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Abstract. The applicability of bio-based materials for concrete repair has been studied. This technique 

employs yeast, glucose and calcium acetate mixed in Tris buffer solution. The microbial metabolic process 

leads to precipitation of calcium carbonate. First, this study investigated the applicability of bio-based repair 

materials to small-scale concrete specimens. On this research, water permeability test was carried out to 

evaluate the effectiveness of the selected mixtures for sealing cracks in the concrete specimens. As the 

result of permeability tests carried out using specimens with crack width of 0.6 mm, water leakage through 

crack was observed to be negligible after 216 hours by continuous pouring method using bio-based repair 

materials. Also, this study showed the initial flow rate for the specimens with the same crack width does not 

influence crack sealing time. Furthermore, the precipitation of the calcium carbonate from the bio-based 

materials was analyzed by Fourier-Transformed Infra-Red spectroscopy (FT-IR) and then examined by X-

ray Diffraction (XRD) for mineral identification formed through the microbial metabolic process. 

1 Introduction  

Cracking in reinforced concrete structure is likely to 

occur due to many reasons, for example, restrained 

shrinkage or mechanical loading or lack of 

workmanship. Although cracking is usually not an issue 

of immediate safety, the durability of reinforced concrete 

is of importance if wide cracks are present in the 

concrete cover. Most of the codes of practice consider 

cracks smaller than 0.3 mm acceptable for aggressive 

environmental conditions [1], [2]. Some of cracks are not 

detectable and cannot be accessed [3]. The other factors 

such as location of the cracking in the damaged structure 

make repair difficult with conventional repair materials.  

The bio-based material technology is a relative recent 

advance for the improvement of durability and other 

concrete properties. The application of isolated bacterial 

cultures and mixed cultures into the fractured concretes 

was found to seal cracks effectively [4]. This was 

achieved by the precipitation of calcium carbonate 

caused by metabolic activity of bacteria. Consequently, 

the water permeability of the cracked concrete was 

significantly reduced due to sealing effect of the 

precipitates. Currently, many researchers study bacteria-

based approach, where bacteria is embedded in concrete 

in order to increase strength and improve durability [5], 

[6]. 

In other investigations, bacteria was directly added to 

the concrete mix instead of spraying and injection 

approach [7]–[10]. Thus, cracks were plugged by the 

microbial precipitation due to ureolytic activity of 

bacteria. This proved to be a better approach compared 

to spraying and injection approach. However, severe 

environment within the concrete matrix tends to decrease 

the lifespan of the bacteria [7]. As a result, the efficiency 

of crack sealing decreased over time. Thus, it is 

necessary for the bacteria to be protected in order to 

increase its lifespan [11]. This protection was achieved 

by encapsulating the bacteria [12]. 

Wang et al. [13], have encapsulated bacterial spores 

in a hydrogel before mixing them with concrete. Crack 

width of 0.5mm was completely filled by the calcium 

carbonate precipitation. The water absorption was also 

decreased to 68%. In other investigations, 

immobilization of bacteria in microcapsule led to a more 

enhanced performance in which the maximum crack 

width 970 um was filled. More recently, bacteria was 

encapsulated in graphite nanoplates [14]. The result has 

shown that crack width of 0.81 mm was sealed for 

specimens pre-cracked at 3 and 7 days. Achal [15]and 

Mostavi [16] also evaluated self-healing efficiency based 

on the depth of crack plugged. They stated that the 

cracks were plugged up to crack depths of 27.2 mm and 

32 mm, respectively. Achal [15] was demonstrated the 

bio-cementation ability of a bacterial strain Bacillus sp. 

CT-5 to seal cracks. On the other hand, Mostavi [16]  

used double-walled sodium silicate microcapsules. 

All the self-healing approaches for cracked concrete 

revealed that the encapsulation technique was more 

effective due to extension of the lifespan of bacteria for 

prolonged performance. And also larger size cracks were 

completely filled using the bio-based materials.  

Recently, liquid-based repair materials in the field of 

self-healing through the use of microbial induced 
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precipitation (MIP) have been conducted [17]–[25]. The 

bio-based repair system as presented in this paper is a 

liquid-based system which transports the bio-based agent 

into concrete. The bio-based repair material is comprised 

of yeast, glucose as organic nutrient source and calcium 

acetate as calcium source which were selected as basic 

constituents. Microbial metabolism produces carbon 

dioxide provides carbonate ions which are leading to 

calcium carbonate precipitations formed with calcium 

source mixed in bio-based repair materials. It presents 

that bio-based repair materials using yeast microbial 

metabolism could precipitate calcium carbonate crystals 

[21]. Consequently, it is important to gather more results 

in simulating real conditions before applying to a 

practical scale. 

Putri, et al. [22]–[24] observed precipitation of 

calcium carbonate caused by metabolic activity of 

stagnant bio-based material in the test tubes. The 

precipitates are mainly comprised of calcium carbonate 

up to 48h after mixed. It reached about 0.388g in the 

30ml test tube. This research investigated precipitation 

of bio-based material that flows in cracked concrete. 

Also, this study investigated the applicability of the bio-

based materials to repair leakage in concrete-slab. Since 

the amount of precipitation of bio-based material is a 

few, it was necessary to apply the mixture to the 

concrete specimens with leakage and repeat for several 

times until the cracks were completely sealed. 

In this research, water permeability test and 

observation with a microscope were carried out to 

evaluate the effectiveness of the bio-based materials for 

sealing cracks. In addition, the tests were conducted at 

microscale to identify and characterize the precipitated 

materials within concrete cracks after sealing. The 

precipitates were also tested for Fourier-Transformed 

Infra-Red spectroscopy (FT-IR) and X-Ray Diffraction 

(XRD) analysis for mineral identification formed 

through the microbial metabolic process of bio-based 

materials in mixtures. 

2 Material and Methods  

2.1 Scope of investigation 

The investigation deal with the preparation of selected 

mixtures, preparation of the leakage specimens, the 

experimental method and the results of the permeability 

measurement. The specimens were produced with crack 

widths of 0.6 mm. All test were performed on five 

specimens.  

Table 1 Mix proportion of concrete specimen 

w/c (%) Slump Air volume (%) Admixture 

55 8.5 4.5 2.86 
 

Amount (kg/m3) 

Water Cement Sand G1 G2 

175 318 864 383 572 

 

The mix proportion of the concrete is shown in Table 

1. Fine aggregate, has a dry density of 2.65 g/cm2 and 

water absorption rate 1.68%. For coarse aggregate G1 

and coarse aggregate G2 were crushed stone No. 5 (sizes 

are from 25.0 to 12.5 mm) and No. 6 (sizes are from 19.0 

to 9.5 mm) respectively, with density 2.70 g/cm2 and 

water absorption rate of 0.66%. Maximum size of the 

coarse aggregate is 20 mm. All material was produced 

by Kagi-o, Shirokawa-cho, Seiyo City, Ehime 

prefecture. This specimen using Ordinary Portland 

Cement (OPC), and put in room temperature controlled 

at 20oC. All the concrete specimens were cured in a 

sealed condition until 24 hours after placing. After one 

day, the form was removed. After that, the concrete 

specimens were cured in wet condition. After 28 days, 

leakage was set by arranging the concrete specimens. 

The concrete specimen is propped horizontally. The 

dimension of the specimen is 400x150x50 mm (bottom 

side), and 280x150x50 mm (upper side) placed parallel 

and made leakage subsequently with the crack widths of 

specimens were set to 0.6 mm. These specimens were 

sealed with waterproof tape to prevent repair mixtures 

from leaking through the right and left side of specimens 

as shown in Fig. 1. 

 

Fig. 1 Experimental set-up for bio-based repair materials and 

water permeability test 

2.2. Application of bio-based repair materials  

Based on the result of previous experiments carried out 

by Putri et al. [24], the highest calcium carbonate 

precipitates were found to the concentration of tris buffer 

solution in the range of 0.5 to 0.75 (mol/L) for initial pH 

adjusted to 9.0. The concentration of dry yeast were 

specified as 27 g/L, which were mixed with glucose and 

calcium acetate with concentrations of 0.3 mol/L and 

0.15 mol/L respectively. The basic constituents of 

selected mixture for bio-based materials as shown in 

Table 2. 

Table 2 Basic constituents of bio-based materials 

Tris  Dry yeast Glucose  Calcium acetate 

(mol/L) (g/L) (mol/L) (mol/L) 

0.75 27 0.3 0.15 

Handy  
pump 

400 mm 

Out   

280 mm 150 mm 

In  

50 mm 

50 mm 

Sealed with 
waterproof tape 

leakage 0.6 mm 

flow 
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2.3 Water Permeability Test  

In this work, the leakage (permeability) test has 

designed rather simple and can be described as follows. 

If water flows through the leakage in concrete, it will 

end up flowing out from the other end. Water will leak 

out from the gaps of concrete. The effectiveness of bio-

based repair materials was evaluated based on 

consecutive measurements once per 24 hours for the 

reduction of water leakage in the concrete specimens. 

Five specimens were set to different slope and will 

show various initial flow rate. The initial flow rate is 

shown in Table 3.  

 Table 3 Five specimens with various flow rate 

Specimen 

number 
Crack width (mm) 

Initial flow rate 

(cm3/s) 

1 0.6 1.1 

2 0.6 3.4 

3 0.6 5.8 

4 0.6 6.7 

5 0.6 8.9 

Before the selected mixtures were poured into the 

crack, water permeability tests were carried out as 

benchmarks. The quantity of water flowing through the 

crack under gravity pressure were measured for 5 

minutes. And then, selected mixtures were poured into 

the crack. A container is placed underneath the specimen 

to collect the water drained out through the leakage. The 

digital scale with a maximum capacity of 2000 g and 

resolution 0.1 gr is used to measure the weight over time 

of the water outflow from the leakage. It was removed 

prior to the water permeability tests which were finally 

carried out using the specimens in which cracks were 

supposed to be sealed with precipitated calcium 

carbonate. In case there is no leakage in the main body 

or the cracks is sealed already, the water will be no flow 

at all. A manual stopwatch was used to monitor this time 

interval.  

The application of the selected mixture to cracked 

concrete specimens was carried out from the back side of 

concrete specimen via ponding. First, 540 mL of the 

mixture was poured into the specimen in each 

application. Using the hand pump, the mixture was 

cycling in and out through the leakage and it was carried 

out once per two days. 

It is noted that the right and left side of specimen 

sealed. Thus, the less viscous mixture essentially flowed 

out through the cracked specimen unless bonding 

between cracked surface and precipitates was formed 

immediately after they flowed. 24 hours after leak was 

stopped, surface of the leakage in concrete specimens 

was observed using a portable digital microscope. Result 

of observation as shown in Fig. 2. 

2.4 Evaluation techniques of calcite 
precipitation by FT-IR and XRD  

The calcium carbonate precipitation deposited in the 

specimens is formed with the aid of a pincer by gentle 

scrapping the surface of the concrete was analyzed using 

Fourier-Transformed Infra-Red spectroscopy (FT-IR). 

Infrared spectroscopy is a technique based on the 

vibrations of the atoms of a molecule. It is used for the 

determination of molecular structure or the identification 

of chemical species. A vibration will be infrared active if 

a change in the dipole moment of the molecule occurs 

during the vibration. An infrared spectrum consists of a 

series of bands or peaks which result from the absorption 

by a part of the molecule of the incident radiation at 

particular energy [26]. FT-IR spectroscopy is especially 

favored due to its versatility and non-destructiveness. It 

is a fast and cost-effective technique, as it does not 

require a sample preparation step [27]. This analysis 

requires a tiny amount of sample (<5 mg), and 

furthermore, no preparation or dilution of the sample is 

needed [28]. 

XRD Analysis was carried out using the precipitation 

left on the specimen. Each sample was crushed and 

pulverized to an average particle size less than 10 

microns, and then mounted onto an instrument-specific 

plastic slide plates. Then the mass absorption coefficient 

of the sample was determined by X-ray transmission. 

The XRD pattern was obtained by scanning from 5 to 50 

degrees, 2 theta using a vertical X-ray diffractometer. 

The components of the sample were identified by 

comparing them with database powder diffraction PDF-

4/Mineral 2015 established by the International Centre 

for Diffraction Data [29]. 

3 Results and discussion 

3.1 Observation by the microscope 

For all specimens, the complete repairing was confirmed 

by the observation with the microscope after stopping 

leakage. The repairing effect due to the precipitation up 

to around nine days.  

The comparison picture in Fig. 2 tells us that the bio-

based materials affect close the leakage in the concrete 

specimens. It shows the bio-based materials leads to 

remarkable repairing. The newly formed materials 

suspected as Ca-based minerals. 

Fig. 2 displays the surface of leakage in concrete 

specimens (flow-out area) before and after the water 

permeability test is carried out. Formation of suspected 

newly Ca-based materials is visually seen. Mostly, the 

calcium carbonate precipitated in the crack of the 

specimen. The widespread precipitates in the specimens 

lead to the significant decrease in the water permeability. 

Furthermore, the results suggested that precipitated 

calcium carbonate in cracked part concomitant with 

seeping into deeper zones of concrete specimens was 

crucial to decrease water leakage effectively.  

3.2. Water flow through leakages 

A water permeability test was carried out before and 

after the mixture was poured into the cracked specimen 

to evaluate the effectiveness of the liquid-based repair 

mixture for leakage in concrete. Table 4 shown 
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measuring water permeability time for concrete 

specimen. The rate of water flowing through the cracks 

in the concrete specimens was measured at 

predetermined intervals up to 300 s as shown in Fig. 3. 

As can be seen, the water flowing through the cracked 

section was substantially decreased, which was 

prominent in the case of mixture poured into the 

specimens after the mixture was left in room conditions.  

 

 

Fig. 2 Leakage of concrete specimen before and after pouring 

bio-based repair materials (60x magnification). The newly 

formed materials suspected as Ca-based minerals. 

Table 4 Measuring water permeability time 

Case  Application time 

0  Before repaired 

1 After 24 hours 

2 After 48 hours 

3 After 72 hours 

4 After 96 hours 

5 After 120 hours 

7 After 144 hours 

8 After 168 hours 

9 After 192 hours 

10 After 216 hours 

Water flow per minute varied widely until 30 

minutes passed and became almost constant after that. 

Specimens No.1-5, whose cracks were confirmed to be 

completely closed by the microscope, showed almost 

zero water flow after 216h. When the microscope 

confirmed complete repairing of specimens, those 

specimens had high water tightness under gravity 

pressure. 

Fig. 3 Flow rate for each specimen up to 216h pouring bio-

based repair materials.  

 

Fig 3 shows flow rate of the specimens until the 

cracks sealing. Flow rate is the slope of the straight line 

between amount of flow (cm3) and time (s). 

Furthermore, post-repairing permeability test revealed a 

zero slope which can be interpreted there was no water 

flow out from the crack.  

From Fig. 3 it can be seen that in case of ambient 

temperature (T=20oC), a specimen with initial flow rate 

1.1 cm3/s shows the fastest repairing. After only 48h the 

flow rate amounts to about less than 0.5 cm3/s. In case of 

a crack with initial flow rate 3.4 cm3/s, after 48h the flow 

rate reach to 2.419 cm3/s. For specimen 3, 4 and 5, after 

48h flow rate amount approximately above 1 cm3/s. 

After 72h, the flow rate amount for all specimen reach 

about below 1 cm3/s, even the initial flow rate each 

specimen were different. It reaches amount below 0.04% 

of the initial flow rate for each specimen after 120h. It 

was confirmed the previous research that the bio-based 

materials can recognize at a crack width of 0.6 mm after 

216h (9 days). 

Based on Fig 3, show the faster healing of cracks that 

have the smaller initial flow rate whereas the curves 

have shifted to a lower level. Also, it is clearly visible 

that in case of an equal crack width of 0.6 mm, for 

different initial flow rate until 8.9 cm3/s those specimens 

show the similar healing behavior. After 216h, the flow 

rate was at approximately 0% of its initial flow rate. 

Moreover, it was confirmed the initial flow rate for the 

same crack width does not influence the time for crack 

sealing. 

Based on previous research[24], amount of 

precipitates is mainly comprising calcium carbonate up 

to 48 h after they were mixed which seemed to reach 

about 0.388 g in the 30 ml test tube. The volume of the 

gap is 68.292 cm3 and based on the calculation, required 

5280.3 mL of bio-based materials to fill the leakage for 

0.6 mm crack width. Furthermore, it will be possible to 

Specimen 1 

Specimen 2 

Specimen 3 

Specimen 4 

Specimen 5 

Before  After 
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fill the cracks by flowing ten times of 540 mL of bio-

based materials. In fact, not all the gaps were filled with 

calcium carbonate, but because the cracks were partially 

filled with calcium carbonate, flow rate of water leakage 

became zero. Fig.4 shows the surface of concrete 

specimens after the water permeability test were 

conducted. It indicates that mostly precipitation has 

occurred at inflow area. 

 

Fig. 4 Surface of specimens 1-3 after pouring bio-based repair 

materials. 

Comparing with the previous research[30], for the 

crack width 0.2 mm, can seal the cracks in 4 days. It has 

been shown the decrease of the flow rate depends on 

crack width. Smaller cracks do seal faster than greater 

ones. In regards to repairing of cracks, the conclusion 

can be drawn that under gravity pressure. The results 

indicate that cracks opening accelerate water flow rate in 

concrete. 

3.3 FT-IR and XRD Analysis 

Fig. 5 and 6 present the images of FT-IR and X-Ray 

Diffraction (XRD) observation. The images were taken 

from the precipitation on the surface of each specimen. 

Observation revealed Ca-based surface layer which may 

be attributed due to carbonation. 

The FT-IR analysis confirms the chemical element of 

calcium carbonate in the crystal which is essentially 

associated with calcium carbonate precipitated mediated 

by bio-based repair materials. The IR Spectra were 

recorded using Thermo Scientific Nicolet iS5 

Spectrometer and stores using spectroscopic software 

(Omnic software)[28]. Fig. 5 is the spectra of FT-IR 

analysis on precipitate scrapped from the specimen after 

crack sealing. For specimen 1, the peaks at 1403.924, 

1029.801 and 87.596 indicated the presence of calcium 

carbonate. For precipitation at specimen 2 and 4, the 

signals at 1401.995, 1029.801 and 871.667 show the 

presence of calcium carbonate respectively. 

Correspondingly, a similar tendency was observed as 

shown in spectra at precipitation of specimen 3. It shows 

peaks 1405.852, 1025.944 and 871.667. Moreover, 

precipitation at specimen five also indicates the presence 

of CaCO3, the peaks at 1398.138, 1037.515 and 871.667. 

These spectra were compared to the standard spectrum 

of calcium carbonate from NIST Standard Reference 

Database[31]. As a result, this spectrum shows that the 

precipitate is composed in majority of calcium 

carbonate. This result leads to the implication that bio-

based materials can successfully as crack repairing 

materials.  

 

 

Fig. 5 Spectra of FTIR Analysis for five specimens 

On the other hand, the similar precipitation assessed 

by XRD Analysis to confirm the polymorph as crystals. 

For the precipitation in specimen of 0.6 mm crack width, 

the XRD patterns of the precipitates obtained in the 

presence of CaCO3 are presented in Figure 6. 

 

Fig. 6 XRD pattern for specimens with 0.6 mm crack width 

In the precipitation after 216h, the three polymorph 

of CaCO3 (calcite, aragonite and vaterite) coexisted. 

Calcite was dominant polymorphs. There were nine 

peaks of calcite and four peaks of vaterite respectively. 

Only one peak of aragonite polymorph in the calcium 

carbonate precipitation. It was indicating that 

precipitation of calcium carbonate has stable, because 

calcite is the stable style of crystal polymorph under 

ambient condition. Correspondingly, XRD analysis 

confirmed the calcite is the dominant polymorph of 

CaCO3 materials on the precipitation formed of bio-

based material for repairing concrete in ambient 

temperature. 

4 Conclusions 

The results obtained via water permeability tests carried 

out using leakage specimens, for the case of specimens 

with crack width of 0.6 mm, the liquid-based repair 

materials could decrease water leakage to zero after 216 

hours by continously pouring bio-based repair materials. 

Specimen 1 Specimen 2 Specimen 3 

Inflow  
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Also, this study confirmed the initial flow rate for the 

specimens with the crack width does not influence time 

for crack sealing. 

It shows the effectiveness of bio-based repair 

materials in decreasing water leakage of concrete. FT-IR 

and XRD analysis also confirmed the element of calcium 

carbonate in the crystal which is essentially associated 

with calcium carbonate precipitated mediated by bio-

based repair materials. As a future investigation, a filling 

method will be examined in which precipitation by bio-

based repair material fill the whole area inside the gap. 
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