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Abstract;
environment, the degradation of concrete lining in urban

Subjected to complex internal and external

metro tunnels seems inevitable. It is difficult to repair it by

traditional methods. Concretes with microencapsulated
healing agents are very appealing due to the advantage of self-
healing and potentiality of controllable healing on a large scale
with little initial damage. Based on Taylor’s model, a 2D self-
healing micromechanical model of microcapsule-enabled self-

healing concrete in underground structures subjected to

YR HEA. 2013—-08-22

tensile load is proposed. The kinetic equations of damage-
healing evolution and the formulations of compliance after
healing are developed. In the end, the comparison between
the theoretical and experimental results of microcapsule-
enabled self-healing mortars verifies that with the model, the
phenomenon of damage and healing of microcapsule-enabled
self-healing concrete in underground structures can be
simulated, and rational results can be obtained.

Key words: metro tunnel; microcapsule-enabled self-healing
concrete; 2D; tensile load; self-healing micromechanical

model
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Fig.1 The cracks and leakage of urban metro lining

| RRERBERZE

M BRBEE S5 1A I 25 AL B B R AN R S Y, B
W LME R, TR 3 B B2 IR gk 0 Hh gk
BB KB ERE T H 7. MR A BRIREE
T RATAERBOE I — TG A SR, ERERE
RE b RV EEI A S AN 4% , B XTS5 A 1 BN 2R
BRI, HALBR SAG5H N AR SN AR ], AR R
S B A T T 45 PR/ ME ORI 2 1B S5
FRTRUBE e , e 3 PN T S5 O 1 A 2 () 2).
EREN AT RSB, White FMBF R T @
XUENY SRR B 4 N RAE EPLEE. BN
HEUMEMRBEEERGYEL SR TEIET )
EHIE, (EXKIEEEA R TR S8

o HEHAH -

2 HEREHESEHENEEERERY
Fig.2 Schematic illustration of the microcapsule

self-healing materials™
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Fig.4 The damage-healing mechanism of microcapsule-

enabled self-healing materials

R P b T BB B K B X 3
(B 5, iR 2R HMARLAGI RBERE. X BRI
TR B/, DR 22 TR e 3 2 W] A B R .
7] R 5% o i 2 7 R B X ) A A IR SO LA Ak
RIEE AR R LA 5.

TR B AL R BUR % G0 AT el JL AT B o
5. BN SRR — PR R p, RER
IRBETE I BF R E(w , — R BB E L
HRER an ,BR 5 B—/NEMEIWKER aq,
TR B AR v, RN SR L, VR Y
BEFANA, BREBER /DT ri0mHNAL TR



1470 H B K% %A RBER

ERVE

5 WAL MAHEEESER
Fig.5 The microcrack geometric probability

healing model

BEVEHBEEE N N A hE R ERERE
TUHFEAMR E | & — &M m., RFm
PRETTHERN A.. HE 5 ATLAEH
_Aa 2a¢(l;+2r)  2Na¢(l; +2r)
PTA. T T AN A ®
B BB m, BMREEHEEATA
HISIE BERR R »', 5 S S S0t 2 40 3 i) S
AR 505545 , W n BIBCFHIEEE N

E —olp =2 2Naf<f§+ 2r) _ 2maf<izx+ 2r)

©))
R — R RN & A 18 =5 23 A M
Hyop, M — B BB MR E an

an = wr* /1, (10)
BREEG—/NEHREWKE an R
ang — Zaf/n: Tt?’z/lz (11)

BRE AR S BT 7 A LI 6a, B R )5
YL IALE 6b. 0, IARBERKEN 20,
ST M (B 62) ,0m RBEEREMNKER 20 R
S e M (B 6b).

o=n/21 o=n/24

2ay 2a,

a BRERT b BEE
6 BENEMRYBERE
Fig.6 The domains of Mode I microcrack before and

after healing

BERRE L BARE

S= So + San + Sai (12)
AP SRR BE R MR G RN MEE, & »
FRERN aa EREH T So RAKER 240 HH]
HREGE R MR E. Ko

/2
S = NJ gzsld,k(ﬁsao)gkdﬁ
Tt

H T Z BB B BB B R R, AT
BHBEEE ) n BRGSO FTEkEAT & A i
RIEERHREGRNRE. ¥

A ,
Sur = N[" g1 n80xCOr00/2800 (1)
n e

(13)

4 WTEHNKEBRERRLHA
HREETE

4.1 ALY BAIEA/AN

BPEAER BB O T , 7EH T S5 TR 5 - 4)
EH KBRS (B 4B R K Ve 3% AT AL
D). ZER IR E R M BE R 2B IR AT, B 1]
2Ll BHEEREE F—A S Ey R, Ed Rk
WGP RN AN A F G RKRBARAKE, F&8
BT LAE R F AR Bilan , ZE/K e A P BB FLIR B A
2a0 WHLKHEK P 2a;. 2 BWTR T2 ] 58 HEW 7T LA
TERNBEVIR AR TY RIH EMRE. BXF
A TCIE B BT I 1 3 4% i A% A S0 AR B o ik
BRI g N A R AT BB, BN ZEME B BX R K &
MR GE R 4. AR BTN I K
B HBEMENRGEEAMER N EAR. TR
B IR PR 7.

Tfj
Lo\
NN

7/
4

—

|

~

-

N
—

~
—
|

\

’
|

—

<
g
T HEEEMEARES

Fig.7 The stress state of computational section
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