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a b s t r a c t

The self-healing behavior of a series of pre-cracked fiber reinforced strain hardening cementitious com-
posites incorporating blast furnace slag (BFS) and limestone powder (LP) with relatively high water/bin-
der ratio is investigated in this paper, focusing on the recovery of its deflection capacity. Four-point
bending tests are used to precrack the beam at 28 days. For specimens submerged in water the deflection
capacity can recover about 65–105% from virgin specimens, which is significantly higher compared with
specimens cured in air. Similar conclusion applies to the stiffness recovery in water cured specimens. The
observations under ESEM and XEDS confirmed that the microcracks in the specimens submerged in water
were healed with significant amount of calcium carbonate, very likely due to the continuous hydration of
cementitious materials. The self-healing cementitious composites developed in this research can poten-
tially reduce or even eliminate the maintenance needs of civil infrastructure, especially when repeatable
high deformation capacity is desirable, e.g. bridge deck link slabs and jointless pavements.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Self-healing phenomenon has been observed in cementitious
materials for many years. One such example is on an 18th century
bridge in Amsterdam, where microcracks were self-healed by the
recrystallization of calcite [1]. These observations suggest that un-
der certain circumstances (e.g. when rainwater and carbon dioxide
is available) concrete was able to heal its own damage (e.g. micro-
cracks) with chemical products by itself. Furthermore, some
researchers [2,3] noted a gradual reduction of permeability over
time in the study of water flow through cracked concrete under a
hydraulic gradient. These findings further reveal the ability of the
cracked concrete to self-heal itself and slow the rate of water flow.
The main cause of self-healing was attributed to the precipitation
of calcium carbonate, a result of reaction between calcium ions
from the concrete and carbon dioxide dissolved in water [2]. This
type of self-healing mainly reduces the water permeability and is
therefore most important to watertight structures, such as under-
ground structures, reservoirs, and dams.

Besides permeability enhancement, many researchers also
looked into the mechanical property recovery as a result of self-
healing in concrete materials. For example, the recovery of flexural
ll rights reserved.
strength was observed in pre-cracked early age concrete beams
while clamped and submerged in water [4]. Furthermore, it was
observed that recovery of many mechanical related properties
was possible after water immersion, e.g. the resonance frequency
of an ultra high performance concrete damaged by freeze–thaw ac-
tions [5], the stiffness of pre-cracked specimens [6] and the com-
pressive strength of pre-damaged cylindrical specimens [7]. The
self-healing observed from these investigations was associated
with continued hydration of the unhydrated cement or cementi-
tious materials.

Other innovative methods, including encapsulation, expansive
agents, and bacteria were also attempted by various researchers.
The encapsulation approach was originated from the pioneering
work by White and coworkers [8,9] who investigated the self-
healing mechanism of polymeric materials. A number of experi-
ments were conducted using this approach to release the encap-
sulated chemicals [10,11] into concrete cracks, therefore the
damaged concrete can be repaired to certain extent. Recently
wood/plant fiber was proposed by de Rooij et al. [12] as a carrier
of self-healing agent to take advantage of the relatively large lu-
men as well as the wide availability of the wood fiber. Another
approach, partial cement replacement with expansive agents
was proposed and investigated by Kishi et al. [13] for crack
self-closure by recrystallization of carbonates. Yet another
approach, suggested by the experiments of Bang et al. [14] and
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Fig. 1. Particle size distribution of CEM I 42.5 N, BFS and limestone powder.
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Jonkers and Schlangen [15], used microorganisms to induce cal-
cite precipitation in concrete. These novel concepts represent cre-
ative pathways to inducing highly desirable self-healing
phenomena in concrete materials.

As suggested by many previous studies [2,3,16-19], the crack
width of the concrete material was found to be critical for self-
healing to take place. The requirement of crack width to promote
self-healing falls roughly below 200 lm and preferably lower than
50 lm [20], especially for self-healing based on ongoing hydration
of cement. Yet in practice, such small crack width is very difficult
to achieve consistently in normal concrete structures, if not possi-
ble at all. The commonly used method of steel reinforcement has
been called into question in recent years on its reliability. As a re-
sult, the ACI 318 code [21] has all together eliminated the specifi-
cation on allowable crack width.

To achieve controlled tight crack width, a new class of fiber
reinforced strain hardening cementitious composites, termed as
engineered cementitious composites (ECC) has been developed
by Li and continuously evolved over the last 15 years [22]. ECC
has been deliberately engineered using micromechanics theory to
possess self-controlled crack width that does not depend on steel
reinforcement or structural dimensions [22]. Instead, the fibers
used in ECC are tailored [23] to work with a mortar matrix in order
to suppress localized brittle fracture in favor of distributed micro-
crack damage, even when the composite is tensioned to several
percent strain. ECC with crack width as low as 30 lm have been
made. The ability of ECC to maintain extremely tight crack width
in the field has been confirmed in a bridge deck patch repair [24]
and in an earth retaining wall overlay [25].

Given the well controlled crack width, Li and coworkers
[20,26,27] have investigated the self-healing behavior of ECC under
a number of exposure conditions. In their experiments, deliberately
pre-cracked ECC specimens were exposed to various commonly
encountered environments, including water permeation and sub-
mersion, wetting and drying cycles, and chloride ponding. The
mechanical and transport properties can be largely recovered, espe-
cially for ECC specimens preloaded to below 1% tensile strain. Be-
sides the small crack width, the low water/binder ratio in addition
to the large amount of fly ash in their mixture also helps promote
self-healing via continued hydration and pozzolanic activities.

In an effort to develop fiber reinforced strain hardening cemen-
titious composites with local waste material and/or byproducts,
Zhou et al. [28] at Delft University of Technology have developed
a number of mixtures with BFS and LP, all characterized with 2–
3% tensile strain capacity and tight crack width (typically below
60 lm). These mixtures are different from that used by Li and
coworkers [20,26,27] in the components (e.g. large amount of
BFS and LP instead of fly ash) as well as much higher water/binder
ratio (0.45–0.60 versus 0.23), which suggests that the amount of
unhydrated cementitious material after 28 day curing may be
much smaller compared with the samples in their investigations.
With similar tight crack width yet very different material compo-
nents and water/binder ratio, it is therefore interesting to investi-
gate if self-healing still exist in these newly developed materials
and if exist, to what extent they can reveal.
Table 1
Mix proportion of SHCC.

Mix # CEM I 42.5 N Fly ash BFS Limestone powder

M1 1 1.2 0 0.8
M2 1 0 1.2 1.5
M3 1 0 1.2 2
M4 1 0 1.2 3

a Binder: includes both cement and BFS (or fly ash).
b Powder: includes cement, BFS (or fly ash), and limestone powder.
In the following sections, the experiment program of this inves-
tigation will first be introduced in details, including material prep-
aration, four-point bending test, and microscopic observation
using ESEM and XEDS techniques. Furthermore, experimental re-
sults on mechanical testing and ESEM observation will be pre-
sented and discussed. Finally, overall conclusions will be drawn
based on the experimental findings.

2. Experimental programs

2.1. Material proportion and specimen preparation

As shown in Table 1, four mixtures were investigated, including
M1–M4. Among the mixtures, M1 is very similar with the ECC
developed by Li [22], where fly ash (FA) is used instead of blast fur-
nace slag (BFS) as in M2–M4. Portland cement CEM I 42.5 N was
used in the mixture along with BFS and limestone powder. The
water to binder (cement + BFS/FA) ratio increases to compensate
for the increase of limestone powder content from mixture M1
to M4. The water to powder ratio and superplasticizer content re-
mains nearly constant to reach similar workability for each mix-
ture. The polyvinyl alcohol (PVA) fiber with a length of 8 mm and
a diameter of 40 lm was used in the content of 2% by total volume.
Fig. 1 shows the particle size distribution of CEM I 42.4 N, BFS and
limestone powder.

The solid materials, CEM I 42.5, BFS and limestone powder were
first mixed with a HOBART mixer for 2 min thoroughly. Water and
superplasticizer were then added and the mixture was mixed at
low speed for 1 min, followed by high speed for 2 min. Finally, fi-
bers were added at low speed and the mixture was mixed at high
speed for another 2 min. The fresh SHCC was cast into a beam with
the dimension of 160 mm � 40 mm � 40 mm for compressive test.
Coupon specimens with the dimension of 240 mm � 60 mm �
10 mm were cast for four-point bending and uniaxial tensile tests.
After 1 day curing in moulds covered with plastic paper, the spec-
Water/bindera ratio Water/powderb ratio Super-plasticizer

0.31 0.230 0.033
0.45 0.265 0.023
0.50 0.260 0.018
0.60 0.256 0.018
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imens were cured under sealed condition and a temperature of
20 �C for another 27 days before testing.

After 28 days curing, the beam specimen was cut into three
cubes with the dimension of 40 mm � 40 mm � 40 mm used in
compressive tests. The compressive strength was obtained by aver-
aging the results of three measurements. The coupon specimens
were evenly cut into four pieces with the dimension of
120 mm � 30 mm � 10 mm. These specimens were used in a
four-point bending test (Fig. 2a). The support span of four-point
bending test-setup was 110 mm and the middle span was
30 mm. The flexural strength and deflection were calculated based
on the average results of three measurements. The uniaxial tensile
tests were carried out on the coupon specimens with both ends di-
rectly glued to the Instron machine (Fig. 2b). The testing gauge
length was 70 mm and the deformation of specimens was mea-
sured with two LVDTs. The tensile load was applied on the ends
Specimen 

(a)

(b)

Fig. 2. Test setup under (a) four-point bending and (b) uniaxial tensile loading.
of coupon specimens at the speed of 0.001 mm/s. Four specimens
were tested for each mixture.

2.2. Four-point bending

While ideally it is most desirable to use uniaxial tensile test to
assess the self-healing behavior in SHCC as the tensile strain hard-
ening behavior represents one of the most important features of
SHCC material, the uniaxial tensile test-setup was still under
development at the time of this research at Delft University of
Technology. The sample from directly gluing method has to be bro-
ken and therefore cannot be reused after pre-damage and self-
healing process. Therefore it was decided to use four-point bending
test (FPBT) to characterize the deflection capacity of SHCC as
deflection capacity can also be correlated back to tensile strain
capacity so long as the material is truly strain hardening materials
[29,30].

The overall program for FPBT is shown in Fig. 3, including three
different curing and/or loading schemes. In the first step, all bend-
ing samples were first cured under sealed condition (RH 98%) at
20 �C for 28 days after demolding. In the scheme A, three samples
of each mixture were tested until final failure to derive the bending
strength along with associated ultimate deflection capacity at
28 days. The results from this scheme form a reference value
(upper bound) for determining how much healing, especially in
terms of deflection capacity, has occurred.

The schemes B and C differ from A since they were not tested to
final failure until 56 days. In case of schemes B and C, three sam-
ples from each mixture were bent up to 2.4 mm and unloaded at
28 days. The deflection of 2.4 mm (corresponding to tensile strain
capacity of approximately 1.7%) is well below ultimate deflection
capacity (corresponding to flexural strength) of all three mixtures
with no fracture occurred. Afterwards the pre-cracked samples
were further cured in water or air (RH 30% at 20 �C), respectively,
for 28 more days before testing to final failure. These two schemes
are to compare the effect of water and air curing on the self-healing
behavior of pre-damaged samples. In the FPBT, the sample was
tested under deformation control at a constant rate of 0.01 mm/s.

2.3. ESEM observation and XEDS

The quality of healing is likely influenced by the type of self-
healing products formed inside the crack. Analyses of these prod-
ucts were conducted using environmental scanning electron
microscopy (ESEM) and X-ray energy dispersive spectroscopy
(XEDS) techniques. The crystalline and chemical properties of
self-healing products were determined. These techniques are par-
ticularly useful in verifying the chemical make-up of self-healing
compounds, essential in identifying the chemical precursors to
self-healing and ensuring their presence within the composite in
future design of the composites.

The failed specimens from bending test schemes B and C were
used to prepare samples for ESEM observation. For each mixture,
All samples 
(Cure in 
sealed
condition at 
20 oC for 28 
days)

3 samples (Bend until 
final failure; total age: 28 
days)

3 samples (Bend to 2.4 
mm then cure under water
for 28 days) 

3 samples (Bend to 2.4 
mm then cure in air for 28 
days)

3 samples (Redo bending 
test until final failure; 
total age: 56 days) 

3 samples (Redo bending 
test until final failure; 
total age: 56 days) 

(A)

(B)

(C)

Fig. 3. Bending test program of self-healing cementitious composites.
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two samples were prepared for both scheme B and C with at least
five microcracks exists in each sample. Firstly, vacuum was em-
ployed to dry the sample before epoxy-impregnation. For SEM mea-
surements, the vacuum-dried specimens were impregnated with a
low-viscosity epoxy to prevent any loose particles from falling into
the crack during surface preparation. After the hardening of epoxy,
the specimens were cut with propanediol as cooling agent instead
of water. Furthermore, the specimens were carefully ground on
the middle-speed lap wheel with p120, p220, p320, p500, p1200
and p4000 sand papers, and were finally polished on the lap wheel
with 6, 3, 1 and 0.25 lm diamond pastes. The final polishing was
done with a low-relief polishing cloth. Each grinding and polishing
step took 2 min. The images were taken with a backscattered elec-
tron (BSE) detector with vapor mode. The acceleration voltage of
20 kV was used in order to get a high contrast image.

3. Experimental results and discussion

3.1. Basic mechanical behavior

The compressive and flexural strengths are shown in Fig. 4. As
the amount of limestone powder increases and cement decreases,
the compressive strength decreases as well from M1 to M4. The
flexural strength does not follow this trend exactly, which may
be explained that flexural strength is governed by more complex
material properties, such as tensile first cracking strength, ultimate
tensile strength and tensile strain capacity, particularly in the case
of strain hardening cementitious materials.
0

10

20

30

40

50

60

70

M1 M2 M3 M4

Mixture Designation

C
om

pr
es

si
ve

/F
le

xu
ra

l s
tr

en
gt

h 
(M

P
a)

  
.

Compressive strength

Flexural strength

Fig. 4. Compressive and flexural strength of different SHCC materials (compressive
strength for M1 is estimated from similar ECC mix from Li [22]).

0

1

2

3

4

5

6

7

M1 M2 M3 M4
Mixture Designation

D
ef

le
ct

io
n 

ca
pa

ci
ty

 (m
m

) o
r

T
en

si
le

 s
tr

ai
n 

ca
pa

ci
ty

 (%
)

Deflection capacity (mm)

Tensile strain (%)

Fig. 5. Comparison of deflection capacity and tensile strain capacity for M1–M4
(only one data point is available for tensile strain capacity for M1).
As shown in Fig. 5, the comparison between the deflection
capacity and tensile strain capacity suggests that there is a rela-
tively good correlation between these two properties. This is ex-
pected as Qian and Li [29] found that the deflection capacity can
be linearly correlated with tensile strain capacity. Therefore deflec-
tion capacity can be used in practice for quality control of SHCC
type material due to the simplicity of four point bending test as
long as the material has been pre-qualified as truly strain harden-
ing material. The typical tensile stress–strain curves for different
SHCCs are shown in Fig. 6, where all mixtures showing a tensile
strain capacity of at least 2–4%, which is about 200–400 times that
of normal concrete. Typical crack pattern from the tensile face of
the bending sample and tensile sample is shown in Fig. 7. Notice
the width of sample (parallel to the crack orientation) is 30 mm
and 60 mm, respectively.

3.2. Recovery of mechanical properties

3.2.1. Deflection capacity
The deflection capacity is of major concern for SHCC type mate-

rial since its structural application mainly requires high deforma-
tion and energy dissipation capacity. The deflection capacity
herein is defined as the deflection that corresponds to maximal
flexural stress, i.e. flexural strength in flexural stress–deflection
curve. In the experiment program, three schemes have been car-
ried out to investigate the influence of water and air curing on
the recovery of deflection capacity.

As can be seen in Fig. 8a, deflection capacity from different mix-
tures under different test scheme clearly reveals the recovery of
deflection capacity from all mixtures, especially for M1, M2 and
M3. Compared with scheme C, scheme B shows significant
improvement of deflection capacity; in some case it even exceeds
the performance of reference (M1). This recovery of deflection
capacity suggests that the water curing have greatly promoted
the self-healing process and therefore enhanced the fiber bridging
behavior after pre-cracking while it is not the case for air cured
pre-cracked samples.

Similar trend can be seen from the normalized deflection capac-
ity as shown in Fig. 8b, where all deflection capacity was normal-
ized by that of scheme A. The deflection capacity from self-
healed specimens (scheme B) reaches about 65–105% that of the
virgin specimen (scheme A) despite of a preloaded deflection of
2.4 mm. Conversely, the air cured specimens (scheme C) show
about 40–62% of deflection capacity of the virgin specimen.

Based on the limited data in this study (Fig. 9), it appears that
the normalized deflection capacity of scheme B decreases as the
water/binder ratio and powder/binder ratio increases from M1 to
M4 (Table 1). Since normalized deflection capacity can be seen as
the self-healing performance indicator of different mixture with
respect to the reference scheme A, Fig. 9 therefore also suggests
that under scheme B the self-healing capacity decreases as the



Fig. 7. Specimen crack pattern of (a) bending sample (30 mm wide) and (b) tensile sample (60 mm wide).
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water/binder ratio and powder/binder ratio increases from M1 to
M4. This can be explained that as the water/binder ratio and pow-
der/binder ratio increases from M1 to M4, the reservoirs of unhy-
drated cement and unreacted cementitious material will
decrease, therefore making it more difficult for self-healing to take
place.

3.2.2. Deflection hardening behavior
The recovery of deflection hardening behavior for scheme B can

be clearly observed from Fig. 10, where the bending stress–deflec-
tion curves were presented for all mixtures under different
schemes, including bending stress–deflection curves from pre-
cracking. As expected, sample from scheme A (virgin reference
sample) shows a typical deflection hardening behavior for all mix-
tures M1–M4. The deflection curve for scheme A is characterized
by an initial linear curve up to the cracking strength of various
mixtures, followed by a bend over and subsequent plateau curve
with a relatively small hardening modulus until final fracture.
The large nonlinear portion of the deflection curve corresponds
to the continuous microcracking process of the specimens.
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Similarly, the curves corresponding to scheme B reveal charac-
teristics of deflection hardening behavior, namely a more or less
linear curve followed by a plateau curve. Unlike the linear curve
in scheme A, where the virgin sample is in fully elastic loading
stage, the linear curve in the scheme B is largely due to the reopen-
ing of the microcracks from previously loading. The following pla-
teau curve results from the continuous cracking process from new
defect sites and relatively strong self-healed crack.

On the contrast, the curves from scheme C shows very little sign
of deflection hardening. Once the linear stage ends, the deflection
curve bend over and final fracture takes place shortly thereafter.
This suggests that there are not many new cracks developed be-
sides the reopening of old microcracks from pre-loading. From
the comparison of the bending stress–deflection curves of scheme
B and C, it again suggests that water curing does enhance the fiber
bridging inside the preexisting microcracks, which in turn facilitate
the extended cracking from self-healed microcrack and new defect
sites.

3.2.3. Stiffness and flexural strength
Additionally, the effect of self-healing can also be seen from the

enhanced stiffness of the water cured sample compared with air
cured sample. As revealed in Fig. 10, the stiffness of the initial lin-
ear stage of scheme B is always larger compared with that of
scheme C. This can be plausibly explained by the strengthening ef-
fect of self-healing products which make the preexisting crack
more difficult to open in the scheme B, while there is no such
strengthening effect exists in the scheme C. This will be further
confirmed by the observations of the ESEM study presented in
the next section.
Furthermore, the stiffness of the initial linear stage of scheme B
is always smaller than that of virgin specimen in scheme A
(Fig. 10). This is as expected, as from the literature, the main com-
ponent of self-healing products are usually calcium hydrates or
calcium carbonates, which is typically weaker than that of CSH
from the cement hydration. Even if CSH is formed inside the crack
due to rehydration of unhydrated cement, the bond strength be-
tween the crack surface and new CSH is most likely to be weaker
compared with the cracking strength of virgin sample.

The flexural strength from different mixture under different
schemes is compared in Fig. 11. The flexural strength from scheme
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B and C generally shows negligible difference when compared with
that of scheme A. The flexural strength was not reached during
pre-cracking in schemes B and C, hence the final fracture plane
which dominates the flexural strength has not opened during
pre-cracking process. Therefore the flexural strength should re-
main constant regardless of the process of pre-cracking, which is
revealed in the figure.

3.3. ESEM observation and XEDS

Typical crack pattern after healing can be seen in Fig. 12a,
where the preexisting crack can barely be seen. These cracks are
covered by some white residue presumably due to the healing pro-
cess under water curing. On the contrast, there is no such white
residue exists on the sample that is air cured. While most of the
crack under reloading passes through the preexisting crack, some
crack does deviate from the preexisting crack and sometimes even
new crack forms while the surrounding old crack shows little or no
opening (Fig. 12b). This event, while relatively rare, demonstrated
the ultimate possibility of mechanical self-healing in the SHCC type
material and has also been observed by Li and Yang [20].

While it is interesting to have an overview of the crack pattern
of healed specimen after water curing, more detailed information
such as chemical make-up of healing products, extent of healing,
(a)

(b)

Deviated
crack

New
crackHealed

preexisting
cracks

Fig. 12. Self-healed specimen (a) before and (b) after retest.
etc can only be obtained by more advanced techniques, e.g. envi-
ronmental scanning electron microscopy (ESEM) and X-ray energy
dispersive spectroscopy (XEDS) techniques. The investigations
using above techniques will be presented in the following sections.
Fig. 13. Air-cured sample.

Fig. 14. Precracked sample after water curing (no reloading applied).
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ESEM pictures (with BSE detector) for typical air cured and
water cured samples are compared in Figs. 13 and 14. The air cured
sample reveals no sign of healing, while water cured sample ap-
pears to be completely healed, where two microcracks are fully
filled with healing products (Fig. 14). Surface chemical composition
analysis via XEDS reveals that the main composition of the healing
products inside the microcrack is calcium carbonate (Fig. 15). To
facilitate healing of the cracks, and promote formation of calcium
Fig. 16. Partial crack healing after water curing.

Fig. 17. (a) Enhanced crack bridging due to self-healing and (b) close-up view of the
framed part in (a).
carbonate, the calcium hydroxide from cement hydration has to
be leaching out of the bulk material into cracks and react with car-
bon dioxide. Without the presence of water, this leaching process
will not be possible, which is evident from the ESEM observation
of the air cured samples.

Moreover, partially healed crack in Fig. 16 suggests that the
healing products grow from both surfaces of the crack towards
the middle of the crack. This may be explained by the relatively
high concentration of calcium hydroxide near the crack surface
and the fractal surface which may serve as the calcite nucleation
sites. While most of the cracks (crack width ranges from 10 to
60 lm) fully healed, a few crack with relatively large width
(60 lm) did show partial healing, as evident in Fig. 16. For smaller
crack width, such as those in Figs. 14 and 16, the cracks are always
completely healed. This tendency suggest that crack with smaller
width are preferable as far as the self-healing is concerned, as it re-
quires much less healing products to fill the crack and much easier
for the healing products to grow from both faces of the crack to get
connected.

The effect of self-healing in enhancing fiber bridging and there-
fore deflection capacity after pre-cracking can be vividly revealed
in Fig. 17. In the figure, two preexisting cracks were both healed
and one crack reopened after reloading. Without the self-healing
in the microcracks, the fiber would have no bridging effect for
the opening of the microcrack since the fiber embedment length
appears to end near the rehealed crack. While this is an extreme
case among all the fibers bridging crosses the crack, the effect of
healing on restoration of the fiber bridging on the micro-scale
and consequently the composite ductility on the macro-scale is
evident. This further confirmed previous experimental findings
on the improvement of deflection capacity after water curing. To
quantitatively link the restoration of fiber bridging after self-heal-
ing with enhancement of composite behavior at the macro-scale,
more detailed experiments on micro- or meso-scale, such as single
fiber pullout test, fiber bridging across single crack test before and
after healing is needed.
4. Conclusions

Self-healing behavior of pre-cracked SHCC with local waste
materials (BFS and LP) is investigated in this paper. Four-point
bending tests are used to precrack SHCC beam specimens deflected
up to 2.4 mm with subsequent curing in water and air for 28 days.
The sample submerged in water shows greatly enhanced deflection
capacity as well as stiffness recovery due to the healing products
presented in the microcrack, while this is not the case for specimens
cured in air. The ESEM and XEDS observation further confirmed the
finding in mechanical tests. The self-healing cementitious compos-
ites developed in this research can potentially reduce or even elim-
inate the maintenance needs of civil infrastructure, especially when
repeatable high deformation capacity is desirable, e.g. bridge deck
link slabs and jointless pavements. The following conclusions can
be drawn based on this investigation:

1. For specimens submerged in water, the deflection capacity after
self-healing can recover about 65–105% compared with those
virgin specimens, while this ratio is about 40–60% for air cured
specimens. Furthermore, the stiffness of initial linear stage of
self-healed specimen is much larger compared with that of
the air cured specimen due to the presence of healing products
formed inside the crack and strengthened the bridging fiber.

2. The observations under ESEM and XEDS confirm that the micro-
cracks submerged in water were healed mainly with calcium
carbonate. ESEM also suggests that the healing products grow
from both faces of the crack towards the middle of the crack.
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This may be explained by the relatively high concentration of
calcium hydroxide near the crack surface via diffusion process
from the bulk cementitious material.

3. While SHCC materials used in previous studies of self-healing
were characterized with high percentage of fly ash and low
water/binder ratio, SHCC in this study was made with large
amount of BFS, LP along with relatively high water/binder ratio.
Nevertheless, the new SHCC materials developed with local
waste materials (BFS and LP) still preserve similar self-healing
behavior due to tight crack width.

4. Self-healing behavior in SHCC heavily depends on the availabil-
ity of unhydrated cement and other supplementary cementi-
tious materials, such as BFS. Low water/cementitious material
ratio and high percentage of cementitious material appear to
promote self-healing behavior.

5. Microcrack with smaller crack width as in the SHCC mixtures is
preferable as far as continuous hydration-based self-healing is
concerned, as it requires much less healing products to fill the
crack and much easier for the healing products to grow from
both faces of the crack to get connected.
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