2ES5 167.6
M2ES8 713.9
M2E10 877.4

Mix M1 LRSI

52

Mix M2 Al

487.2

o

200 400 600 800 1000

(mm/year) ME10 ® ME8 W ME5 ME3 ®mME2 mMC

Fig 6. Concrete mixes' Corrosion rate
4.3 Permeability test results

The depth of water penetration was measured at 28
days and the test results are shown in Table (7) and
Fig.7. These results represent the average values of 3
Specimens. From these test results, the following obser-
vations can be made:

e The initial depth of water penetration of M1C was

(19 mm).

e By adding EM of 8% into the mix M1ES, the depth of

water penetration decreased from 19 mm to 11 mm.

e The water permeability test results have shown that

using EM with a percentage of 8% gave the best re-
sult in reducing the depth of penetration of water
Concrete.
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Table 7. Concrete mixes' Water propagation

Mix D(‘zr‘:lt)h
M1C 19
M1E2 19
M1E3 185
M1E5 143
M1E8 12
M1E10 13
M2C 18
M2E2 175
M2E3 167
M2E5 135
M2E8 11
M2E10  12.8

20

19
18
1
12
| | I |
0
M1 M2

aMC mME2 mME3 mME5 mMES8

;]

o

v

(cm) ME10

Fig 7. Concrete mixes' Water propagation
4.4 SEM analysis

The SEM micrographs of the control sample and sam-
ples with different EM percentages are depicted in Fig-
ures (8), (9), (10), and (11), revealing a well-defined
and uniform microstructure along with a substantial in-
crease in the size of calcite crystals. The crystals are of
spherical, cubical, and rhombohedral shapes, as it has
been discussed by Muynck et al. [18] and Sam et al. [17].
Due to this densification incident, higher mechanical
strengths, lower corrosion rates and less permeability
were acquired, as presented earlier. It could be ex-
plained that the cells of EM's bacteria enhanced the cal-
cite precipitation; first by accelerating the carbonation

process [2]. It should be pointed out not to pay attention
to cracks shown in the SEM micrographs; it is generated
either from compression testing or preparation of spec-
imen’s chip.

More crystalline growth of calcites was detected in the
M1E2 matrix Figure (9) compared to the M1C one Fig-
ure (8). The impact of EM on the concrete matrix can be
summurized, focusing on C-S-H production rate,
Ca(OH)z reduction, and CaCOs formation:

e Microstructure density: A denser microstructure
with fewer voids and cracks could indicate improved
binding and potentially higher strength due to the in-
fluence of EM.

00kv  Signal A= SE2
Photo No. = 2862

Date :27 Jul 2020
Time :15:36:13  Gun Vacuum = 1.97¢-09 mbar

System Vacuum = 2. 308-05 mbar

mm

Gun Vacuum = 1.86e-09 mbar
System Vacuum = 2 936-05 mbar

- — = =
Fig 9. SEM Micrograph of M1E2
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e (-S-H morphology: The presence of well-developed,
dense C-S-H gel with a low porosity-to-solid ratio
suggests good hydration and enhanced mechanical
properties, The crystals in the image that are densely
packed and seem to form a continuous matrix are
likely indicative of C-S-H.

e The presence of EM have influenced the nucleation
and growth of C-S-H crystals. It’s opvious that EM fa-
cilitated a more homogeneous distribution or al-
tered the morphology of the C-S-H, which led to
changes in the strength and durability of the con-
crete.

In E1IM5 Figure (10) less Calcium Hydroxide and more
Calcium Carbonate is found compared to the M1C Fig-
ure (8).

e (Ca(OH)z distribution: the absence of hexagonal
plates which is the characteristic of Ca(OH)z2. A de-
crease in the quantity or size of these plates as com-
pared to control samples without EM indicate a re-
duction in Ca(OH)2. A more evenly distributed and
reduced concentration of Ca(OH)z crystals imply ef-
fective pozzolanic activity.

e Presence of CaCOs: Identifying rhombohedral calcite
crystals, especially around aggregate particles or fill-
ing voids, could be evidence of microbial-induced
carbonate precipitation (MICP) activity.

In E1M8 Figure (11) more Calcium Carbonate and less
C-S-H is found compared to the M1C Figure (8).

e Presence of a denser CaCO3 matrix: Identifying more
rhombohedral calcite crystals, especially when com-
pared to M1E5 Figure (10), could be evidence of less
permeable concrete.

e C-S-Hreduced production: The higher concentration
of EM might have influenced the nucleation and
growth of C-S-H in a negative way resulting in less C-
S-H Crystals which is the primary source of strength
in concrete.

Date :27 Jul 2020
Time :15:34:45  Gun Vacuum = 1.97e-09 mbar
System Vacuum =2 39e-05 mbar

EHT=10.00kV  Signal A= SE2
0mm Photo No. = 2861
Mag= 962X

Fig 10. SEM Mirograph of M1E5

Date :27 Jul 2020

0.00kV  Signal A= SE2
0 mm Photo No. = 2866 Time :15:47:30  Gun Vacuum = 1.99-09 mbar

.0 mi
Mag= 1.40KX System Vacuum = 2.426-05 mbar

Fig 11. SEM Micrograph of M1E8
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4.5 EDX analysis

The Energy-Dispersive X-ray Spectroscopy (EDX) test
was conducted as part of the comprehensive analysis to
explore the influence of using Effective Microorganisms
(EM) in a molasses medium on the compressive
strength, corrosion resistance, and permeability of con-
crete. The EDX analysis provided valuable insights into
the elemental composition of the concrete specimens,
shedding light on potential chemical changes induced
by the incorporation of EM and molasses.

The EDX analysis revealed several noteworthy findings:

Calcium and Silicon Content: The EM-treated specimens
showed a higher concentration of calcium and silicon
compared to the control specimens. This suggests that
the incorporation of EM have led to enhanced cement
hydration and the formation of a denser, more compact
calcium silicate hydrate matrix. This improvement in
the cementitious matrix likely contributed to the ob-
served increase in compressive strength and imperme-
ability.

Iron Content: The iron content in the EM-treated speci-
mens was lower than in the control specimens. This re-
duction in iron content is an encouraging sign, as it in-
dicates a lower susceptibility to corrosion of the steel
reinforcement. The enhanced corrosion resistance ob-
served in the study aligns with this finding.

Chlorine Content: A significant reduction in chlorine
content was observed in the EM-treated specimens. This
reduction is highly significant as it points to a dimin-
ished presence of chloride ions within the concrete. The
lower chlorine content is in line with the remarkable im-
provement in corrosion resistance demonstrated in the
study, as reduced chloride exposure inhibits the corro-
sion process.

Sulfur Content: The sulfur content in the EM-treated
specimens was also notably lower. A lower sulfur con-
tent suggests a reduced risk of sulfate attack on the con-
crete, contributing to its increased durability.
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4.6 EM/Cement ratio

Based on the findings, it has been determined that vari-
ous EM/Cement ratios can be employed for various pur-
poses, as indicated in Table (8) below.

Table 8. Effective Microorganisms/Cement Ratio

EM/C
Ratio
Compressive Strength  0.92/100
Corrosion Ressistance  2.3/100

3.68/100

Aim

Impermiability

5. Conclusion

The influence of using Effective Microorganisms (EM) in
amolasses medium on the compressive strength, corro-
sion resistance, and permiabilty of concrete has been a
central focus of this paper. Our investigation has sought
to shed light on the potential benefits and challenges as-
sociated with this innovative approach, with the aim of
contributing to the advancement of sustainable and re-
silient concrete construction practices.

Studies on the introduction of EM into concrete have im-
proved the conventional mechanical and permeation
properties chiefly. The impact of such microorganisms
on the corrosion of rebar for the reinforced concrete ap-
plication was less civilized. This research presents a
comparison between ordinary concrete mixes and the
effect of adding EM on the compressive strength, and
durability ones (corrosion protection and permeability)
of concrete. Thus, from the results found the following
is drawn:

e Specimens of Mix 1 with 2% EM showed
36.75% inrease in the compressive strength at
age of 29 days compared to the control.

e [t'snoted that Mix 2 with higher cement content
required higher EM percentage to achive simi-
lar gains in compressive strength, Testing Mix 2
with 3% EM showed 20.9% gains in the com-
pressive strength.

The increment gain of concrete mechanical
strengths after 3 and 7 days of cured EM speci-
mens in fresh-water were higher than those after
28 days.

A correlation between the concentration of EM
and Concrete strength have been found, indicat-
ing that as the concentration of EM raised,
strength also increased. Interestingly, this pat-
tern reached a point of stability and even expe-
rienced a decline in concrete strength as the EM
percentage used increased.

The bigger diameter size of concrete pores (at
early stages of curing) compared to the smaller
ones (after semi-total hydration of cement) ac-
commodate that EM cells produced calcite min-
erals resulting in a denser concrete matrix and
reduced spores.

Specimens with 5% EM exhibited a better and
pronounced corrosion resistance than the control
mix and other EM mixes' with different percent-
age under the same curing conditions. Concrete
Mix 1 specimens incorporating 5% EM exhibited
an improvement of 8.6% up to a remarkable
66.4% in cor-rosion resistance and 25.8 - 65.5%
for Mix 2. Visual ex-amination of these specimens
revealed minimal or no visible signs of corrosion
on the reinforcing steel surfaces.

The corrosion rate of the control specimens is in-
creased under the effect of chloride ions in sea-
water but decreased significantly in the EM ones,
which candidates the implementation of EM in
the marine medium.

The improvement in corrosion resistance ob-
served in the EM specimens' can be attributed to
several key mechanisms. The beneficial microor-
ganisms in the EM consortium facilitated an alka-
line environment by consuming Calcium Chloride
and producing metabolic byproducts that ele-
vated the pH levels. This alkaline environment
acted as a deterrent to the corrosion of steel rein-
forcement by reducing the availability of chloride
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ions and increasing the passivation of steel sur-
faces. Furthermore, the microbial activity also
contributed to the formation of a protective layer
on the concrete surface, effectively shielding it
from the corrosive environment.

The higher the EM concentration -up to 5%- the
lower the maximum anodic current is, the better
the quality of the passive layer is, and the lower
the corrosion rate is. The reason for the increased
higher corrosion resistivity is that the EM con-
crete possesses blocked pores with calcites and
thus low permeability.

After accelerating the rebar’s corrosion of the EM
specimens contributed to the reduction of the
corrosion rate. The accelerated specimens pre-
pared with 5% EM decreased the corrosion rate
from 522 mm/year to 175.3 mm/year.

The EDX analysis indicated that the EM2, 5 and 8
specimens showed 65.46%, 66.89 and 68.34% of
precipitated calcite minerals, respectively, while
the control showed 61.18%.

The SEM investigated has shown significant
CaCoO3 crystal growth in the EM5 mix more than
Control resulting in less pores and more corro-
sion restistance. Rhombohedral calcite crystals,
especially filling voids, could be evidence of mi-
crobial-induced carbonate precipitation (MICP)
activity.

In the EM8 mix, there is a noticeable growth of
CaCO3 (calcium carbonate) crystals, particularly
in the form of rhombohedral calcite crystals.
These crystals were observed to be more densely
packed around aggregate particles or filling
voids, which is indicative of microbial-induced
carbonate precipitation (MICP) activity. This in-
creased presence of CaCO3 in the EM8 mix, as
compared to the EM5 mix and the control, sug-
gests a denser concrete matrix. However, this
densification and increase in CaCO3 crystals in
the EM8 mix coincides with a reduced production
of C-S-H (calcium silicate hydrate) crystals. Since

C-S-H is the primary source of strength in con-
crete, this reduced production negatively impacts
the overall strength of the concrete. The higher
concentration of EM in the EM8 mix is thought to
influence the nucleation and growth of C-S-H
crystals adversely. As a result, the EM8 mix exhib-
its a denser and less permeable concrete struc-
ture but with lower overall strength compared to
mixes with lower EM concentrations or the con-
trol mix.

Calcite precipitation has been determined to
serve a role in strengthening the passive layer
protection and inhibiting corrosion of the rebar,
in addition to improving other attributes that are
desired.

The EDX analysis offers support for the observed
improvements in compressive strength, corro-
sion resistance, and permeability in EM-treated
concrete specimens. The higher calcium and sili-
con content in the EM-treated specimens indi-
cates improved cement hydration and a denser
cementitious matrix, contributing to enhanced
compressive strength and impermeability.

The reduction in iron and chlorine content is par-
ticularly significant. The lower iron content sug-
gests a decreased susceptibility to corrosion of
the reinforcing steel, aligning with the improved
corrosion resistance. The substantial decrease in
chlorine content indicates a reduced presence of
chloride ions, which is a key factor in inhibiting
the corrosion process.

In conclusion, the SEM and EDX analysis supports
the findings of the study, indicating that the in-
corporation of Effective Microorganisms in a mo-
lasses medium has a positive influence on the el-
emental composition of concrete. This, in turn,
contributes to the improvements observed in
compressive strength, corrosion resistance, and
impermeability. The reduced presence of iron
and chlorine, as well as the lower sulfur content,
suggests a more durable and sustainable concrete
mix, aligning with the research objectives of this
study.
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e The findings underscore the potential of EM as a
transformative admixture for concrete, suggest-
ing its viability as a sustainable solution for en-
hancing the durability and longevity of concrete
structures. The results from this study open new
avenues in the field of construction materials, in-
dicating that EM can play a pivotal role in devel-
oping more resilient and sustainable building ma-
terials.

6. Future Work

Exploring Varying EM Concentrations: This study
showed different effects at various EM concentrations.
Future work could focus on optimizing EM concentra-
tion in concrete mixes to balance strength, corrosion re-
sistance, and impermeability.

Long-Term Performance Analysis: Investigating the
long-term durability and performance of EMC under
various environmental conditions could provide valua-
ble insights into its practical applications.

Different Types of Cement: Since different types of ce-
ment have varying chemical compositions, studying the
effects of EM on these could yield interesting results.

Scaling Up Experiments: Conducting larger scale exper-
iments or real-world pilot projects could validate the la-
boratory findings and assess the practicality of EMC in
construction.

Economic and Environmental Impact Analysis: Under-
standing the cost implications and environmental bene-
fits of using EMC on a larger scale is crucial for its adop-
tion in the industry.

Mechanistic Studies: Further research into the biochem-
ical interactions between EM and concrete components
could provide deeper insights into the observed im-
provements.

Comparative Studies with Other Additives: Comparing
EMC with concrete containing other microbial or chem-
ical additives could highlight the unique benefits or
drawbacks of EM.
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