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TABLE 1 | Reactions and by-products involved in different metaholic pathways leading to MCP.

Microbial groups Metfabolism  Reference Reactions By-product

Cyancbacteria Photosynthesis  Baumgartner ef al. SHOO; + G CHO + Ca00s + O On
Algae (2006) Gr:0
Ureolvtic bacteria ~ Ureolysis Achal and Mukherles  GO{NH + 2H:0 + Ga® + Cell - 2NH; + Gal-GaC0s NH;

(2015}
Nirate-reducing  Denitrfication ~ Erfanetal R015b)  cH,000- + 2604 18N, - 200, + 0.8M, 4+ 2840 Complete reaction: GOz + N,
bacteria Ca + 004fag) + 20H- - GaC0yg) + H:0 Incomplate reaction:

NO +N:O

Myxobacteria Ammonification Gonzalez-Mufioz etal. - NH;

(20101
Suffate recuction  Suffate Baumgartner &t &l. 0T + 2(CH:Q] + CH-+ Ca?* —» GaGOy + €0y + 2H,0+ HS- 00,
bacteria reduction (2006) HS-
Methanogens Methane Regburgh (2007) Anaerobic oxidation: CHy + 807 + %+ CaC0; + HS +HO  H:S

oxidation Aerobic oxication: CHy + 20, + GO, + 2H.0
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Concrete with muneral adnuxtures

 Expansive agents expand. geo-materials swell. and
carbonates precipitate when water fills crack

Expansive agents. geo-matenals, and carbonates
eventuallv fill crack
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Glass tube with healing agent

(Glass mube breaks and

healing agent fills
crack
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Damaged ECC with crack widths < 60 pm
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Healing products fill cracks when

/ exposed to water and air
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Species of Encapsulated {Capsule marerial) Directly  Mechanism Major findings Reference
bacteria used added
Spore forming X Not mentioned in the  a) High early healing was observed by water curing [13)
bacteria study b) Higher the cracking age, lower is the extent of healing
(species not
mentioned)
Bacillus X Decomposition of 1) Calcium source affects healing ratio- caleium glutamata  [14)
calcium source to performs better than lactate
precipitate carbonate b} Bacteria ined viable for 4 th
Bacillus cohnii X (Clay aggregates) Metabolic a) Crack width of 0.15 mm with length 8 cm completely [3]
conversion of sealed
calcium lactate b) Mo loss of viability up to 6 months
Bacillus X (immobilized in PU and silica gel Ureolytic a) FU immobilized bacteria specimens showed lowast [5]
Sphaericus inside glass) decomposition of permeability
calcium nitrate b) Higher bacteria activity in silica sol
¢) Higher smength recovery in case of PU immobilization
Bacillus X (Diatomaceous earth) Ureolytic a) Highest reduction of water absorption was cbserved in  [9]
Sphaericus decomposition of bacteria containing specimen
calcium nitrate b) Dosage of DE must ba carefully adjusted because it
causes loss in concrete workability
Bacillus X {Melamine based capsules) Ureolytic a) Crack healing ratio of 48% to 80%; highest crack width  [4]
Sphaericus decomposition of healed is 970 um
caleium nitrate b) Permeability recorded for bacteria specimen is about 10
times compared to control
) highest reduction in erack area in casa of wet-dry cyde
Bacillus / (hydrogel) - one component Ureolytic a)Maximum crack sealing of 500 um under wet-dry cycles [10]
Sphaericus (only bacteria) and two component decompaosition of b) Permeability decrease of 68% for specimens containing
(bacteria and nutrient) system calcium nitrate hydrogel encapsulating both bacteria and nutrients
together
Bacillus v (Sodium alginate based hydrogel) Ureolytic Bacterial activity was observed only for encapsulated [17]
Sphaericus decomposition of samples at crack face measured by oxygen consumption

calcium nitrate
Decompositon of
calcium lactate

Bacillus Subrilis a) Bacteria can be distribured uniformly in concrete when  [20]
immobilized in graphite nano-platelets (GNP) due to fine
partcle size and uniform dispersion of GNP

b) Bacteria immobilized in GNP showed high self-healing

when samples were pre-cracked at early stages (3 day and
Tday)

¢) Lightweight aggregates are more effective when samples

are pre-damaged at later stage {14 day and 28 day)

{Lightweight aggregates and
graphite nano-plateles)
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Shelflife Parvasiveness Quality Reliahility Versatility Repeatability
Direct addition of hio- Bactaria spares are more stable than  Uniform dispersion of bio-  Sealing ahility depends on crack ~ Reliable sealing abilityand ~ Highly dependenton crack  Inadequata results
agenks in cancrele live cells but harsh environment of  agents including nutrients  width, Crack widch up fo recovery of concrete properties  width, cracking ageand  to establish
concrete reduce lifetime of spores ko is possible [12,13] 450 um has been sealed [15] ~ on short term. Long Eerm presence of moisture and  healing for
only 1-2 months [3] Inadequate data to comment on  perfarmance not studied nutrients |13 multiple koading
recovery of strength although eycles
flexural strength recovery of

about 25% recorded [14]
Addition of encapsulated  Survival period and rate of bacteria is  Uniform distribution of ~ Sealing ahility depends on crack  Reliable sealing abilityand ~ Effective healing when  Inadequate results

bio-agents enhancad due to encapsulation. capsules or immebilization  width, Maximum crack width of  recovery of concrete properties - maisture s prasance to establish
Viability up to 6 months hasbeen  medium containing 970 um healed [34] on short term, Long l2rm [3410] and crack width i healing for
studied[3] bacteria possible [34] ~ a) High recovery of durability ~ performance not studied restricted multiple boading
measured by water perme ability cycles

or water absorption tests [349]
b) Inadequate data to comment
on recovery of strength
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(18)_“)_ @) = (1) B. mucilaginous
S * (2) B. alkaliphilic
* (3) B. sphaericus

(4) S. pasteurii
= (5) B. alkalinitrilicus
= (6) B. pseudofirmus
= (7) B. cohnii
= (8) B. halodurans
= (9) B. subtilis

a7

(16)

(1 l)l = (10) B. megaterium
m(11) B. aerius
aol == = ®(12) B.flexus

® (13) B. licheniformis
#(14) E. coli

1(15) Shewanella

(16) D. nitroreducens
u (17) Brewers yeast
# (18) S. ureae
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Type of bacteria Cement Importance
replacement

1 Bacillus aerius Rice husk Strength, durability

2 Bacillus megaterium No replacement Compressive strength

3 Bacillus sphaericus Normal concrete Durability

4 Sporosarcina pasteurii Fly ash concrete Strength, durability

5 Spovosarcina pasteurii Silica fume Improvement in strength and
durability

6 Bacillus sphaericus No replacement Alternative surface treatment for
concrete

7 Shewanella species No replacement Compressive strength

8 Bacillus subtilis Compressive strength
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STATGRAPHIC wls jl Lol oyl sl folges g polie (A =Y) Jgis

Source Sum of Squares Df Mean Square F-Ratio P-Value
A:Nano Silica 1710.62 1 1710.62 659.23 0.0000
B:Nano Calcium Carbonate 753.656 1 753.656 290.44 0.0001
AA 166.289 1 166.289 64.08 0.0013
AB 30.25 1 30.25 11.66 0.0269
BB 78.9691 1 78.9691 30.43 0.0053
Total error 10.3795 4 2.59488
Total (corr.) 2685.03 9
R-squared = 99.6134 percent
R-squared (adjusted for d.f.) = 99.1302 percent
Optimum value = 249.5
Factor Low High Optimu
m
Nano Silica 0 233 33
Nano Calcium Carbonate 0 70 56
Main Effects Plot for Compressive strength
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Estimated Response Surface
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