Modares Civil Engineering Journal

Volume 26, Issue 5, 2026, 97-109 i
DOI: 10.48311/mcej.2025.118286.82882 Tarbiat Modares

University

Investigation on Self-Healing Concrete Using Bacillus Subtilis Bacteria

Komeil Momeni*" ), Tahereh Samary Masouleh?, Sajad Gholamrezaei Sarvelat®

1. Assistant professor of Civil Engineering, Technical and Vocational University (TVU), Tehran, Iran.

2. M.Sc of Civil Engineering student of Jihad University, Guilan, Iran.

3. Department of Electrical Engineering, Faculty of Electrical and Computer Engineering ,Technical and Vocational
University(TVU), Tehran, Iran.

Abstract Review History
Spontaneous healing involves the formation of self-healing compounds through the Received: Aug 13, 2025
continuous hydration of unhydrated cementitious materials, which have limited ability to heal Revised: Oct 10, 2025
cracks. On the other hand, autohealing uses external agents such as superabsorbent polymers, Accepted: May 30, 2026
biological agents, high pozzolanic materials, and chemical agents to seal cracks.In this study, the

use of Bacillus subtilis bacteria was investigated to improve compressive strength and crack [<eywords

repair. Some researchers added Bacillus subtilis bacteria directly to concrete. The results of these Bacterial concrete
studies showed that adding Bacillus subtilis bacteria directly significantly improves the Self-healing
compressive strength of bacterial concrete compared to control concrete. Bacillus subtilis Bacillus subtilis
bacteria also produce calcium deposits and fill cracks in concrete. However, some researchers
investigated the indirect (encapsulated) addition of Bacillus subtilis bacteria with different
carriers in concrete. The results showed that using a phenyl vinyl alcohol (PVA) carrier
containing Bacillus subtilis bacteria in concrete increased the compressive strength of the
samples compared to other samples containing bacterial carriers. Also, the concrete mixture
containing Bacillus subtilis bacteria with 30% fly ash carrier showed higher healing compared to
other mixtures. Overall, the results of this study showed that the use of bacteria with Bacillus
subtilis plays a significant role in improving the compressive strength and self-healing capacity
of concrete, which can significantly improve the durability of concrete structures.The results
obtained on concrete samples containing Bacillus subtilis bacteria compared to control concrete,
bacterial concrete had a maximum compressive strength of 18.20 MPa (3.59% increase), 54.29
MPa (15.61% increase), and 88.32 MPa (19.55% increase) after 14, 7, and 28 days, respectively.
After 28 days of curing, the self-healing index showed that bacterial concrete had a higher
normalized self-healing index of 1.12 compared to control concrete. The results of the research
on bacterial concrete containing Bacillus subtilis bacteria showed higher compressive strength
compared to normal concrete in all grades of concrete. Also, the compressive strength of concrete
containing Bacillus subtilis bacteria with a bacterial concentration of 510 cells per ml with
concrete grade M30 on day 28 was slightly higher than other samples. In this study, sediment
was observed on the surface of concrete samples Cracked bacteria and filling of smooth cracks
showed the effectiveness of crack repair.The compressive strength results obtained on concrete
samples containing Bacillus subtilis bacteria with carriers of phenyl vinyl alcohol fibers, sisal
fibers and expanded perlite and concrete samples containing phenyl vinyl alcohol fibers, sisal
fibers that do not contain Bacillus bacteria and normal concrete. The self-healing concrete of
Bacillus subtilis with polyvinyl alcohol (PVA) fibers added is stronger than the two carriers with
bacteria and without bacteria and normal concrete. The reason is that polyvinyl alcohol (PVA)
fibers have a binding role in concrete compared to the expanded perlite material. The repair effect
in concrete with Bacillus subtilis bacterial solution added at a concentration of 2.5 oz with carrier
is higher compared to the other two groups of self-healing concrete.For both normal concrete and
self-healing concrete containing Bacillus subtilis bacteria, 100% natural aggregate provides the
maximum strength Slow and in case of strength recovery after repair, concrete mix containing
30% fly ash aggregate showed good results. In this test, mix B2 with 30% fly ash aggregate
showed high repair performance compared to other mixes.
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Fig. 2. Pelletizer [7]
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Table 1. Compressive strengths (MPa) of different cell counts
from 10° to 10° [30]

Cell count Grade
(cells/m) M20 M25  M30
(MPa) (MPa) (MPa)
CcC-10° 26.46 3112 36.61
10* 2729 3278 3745
102 2778 3561 37.90
10° 2810 36.66 38.78
10* 30.07 3742 40.60
10° 3341 389 4502
106 3011 3629 41.93
107 29.25 3416  39.70
108 2801 32.89 38.84
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Fig. 11. 3D optical microscope images for the progress of crack
healing of bacterial concrete with B. subtilis during (a) 21 days,
and (b) 28 days [29]
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Fig. 12. Crack healing capacity of self-healing bacterial concrete
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Fig. 10. 3D optical microscope images for the progress of crack
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and (b) 14 days [29]
sdalin 03,358 5 ladises pl 05 g5 BB e g5
Ao Jls S Ol Sl g5 B olie &S )5k 4 Al
d}k—l) slass ‘U‘-’-‘J" ojy.c JuJJSJi \) JJJ lea.w) ol J.,:J)S
S o sdallin JJJ ija.w REB) L;L;‘ 6*3")3 CJYMJ\
UA”‘ S4>9 .\_&Lu_ﬁ ﬁ JJS L;L}b v.:.»j“ J.;M.vt’i okasOlis
o 2hSL on slad s sl (g5 dbe gladl S
J,:g_:.j sl oualie J.:G (\Y’J \'Y c\\) BJQJJJ Cjﬁpj “
o odipd e 35 oL SL o e (655 At gladli S
ol S Dy S gy T s



VE-0 Jlw B o)leis Y5 5,93

U030 Olyes (qwdige (oole dlowe

e A M s oS BB Do 4 LS S S Gl
L sl bl bt sl L SU e b 0% 03
en 3 Sl 3 s 058 53 b amlie 53 sl YO ke
ol ol s ol a6 ccidsie glacble Loy
St mle Lol Slol sladigad (S5 ol 45
Ol S ol Koschale 5o b oladse 5l g (il VO

5 olS a0 fls 3T o lags SL s e
e A A8 IS e s DL S el S|y ol S
setalin 10 clacS 5 1S o KoS s 2alS 5 bS5
S35 ol adias LS Jil 55 O o 53l peals slaad
s 5 3 el 5 Sl SLacS 5 &S e s s sl

RE VoI Y &Qﬁt&w}by ,.\.v;u”j‘ okaasOLis (\Y)Jg.;:

5 s a5 (sl YO L sSL cble s aas e

(\Y‘) }g_& BE °'J‘—‘;'[":AJJ LsLsM\.:jA.: .J.;}JL;a ["G'QJ'?U:"Q})[}

ol sl 00l OLES

(s B P9 4 (ot F3 5 odalie —F-Y
La Josl> 50 ) o L [31] Ol Les 5 Yuanyuan Tie

b LSk bl s ol 5l eslinal o sl ps S 5 e i

(® (h) @

bl 8L b s e 500 (0) el Ol 0 Tl SUN el o 0 il Y S b it s e gl (6,8 (sl i a0 @) Y IS
4505 (@) Jobm 050 40 s S el an o T il b kit sl (55 (S5l (20 e 6503 (€) ol 050 a0 Dl LI 5 V0 a2 L ke
a sl V0 CBE L ks skl 8L b g e 6500 @) Job Ulse 4 PVA Gl o 0 Y CBlE b s Gl 6550 ol o e
Sl 0 aSe w505 (@) ol Olge w PVA Gl ol os sl ¥ Bl b ks o shonls (6,80 (65l i cnSs 505 () el Ol o PVA Gl el an
oot 4 g VIO Bl U ek el (65U (5l (50 e 503 () ol e 4 ot oo Sy ol o Y il b it sl 6 S
[31] Jol= Olye a0 lovia &l s olyan (sl ¥ Clale b et g skl (681 (gl o S €508 (D) Jal Olsie a0 Laio ) 5
Fig. 13. Comparison of crushing conditions (a) 2od Bacillus subtilis concrete cube specimen with sisal fiber as the carrier (b) 2.5 od Bacillus
subtilis concrete cube specimen with sisal fiber as the carrier (¢) 3od Bacillus subtilis concrete cube specimen with sisal fiber as the carrier
(d) 20d Bacillus subtilis concrete cube specimen with PVA fiber as the carrier (€) 2.50d Bacillus subtilis concrete cube specimen with PVA
fiber as the carrier (f) 3od Bacillus subtilis concrete cube specimen with PVVA fiber as the carrier (g) 2od Bacillus subtilis concrete cube

specimen with expanded perlite as the carrier (h) 2.50d Bacillus subtilis concrete cube specimen with expanded perlite as the carrier (i) 3od
Bacillus subtilis concrete [31]
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