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Abstract: The growth processes of self-healing products on
15 um,30 pm,and 50 pm cracks as well as on fiber surfaces
of ESEM. The

characterizations of healing products were reported by

were displayed by means chemical
applying many advanced research technologies such as EDS,
TEM, XRD and FTIR. These results suggest that further

hydration of cementitious materials and the formation of C-S-H

e FE H 3. 2010 - 07 - 06
HEWH . EEERARBEI 4 (CMMI 0700219)

gel and CaCO; crystals are the main reasons for the self-
healing phenomena. C-S-H is the main self-healing product for
crack widths of 15 ym,and C-S-H and CaCOsare the main self-
healing products for crack widths of 30 um. Self-healing
products couldn’ t fill in the crack widths of 50 pm within
observation period. At the micro-level, cracks below 30 pm in
width can be almost totally healed. Meanwhile, PVA fibers
with hydrophilic nature in ECC provide nucleation sites for

healing products that may aid in the self-healing of ECC.

Key words: engineered cementitious composites(ECC) ; self-

healing; process; product
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Fig.1 Typical tensile stress-strain curve and crack
width development of ECC™?
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Tab.1 Chemical compositions and physical

properties of fly ash

Tkt 58/ %

CaO SiOz Al O3 Fey O3
5.57 59.50 22.20 3.90
Ft 8 %
SO K.0 Na,O VRN
0.19 1.11 2.75 0.21
WEE/ (kg e m ®) 45 pm FER /% TKELL/ %
2.18 9.6 93.4

*2 PVASHEHMENFHFE
Tab.2 Physical and mechanical characteristics
of PVA fiber

FREAR PYRE/ PricRE/  mEE/ kR IR/
pm mm MPa (kgem™3) GPa %
39 12 1 600 1 300 42.8 6.0

%3 ECCHHBIELL
Tab.3 Mix design proportion for ECC specimen

TR % —
K m wmR maaukal ko gm <R
27 22 33 0.4 16 1.3 0.267

DR Lk K iet 5 BE A AL OR e FIBAR IO Bt i 2 L.
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FRC AN[FHJ2 » EIA A R B A 2R
15 RFRUTEAE 2. 0% (L5300 1. 4%) 240 iR
g ECC il & i 2 4 B ib 1 By B K K YR PR ds
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Fig.2 Uniaxial tensile test setup
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Tab.4 Crack characteristics of pre-loaded ECC

PoffsiAs/ WA/ Repfd/  PHRE oRs

% d % G /pm  FERE/pm
0.3 3 5 24 40
5.0 3 9 29 50
1.0 3 19 29 60
2.0 3 27 35 80
0.3 90 6 14 30
0.5 90 9 13 40
1.0 90 24 15 50
2.0 90 50 18 70
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Fig.3 ESEM images of self-healing process in
ECC (15 pm crack width)
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Fig.4 ESEM images of self-healing process in
ECC (30 pm crack width)
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Fig.5 ESEM images of self-healing process in
ECC (50 pm crack width)
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Fig.6 ESEM images of self-healing process in
ECC on fiber surface
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2.3 ECCHHIBREFWHLZEEES T

ESME JE 4 s T H & 10 & B bt
PN ¥ e B EDS (energy dispersive spectroscopy)
fE1% . XRD (X-ray diffraction) P &% FTIR (fourier
transform infrared spectroscopy) %} H fir-& P~ 4 4k
RS T BT SE
2.3.1 EDS g5t

R A HT A @A Y A sE R SR T EDAX
Phoenix 24 m] £ 7 ) EDS A% &8 % 1 FE 547 BE 3 7>
Br. a8 ESEM B0 . £ 4tk B 5 =4 AE] 7a)
FIURLIR B @4 7= BCE 7b) 5 0 o] L. AR =4
/DI 3 AR EA B E T EDS BEIE 2 B . 43 AT 4G 2R
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Fig.7
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x5 FEREDETY A MFRCRERETHY B # EDS
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Tab.5 EDS element analysis of self-healing product A
(“fiber-like’ ) and B( ‘stone-like’.) Elements

less than 1% concentration unlisted %

JLH BEATY A A&EATY B

C 0 9.6£0.9

0 72.9+0.8 62.5%£0.3

Mg 10.3£0.4 5.11£0.4

Al 2.8+0.1 2.1+0.1

Si 4.4+£0.3 2.7£0.1

Ca 9.1£0.6 17.3£0.8

M5 T LIE L 4Rk B @A A Ca,
Si JE R HIZ A 2.07((9.1£0.6)/(4.4+0.3)),
WRR &S 75 B g O, Ca JE 7 &) 3. 62
((62.5+0.3)/(17.3+0.8)), iy b AT AR W 4 Do 114
YRR A AW A nTRE KAL) C-S-H
JE s FURLAR B @G 9 B AR CaCOy. SR, =4
A [A) I, AT B2 C—S—H $Ee A Ca(OHD, IR A
(EDS TR/ %A O, /=9 BRI e & T C-
S—H %5 .Ca(OH) , Al CaCO; (EDS TG 2 /3 745 5 2
/R Ca RS RARED - WL, Had R e E R
T it FL IR AHE BT Ak & P B 2R AN R HE 1. BE Ak,
S H L SRORITRE i 422 ok A AR EL A R 9 BB P e R
1 pm® B G 45 ST B (1 0 2 4 W AR W] A
ARPLAEA T ARG Y. AW REES T A
A R B ) Ho At . T DA, B aliiE ok EDS B
T AT AR XERA E B G W AL P RE R T A
A HARAE T BOR L [F] 73 HrifF 5% -
2.3.2 XRD % FTIR 2805 5047

H A A P AL 40 I R R T R ) A T
R E&A ECCH R EkEmE, Hith Tt —4
5¢3% ESEM-EDS (i35 4% 5 . XRD #1 FTIR #H T
@AW adr . EWE 8 prn, il A @&
o BEETh A AT R IR AT L. S AE R
BT — 26 1 0Ky K T 3% Ut i 4% AEM (analytical
electron microscope; JEOL 2010F) 43 #7. wn & 9 fr
/> TEM-EDS 455t R e (1 @8 A A CaCO; .

it FH 2 [ 25 BRI R 2= A BB 22 5 TR 2B X 4
A A (XRD; Rigaku JE %% FH M 4 88, 3 K
0.154 nm;0. 02" 52 s {55 B4 B [a]) 148 BL o2 4k
i (FTIR, #UE- Jasco-4100; & #8504 ecm P 3
SIHERO XN B AT YR AT a R L 10 K8 11,
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Fig.9 TEM image of ECC healing product
and its EDS spectrum
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Fig.10 XRD diffraction patterns of self-healing
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Fig.11 FTIR spectra of self-healing products in ECC
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