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Abstract: This paper presents the application of fly ash combining with microbes in concrete to reduce
cement content. A class F fly ash as cement replacementwas applied with ratios of 20%, 30%, 40%, and
50% to reduce hydration heat. Microbes from bacterial consortium were applied to as the filler to increase
concrete compressive strength. The concrete mix design from SNI 03-2834-2000 was applied for a
compressive strength target of 30 MPa. The mechanical test was carried out consisting compressive and
tensile test. Concrete workability and the heat hydration measurement were performed for fresh
concrete. The results showed that the maximum strength of 45.10 MPa was obtained from specimens with
30% fly ash content. Application of microbes associated with fly ash content of 40% showed the maximum
strength of 48.47 MPa. It was found that the tensile strength also increased with the application of fly
ash and microbes. Hydration temperature of concrete decreased with the increase of the ash content. This
proves that the application of fly ash and microbes in concrete can reduce the cement as well as increasing
the concrete performance.
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1. Introduction

Concrete is a material commonly used in building structures, roads, and bridges. It has sufficient
strength to support the weight of a structure. Normal concrete is concrete that weighs up to 2200
- 2500 kg/m3 [1].

Infrastructures development in Indonesia using concrete is increasing rapidly. However, in
concrete mix, cement is utilized greatly requiring high energy. It is also known that cement is a
significant contributor to air pollution such as dust particles as well as CO, emissions. This makes
cement become one of the factors causing global warming. To overcome this problem, concrete
technology experts proposed cement replacement to materials increase strength, durability, more
economical, and environmentally friendly. One of these efforts is replacing cement with fly ash
and microbes application.

There are some results of fly ash replacement in concrete. The replacement of cement with fly
ash can be used at 10% fly ash content of cement weight (657 kg/m* of concrete) and the
compressive strength increased as the fly ash content increased to 20%, 30%, and 40%. An
optimal 28-day compressive strength of 122 MPa was achieved when 40% fly ash was applied
[2]. Ready-mix concrete mixturs which cement was replaced with fly ash of 30-33% showed the
same compressive strength results with normal concrete [3].
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In Indonesia, there have been many studies on tensile strength of concrete containing fly ash. One
of them was conducted by Marthinus, Sumajouw, and Windah [4]. They replaced cement weight
(450 kg/m® of concrete) with fly ash of 30%; 40%; 50%; 60%; and 70%. The maximum tensile
strength of 3.21 MPa was achieved by 30% fly ash at 28 days. The lowest tensile strength of 0.82
MPa at 7 days, was given by specimens with 70% fly ash.

The effect of fly ash as cement replacement is to reduce the hydration heat. A study revealed that
the exposure temperature at 150; 250; 350; 450; 500°C in fly ash concrete, resulted in reducing
of corresponding temperature in the fly ash concrete in 85 minutes to 111; 172; 192; 248; and
321°C, respectively [5].

On the other hand, a concept of bio-cementing has been discovered as a new material in concrete
called bio-concrete. Bacillus megaterium (30x10° cfu/ml) mixed in fresh concrete increased the
compressive strength of concrete up to 24% from 50 MPa to 64 MPa owing to deposition of
CaCO;[6]. The compressive strength, split tensile strength and flexural strength of concrete were
improved by using fly ash (10% by weight of cement) enriched by Bacillus sphaericus. The
results were compared with control specimens, for compressive strength of 29.33 MPa to 32.50
MPa, split tensile strength from 3.2 MPa to 4.14 MPa, and flexural strength from 3.33 MPa to 3.5
MPa [7]. The use of fly ash enriched with Bacillus sphaericus can replace cement in concrete
because economically, reduce CO- emissions and save electricity consumption in cement
production. That states microbes can improve the quality of concrete, but microbes grow weaker
against high temperatures. The growth of bacteria (ammonia-oxidizing bacteria) was very
hampered by high temperatures, especially at temperatures over 40°C [8].

There is a link between fly ash and microbes in the concrete mixture to contribute in sustainable
green infrastructures. The influence of microbes to the fresh concrete as well as the concrete
performance as a benchmark of fly ash application in normal concrete is the main discussion in
this study.

2. The mechanism of fly ash and microbes in concrete

When the hydration reaction of the cement occurred, the C;S minerals from cement reacts with
water (H,O) to produce calcium silicate hydrate (CSH) and Ca(OH), as expressed in Eq. (1).

CsS + H:O — CSH + Ca(OH), (1)

The result of the cement hydration reaction is CSH which is the adhesive material from the cement
that build the concrete strength, while Ca(OH) is a solution that fills pores in concrete. When fly
ash with Ca(OH), starts a pozzolanic reaction, it produces aditional CSH that fills the concrete
pores. It is presented in (Eq. (2)).

Ca(OH); + SiO; + nH,0 — CaO SiO: (n + 1) H:O = CSH (new) 2)

The mechanism of microbes increases the compressive strength of concrete. Microbes and water
reacts in concrete, then produces ammonia and CO,. Ammonia and CO; in the concrete pores
react with calcium oxide (Ca(OH),) and produced calcium carbonate (CaCOs) which settles in
the concrete pores. These mechanisms are expressed in Eq. (3) and Eq. (4).

(NH3):CO + H,O — CO; + 2NH; (ammonia) 3)

CO: + 2NH; + Ca(OH); — CaCOs + 2NH; + H,O @)

The two chemical reactions in Eq. (2) and Eq. (4) both reduced Ca(OH), which is a solution
located in concrete pores so that concrete pores were closed by calcium silicate hydrate (CSH)
and calcite (CaCOs). This causes a denser concrete.
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3. Materials and Work Methods
3.1. Materials
3.1.1. Cement and Fly Ash

The cement used was Portland cement composite with a specific gravity of 2.98 gr/cm?. A class
F Fly ash was selected from PT. Petrokimia Gresik, Indonesia with a specific gravity of 2.37
gr/cm?®. Its chemical contents are listed in Table 1.

Table 1. Chemical content of fly ash

Oxides Si02  ALO; CaO Fe0; KO MgO NaO SO TiO, LOI

(% bymass) 46.61 2331 6.77 1445 127 1.70 0.54 1.55 0.79 3.80

3.1.2. Coarse aggregate and fine aggregate

Coarse aggregate was selected having maximum size of 20 mm with a specific gravity of 2.69
gr/cm?®. River sand was selected for the fine aggregate with a specific gravity of 2.59 gr/cm?.

3.1.3. Superplasticizer

The superplasticizer used was Tancem 60 RP, as a substitute for water by reason of lower w/c in
some mixtures. This superplasticizer includes admixture type F (high range water reducer) [9].
The recommended dose is 0.2% by binder mass.

3.1.4. Microbes

The microbial used was a bacterial consortium from Bioconc Foundation Center,
Indonesia. Bioconc is a biotechnology product in the form of a liquid made from organic/natural
ingredients, denatured proteins, polymers surfactants, and organic minerals that have been
fermented by beneficial microbes [10]. It is not pathogenic and has a pH of 8.8. The dose used
was 400 ml/m?* of concrete [11].

3.2. Work Methods
3.2.1. Mix Design

Indonesia standard for miz design was used for the compressive strength target at 28-days of 30
MPa. The water/binder ratio was limited at a minimum of 0.3 to guarantee the convenience of
using fly ash in the job mix, and the mix design of 10 variations is listed in Table 2.

Table 2. Mix design of fly ash and microbial concrete per m® of concrete

Fly Fly Fine Coarse .
No Code Ash Cf(:lr(n e)nt Ash Vg? tc;r Agg.  Agg. N(IE)CZOS: s H(Il{(“;R W/B
@) Y kg Y ke (kg) °
1 OFA 0 387 0 205 943 871 0 0 0.53
2 20FA 20 367 92 167 859 935 0 0.92 0.42
3 30FA 30 389 167 163 794 913 0 1.11 0.37
4  40FA 40 415 277 158 734 844 0 1.38 0.32
5 S50FA 50 395 395 154 695 799 0 1.58 0.3
6 OFAM 0 387 0 205 943 871 0.4 0 0.53
7 20FAM 20 367 92 167 859 935 0.4 0.92 0.42
8 30FAM 30 389 167 163 794 913 0.4 1.11 0.37
9 40FAM 40 415 277 158 734 844 0.4 1.38 0.32
10 S50FAM 50 395 395 154 695 799 0.4 1.58 0.3

Note: xxFA = Percentage Fly Ash in Concrete; FAM = Concrete containing microbes.
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3.2.2. Curing process

Specimens were cured at moist condition with covering the concrete with wet sacks or
cloth. Moist curing was stopped 24 hours before mechanical testing conducted. It is well known
that the strength of HVFA (high volume fly ash) concrete increased as well as decreasing of water
permeability of concrete [12].

3.2.3. Manufacture and test of the specimen

The specimen was made in cylindrical molds with a diameter of 10 cm with a height of 20 cm
and a cube mold (15x15x15 cm). The tests were divided into mechanical testing and fresh
concrete testing. The mechanical tests were compressive strength and a split tensile strength test.
Workability test and hydration heat monitoring were conducted for the fresh concrete.

4. Analysis and Discussion
4.1. Concrete compressive strength

The results of compressive strength at 28 days with variations of fly ash are presented in Fig. 1.
The specimens with bacteria is illustrated in a red mark.
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Fig. 1. The 28-day compressive strength with variations of fly ash

In Fig. 1, the use of fly ash in concrete increases the compressive strength and optimum variation
of fly ash by 30%. Concrete strength at 28 days with 30% fly ash content (30FA) increased by
51% from control specimen (OFA). A study reported that replacement of cement with fly ash
is 30% increased compressive strength by 15.6% [13]. Concrete strength at 28 days of age with
40% fly ash containing microbes (40FAM) increased by 62% from the control. Another study
showed that concrete containing 10% fly ash with Sporosarcina pasteurii increased its strength
of 20% as compared to the normal specimen [14]. In Fig. 1., the influence of microbes increases
the ash content up to 40%, but in the 50% fly ash content, the influence of microbes was reduced,
due to limited cement amount so that the availability of Ca(OH), or portlandite reacted with fly
ash and microbes. However, the influence of microbes on concrete without fly ash reduced the
strength. The 28-day strength of specimen OFAM decreased by 13% as compared to specimen
OFA. The decrease was likely caused by the weaken of microbes at high temperature during early
hydration in the concrete. It is known that bacteria from Sporosarcina pasteurii produced
urease enzyme was optimal in concrete at 25°C [15]. Bacterial growth (ammonia-oxidizing
bacteria) was inhibited by high temperatures, especially at temperatures more than 40°C [8]. It is
concluded that when the hydration temperature approaches 25°C, the urease enzyme
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production becomes more optimum and if it exceeds 40°C, the urease enzyme production
becomes hindered. Another report on the addition of Bacillus megaterium to concrete without fly
ash increased the compressive strength of concrete up to 16.1% of the normal compressive
strength of 33 MPa [16].

In Fig. 2., there is a significant increase in the compressive strength of concrete from the age of 3
days to 14 days. In general, steady strength started from the age of 21 days to the concrete age of
28 days showed by concrete without bacteria and fly ash. However, a tendency of strength
increase after 28 days showed by bacterial specimens. It is in accordance with a study on fly ash
concrete that the strength increased at the later age [17]. Pozzolanic reaction incorporating with
the bio-cementation in concrete pores resulted in denser concrete at the later age. This mechanism
is optimized at the bacterial specimens containing 30% fly ash.
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Fig. 2. Compressive strength of concrete with the variation of fly ash content

4.2. Concrete splitting tensile strength

The graph of the relationship of tensile strength to fly ash content is provided in Fig. 3. The red
mark represents specimens containing microbes.
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Fig. 3. Effect of fly ash content on the tensile strength

In general, all split tensile strength increases with the increasing of ash content. The maximum
split tensile strength is shown by specimen 40FAM with a split tensile strength increased by 166%
from control specimen. It was reportd by a study that 25% fly ash in a mixture of self-compacting
concrete (SCC) increased the tensile strength of concrete by 20.51% of control specimen
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[18]. Another study on bio-concrete stated that the concrete fly ash 30% with microbes increased
the tensile strength of 13.8% of fly ash concrete [19]. The filler effect of microbes revealed that
it also influenced the tensile strength. This mechanism is also demonstrated by specimen OFAM
where the micro-filler effect of bacteria is effective. At the optimum point (40% fly ash), the
tensile strength with microbes increased by 10.5% when compared to ordinary fly
ash concrete. The concrete with 50% of fly ash containing microbes (SOFAM) shows a tensile
strength reduced by 16.9% from 50FA. This is influenced by of decrease of space for microbes
in the concrete-filled with fine particles fly ash. Another explanation is in the mixture with 50%
FA, cement content as the main binder in concrete was reduced.
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Fig. 4. Ratio of split to compression with variations of fly ash

In Fig. 4., the ratio between the split tensile strength and the compressive strength is presented.
In specimen 40FA, a ratio of 8.7% is the maximum and the ratio decreases as the ash increased.
It reveals that the effect of fly ash is more profound to the splitting tensile than the effect of
bacterial precipitation. The effect of calcite sedimentation in concrete pores is generated first by
bio-activation then followed intensively by the pozzolanic reaction.

4.3. Concrete Workability

The required slump in this study was in the range of 60-180 mm. Fig. 5. provides the slump
results. As the density of fly ash is less than Portland cement, more cement substitution affected
the volume of ash in the mixtures increased. In general, this is the reason that the addition of fly
ash causes slump tends to decrease. The slump of mixtures with fly ash content in the range
of 20%-40% decreases because very fine fly ash particles cause some of the water that was
supposed to react with cement was also absorbed by fly ash during mixing. Some reports
indicated that fly ash absorbed more water than cement because the fly ash particles has irregular
and porous properties [20]. However, fly ash can increase workability in concrete with a fly
ash content of 0% - 40% where it is different from addition of silica fume by 5% - 15% reduced
slump in concrete [2, 21]. In some cases, fly ash is utilized as a superplasticizer admixture to
increase the workability of concrete. The addition of microbes did not affect the value of slump
in concrete. The increased slump was not caused by microbes but rather the effect was given
by superplasticizer into the concrete.

In Fig. 5., the addition of fly ash requires more superplasticizer (HRWR). It was also reported
that the use of fly ash varied at 25%, 35%, 45%, 55%, and 65% required a superplasticizer of
0.05%, 0.1%, 0.15%, respectively [22]. This is because of increased demand for cement as the
w/b ratio was reduced. Surprisingly, the addition of microbes affected to the mixture more
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workable. At 50% fly ash there is a significant increase in a slump because the concrete mix tends
to become SCC (self-compacting concrete) due to excessive use of superplasticizer (0.41% of
binder). This is consistent with the use of superplasticizer for making SCC concrete was equal to
0.3% of the binder caused. The superplasticizer inside the concrete created a temporary dividing
layer between water and cement resulting in a hydration reaction cement occurred indirectly
which makes the concrete mixture if it looks more flowable [23]. The effect of gas produced by
microbes was found in specimens 0FAM and 20FAM. The gas created more spaces in the fresh
mixtures and enhanced the slump [24, 25].
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Fig. 5. The relation of the slump with the amount of superplasticizer in concrete
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4.4. Concrete temperature measurement

The relationship of hydration temperature in 24 hours after casting is presented in Fig. 6. with the
amount of cement is provided in each mark.
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Fig. 6. The effect of fly ash content on hydration heat

The experiment is proposed by our previous study. The temperature of fresh concrete in cubical
mold with a size of 15 cm was monitored using a thermocouple [26]. In this study, the 24 h
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measurement using a data logger connected to a thermocouple cable that was inserted into the
midpoint of the concrete. In Fig. 6., the use of fly ash in concrete reduces temperatures to 10% -
12% and the temperature started to decreaseefefctively by using 20% fly ash. and the peak
decreased at 30% fly ash, after that the concrete temperature was almost same/constant. It was
also reported that fly ash reduced temperature in fresh concrete from 45.2 °C to 34.5 °C with the
application of 45% fly ash [27].

5. Conclusions

Based on the results of this study, the following conclusions can be drawn:

1. Fly ash and microbes have the same role to increase the compressive strength of concrete by
filling pores concrete pores resulting in denser concrete. Concrete compressive strength at 28
days increased by 51% achieved by specimen 30FA. In addition, the use of microbes in
specimen 30FAM increased the 28-day compressive strength by 62% from the control and
increased by 11% from 30FA.

2. In the 50% variation of fly ash, the influence of microbes was reduced, due to the limited
amount of cement so that the availability of Ca(OH), or portlandite which should react with
fly ash and microbes also decreases.

3. The maximum split tensile strength was 40% fly ash concrete with the increase of 166%
higher than the control. The addition of microbes also affects the split tensile strength, this is
shown by the bacterial specimens.. At the maximum point (40FAM) the strength of concrete
with microbes increased by 10.5% when compared to 40FA.

4. The use of fly ash by 30%-40% can reduce the workability of the concrete due to fine particles
of fly ash. This causes water was absorbed first by fly ash before reacting with cement. More
superplasticizer was required with the increase of fly ash content because w/b was reduced.
However, the application of microbes influence concrete workability at a lower fly ash
content.

5. The effect of fly ash reduce the temperature of fresh concrete by 10% -12% because of
reduction of cement content that lower the source of the heat.
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