B K1Y Mok db W 5 ok AR Vol.17 No. 1
2019 4E 2 A South-to-North Water Transfers and Water Science &. Technology Feb. 2019

DOI:10.13476/j. cnki. nsbdgk. 2019. 0023

Zrdk il BT, EH L% 2T MICP BRK) BB R IRE H 0PI ). m/KIb A S KRR, 2019,17(1) : 164-177. LIAN ]
J,GAO M M, YAN Y, et al. Research progress of self-healing concrete based on MICP technology[ J |. South-to-North Water
Transfers and Water Science & Technology,2019,17(1):164-177. (in Chinese)

ET MICP AR BEEBERE L HARHER

2T T N R TENE Ry AN

(L R KR AR B0 22 4 [ 0 B S S 3 R 30007252, KRy f LA~ e - Kt 300072)

R REE I — M Z AR SRR EHAE A AL R b o) Hh B SREE U A KA TR . TR BE L 2AE A
SN TR SR S+ T L2 X5 25K 1) 22 7™ HE AN RIS o R AR 5 ™ R BRI i AR (MILCP) BB A T A i
A SIREE - X R EE T AERS A2 B B Hh BURAE T S B A FAB S, DTN o TR 45 A M A9 s AR B » 3 20 4R 1B 1
Ao X AR SCHR B S IREE 1 Y AR ST LR 95 07 1 PRI DL I 18 ORI R AT T R A
MTARJEEE b 2N 70 (A e B A ad 7 s IR 28 75 9k b 2 20T A AT TR BE R A0 40 B8 [ 280
J7 s WAPEHERE B 22004 1 A 18 IR BE L RO IR RE AN 2 AR BE s B RBSCR b 3825 1B S50 iy J- 4
SRAFUA B AR RIE S IR A5 . AR AR BB IR BE - F AT REAE S A B R BB TEIE N 0. 97 mm, T KR Ty
27. 2 mm, {3 REYRJERES) . 2T HATAIESEBLR, SCRER T A 8 IR BE Lot — 2 B0 507 180, B AR 0 i 4
AR R R B — R BB

KA : (B IREE L UE VTS P RRIRER UIVE s AR JUHE s PERE s "o I R

MENES TUSS. 50 CRERE:A TR (R ERRS ) AR (OSID) :

Research progress of self-healing concrete based on MICP technology
LIAN Jijian"? ,GAO Maomao'? , YAN Yue!? ,FU Dengfeng!? , XU Hongyin *?
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety , Tianjin University , Tianjin 300072 ,China;
2. School of Civil Engineering , Tianjin University , Tianjin 300072, China)

Abstract: Concrete is a widely-used building material, but it is prone to cracking during its service life, especially in water conser-
vancy projects. The cracks not only affect the look of buildings, but also adversely affect the security of the structure. The tech-
nology of microbial induced carbonate precipitation (MICP) can be used to fabricate self-healing concrete. This concrete can
self-heal when it has micro-cracks,and thus has better durability and saves maintenance costs. This paper summarizes and analy-
zes domestic and foreign literature on the working mechanism of the self-healing concrete, the preparation methods, the charac-
teristics of self-healing concrete, and the affecting factors of self-healing effect. Regarding the mechanism, it mainly introduces
the selection of self-repairing microorganisms and the mineralization processes. Regarding the preparation,it mainly summarizes
the bacterial immobilization methods used in self-healing concrete. Regarding the performance., it mainly analyzes the microscopic
properties and macroscopic properties of self-healing concrete. Regarding the healing effect, it mainly summarizes three influen-
cing factors including repairing agent compositions, curing conditions,and cracks characteristics. According to the literature re-

view, the maximum width of cracks that can be healed for self-healing concrete is 0. 97mm and the maximum depth is 27. 2 mm.
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The self-healing concrete still has great development potential. Based on the current research progress, this paper points out the

further research directions of self-healing concrete. It is aimed to push forward the development of this technology.

Key words: self-healing concrete;microbial induced carbonate precipitation; working mechanism; properties;affecting factors
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Fig. 1  Optical micrographs (1 000 magnifications) of B. cohniis vegetative cells (rods) and intracellular spores (spheres) (a)

and electron micrographs of isolated spores (15 000 magnifications) (b) [4]
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Fig. 2 Working mechanism of self-healing concretel33]
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AHTA] A DX 8 {H AR R B AN W] B A5 L 0E R . e
PR HA H3 F M29 1) CPA B T At dk . X
T CPA #5519 B8 AR H4, TR 400 46 25 16 vk B2 AR T
1. 0X107 spores/mL, ] CPA /INTF* 40% 5 24 2 # vk F
BNE] 4. 0X 107 spores/mL B}, CPA S %E 76 %,

% 3 RN T E N AMEE I A RS Z 5o
XHREE+ R4 AR SCR I m ., AT LA, BT
FEEPTRe B E B K IEE A 0. 97 mm, iR F 1028
AR e . AESER RN b2 H . i3 SR 1 1Y
SEMHRRES MFLIRES . AR EACES Y I K2y 1 B
RS X AR e 1 AR R AR R . R Y
WHEAE L & B S m A g CPATY

®3 BEFRSEENHMREBEERRILE

Tab. 3 Healing agent composition and the corresponding self-healing effect

PR R v B 41 2k AR 5L Rk ABE xR 51 H
bacillus cohnii s \ \oi cod 5 8 — e St et e - e
et cotm WK SUMM 20K KA 28 d R BRI 0. 56 mm, 33
o g TEARPFES 28 d 5 ORI BRA AT 6304 0k %
) ' N ’ B i HIRES 0. 025 mol/L  ZE IG5 30 VR T 1 5 Z44%E 1l AN A ™ TR T B8 1) Jy i A Rk 1 465 [42]
108 cells/ml

S VU TS s M8l KB E i 292 0. 51 mm,
ll;c:)gillzﬁv‘;/)haerif‘m; T R 79 /L CaCOs YIIERE T HETE 1106 B S F 9 BE PR AE 60 %6 s /K Fthy (7]
cells/mL AL,
bacillus sphaericus; I W REESE B E T R is 0.5 mm; BB E IR T
¢ 255 0.2 g/L . . 161129

109 spores/ml. e PRRLES 0.2 8/1 G o B S A B L (L S Rt 60%, 02
bacillus sphaericus ; i N § CaCOs VTIERE NIRTF 25 %06 H G B &2 5% ; W /K #4ly
107 cells/mL RERE RS 79 g/L AL, [17]
bacillus sphaericus ; - N RGN Fi R 0. 15~0. 17 mm; JREDMREE S L HIZEB A
10° cells/mL RHL FRIRES LLRE/ ettty 1217 35 Wk TR 7024, 15
bacillus sphaericus; P N ZUBeG 5 TR RE IR 0. 97 mm; L4165 5K 80 % s B AT A
10° cells/g BURCHE RS 0 Zmol L s S0 KRR 4524 18
bacillus subtilis; . o W . 4 28 d )5, A ATE 0. 81 mm; FLIE SR AN 9. 8%6 5 45
2. 810 cells/mL RIS FURREG 18 ke/m® o) o 7 B 1 R L40]
bacillus subtilis; — s . 28 d )5, RE I E A 0. 61 mm; PLEGREFIRE T 12%; K
2.8X108 cells/mlL. 2R FURREG 18 ke/m® 4 oy 280 B B BRI Lio]
bacillus pseudo firmus ; S ke e A T i bR A 2R - 25 |
bacillus cohniis SRR R FLESE 80 ¢/L ZIUENE E TERE IR 0. 46 mm., F H B A ZFTR A A= 80 5 [37015]

1. 7X10° cells/g
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4.2 FAPEMATE T ARG TR

MREE T2 G PR HLE EAH A R  S R
B M E R LB 5. Wang V520 AR
TRBE 1+ B TAIXREE S 60 % 5% 95 % 8k 55 T 95 % 1)
W B A AT A 8OR S ek i 57
i, S5 A BRI A% A i X BB TR S K R 4k 18 5
AP EZEEM. HE2E KB RPN aBE
RO IR IR ORAE K PRIz S — B
D R . 3Tk 7E TR AG PR 2 F v, TR
A BET DA 8 1 7K o A BE AL TR IR A
FENTE R K A3 A B, SR LA I 4 48 250 400 TR 2% ik
SR R S PR L 2B BT DA o IR S B SR
Y U B A0 A S (E A 2 R R AR
RIANEE, 13 T A F 2458, Luo %05 R HIK SR
P RFRY GRIRIEY AR E R AR TR
WTRE 1 . R BUK IR 4P S B B RO cds . AR
Hb . Roig-Flores 217t % 3L, 33 A K v (19 1R Bk +
it L TR R AR b B K PR o 2, B E AL
RELF,

B T K IR T 2R TR EE A1 A 2
BT 7 — B FRWOh IR PR BE + . Nosou-
hian &7 [WFFT 45 R R 72 R R AL ES TR &
TSR IR 25 BT BE 1 A L 7E K R FR B s B
FEBR B . Wang S0 0T L T AR IREE 1K
HRIRI RN TE B RHIRAS L IR R S TR P IR IS O
R IUGE AR R ITR S B T 2, A B = AR
WA, AT IR PN AN B SR RE RS R AN R
AR LS AN 38 A PR AN EE . L R h R4S
T T B Y, o R EUR R TR SR A B
ST YR BT YR BRI 0. 02 mol/LL i 3
1R PR 5 Ik s T U A Ak 5 1) P B P A S )
PR EE HHE T pH BRI, AR TR T, 5
A 2o 1R PR R R X S A T R A 3 A ) ik
it TP T ARG

BRI Z A5, SN A 35 B i ) B 2 52 i 4 4% 11
BRI, QuE S s B, M T 25 C,35
C 11 I R A ) Al T 65 T 174 3 3 R A R 1
. DR ATRE R 35 C AR T 4N B A0 T TG P T v
4.3 U Ists 5 AR 6w

IKIRIERT R ) L8 T 45 T 40} (7] W) B 25 1)
HIBE MR .

FBETE SR IE ARG A TE 1 R BETRE 45 1X
SEESAE A5 AN B ER SR R A TR 3R 85, i e i s 2
ROCR = A LR, SEAE SN Luo %5

R MHIERT 0.8 mm B, RaE @45 EMT
302, IR ML T B R F G R BRA
IR DT (S B P S it PR AS RE T 24 4 PN 3R 3 o
AR, SRR 5 - Wang 887 i
i X SR B Z SRR LB E T 15 i
I 43 A7 Ath AT 422 BRBE #2535 4R 2 i 500, 3 500 Al
7000 g AYAEEARE I R B R 23 0 = AN X, K
BRI = A DI A SR A AR ok A DX SRR Y
FEAEAMKR IR A 8. 04%6,3. 30% A1 0. 61% , Achal 27
Wl I L R B, R A bacillus sp. CT-5 43 5|
BE RN 13,4 mm M 27. 2 mm [ 2440, 07K
()24 HLm B K 5T e o i . BRI S 1A
VOB /D, B R AU 2

SABE 1) T 23415 1], 255 WA K U8 S A ) 4 1) 5
FAR . Y ABEIREE R SE G 24T 2L
W A E BRCR . Luo 255 48 1, M 1B R
TREETHCE 60 d JEHHIMERLE, LA BB
R . Khaliq 25O A B 804 7 d F1 14 d A&
SVREE L LR AE R A TR 0. 37 mm [ % 0. 21
mm, PRI T BE A A B o TR O I 1
LI FRAS T AT 110 7K A B o8 G P 5 1 233 ) e
/> AT 40 B PRI 2k 2B A2 4 (R PE T

5 BESRELWIENA

i T E2EN KR, ABEEIRET IR C S
HUAS 7 1 R I w2 il ik e — 6 TR [R) A,
WAEJE R Z /R, B TR ALK, S B0E K
BANREE AW Ew PR, T W A BCR
FiArEE LWA [ 2040 1/ 28/ ML i) B 18 52 1R & 1=, OF
G T 3 m KIFERA M LA 3Ca)), N HZER
S o 5 YR R AT ) 7 AN B — A1 Y B[R] I 4R
S, BB IR BRE A8 BT A e B — ELAR AR BT 1 5
PR UL 18 TR 1 s e 4 T 244 3
BHATIE A i aE 4w TR & LR APk, tesh,
Kishi R A B ERE 050 T — MERBU
1.6 mx1.35 mX 1.2 m fIfig /K& CLIE 3(b)) . 1E
BEUA A G B T TR A BE o b 35 5
PEEESEEE SN 0. 2 mm B SLAE SRS A TR K T
LN s 7K 2 Bl o ) A AR AL . 5 SR s | it 7K A 1 2
BER ™ HE ) AR B B S OK BRI T R AT
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A& R IR EE T 7F— 2 TR 5 2] TR0
2235 H AT B0 58 R 3 145 18 A i 0 = B B
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Fig. 3 (a) Canal lining built with self-healing concretet®3J, (b) Large water reservoir built with self-healing concretet8t]
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Fig. 4 Summary of self-healing concrete research progress (the blue part represents the content studied;

the red part represents the content to be studied)
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KAEEREES 27. 2 mm, WARIEAREN & TR
B P DTSR AT AR R A 1B R IR BE 11
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