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Abstract. One emerging method for reinforcing concrete is called "microbially induced calcium carbonate 

precipitation" (MICP). Direct shear experiments were carried out on concrete cracked samples reinforced by microbially 

produced calcium carbonate in order to enhance the reinforcing influence of MICP on concrete joints in a saline-alkaline 

environment. A thorough analysis was conducted to determine the strengthening effects of Sporosarcina pasteurii on 

the shear strength of concrete joints. MICP was used to treat and reinforce sandstone samples with uneven surfaces. 

Subsequently, laboratory tests were conducted to thoroughly evaluate the shear strength characteristics of rock joints 

reinforced with CaCO3. The outcomes demonstrated that the adapted Sporosarcina Pasteurii performs well when it 

comes to reinforcement in saline-alkaline environments. Shear strength of concrete joints repaired with microbially 

generated calcium carbonate rose considerably in the saline-alkaline environment. Throughout the trial, the ultimate 

shear-strength concrete joint reinforced by MICP increased with curing time; however, its strength increased more 

quickly in the early stages and more slowly in the latter stages. Comparing cemented concrete joints to uncemented 

concrete joints, the peak shear strength of the former rose dramatically. The present study concept may serve as a 

standard for using the MICP technique to fix concrete joints. 
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1. Introduction 

In the civil engineering field, concrete has many benefits 

such as good durability, high compressive strength and 

low price. It is the most extensively used construction 

material worldwide and plays a remarkable role in 

hydraulic engineering, foundation engineering, bridge 

engineering, tunneling and underground space 

technology. The compressive strength character of 

concrete changes under various loading conditions and 

cracks (Xiang et al. 2022) and the restoration of strength 

is required to increase the life of concrete structures (Lu 

et al. 2023). In addition, concrete is easy to fracture or 

crack under different seismic and static loads because of 

its low tensile strength and brittleness (Xiang et al. 2024). 

These surface cracks speed up the ingression of 

destructive media inside the concrete resulting in the 

corrosion of steel bars, which inevitably reduces the 

strength and the durability of concrete structures (Lu et 

al. 2022; Turner et al. 2023). For that reason, it is 

necessary to repair concrete cracks effectively. So, the 

treatment and reinforcement of cracks in concrete is a 

vital means to control the damage. Since the rate and 

cementing strength of carbonate crystallization generated 

by MICP technology can be artificially controlled, the 

resulting crystals can replace traditional cementing 

materials under certain conditions (Zhang et al. 2023b; 

Zhang et al. 2024b). At present, microbial grouting 

technology based on MICP technology has been widely 

used in soil, rock and concrete reinforcement, especially 

in the repair of concrete cracks (Chen et al. 2024; Yan et 
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al. 2024). There are few reports about the application of 

MICP in concrete technology, and it is mainly 

concentrated in the field of seepage treatment. 

Intarasoontron et al. (2021) analyzed the change of the 

permeability coefficient of concrete joints before and 

after reinforcement through MICP technique, and the 

results showed that the permeability coefficient of joints 

after MICP reinforcement was significantly reduced, and 

MICP technology has a good repairing effect. Fan et al. 

(2023) conducted MICP repair and filling tests on 

sandstone specimens with fractures by using Bacillus 

pasteurii, and the results showed that the test strength of 

concrete cracks treated with MICP increased 

significantly. Nasser et al. (2022) used plexiglass to 

prepare simulated joint samples with Barton standard 

profile features and a gap width of 1.5 mm and studied 

the influence of joint surface roughness on the amount of 

calcium carbonate deposition in the MICP process. 

Ariyanti et al. (2023) studied the permeability of cracks 

reinforced by MICP by conducting microbiological 

grouting reinforcement tests on split single-fissure 

limestone in Brazil. Although the researchers have made 

a preliminary exploration of the use of MICP technology 

for concrete seepage treatment, the research results on the 

mechanical properties of MICP-reinforced concrete are 

rarely reported. Sporosarcina Pasteurii and other bacteria 

have been selected to repair concrete cracks in alkaline 

environments (Gao et al. 2023). The principle of this 

technique is that the domesticated germs can better 

acclimate the saline and alkaline environments. At 

present, there are few studies have been conducted on this 

topic (Mondal and Ghosh 2019; Zhang et al. 2023a). 

Therefore, it is a challenge, how to make acclimate 

bacteria to properly grow and produce sufficient amount 

of CaCoO3 saline and alkaline conditions and make their 

repair effect on rough concrete cracks reach or even 

exceed the neutral environment is the focus of this 

research. This paper intends to use microbial 

domestication methods in the field of biological research 

to achieve this goal. Microbial domestication, also known 

as the behavior of domesticating microorganisms, refers 

to the addition of environment-targeting materials or 

substrates in bacterial culture medium so that germs can 

adapt and depend on the substrates of the environment, 

hence that they could also display the working 

characteristics and good growth (Mondal and Ghosh 

2019; Zhang et al. 2023a). These results provided a solid 

foundation for the reinforcement of fractured rocks by 

using the MICP technique. Furthermore, previous studies 

mostly improved the impermeability constant, and 

unconfined compressive strength and reduced the 

porosity of different fractured rock masses in alkaline 

environments. However, the shear displacement and peak 

shear strength of concrete are mostly controlled by the 

strength of joints. So, the research on the reinforcement 

of cracked concrete with the MICP technique in a saline 

environment is still missing. In this research, a new multi-

gradient artificial acclimation experiment of Sporosarcina 

Pasteurii in a saline environment, the combined direct 

shear test was carried out to improve the strength of the 

cracked concrete. Sporosarcina Pasteurii was first 

domesticated by the method of five-gradient saline-

alkaline conditions, and then its reinforcement effects on 

cracked concrete were evaluated by direct shear tests. The 

subsequent applications of the MICP technique provided 

a good reference to reinforce the cracked concrete in a 

saline-alkali environment. 

2. Microbial Domestications 

In this particular research, Sporosarcina Pasteurii was the 

first artificially domesticated through the five-gradients 

technique under saline environment conditions. Fan et al. 

(2023) pointed out that the main salts in saline-alkali 

areas are Cl- and SO42-, and the salinity of groundwater 

can reach up to 4%, while that of the surface can reach 

20%. The medium solution was prepared according to the 
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data in Table 1 and the pH value of the medium was 

adjusted to 9 according to the main components and 

contents of saline soil in the Ningxia region measured by 

Zhang et al. (2024a). All chemical materials of the Saline 

medium are presented in Table 1. A saline water was 

prepared here using a pH of 8.1 and salinity of 33%. 

Table 1: Saline medium components 

Material Content（g/L） 

NaCl 10 

MgSO4 1.20 

KCl 1.12 

MgCl2 1.71 

Peptone 15 

Beef extract 5 

 

This research scheme aims to adopt the five-gradient 

domestication of Sporosarcina pasteurii bacteria in saline 

conditions. The acclimated medium was prepared as 

follows: First, according to prior studies (Chuo et al. 

2020; Omoregie et al. 2017), an artificial medium was 

designed as presented in Table 2.  

Then, the pH of the medium was set to 8.1. The final 

acclimated medium was prepared by adding 20 g 

sterilized urea in each medium as shown in Fig. (2). The 

domestication procedure under various domestication 

ways is clearly described in Fig. (2). 

Table 2: Different domestication test schemes 

Test scheme 
Conical 

number 

Acclimation medium 

volume（mL） 

Saline 

medium 

Conventional 

medium 

Five-gradient 

domestication 

A 20.0 80.0 

B 40.0 60.0 

C 60.0 40.0 

D 80.0 20.0 

E 100.0 0.0 

 

The particular domestication method is divided into three 

acclimation schemes: Five-gradient acclimation: 1 mL of 

microbes was put in bottle “B” diluted to 1/5 and 

containing 100 mL of saline medium. At this stage, 

bacteria were cultured in the bottle for 48 h and then taken 

out for use (Fig. 1).  

Add 1 mL bacterial solution from bottle “B1” to bottle 

“B2” containing 100 mL NaCl and saline medium diluted 

to 2/5, and take it out after culture for 48 h. Add 1 mL of 

bacterial solution from bottle “Bn” to bottle “C” 

containing 100 mL of NaCl and saline-alkaline medium 

diluted to 3/5, and take it out after culture for 48 h as 

shown in Fig. 1. From bottle “C1”, add 1 mL of bacterial 

solution to bottle “Cn” containing 100 mL of NaCl and 

saline-alkaline environment diluted to 4/5, and take it out 

from bottle after culture for 48 h. 1 mL of bacterial 

solution in bottle “D” was added to bottle “Dn” 

containing 100 mL of acclimation medium, which was 

removed after culture for 48 h. At this time, the bacteria 

in the conical bottle “Dn” were five gradient-acclimated 

bacteria. In addition, the microbes were expanded in each 

stage of concentration several times during the 

domestication process and the concentration of the 

bacterial solution was measured carefully.  

The bacterial solution achieved from two different 

cultures did not change significantly after the 

concentration. The domestication process of the next 

concentration was completed and at this time, the urease 

activity of the microbes was measured. The detail of the 

three-gradient domestication scheme in a saline 

environment is presented in Fig. (1). At this stage, the 

medium was diluted to 1/3 and 2/3 (Fig. 1). In the case of 

the three-gradient domestication scheme, enzyme activity 

was measured in the initial stage (Fig. 1). 
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Figure 1. Five-gradient domestication scheme in the saline environment 

The domestication conditions of Sporosarcina Pasteurii 

are as follows: NaCl 10 g/L, urea and beef extract 5 g/L. 

The volume of pasteurii immunization is 2.0 ml per 100 

ml. After immunization, the medium is kept in the 

mixture for 48 hours at 30°C, and the rocker speed is 150 

r/min. The bacterial solution concentration was estimated 

at regular intervals during the cultivation process; OD600 

(1.39) was selected to describe the concentration, which 

is the solution absorbance at the wavelength of 610 nm. 

The medium solution was prepared according to the data 

in Table 2 and the pH value of the medium was adjusted 

to 8.1 according to the main components and contents of 

saline conditions. In the saline environment, the growth 

rate of Sporosarcina Pasteurii is shown in Fig. (2). 

According to Fig. (2), the growth rate of microbes 

consists of four stages. First is the bacterial adjustment 

period, second is the rapid breeding period, third is the 

steady growth period and fourth is the slow decay period. 

 
Figure 2. The growth rate of Bacillus Pasteurii under the 

saline-alkaline environment 

3. MICP Process Based on Urea Hydrolysis 

Currently, available MICP methods include urea 

hydrolysis (Sun et al. 2023), denitrification chemical 

reaction, ferric iron reduction and sulfate reduction (Cao 

and Zhang 2023). Among them, urea hydrolysis has a 

simple reaction mechanism and can Generate large 

amounts of 〖CO〗_3^(-2) calcium in a short time, a 

reaction to generate calcium carbonate crystals. It is 

widely used due to its advantages such as easy control of 

process and gelling strength. The MICP reaction process 

based on urea hydrolysis is divided into two steps: The 

first step is to use urease produced by the metabolic 

activity of microorganisms to convert urea into 

Hydrolyzed NH4 and 〖CO〗_3^(-2); The second step is 

to add soluble calcium salt solution of 〖Ca〗^(+2) and 

〖CO〗_3^(-2) generated in the first step reaction and 

combine to form a precipitate CaCO3. The deposition 

process of calcium carbonate on the surface of microbial 

cells (Xiang et al. 2023). First, the positively charged 〖

Ca〗^(+2) in the solution is adsorbed onto the negatively 

charged microbial cell wall, while the microorganisms 

use urea as a nitrogen source through its metabolic 

activities, it produces a large amount of highly active 

urease, converting urine into Hydrolysis of phytozoin 

produces NH4 and 〖CO〗_3^(-2) (Khoshtinat 2023). 

Secondly, adsorption on 〖Ca〗^(+2) the outer surface 

of microbial cells is decomposed by hydrolysis of urea 

Come 〖CO〗_3^(-2). Reaction occurs, with cells as 

nuclei, around the cells calcium carbonate crystals 

precipitate (Lee et al. 2024); finally, as calcium carbonate 

crystallizes. The number of organisms continues to 

increase, and cells are gradually wrapped, causing 

microorganisms too difficult to transport nutrients 

required for metabolic activities, which ultimately leads 

to the microbial cells gradually dying. 

According to the turbidimetric method, the number of 

germs can be indirectly articulated by calculating the total 
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absorbance of the solution of the bacteria. The absorbance 

is generally based on the concentration of the bacterial 

cell, which is related to the turbidity of the microbe’s 

solution. In the current research scheme, the total 

absorbance and the number of cells were estimated with 

the help of a spectrophotometer (OD600) at the 

wavelength of 500 nm. The urease activity of germs and 

the concentration of the cultured solution reached the 

stable stage easily under each of the five-gradient 

acclimation schemes. Also, reproduction characteristics, 

urease activity and growth of strains are significant 

parameters that affect the yield of CaCO3. In the process 

of urea hydrolysis, the change in bacterial solution 

conductivity is directly correlated with the amount of 

hydrolysis. The change of the conductivity per minute can 

be used to determine the urease activity. At room 

temperature, 5 ml of germ solution with stable 

concentration was mixed with 55 ml of urea solution. 

Then, a conductivity meter was used to monitor the 

change in electrical conductivity within 5 minutes. To 

obtain urease activity, the average value per minute was 

converted into hydrolyzed urea (Μm) according to a 

previous study (Jiang et al. 2024). To facilitate the study 

on the urea decomposition ability of unit species, the unit 

urease activity was μM urea hydrolysed ∙ min−1 ∙ 𝑂𝐷−1. 

The specific calculation formula is shown in formula (1). 

𝑈𝑛𝑖𝑡 𝑢𝑟𝑒𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

(μM urea hydrolysed ∙ 𝑚𝑖𝑛−1𝑂𝐷600
−1)

=

𝑈𝑟𝑒𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦（𝜇𝑀 𝑢𝑟𝑒𝑎 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑒𝑑∙𝑚𝑖𝑛−1）

𝐵𝑎𝑐𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛（𝑂𝐷600)
     (1) 

4. The Production Rate of Calcium Carbonate 

The calcium carbonate precipitation technique is a 

multifaceted procedure which needs an enough number 

of carbonate and calcium ions, depending on pH, the 

concentration of calcium, available nucleation sites and 

dissolved inorganic carbon (Zhang et al. 2024b). Some 

scholars stated that temperature has a remarkable effect 

on the performance and growth of Sporosarcina Pasteurii 

bacteria, particularly at the temperature of 10~37 °C 

(Chen et al. 2024; Yan et al. 2024). During the test, 

considering the ambient temperature that may be 

encountered in the actual project, this section discusses 

the influence of temperature on the MICP performance of 

the acclimated Bacillus pasteuris. Two cases of 10ºC and 

30ºC are considered in the test. Carbonate production 

after MICP under different domestication culture 

schemes was calculated. The detailed method was as 

follows: The bacteria under different salt and alkali 

concentration acclimation culture schemes were 

expanded culture, 150 r/min, 48 h later removed for use. 

The MICP calcification test was carried out in a tissue 

culture tube with a sealing film, and 20 mL gel liquid was 

prepared, in which urea and calcium chloride had an equal 

molar number of 0.5M. The reaction temperature was 

controlled at 30ºC after mixing the gel liquid with the 

bacterial liquid at the same volume ratio. After 6 days of 

reaction, the mass of calcium carbonate was weighed and 

the yield was calculated as follows: The reacted mixed 

solution was filtered, and water was added to the glass 

tissue culture tube and filtered twice. Then the tissue 

culture tube and filter paper were dried in the oven at 

110ºC. The tissue culture tube and filter paper were taken 

out after 24 hours and weighed to obtain the mass M1. 

The tissue culture tube and filter paper were first picked 

with hydrochloric acid washed with water and then dried 

in the oven at 110ºC to obtain the mass M2. The 

difference between M1 and M2 is the mass of CaCO3. On 

the other hand, the speculative mass of CaCO3 was 

gained by multiplying the concentration of calcium ions 

with the volume V. The actual yield amount of CaCO3 is 

a ratio between the produced amount of CaCO3 and the 

theoretical amount of CaCO3. 

5. Cracked Concrete Sample 

Ordinary Portland Cement with 53-grade is used to make 

cracked concrete samples as shown in Fig. 3. Fine 

aggregate and gravel with a fineness modulus of 2.7 and 
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particle size of 5–31.5 mm was used in sample 

preparation. The cracked concrete cube was 100 mm × 

200 mm × 100 mm and the size of the crack was 2 mm. 

The compressive strength test was conducted after 7 days, 

14 days and 28 days of curing. A rough crack was made 

with a grinder tool as shown in Fig. 3. Water cement ratio 

w/c ratio = 0.49, Water = 220 kg/m3, Cement = 450 

kg/m3, Sand = 615 kg/m3, coarse aggregate = 1200 kg/m3, 

Compressive strength = 32.1 MPa. 

   

 Figure 3. Artificial concrete crack specimens 

An acrylic gasket of 5 mm×2 mm×1 mm (length × width 

× thickness) is inserted into 4 corner points of the upper 

and lower parts of the joint to form a cavity with a height 

of 1 mm, where the repair test reacts. One side of the 

cavity perpendicular to the joint direction of the specimen 

is kept unsealed and used as an inlet for subsequent 

infusion of bacterial fluid and nutrients, while the other 

three sides are sealed with glass glue. After the glass glue 

solidifies, check the tightness of the reaction channel and 

fill the leak until the cavity no longer leaks. 

Sporosarcina Pasteurii  

Sporosarcina pasteurii domesticated by method of five-

gradient saline-alkali concentrations were expanded for 

culture. After 48 h of culture at 150 r/min in the incubator, 

it was taken out for use. The OD600 was 1.37 which was 

measured by UV spectrophotometer. Saline-alkali gelling 

liquid with 0.5M/L concentration of urea and calcium 

chloride is used to provide a nitrogen source for microbial 

growth and a calcium source for cementation products for 

the MICP process. The reaction solution was prepared by 

mixing the bacterial solution with the gelling solution 

according to the volume ratio of 1:1. 

6. Evaluation Methods 

6.1. Macroscopic Observation  

In this paper, the visual observation technique was 

adopted to observe the changes around the cracked 

surface during the repair and curing period. The 

morphology of the germs concentration in the concrete 

crack was measured using a scanning electron 

microscope (SEM). X-ray diffraction (XRD) and Energy 

Dispersive Spectrum (EDS) were selected to match the 

composition of CaCO3 in concrete cracks before and 

after repair. 

6.2. Water Absorption Test  

To check the water penetration through a sealed crack, 

capillary water absorption experiments were carried out 

on the samples. All cracked concrete samples were dried 

at 105 oC. One side of the sample was watertight with 

wax to properly assess the effect of water absorption. 

Subsequently, the initial mass of the sample was recorded 

as m0. The repair surface of all concrete samples was 

downward and partly immersed in water. The samples 

were taken out from the water for measurement of the 

water penetration after immersion of 1, 2, 3, 8, 15, 24, 36 

and 48 h. After removing the surface water, the mass of 

all specimens was weighed as m. 

6.3. Chloride Penetration Test  

The chloride penetration experiments were conducted to 

assess chloride penetration in the repair crack. The 

unrepaired surface and repaired crack were taken as the 

test surfaces for chloride penetration. An adequate 

portion of the penetrable wiper was attached as a chloride 

solution carrier to the cracked surface. An arrangement of 

the germ’s solution drying-wetting cycle was designed 

with 3 days of drying and 3 days of wetting. The adhered 

Concrete joint 

Acrylic 

gasket 
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wiper was moistened, during the wetting period, with 6% 

of the microbe’s solution and repeated every 9 h to 

confirm the same wet form at the surface of the concrete 

crack. The above steps constitute the MICP test process 

in concrete cracks. The prepared MICP cemented cracks 

were divided into 3 groups, which were cured at 30ºC for 

7, 14 and 28 days, respectively, and used for subsequent 

laboratory direct shear tests. In addition, for comparative 

analysis, uncemented concrete cracked specimens were 

prepared for direct shear test. 

6.4. Direct Shear Test  

The rock joint specimens used in this laboratory direct 

shear test are divided into two categories: the first one is 

the uncemented concrete specimens with a width of 1mm; 

The second one is the MICP cemented concrete 

specimen. YZW30 rock shear test system was used for 

the direct shear test (Fig. 4). The tertiary normal stress 

(σn) is proposed, whose values are 0.05σn, 0.1σn and 

0.2σn, respectively, corresponding to the tertiary normal 

stress conditions of low, medium and high. In the test, the 

axial stress was generated at a loading rate of 0.2 kN/s. 

The tangential stress is generated by the displacement 

control bottom at the rate of 0.2 mm/min. The test is 

stopped when the shear displacement reaches 10% of the 

length of the specimen. The number of experimental 

groups of 2 types of sandstone joint specimens in this 

direct test is summarized in Table 3. 

 
Figure 4. YZW30 computer-controlled rock stress direct 

shear apparatus 

Table 3: Summary of shear tests performed on three kinds of artificial cracked concrete specimens 

Specimen type Curing time/day 
Test quantity 

Total Quantity 
0.05c 0.1c 0.2c 

Uncemented 
— 1 1 1 3 

7 1 1 1 3 

Cemented 

14 1 1 1 3 

28 1 1 1 3 

7 1 1 1 3 

14 1 1 1 3 

28 1 1 1 3 

7 1 1 1 3 

14 1 1 1 3 

28 1 1 1 3 

7. Results and Discussions 

7.1. Surface Observations  

Throughout the crack repair procedure, it was noticed that 

white microbes were consistently created and slowly 

gathered on the surface. Observations of the surface for 

both test specimens indicated that the surface crack could 

be fully healed and blocked by the end of the scheduled 

repair period.  

Fig. 5 shows the progress of concrete crack repair by 

using MICP. As can be seen in Fig. 5, white microbes 

slowly collected from the bottom to the top of the 

concrete crack during the repair. This phenomenon is 

mainly due to gravity, which causes the deposit of germs 

from the bottom surface of the crack. Furthermore, 

surface observations analysis in Fig. 5 revealed that it 

takes 11 to 13 days for the five-gradient domestication 
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scheme to heal the crack. It has been observed that the 

amount of CaCO3 grown in the concrete crack, using a 

five-gradient domestication scheme, is limited. On the 

other hand, the proposed method ensures that the solution 

of CaCO3 retained in the wiper is sufficient and could 

flow inside the crack by diffusion process. As a 

consequence, the biochemical reactions associated with 

the MICP technique are endorsed, causing more effective 

and faster repair of cracks compared to other methods 

(Chuo et al. 2020; Omoregie et al. 2017). 

 

Figure 5. MICP cemented joint specimen 

7.2. Analysis of Filling Materials  

The morphology and phase composition of filled CaCO3 

were analyzed through a Scanning Electron Microscope 

(SEM) coupled with energy-dispersive X-ray 

Spectrometry (EDS) and X-ray diffraction (XRD).  

SEM images of the fillers at the cracks of the specimens 

are shown in Fig. 6. Both the white spores had different 

particle sizes and sphere-shaped morphologies.  

The Potassium Magnesium Phosphate (MKPC) 

encapsulated spores’ group had an average particle size 

of 3-4 μm, and the spheres were more dispersed. On the 

other hand, the SC encapsulated spores’ group had an 

average particle size of 2-3 μm, and most of them were 

clustered together. 

 

 Figure 6. EDS and morphologies spectrums of the materials in the concrete crack at different curing times. (a) 7 days, 

(b) 14 days and (c) 28 days. 

Repair crack 

GP matrix 

CaCO3 

CaCO3 

CaCO3 

S. Cell 
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Figure 7. XRD patterns of the materials in the concrete 

crack at different curing times. (a) 7 days, (b) 14 days 

and (c) 28 days. 

The EDS spectrum of precipitations showed that the key 

elements were O, Ca, and C indicating that the filling 

spores on the surface of the concrete crack area were 

CaCO3. Fig. 7 shows that the main product was CaCO3 

with Vaterite (V) Calcite (C). The calcium carbonate 

formed by the microbially induced technique has a higher 

bonding strength with the shear strength of concrete 

cracks. But, the height of the bonding film could reach the 

micrometer level. These findings confirm that the five-

gradient domesticated CaCO3 is not only a good bonding 

material between the two surfaces of the concrete but also 

a good cementing ability. 

7.3. Shear Displacement  

The specimens with joints repaired by strains cultured 

with a five-gradient domestication scheme were 

subjected to direct shear tests after 7 days, 14 days and 28 

days of curing at normal stress (σn) of 0.1σc and 0.2σc 

(Fig. 8). The shear displacements and shear strength 

curves under third-order normal stress were plotted in 

Fig. 8. From Fig. 8, all shear stress-displacement curves 

have obvious peak points. The whole shear stress-

displacement curve could be divided into three parts: pre-

peak climbing section, post-peak falling section and 

residual stage (Fig. 8ab). The shear stress corresponding 

to the peak point is the ultimate shear strength of concrete 

joints under normal stress conditions. But the residual 

shear stress is the residual shear strength. In addition, the 

repair ability of the strains after five-gradient 

domestication was the best, indicating that the strains 

after domestication by this method can be well adapted to 

the saline-alkali environment, have a good connection 

effect on concrete joint specimens and can improve their 

shear strength to a certain extent. The shear stress-

displacement curves of MICP cemented concrete crack 

obtained by a five-gradient domestication scheme after 7 

days, 14 days and 28 days of curing are shown in Fig. 8. 

As can be seen from Fig. 8, the peak shear strength of the 

cemented joint increases with the extension of 

maintenance time. 

 
Figure 8. Shear stress-displacement curves of CaCO3 cemented concrete crack at different curing times, (a) σn = 0.1σc 

and (b) σn = 0.2σc 
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7.4. Peak Shear Strength 

The relationship between the ultimate shear strength of 

the joint and curing time is plotted in Fig. 9 to assess the 

strengthening effect of CaCO3 on the strength of concrete 

crack. As shown in Fig. 9, At a five-gradient 

domestication scheme (normal stress σ_n=0.2σ_c) the 

peak normal stress increased rapidly in the initial stage of 

restoration. This is because the productive rate of calcium 

carbonate gradually slows down with the consumption of 

nutrients and the decline of bacteria in the environment 

without supplemental nutrients and bacterial solutions. 

As a result, the ultimate shear strength rises gradually 

with the rise of curing time (Fig. 9). The repair ability of 

the strain was significantly inhibited by the saline-alkali 

environment, resulting in little improvement in the peak 

shear strength after repair. Furthermore, the peak shear 

strength of the joint repaired after 28 days of curing 

significantly improve the shear strength of the joint to a 

certain extent, indicating that the bacteria can gradually 

adapt to the saline environment under five-gradient 

acclimation. These results prove that the five-gradient 

acclimation scheme is better than that of other methods. 

 

Figure 9. Variation of peak shear strength of MICP 

cemented concrete joints at different curing times 

The relationship between peak shear strength and normal 

strength of the joint is plotted under different curing times 

as shown in Fig.10. As the normal stress increased the 

peak strength of the concrete joint also increased linearly 

(Fig. 10). It was close to the repair strength of the 

conventional environment, indicating that the effect of 

five-gradient acclimation was better than that of other 

methods. In this research, the CaCO3 formed by germs 

has a good bonding strength with the concrete. 

Microbially CaCO3 not only increased the shear strength 

of cracked concrete but also has a better cementing 

ability. 

 
Figure 10. Fitting curves of shear strength parameters of concrete MICP cemented joint at different curing days 
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8. Conclusions 

In this particular research, Sporosarcina Pasteurii was 

first domesticated in a saline environment. Then, the 

cementation effect of domesticated bacteria on the shear 

strength of concrete joints was analyzed through 

laboratory tests. The main conclusions are drawn as 

follows: 

• In the five-gradient domestication process, the 

morphology of Sporosarcina Pasteurii was 

meaningfully decreased, but good adaptability to 

saline conditions. Meanwhile, the saline water 

conditions provided more Magnesium and Calcium 

ions, which promotes productive rates of carbonate 

during the cementation after 28 days of curing. 

• The concentration of bacterial fluid after five-

gradient acclimation in saline water can reach more 

than 94% of that in a neutral condition.  

• The productive rate of CaCO3 after interaction with 

cementing fluid was significantly increased 

compared with that in a neutral environment. 

• The acclimated Sporosarcina Pasteurii has good 

temperature adaptability and good MICP 

performance at 10~30 °C. In the saline environment, 

both the carbonate production and the shear strength 

of concrete joints after MICP consolidation were 

higher, and the bacteria with five-gradient 

acclimation had a better crack-sealing performance. 

• The peak shear strength of the cemented joint 

increased with the curing time, but the strength 

developed quickly in the early stage and slowly in the 

later stage.  

• Compared with uncemented concrete joints, the peak 

shear strength of MICP cemented joints was 

significantly higher. 
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