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Research status and development of self-healing concrete technology
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Abstract: Self-healing concrete (SHC) technology is a new type of concrete repair technology, that utilizes self-healing
agents or microorganisms added in concrete to self-heal cracks in concrete, thereby extending the service life of concrete
and reducing environmental pollution and waste of resources. This paper introduces the principle, development process,
current research hotspots, future trends and application prospects of self-healing concrete technology.
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Tab.1 Principles and limitations of self-healing

0 3§

IREE LR AL R rh 28 5 AL R 1, BT

concrete technology

SAVERE BRI A A e J, 4 TR 2R . 1550 HE s A T B
AOTRIGE T AT 2T, 28t BAEAS IR BRSSPSR, RS RO SR
L2 TV BRI HUC, 185 I 1 (SHC) 5 e 208 fo
BLETIE. [ R AE R TR
FORBGETIA A IR A R E A G SRR AL gy B T E,

S5 | Bl %, LR 1 R 58 R AR B S i 45 12

Bt AR

BEIRES o BERREAAA W] AR = TREE - i i A5 Fn ) RN ATHCR
Bk R AEIR ARG BE A AT B R, A JERICtZE RN SMA A S Rr Ik BIRB s iAgss, 1%
EHBE CEHIEES ok

FEES 4 ABRIREE L EOR B AR DIRR . H AT AT

TERBEL B A G IR BNEE e A /KSR

BB A SR, YRR LEAITHAE  mNASES
N sz &5 OKEF, VPR R A RON AN K, 2R
=N S S
1 BEERELEANREND R SRR, S B
- =
(1 52 5 H A TS P T 1 s A R L e, K TR
‘ : : H UL et N B, EHZHLR R
PP, TR T P th BRI, K464 7 g CeCo SARTARIMURIETE oo
5 . e N Z 1] ] 1L )32
RIS 40 L TR i e T 4 R S A T L7 i i
B —FOB B AR . IWBE LI, ABEIREE LHORAT HEAEASARIET, R e
S ABE A B EAAY AR =Y, Wk e ey LA UG R R AL ;ij;,%
P U5 s, IR P R s ;;W\,%u’
R M S R T 46 00 A B OF S B M feAe e At i, SEFIES A ‘
2, EEE AR D AR R R SR R R R oy TCEDITVACH, PRI B,
B, AL A SHATA RR25 (HSE EE  t h g PICERDUEIEERIER A e B

MEE, NTTSCEBL AESE . 3 UL BRGS0 AT ) JIRS
ZEABE YR IREE - AR RIERICIL G & A B R

YEBRA : FEEr(1995-), Wi+, ML THEHFIE .

BOCR FHA R

37



| R AU TR EE ORI BUR S K e
I
(SMA) 45, AR 2 R 52 48 149 AT P L i B8 RS S 4 T 23y - TR O

ez AR AN AR B s OBk 9B A 12
5o AEIRBEL IR, IREE T O HH BURAERT
5250 F B o SR EE - N T R AR AR S, 7 A R R
YR LSREREE . B WL B R R B A T
BRI AR | W A B = AL e R B R
o

A BB SR S R i AR QO 77 AR R AN o
HMER ISP LIS B EE - B RCR, N [REFAEFTE |
TR\ B RS . S IREE R ) B RLLE I, K
23S 0, 5L CO, 5 E ATRBE + NHE ST K A OB,
5 AR S [l A BRI , LAMCHEA T REE BT

} BEERELEANERURHR
LI

FI B TR + 408 [ AN IR SR v e AL IE R IR+
il T2 | 45 28 RO 5 | JRORS 70 14 26 4% LA B TR
Bt AIE ORI A

2.1 ESMHERRRFARIRK

20 T8 20 44X, Abram & BN IR 28dHT 4 i 4 161 44
TREE IR E T AN B KA 84, HPURRE SRS 2
28dAIBRELL b, kB R TIREE L A RIEE ML BT,
0 Stefan {6518 57 VR il i 497 B4 TR it K R 2~3 4 A
S PRIRBE 1+ H0 R B I 4%~5% % 52 ¥, H A< Nobuaki
192 B Rywsk FH H UURR B AR e TR BE - 2R T A2 4% rh b s vl
DURY, A sk e iR R m e, 904, £ H
Carolyn Fl H 7 = AfF 18 = 7 TRBE - v A P9 35 Rt 45 700 14 2
DR s B S LT Y IR+ — 2 PR, S R R
PEOZS AT e, R S50 I 2 R A, Tk BB
TREEHAE T, 19954F, 2 llinois K38 i (i F A% sk
ARk WD TR - A P RIS BRI A R R i
M) H AL, SERUREE 1Y A 2w H RAEEZS . 19984,
3 [ 2 AR 2 Victor 5805 2 A B 5 1 IR K 1 25 O 47 458
T AR YRE b 3 e 25 B E TR
BE T BRI RORY . Motuku %8 "BFSY T 24 16 ik
TEAF R TR BB | 16 IR AE A T A 23 8] o A B 16 B TR
B, 45 BRI A BB E R Lee "R
40 4L IR 56 AF 55 88 MK M 3R A 1 (SPA) X 455 116 52 1 e,
Sz BRI SPA 23 i TR R - AR A T, (HR SRR
2001 4F, White!" "7 FR 8 B FE0R rPoin AU 2 i 577, 4
B AR REBOT SR B S & A FIR A, WA
FBEW B, 25 R R, IR AR BR AR BB 2K
RAGKT5%.

UEAER, Zheng %5 M AR Al fik 2L 4R R R /K TR (SC) 1
/s R N = 115 1 5 7 1 G R /S G B2 e w7 N
PERERZIN , SR AN AT HR PR ITAL 248 1) A B 0%
HWFFE B, WA P R R RE e R A — 2
SR, R TR AR A BRI R SE 24 A A
HLFE,

Taheri 25" A48 T — g RN K e 48 A B2 IR BE L.

38

URF, % 2 M5 (PE) APt 91k A RE(SIO,) its ; 24l
2 HURF,PENIIE, Yok — A LR (Si0,) At ; 2873 PE
AN, Ak AR (ST0,) Wit . S SRR 0.5% . 1% . 1.5%
3% K B TR A AR IR EE L RE S b, AT THURSRIE &
BT HKBERE G, L858, URF-PE-SiO, 44 K i
P AERC R 0.5% .

Stryszewska %5 3H 1 AR I P IR R B TR - 1Y
HIEKERES), R ZFFBOb @ & 72, I EDS K #
HEFT I 00T o RS R 3, X Sy 4R Jin 351wl AR /K 1) 22
FRUS R %R e+ 4TI .

Riad 55 ""WF5E T 78 TC 1A 58 35 0 G Lo B 9 1 155 0
T, E IR 0 R T L S AN R e X A TR R
BFEIR K B FC ZE AT 7 DSM =33 BRI 2F 94T 5 DSM -
396 51 ATREE T+, LEPEANEHE 2 X 10° 12X 10" iy /%
FH TRV FIAN B 9] 5 7K TR 0.5% . 19% . 4% F110% Y
AARPEREAT RS, 23 B LUK e B 49 0.25% ,0.5% 1%
MIFLRRASAE AN E SR . 25, QBN 10% . 72455
N 1%, TREE PR SR I W e m, Oy ffa se TR
HE 2, BLAN, AN T E ALY RS B, iR
o TR ER R AT

Nardi %" — ol 8 05 25 e 54 ), R A 3DFTEN
P4 DU TR AR AL PO 245 (MTVIND i A7 785 7 0 L ik 39 g e
SR RGO, S AT T 2 A F A
FIE PR, B2 R, B EMVN 48 5 57 n] 75 £ 40
IR SR T % BITREE 40 (4 (0 24 X S, 1R B4R iR
HE BRI | W FB R

Su SRR R VR S A R RN TR TR, WIS A
W E BT AP B SR PR AL 25 o 25539
2 ik e A 3 R I B P A, 2 BB R I K RE R
XoF 40T 11 7 L TR B, AT 1 1k /K VR A 2 1) AR J2 %
PR K A EE R, WA R EY A aR SR
B+ HA S AR

Reyad %" 5] A J7 fift 44 UL 3 Hh Y B85 BE 25 90 6T 1
MG708176 , 1§ FL 2 £ A K BTT P AE R AEPIEE FINAR
e RFE, X2 7d L 14d R0 28d K AR B aURR R4 Tt
SERFW], (A AN TR DI, B R B A L BT A5 1o ]
[ETBR P o8 A o 20 BRI AL VR B + B | 25 il A
P HL K T4 BE 4, 7 50 SEMIRI4 AT WL gk 45 4 , TR e
IR ARCR AL AR 2 T %

Shaheen 25 POV 19 il 1 6 1 JFURD 8 B L ST R A
PR AR 0 A A A /K U8 FE PR BE o A A7 16 B Rl A7 T
AL, LIRS A8 R TR AU RE . 1B B RN A
SR LW, FREETTIE R KRBTl a, P A 2N
0.8mm, 3 EPKE F A 86% ., 1X LU B bk At i it 4 K 4544 75
1y | BEARAEAE BUAR R B AR GO T TR B = 2540 m] 4F
Zitk.

22 ERHNERBERFRIRK

] PR BE+ A B E HARM T R ESE . 1997 4F, B
T RATZS KB TARICAL A A X A bR 25 v B 4t
BigktT Aghkr, ABER, 5, IR ESS TR ABE



FHE SR IR EE H ORI IR S K e

TREE BRI

00 23 705 A PP s — o o A TR - 0B I R
2, B A REARRTRIK, K5 STNIRIRER . AW 5
N Tl G ST ST . 2 SR TR SR TR AR . N A R T AN
RABRIC R 720G, Il 806 52 IR EL A (R
A Be AT BE o L B AR A, ELRARIG, T2
B, SREOIRR

KA P30 1oL P A R TR S VRN B SR g I e A A
Yers DB RS, HFHEATREE AR, X LA A
P& 52 e OB TR e - B A2 AR A A 52 50 T TR e
TR ERBE S . SRR, MEM IR R sh e 2z,
TEXTRBE - B B RO T, 8 55 i B0 W B i 5
SR,

) AR A PRI T AN RIS o A 4T Ak 358 K U8
SEE ARG B E R, 2 B 90d i 1 i 4 4% T 1 T
A/, BB A WA R — 2k b S B R L2
AR T YOS QL AR/ | | N = o
HIIR CIRBEAr e BT 25K, A B FRRIR S A il

MRS I GE T 4 R R EE - B N, RN
TR Z44E B 1 118 AR ARG R IPTiB TERE . 45R B
7, SARE T R G S SR A EE LR, H 7R SE i o
DAFRAE , Sl 5 BB ST e 1 ) 2 M AR RE XTI BE + A &
SRR T ROTAR

T FR T S P LR Y I K 2 Bk AR S R W 2
T, WE T HAT 248 A2 WA AE R AR ) TR BE 1, 5
AN [F)2E 1 (B A B 3o TR B+ 2 4% 1 16 2 U S
SERFR B R ZEFOLRT B B T e R 1 - SRR | ek R A
IR SRR A T PR 26 B B0 1 T W DL AR L 7R B 4B
Y 28d)E , HAMEA AR A0 73.3% . 83.3% . 63.3% il
41.5%.,

AR PR T — il RIS e TP A B IR
kBN Ik, Jext R AT IR HEA T N TSR, AR R
BRI 7= R BT PR , 7 S SE R FRAN R VIR . — SRR AR |
JIRAGFCIHF & CaCO, UTTE , SEIIATIRBE + 2L b , R
S8

MR % P IRERR N BB, ST U R N BEM
Hilgs T —Fh BB IR R . LA = Rh IR R [ 1k
R, AIFFEASTR] [ A0 FIAS [ e 22 2 T /K DS i) S A
FIAVERERN B S PERE . A5, DAGRURERR B [ 1k 75
M A PPREEAT A 0 A A PERE

51 /I ) 5 P B B 1 Ay 2 A4 bR BF 9 11 4805 1A A
AR EE TR 0 B E RO . 1 IR M 2 i s
AR BE T F i, S8 oK 3 | R U5 B XRD 4347 55
HEATHRIE . SRR HH, B T LUOA SZE W3R i 2 e 1 A=
FEAS 18] S 0 AR RS, R AR R AP . IS
Tl O AEIREE + A AR RIR S 45 T CR , eI 4=
REE LM ATERE. SR TRMEBE LM, F9)5r 2%
ARG I R R E T A B A, R S B B R

ARG i PR K 2 Vo R R g R FC 28 1
FFR R EAAR, 5888 A% A P16 B IR e B 4

I
SREERYSZNE . SRR, INANZIKE Bhon i BB, IR BE
B R 5 AR AR M 25 AR ZRA A R, i
NHE IR AT P8 X 8 JEE (5200 5 R  IAES B | R IR 2R
PR 2T 4 P 41 e R 5 0 B LR, BRI, 1R
RWORELYS

7 10 A5 YR e Al A s W 9 B B 3 T A R
(CTAB) X iR &€ + A 2 RO B9 82 ), i ik I 5 0 AR 7
HI R R AL R REE & R LB B R RO B
HOR, FE0 24 P DU EA T OW A AT o S5 2R B,
CTABIA B AR AVBT R B 79 h 2t AT AR B 5d, 185
HOR B

2 W ] P 5 0 BT U P PR L K T
PR, ARG TREE T FHB S ML EFE C30 R BE TN SEA, N
BHOUE | R 1 2 43 RO B S AR R AT = i 25
R, T 2o A R WAL Y 15 O RSB 1 D AGLI T R B 1
R IERE.

BN R A BRI T e S S IR EE L
ORI e AR TR AT BT S Tl R e - A
BRI ERE . 452 R R, BEE BUK 2B A BRI
T, VR U SR T e, (HBERR RO . 45 RRW,
JE e 4B A AT T W SEBR TR 2

Wang 553 1o 35 55 901 A %) 2 280 27 6 FF 1 76K [ pH
(T B LE R PERE L B B RRAE R P FRIE T i) SEFE M REFIR Al
W PEBEAT Tikg . OFFE4 R, fEpHoA 738, B
T2 ST T ) A A 0 G0 A P b, RS A i, )
SRR 2 AT L5 3 o T W e R R T A B
P RS A B3 SR B DI fe 80 25 FUAT B RE S
SR R ARIR AR - R i /K R, DR R 2 v TR E - A iR B

Fan S W28 18 UL (L 40 B i i AL LB, 5307 1 I
JE . pHAB I 35 5 10 7 45 X8 240 TR 58 RN FR 5 UL VE 1 52
Wiy, 20T A IR EE 2R A 1B R, FEREAE A1 Y
588 B2 AN ANE VAN T B RCR , BRUTHIG PR R SR R /K Hh s
TR B IRIR S P R B R . B THE T
Tl A i S B R 05 3 (MILCP) T 25 b 3 58 R4 453 8 e 1)
TTEARIEM , B2 1 T A MICPTEIEVE IR BE M8 5 P ]
AL

3 BEEREIRAPFARAR

FIAl A B 52 e R AT SR e BB SRR
BT R A B A2 TR R L RO PEREPEAL D T

FUE AR A2 FE R IR EE L BOR B SCHE . JT4F
Kk, ENANE I A Z 80 A B AR, RS M REY | &
ST FVHUBHE R ET AR IR A AE— L8R, {5,
HELe 24 B ARSI 2377 A XA 3 1 A, BE S8 20 B 7 i
B, P BRI BE L S WIS BE SRR . R
IFFET7 1 IO T A B i R RS 19 B S5, i xt
S ME S CR Al A ]

FHE IR EE LA PEREPIAG tL2 AT R B . HATHYIE
771 BT Ty EHEREVEOY L HRPTME AR A L AT AL Y

39



| R AU TR EE ORI BUR S K e

TSN T2 bR 20 ) P 25 B IR B
T I VERERIRTT SR EE AL R 19 T 2 PEREAR PRI S 2%
o RPUMERYIKIZ T2 200 AR I FAE R IR BE L 5 ARTTRUR
BE T HE A R LB R | A BB S, B IR S R R
PEATPRAL o AT SRAE SR i 4 E AR %) L oA iB 52
J BTRE L 2K | A A2 0] B9 el e R SR A S i TR AL
WURHIE , RATANIREE LY FHE R CR

4 BiEERELHRARHNANS

FB IR EE e — e B 1T DUA &8 52 2455 Bk
B, B e TREE e AR HE AN APE, 4@ LR A, PR BT
TR B TR Al TR KA TR S A ) I
JOL I3 o

P A P ARG L 2 R T R K | SR A A
R, T3E T A BAT WK AT A B5 P AR R 52 8
FIBSE . SR TR BOTR SRR 1 2 4 il e A2 | Rz
A5 FRK H SO E N R AR, il i 5 AR
A AT ARk SCB FE R . 30 TR P Y
TR L A T e B 28 AP Y il | B R R AF I R B2
Wi, ALE S L ARAT ORISR PRI R RSB A 1852
IR TR P A TR 95 - 23 R TR A AR ) o ot 25 D 2R 10
Wi, AT LIS ABA B KRR AR IR A R S A
BR.

BeAh, FHB R R B L AR E AT LI T H Al U, 4n
BRETARE AR

5 #HiE

FHE S IR e L HORTE A DR IR BE 1 T 2R i 18 52 05 T
HABE RS, GHiRBT SIS T —& kR, (Hif A7 7e
— LB AP F T, REOR B AR, W T R
DRI FHESN . B IR EE RO T DR A )
R, R X TR AR A ) TR B L 5 MBS 55

Sk

[1]2s 001, #5222 My ikt 1 dm AL 3L 48 A 15 S 3 RAT
FC[D]. A6 R E 15 SR A A B 5 AT 2021

[215k 18 5% 5 FRAh 5. R XA A5 A KT
5 3 [)]. A AH5-4R,2018,32(19):3375-3386.

[3]JABRAMS A. Autogenous healing of concrete[J].
Concrete, 1925(10):50.

[417K 3%, 015 5. st L4 A5 B R AF R IR
[J]. ##t £.,2017,332(06):17-20.

[SJRYU J, OTSUKI N. Crack closure of reinforced
concrete by electrodeposition technique[J]. Cement and
research, 2002,32(1):159-164.

(6] F L. et a bR LA RILKR S R A4S
[7]. *F daFs T42,2005,30(1):165-167.

[7]IDRY C, MCMILLAN W. Three-part
methylmethacrylate adhesive system as an internal delivery

system for smart responsive concrete[J]. Smart materials and

40

structures, 1998,5(3):297-300.

[SJCAROLYN D. Repair and prevention of damage due
to transverse shrinkage cracks in bridge decks[C]//Proceedings
of SPIE, 1999(3671):253-256.

[9JLI V C, LIM Y M, CHAN Y W. Feasibility study
of a passive smart self—healing cementitious composite[J].
Composites engineering part B, 1998,29(6):819-827.

[I0]MOTUKU M, VAIDYA U K, JANOWSKI G M.
Parametric studies on self-repairing approaches for resin
infused composites subjected to low velocity impact[J]. Smart
materials and structures, 1999,8(5):623-638.

[I1JLEE H X D, WONG H S, BUENFELD N R.
Self-sealing of cracks in concrete using superabsorbent
polymers[J]. Cement and concrete research, 2016(79):194—
208.

[I2]WHITE S R, SOTTOS N R, GEUBELLE P H, et
al. Autonomic healing of polymer composites[J]. Nature,
2001,409(6822):794-797.

[13]JZHENG T W, SU Y L, ZHANG X, et al. Effect and
mechanism of encapsulation-based spores on self-healing
concrete at different curing ages[J]. ACS applied materials &
interfaces, 2020,12(47):52415-52432.

[I4]TAHERI M N, SABET S A, KOLAHCHI R.
Experimental investigation of self-healing concrete after
crack using nano-capsules including polymeric shell
and nanoparticles core[J]. Smart structures and systems,
2020,25(3):337-343.

[1S]STRYSZEWSKA T, DUDEK M. Microstructure of
autonomous self-healing concrete[J]. Web of conferences,
2020,322(6):01022.

[16]RIAD I M, ELSHAMI A A, ELSHIKH M M Y.
Influence of concentration and proportion prepared bacteria on
properties of self-healing concrete in sulfate environment[J].
Innovative infrastructure solutions, 2022,7.

[I7INARDI C D, GARDNER D, JEFFERSON A
D. Development of 3D printed networks in self-healing
concrete[J]. Materials, 2020,13(6):1328.

[18]SU Y L; JIN P. Application of encapsulated expanded
vermiculites as carriers of microorganisms and nutrients in
self-repairing concrete[J]. Biochemical engineering journal,
2022,187:108672.

[19JREYAD A M, MOKHTAR G. Impact of the
immobilized Bacillus cereus MG708176 on the characteristics
of the bio-based self-healing concrete[J]. Scientific reports,
2023,13(1).

[20]SHAHEEN N, KHUSHNOOD R A, MEMON S
A, et al. Feasibility assessment of newly isolated calcifying
bacterial strains in self-healing concrete[J]. Construction and
building materials, 2023,362:129662.

211/ £ 4,2 X7, & 5, 5. Bk le b2 3Rk
A AMAT M AL, AL ARG R]. R F



FHE SR IR EE H ORI IR S K e

B

1#,1998(02):123-125.

[22] 8045 A, X AR £ 2250 FAES 2R 2L 7 BR B L
B S AME B AT R[], A5 AF,2007(05):48-49+52.

235k & A, mB LM% A LB R R[] &
Tl FRAEALR K F,2010.

[24] 5 36 8 2 B . B R A Y B
S oA B AT A [J]. AEBR 252 4R,2011,39(04):682-689.

RS MAEEEZRF RELARLEL A
B A AR 0 sk B L [T]. AR B 33 4R ,2015,34(10):3051-
3052+3062.

[26]5K ™ IR, 5 % 5. R B A AL Gk & 4 3T i
BEHEABERXRY R FERFFRKAF
15),2019,59(08):607-613.

R71R i, ik =, K F k. FA TR P DI s s 15
Foms £ FLUE ] A A F 5 T4 52 4R,2020,38(06):966—
970.

[28]#k %5 45, %) F 4k, % b, 6L E AL B Ah 09 O A
B E BB RS AN TS SRR AR hiE
F#,2020,39(04):1092-1099.

(29141 /1~ 5. 3 347 4 1) 2 4 Ay fE ikt R 5L 0 A5 AL
W8 R R D). Fhob T A K 52,2022,

[BO1EANR K, A E. A TS k5 B &
a0 BLAE B 15 SRR E B LA A5 3R BLIR IR AT S0 [J]. R
+.,2020(03):20-23+28.

[31] £ /4%, ok 3 3%, B e 38 (A & T R @ A A
ARG L RB LR B SR G Rt R[)]. R
+,2020(03):33-38.

[32]2F W &, it 3% 145 2R AR [D]. L7 P
B # i K5 (A6 ),2018.

[33] % . M A A RE Ly EHFHERA
15 FHEARAT 50 [D]. BRI R Y] K 2019,

[34]WANG M, WU L, XIE X H, et al. Study of concrete
crack repair using bacillus megaterium[J]. Advances in
materials science and engineering, 2022(S2):1-13.

[35]FAN QI, FAN L, QUACH W M, et al. Application
of microbial mineralization technology for marine concrete
crack repair: A review[J]. Journal of building engineering,
2023,69:106299.

[36] %k 2k, 3E AR AR IR IR KR RS EL AL
KA A K = BACAE BOME R £ B 5 AR 69 AT (D).
FERR 3138 4R ,2020,39(06):1772-1777.

[37]CUENCA E, POSTOLACHI V, FERRARA L.
Cellulose nanofibers to improve the mechanical and durability
performance of self-healing ultra—high performance concretes
exposed to aggressive waters[J]. Construction and building
materials, 2023,374:130785.

41



