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Abstract

Cementitious composites are porous material having complex structure system consist of hydration products, un-hydrated cement
particles and pore solutions of various scales. Calcium carbonate whisker is a new type of low cost micro-scale filler fiber gaining
popularity in the field of construction materials. However, addition of whisker has effect on physical, mechanical and microstructural
characteristics of cementitious composites. Also, the low production cost of whisker will make the use of micro fiber more extensive
in large scale construction projects. In this study, the effect of calcium carbonate whisker on physical, mechanical and microstructural
properties of cementitious composites with different fiber contents are investigated. The fluidity, drying shrinkage, pore structure,
impact resistance, compressive, flexural and splitting-tensile strength of whisker-mortar are considered. The scanning electron
microscopy analysis is also performed to examine the microstructural and toughening mechanism of whisker reinforced composites.
It was concluded that the addition of calcium carbonate whisker up to 10 % improves the physical and mechanical properties of
cementitious composites and is suggested to be the optimize content. The calcium carbonate whisker also resists the crack propagation
at micro scale and showed the toughening mechanism with better interfacial properties between whisker and matrix.
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1 Introduction

The traditional cement based materials are very brittle and
have a low tensile strength [1, 2]. The different commer-
cial fibers are used as reinforcement in cementitious com-
posites to reduce the brittleness under static and dynamic
loading [3—9]. On the other hand, high production cost of
fiber in large scale construction had limited the use of fiber
in cementitious composites [1]. Therefore, the fibers hav-
ing low cost and improved mechanical properties will be
helpful to reduce the overall production cost of cementi-
tious composites at large scale construction project.
Calcium carbonate whisker is a micro-scale fiber hav-
ing high aspect ratio, elastic modulus and strength and also
helps in resisting the cracks at micro level [10]. Calcium
carbonate whisker is used as filler in wide range of appli-
cations [11, 12]. Calcium carbonate whisker has a low cost
of about $200 per ton which is helpful to reduce the overall
production cost of large scale construction projects [13].
Calcium carbonate whisker has the simple production
processes and low production cost as compared to that of

other fibers as shown in Table 1 [14]. The low strength
and brittleness of cementitious composites had limited
its use in many construction applications especially in
China [15—17]. The fiber toughening plays an important
role in reducing the brittleness of cementitious composites
[18, 19]. Therefore, calcium carbonate whisker is a good
choice to reduce the brittleness and with low production
cost of cementitious composites.

Table 1 Production cost of different fibers [14]

Fibers Production Density Tensile
Cost ($/Ton) (g/em?) strength (MPa)
CaCO, whisker 200-230 2.86 >3000
PET fiber 300-400 1.36 > 700
Carbon fiber >20,000 1.76 > 3500
PP fiber 1200-2500 0.9 > 684
PVA fiber 800-1500 1.29 > 1100
Steel fiber 590-750 7.8 >2000
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Table 2 Chemical Composition of calcium carbonate whiskers

Components CaO CO MgO SO

2 3

Si0, ALO, Fe,0, Sr0 Cr,0,

Content (%) 54.93 42.07 2.14 0.31

0.29 0.11 0.07 0.05 0.03

2 Research significance

The addition of CaCO, whiskers into cement-based mate-
rials will change the pore structure of the matrix and also
effect the physical and mechanical properties. So, it is of
great significance to study the influence of whiskers on the
pore structure parameters and characteristics of cement
paste. It also provides an important theoretical basis for fur-
ther mechanism analysis of whiskers improving the prop-
erties of cement-based materials. But compared with pure
cement paste, the matrix interface and structure level of
mortar is more complex and the application scope is more
extensive. The mechanical and microstructure of cementi-
tious composites are influence size, type, content and distri-
bution of reinforcing additives [9, 20-23] as well as inter-
facial bond between matrix and reinforcing material [10,
24-26]. Therefore, the effect of CaCO, whisker on micro-
structural and mechanical properties of cement mortar is
also necessary to study which will provide a good founda-
tion for the research and application of whisker in cementi-
tious composites. In this research, calcium carbonate whis-
kers are added into cement mortar having different whisker
content, i.e. 0 %, 5 %, 10 % and 20 %, by cement mass.
The influence of CaCO, whiskers (CCW) on the physical
and mechanical properties of cement mortar is investigated.
In terms of physical properties, the fluidity, drying shrink-
age and pore structure of CCW mortar are considered. For
mechanical properties, the impact resistance, compressive,
flexural and splitting-tensile strength of whisker-mortar
is mainly evaluated for optimum content of whisker. The
microstructural and toughening mechanism of whisker is
also studied using scanning electron microscopy analysis.

3 Experimental plan

3.1 Raw materials

The Ordinary Portland Cement and standard sand are used
in this research. The calcium carbonate whisker is shown
in Fig. 1(a) and chemical composition is shown in Table 2.
The CaO and CO, is about 97 % of the total mass in the
chemical composition of CaCO, whiskers. So, the main
chemical composition of calcium carbonate whiskers is
CaCO, with high purity. The crystal structure of calcium
carbonate whiskers was determined by XRD-6000 X-ray
diffractometer. Fig. 1(b) demonstrates the XRD pattern
of calcium carbonate whiskers. The main crystal form
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Fig. 1 Calcium carbonate whisker: (a) Physical appearance; (b) XRD
pattern

of calcium carbonate whisker is aragonite phase, so the
whisker is aragonite type calcium carbonate whisker.
At the same time, according to the intensity of diffraction
peak, calcium carbonate whiskers have high purity and
crystallinity. The micro-morphology of calcium carbon-
ate whiskers was observed and shown in Fig. 2. It can be
seen that aragonite-type calcium carbonate whiskers have
needle-like structure.

3.2 Specimens preparation

Calcium carbonate whiskers added to cement mortar with
content of 5 %, 10 % and 20 %, by cement mass. The mor-
tar mix design ratio for cement, sand and water was 1, 3 and
0.5. The specimens with size of 40 mm x 40 mm x 160 mm,
40 mm % 40 mm % 40 mm and 152 mm % 63.5 mm were cast.
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Fig. 2 SEM of calcium carbonate whisker

The specimens were maintained under the specified condi-
tions according to the GB/T50081 [27] standard, and finally
tested at their specified age. For mercury intrusion porosim-
etry test, calcium carbonate whiskers with different content,
i.e. 0 %~20 % were mixed into cement paste. The prepared
cement paste samples were cured in water at (20 £+ 2) °C
with relative humidity over 90 %) for specified days. The
40 mm x 40 mm % 160 mm specimens were used for com-
pressive strength and flexural strength tests. The samples
of size 40 mm x 40 mm % 40 mm specimens were used for
splitting tensile strength tests and 152 +3 mm x 63.5+3 mm
specimens were used for impact resistance tests. The frag-
ments samples after the test were soaked in absolute ethanol
to stop their hydration and their microstructure and mor-
phology were analyzed by scanning electron microscopy.

3.3 Test methods

The standard GB/T2419 [28] was followed for determin-
ing the fluidity test of cement mortar. The cement mortar
drying shrinkage test was carried out as per JGJ/T70 [29]
standard. The vertical mortar shrinkage meter was used
in this study. The precision was 0.01 mm. The specimens
of size 40 mm x 40 mm x 160 mm were used. The length
of the specimens was measured on the Oth, 7th, 14th,
21st, 28th, 56th and 90th days. The cement mortar drying
shrinkage value was computed as per to Eq. (1).

S _LO_Lt
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Where, S, is the dry shrinkage value of the specimens
on the t day (7 days, 14 days, 21 days, 28 days, 56 days
and 90 days); L is the length of the specimens after 7 days
(mm); L, is the measured length (mm) of the mortar speci-
mens on the "t" day (7 days, 14 days, 21 days, 28 days, 56
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days and 90 days); L is the length of the specimens (mm);
L, is the sum of the length of the two shrinkage heads set
at the specimens (mm). The average values of three spec-
imens were taken for each test. The AUTOPORE 9500
mercury intrusion meter was used to test mercury intru-
sion porosimetry of cement paste.

The testing machine WHY type computer controlled full
automatic press was used and compressive strength test
was performed as per GB/T17671 [30] standard. During
the whole testing process, it is loaded uniformly at a rate
of 2400N (+200N/s). The average values of six specimens
were taken for compressive strength. The flexural strength
test method was carried out as per GB/T17671 [30] stan-
dard. The specimen size of 40 mm x 40 mm % 160 mm was
used. The WDW-50 computer-controlled electronic UTM
was selected for the bending test. The rate of loading was
0.2 mm/min. The average value of three specimens was
taken for each group. The CECS13:89 [31] standard was
used for splitting tensile strength test to evaluate the tensile
properties of the specimens. The size of the specimens was
40 mm x 40 mm x 40 mm and the testing equipment was
WDW-50 computer controlled electronic UTM. The rate of
loading was 0.2 mm/min. The calculated average values of
three specimens were taken. The impact resistance test was
performed as per ACI544-2R [32] recommended method,
i.e. drop weight method. The test setup is mainly consist of
a 4.5 kg compact steel impact hammer, a 63.5 mm diameter
hard steel ball and protective devices, brackets, baffles and
bottom plates. The specimens used in the test are cylindrical
specimens. The impact number at first/initial crack (V,) and
at final failure of specimens (,) was observed. The total
impact energy absorption and the impact energy absorption
after initial crack, i.e. post crack energy absorption are cal-
culated according to Eq. (2) and Eq. (3), respectively.

W = N,mgh 2)
AW = AN xmgh A3)

Whereas, W is the total impact energy absorption by
the sample up to the failure (J); N, is the number of impact
times until the specimen failure; AW is the impact energy
absorption by sample after initial crack; AN is the differ-
ence between the number of impact damage times of the
specimen after initial crack; m is the weight of the steel
hammer (kg); / is heavy hammer drop height (m); g is
the gravity acceleration (9.8 N/kg). The QUANTA-450
machine was used for SEM to observe the microstructure
and morphology of specimens.
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4 Results and discussion

4.1 Effect calcium carbonate whisker on physical
properties of mortar

4.1.1 Fluidity of whisker mortar

The influence of whiskers on the fluidity of cement mor-
tar was analyzed using plain mortar as reference sample.
The fluidity of all mixes is shown in Fig. 3. The flowability
diameter of cement mortar reduces with increase in calcium
carbonate whisker percentage which shows that the fluidity
of mortar decreases. When the whisker content is 5 % and
10 %, the fluidity was reduced by 2.3 % and 3.7 %, respect-
ively, as compared to that of plain mortar. With further
increase in whisker content, the fluidity decreases signifi-
cantly. When the whisker content was 20 %, the fluidity
of mortar was decreased by 12 %, respectively, than that
of plain mortar. The analysis showed that the fluidity of
mortar does not effect too much up to 10 % whisker con-
tent; beyond this the fluidity decrease with increase in
whisker content. This is because whiskers have unique
structure and performance characteristics. The ultra-fine
needle-like structure and high elastic modulus make the
whiskers evenly distributed in the matrix. In addition, the
needle-like structure of the whisker reduces the flow and
shear resistance in the matrix. However, excessive whis-
ker content will significantly increase the surface area and
distribution density of whiskers per unit volume resulting
in increased amount of cement required to cover the whis-
ker surface area.

4.1.2 Drying shrinkage of whisker mortar

The drying shrinkage values of mortar specimens at dif-
ferent ages were measured and the experimental results
are shown in Fig. 4. It may be noted that the dry shrink-
age value of mortar specimens with different whisker con-
tent increases with age. Compared with the plain sample,
the dry shrinkage value of the specimen does not change
significantly at 5 % whisker content. When the whisker
content reaches 10 %, the early dry shrinkage value of the
specimen was slightly larger than that of the plain sam-
ple. Furthermore, after 28 days, the dry shrinkage value
was basically the same as that of the plain sample. The
dry shrinkage value increases with the further increase in
whisker content. When the whisker content is 20 %, the
dry shrinkage value is significantly higher than that of
the plain sample. It may be noted that the incorporation of
whiskers does not significantly improve the dry shrinkage
resistance of cement mortar. On the other hand, excessive
amount of whiskers will increase the dry shrinkage value.

Although whiskers have fibrous structure, high aspect ratio
and elastic modulus which can theoretically limit the plas-
tic shrinkage of the matrix to a certain extent in its scale
range. The addition of whiskers may cause fine changes in
the pore structure of mortar, thus counteracting the con-
tribution of whiskers to reducing the dry shrinkage of the
matrix. In addition to this, because of the large specific sur-
face area of whiskers excessive amount of whiskers will
lead to more bubbles resulting in an increase in porosity.
Also, it decreases the matrix compactness resulting in an
increase in drying shrinkage.

4.1.3 Pore Structure of whisker cement paste

The pore structure of cement paste after 28 days with
different calcium carbonate whisker content was studied
by mercury intrusion test. Table 3 demonstrates the pore
structure parameters of cement paste. It may be noted that
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Fig. 3 Fluidity of mortar with various whisker content
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Fig. 4 Drying shrinkage of mortar with various whisker content
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Table 3 Parameters of pore structure in whisker cement paste

Total Mercury Intake

Total Pore Surface

Average Pore Median Pore

Mix Content (%) Volume (mL/g) Area (m?/g) Diameter (nm), Diameter (nm) Porosity (%)
CCWO0 0 0.10 7.52 50.86 64.19 17.98
CCW10 10 0.11 9.74 42.43 61.45 19.27
CCW20 20 0.11 8.41 50.86 63.21 19.71

the porosity of cement paste increases with increase in
whisker content. The porosity of matrix of CCWI10 and
CCW20 was increased by 7 % and 9 %, respectively, as
compared to that of plain sample. The mean and median
pore sizes are important parameters to characterize the
average pore sizes and their sizes also affect the compre-
hensive properties of composites. When the whisker con-
tent is less than 10 %, the average pore size and volume
median pore size are not significantly increased. The aver-
age pore size and volume median pore size of CCWI10
were reduced by 17 % and 4 %, respectively, than that of
CCWO. The appropriate amount of whisker can fill the
cement paste compactly up to a certain extent which may
be helpful for improving the properties of the matrix.

4.2 Effect calcium carbonate whisker on mechanical
properties of mortar

4.2.1 Compressive strength

Fig. 5 shows the effect of different CCW content on the
compressive strength of cement mortar. It may be noted that
the 3 days and 28 days compressive strength of the spec-
imens are improved by addition of whiskers. When the
whisker content is 5 %, 10 % and 20 %, the 3 days com-
pressive strength was increased by 19 %, 15 % and 19 %,
respectively, as compared with that of plain sample. The
compressive strength of the samples with 10 % whisker was

E=1284d
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Fig. 5 Compressive properties: (a) Strength; (b) Percentage increase in strength w.r.t PC
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the best. The compressive strength of CCW10 was 13 %
higher, as to that of plain specimen at 28 days. At early stage,
the whisker reinforcement and toughening was particularly
prominent due to its unique needle-like structure and excel-
lent physical and mechanical properties. In the later stage,
the hydration products in matrix are more compact and the
rate of increase in strength of matrix was relatively higher
than early age strength. On the contrary, with the excessive
amount of whisker more interfacial defects and the uneven
dispersion of whiskers will be more prominent which affect
the enhancement effect of whiskers. Therefore, for the com-
pressive strength of mortar, the optimize whisker content is
10 %, by cement mass.

4.2.2 Flexural strength

The flexural strength of mortar with various whisker con-
tents is shown in Fig. 6. It may be noted that the flexural
strength of mortar with whisker was obviously higher than
that of plain sample. The flexural strength of mortar was
increased up to addition of 10 % whisker content and then
decrease with increase in whisker content to 20 %. The
flexural strength at 3 days was increased by 19 %, 28 %
and 24 % with the addition of 5 %, 10 % and 20 % whis-
ker content, respectively, than that of plain sample. The
flexural strength of CCW20 was decreased, but it is still
higher than that of the plain specimen without whisker at
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28 days. The increment in the flexural strength of CCW10
was 6 %, than that of plain sample. Therefore, compre-
hensive analysis shows that when the content of calcium
carbonate whisker is 10 %, the mortar flexural strength
demonstrates the best enhancement effect. This may be
due to the crack bridging effect provided by calcium car-
bonate whisker at micro scale.

4.2.3 Splitting tensile strength

The addition of calcium carbonate whisker improves the
splitting tensile strength of cement mortar specimens
(refer Fig. 7). The splitting tensile strength of CCW10 had
the maximum value of 4.1 MPa which is 27 % higher, than
that of the pure cement mortar specimens. However, the
strength of the specimens decreases slightly after further
addition of higher whisker content. The splitting tensile

(D 3 &

=184

Flexural strength (MPa)

PC CCW5 CCW10
Mix
(@)

CCwW20

strength of CCW20 is reduced, but is still higher than that
of the pure cement mortar specimens. This may be due
to random distributed of calcium carbonate whisker in
the cement mortar matrix. The larger aspect ratio and the
higher elastic modulus of the whiskers provide the resis-
tance to internal tensile stress significantly ultimately
improved the strength of the mortar matrix. In addition
to this, whisker pull-out and micro-crack bridging can
effectively consume destructive energy, slow down crack
growth and play a significant role in enhancing the tensile
properties of the matrix.

4.2.4 Impact resistance

The impact test results of whisker reinforced cement mor-
tar are shown in Fig. 8 and Fig. 9. The effect of calcium
carbonate whisker on the impact resistance of mortar was
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Fig. 6 Flexural properties: (a) Strength; (b) Percentage increase in strength w.r.t PC
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Fig. 7 Splitting tensile properties: (a) Strength; (b) Percentage increase in strength w.r.t PC
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evaluated by impact number and impact energy absorbed.
The increase in addition of calcium carbonate whisker
content shows an increasing trend in the impact number
of initial crack and final failure of cement mortar spec-
imens. The addition of 10 % whisker content showed
higher impact number than that of other composites. The
impact number of initial crack and final failure of CCW10
are improved by 62 % and 77 %, respectively, as compared
to that of plain sample. The impact number was reduced
with further increase in whisker content beyond 10 %. At
the same time, it was found that the number of impact load
had not been significantly increased after initial cracking.
Therefore, the incorporation of whiskers improves impact
resistance of the matrix before initial crack, but does not
significantly improve the capability of specimens to con-
tinue resistance against impact load after initial crack.
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Fig. 8 Impact properties: (a) Impact number; (b) Percentage increase in strength w.r.t PC
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Fig. 9 Impact properties: (a) Impact energy; (b) Percentage increase in strength w.r.t PC

Additionally, the impact toughness of specimens can
also be reflected by the impact energy. The impact energy
absorbed after initial cracking (post crack energy absorp-
tion) is used as the evaluation index to measure the impact
resistance of specimens. From Fig. 9, it may be noted that
the total impact energy absorption during the failure pro-
cess of the specimens had been significantly increased with
the increase in whisker content. The trend of the increase
in impact energy absorption before initial crack is more
significant than after initial crack. The impact energy
absorption by the specimens after initial crack showed
the peak value with 10 % whisker content. However, the
impact energy absorbed by the specimens after initial
crack did not increase considerably which indicated that
the toughness of the specimens after initial cracking did
not improve significantly with addition of whisker.
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5 Microstructure analysis of calcium carbonate
whisker reinforced cement mortar

The SEM image of whisker reinforced cement mor-
tar specimen is shown in Fig. 10. It can be clearly found
that calcium carbonate whiskers are needle-like struc-
ture which are encapsulated by cement paste, and have a
good bonding property with the matrix (Refer Fig. 10(a)).
As a micro fiber, calcium carbonate whiskers are evenly
distributed in the matrix of mortar and show a random
fiber distribution as shown in Fig. 10(b). The toughening
mechanism of whiskers on composites can be summarized
as three mechanisms, i.e. crack deflection, pull-out effect
and crack bridging as shown in Fig. 11. For cement mortar,
the internal pore and interface of matrix are more complex
than pure cement The basic characteristics of whisker, the
range of whisker content, distribution and the bonding
status with matrix interface also directly affect the role
of strengthening and toughening. When the cement mor-
tar matrix is subjected to external loads, its failure pro-
cess is mainly divided into micro-crack generation, crack

(®)

Fig. 10 SEM images of whisker-reinforced cement mortar: (a) whisker

bonding; (b) whisker uniform distribution

(b)

©

Fig. 11 SEM images of crack resistance and toughening mechanisms of

whiskers: (a) crack deflection; (b) whisker pull-out; (c) crack bridging

propagation and matrix instability failure. The addition
of whisker can prevent and slow down the matrix failure
process within its scale, so as to achieve the purpose of
strengthening and toughening.

In this study, crack deflection, pull-out effect and crack
bridging are the three main ways of whisker toughening
composites which are also verified in cement mortar sys-
tem. As shown in Fig. 11, they play an important role in
different regions of matrix, stress stage and stress environ-
ment. From Fig. 11(a) it may be noted that the crack will
deflect along the whisker-matrix interface which increases
the crack propagation path and consumes more destructive
energy. With the continuous increase in internal tensile
stress and the further expansion of crack size, the shear
stress at the whisker-matrix interface will also increase at



the crack tip ultimately results in whisker pullout as shown
in Fig. 11(b). In that region, the number of whisker pull-out
increases gradually and the pull-out effect plays a dom-
inant role in the final stage of crack growth. In the pro-
cess of whisker pull-out, each whisker can be regarded as
a tiny “energy dissipating mechanism” which leads to the
energy dissipation of crack propagation along with the dis-
sociation and friction of the interface between whisker and
cement matrix. When the whisker slides it leads towards
the stress relaxation at the crack tip.

The stress relaxation slows down the crack propaga-
tion process. It is concluded that whisker bridging plays a
major role when the initial tensile or compressive stresses
are applied to the interior of mortar. In the crack area,
whisker can effectively relieve the stress concentration at
the crack-tip and delay the further propagation of micro-
cracks by applying closed stress at both ends of the crack
(refer Fig. 11(c)). When the whisker is extended to a small
angle, it is usually difficult to cross the whisker in the ini-
tial direction. In addition to this, different toughening
mechanisms are not isolated but closely related. For exam-
ple, whisker pull-out is often accompanied by crack bridg-
ing. When the crack size is very small bridging plays a
leading role. With the gradual expansion of crack size, the
shear stress on the whisker at the crack tip is greater and
the pull-out effect becomes the main toughening mecha-
nism. However, whiskers play a complex role in strength-
ening and toughening the matrix structure. So, the main
toughening mechanisms will vary under different condi-
tions and largely depend on the characteristics of whiskers
and the bonding between whiskers and matrix interface.
The interfacial shear strength directly affects the mode of
strengthening and toughening. When the interfacial shear
strength between whisker and matrix is small and the
whisker strength is high, the pull-out effect is remarkable.
Moreover, when the interfacial shear strength increases,
the pull-out effect decreases and the whisker break with-
out pull-out effect under tensile stress. It can be seen that
the interfacial properties of whisker and matrix play an
important role in strengthening and toughening effect.
The whisker strengthening effect can reach the best only
when the interfacial bonding strength is appropriate.

6 Conclusions

In this study, calcium carbonate whiskers are mixed into
cement mortar with different dosages to study their effects
on the physical and mechanical properties. The micro-
structure and morphology of cement mortar are observed
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by scanning electron microscopy and the mechanism of
whisker reinforced cement mortar is analyzed and dis-
cussed. Following conclusions are made:

* The fluidity of cementitious composites decreases
with increase in whisker content. The fluidity of
whisker reinforced mortar reduced up to 34 %, as
compared to that of plain mix.

* The dry shrinkage value of cement mortar speci-
mens increases with increase in whisker content.
The drying shrinkage of CCW5 and CCW10 spec-
imens is not significantly improved. After 28 days,
the drying shrinkage value of mortar specimens is
basically the same as that of plain specimens. With
the further increase of whisker content, the drying
shrinkage value also increases. When the whisker
content is 20 %, the drying shrinkage value is sig-
nificantly higher than that of plain specimens.

* According to mercury injection test, the porosity of
cement-paste increases with the increase in CaCO,
whisker content. The increase of voids is more sig-
nificant with further increase in whisker content.
The addition of 10 %, whisker content indicates that
the appropriate whisker content can play a filling and
compacting role up to a certain extent.

» Calcium carbonate whisker can improve the 3 days
and 28 days compressive strength of cement mortar up
to 19 % and 13 %, respectively, as compared to that
of plain sample. The optimize whisker content for 28
days compressive strength is 10 %, by cement mass.

* The flexural strength of the cement mortar with whis-
ker is enhanced significantly. The flexural strength
increases first and then decreases with increase in
whisker content. The enhancement effect is the best
at 3 days with 10 % whisker content. The flexural
strength of whisker reinforced cement mortar with
10 % content is improved by 6 %, as to that of plain
specimen at 28 days. With further increase in the
whisker content beyond 10 % content the flexural
strength decreases.

» The splitting tensile strength of whisker reinforced
cementitious composites is also improved. When
the content of whisker is 10 %, the splitting tensile
strength of the specimens is increased up to 27 %,
than that of the pure cement mortar specimen.

* The addition of calcium carbonate whisker can
enhanced the impact resistance of cementitious com-
posites up to a certain extent. The impact number
times and impact energy absorption are increased at
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10 % whisker content. However, the ability to resist
continuously against impact load after the initial
cracking of the matrix is not enhanced considerably.
The SEM analysis shows three mechanisms, i.e.
crack deflection, pull-out effect and crack bridging
which can effectively consume destructive energy,
alleviate stress concentration, restrict the propaga-
tion process of micro cracks and play a reinforcing
and toughening role. For mortar matrix, whisker is
mainly pulled out and this toughening mechanism
plays a dominant role. At the same time, the interfa-
cial properties between whiskers and mortar matrix
are important factors affecting the toughening effect.
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