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Abstract  
This paper presents the experimental results on the effect of nano-CaCO3 on compressive strength development of mor-
tars and concretes containing high volume fly ash (HVFA). The effect of various nano-CaCO3 contents such as 1, 2, 3 
and 4% (wt.%) as partial replacement of cement on the compressive strength of mortars are evaluated in the first part. 
The nano-CaCO3 content which exhibited the highest compressive strength above is used in high volume fly ash mor-
tars and concretes containing 40% and 60% class F fly ash. The results show that among four different nano-CaCO3 
contents, the addition of 1% nano-CaCO3 increased the compressive strength of mortars and concretes. The addition of 
1% nano-CaCO3 also increases the early age and 28 days compressive strengths of HVFA mortars and concretes. The 
X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) analysis results also support the above findings.   
 

 

1. Introduction 

Currently, supplementary cementitious materials 
(SCMs) are being increasingly used in concrete around 
the world to reduce the amount of cement and improve 
its properties. The commonly used SCMs such as, fly 
ash, silica fume, metakaolin and slag are widely used 
due to their availability and significant contribution in 
improving the concrete properties. In the context of sus-
tainability, the replacement of cement by SCMs in con-
crete is employed to produce environmentally friendly 
“green concrete” at low cost. 

Fly ash acts as pozzolan that reacts with Calcium Hy-
droxide (CH) due to the presence of amorphous SiO2 
and Al2O3 and forms additional Calcium Silicate Hy-
drate (CSH) gel. This pozzolanic reaction improves the 
properties of concrete and mortar. However, the use of 
fly ash as partial replacement of cement in concrete is 
limited to around 15-20% by mass of cement which is 
not adequate to make the concrete more sustainable. 
Therefore, researches have investigated the use of high 
volume fly ash as partial replacement of cement in con-
crete that has enormous impact in reducing the cost and 
improving its sustainability. Several studies have re-
ported that the use of high volume fly ash in concrete 
provides higher durable properties than ordinary con-
cretes in low water-cement ratio (Dhir 1999; Tahir 2005; 
Crouch 2007; Chalee et al. 2009). However, although 
high volume fly ash (HVFA) concretes show promising 
performance compared to concrete, yet its low early age 
strength development is still a concern for wide struc-

tural application (Aggrawal 2010; Guo-qiang 2010; Mu-
rali 2012).  

The use of nano particles has recently been re-
searched to overcome the deficiency of low early age 
compressive strength in HVFA concretes. Nano material 
is defined as a very small size particle in a scale of 10-9 
meter, produced from modification of atoms and mole-
cules in order to produce large surface area (Mann 
2006).  The addition of nano particles in concrete is 
more effective than micro size particles and is recog-
nized as a means to improve the strength and durability 
properties of concrete or mortar. Much of the work to 
date with nanoparticles has been done using nano silica 
(SiO2), nano iron (Fe2O3), nano titanium oxide (TiO2), 
nano alumina (Al2O3), and nano clay particles. It is sug-
gested that the nanoparticles act as a nuclei for cement 
to accelerate the cement hydration and densify the mi-
crostructure of the matrix and the interfacial transition 
zone (ITZ), thereby reduces the permeability of concrete 
(Sanchez 2010). 

In recent years, limited studies have been conducted 
on the additions of nano calcium carbonate (nano-
CaCO3) as partial replacement of cement in concrete on 
the hydration and compressive strength behaviour. Cal-
cium carbonate can be found in limestone, marble, chalk 
or produced artificially by combining calcium with CO2 
(Camiletti et al. 2013). Although the use of calcium 
carbonate was first considered as filler to partially re-
place cement or gypsum, studies have shown some ad-
vantages of using CaCO3 in terms of strength gain, ac-
celerating effect and economic benefits as compared to 
cement and other supplementary cementitious materials. 
Chemically, the presence of CaCO3 increases the rate of 
hydration reaction of tricalcium aluminate (C3A) to 
form a carboaluminate compound (Pera et al. 1999).  In 
addition, it also reacts with tricalcium silicate (C3S) and 
accelerates the setting and early strength development 
(De Weerdt et al. 2011). As a result of the formation of 
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higher volume of hydrates, the increase in hydration 
degree compensates the dilution effect of the binder thus 
compensates the low initial strength (Goergescu 2009). 
In terms of durability properties, it was revealed that 
replacement of cement with limestone powder had sig-
nificant effect on the resistance of sulphate attack and 
water absorption which is related to the filler effect, 
heterogeneous nucleation and the dilution effect of 
limestone powder (Ramezanianpour 2010).  

Elsewhere, Sato and Beaudoin (2011) carried out an 
investigation on the incorporation of micro- and nano-
CaCO3 with high volume of supplementary cementi-
tious materials. In that experiment, cement was replaced 
with 50% fly ash and 50% slag and incorporated with 
10 and 20% of micro- and nano-CaCO3 by weight of the 
binders. It was found that the replacement of cement 

with nano-CaCO3 accelerated the early hydration of 
cement and enhanced the early development of modulus 
of elasticity as the amount of nano-CaCO3 was in-
creased. The presence of nano-CaCO3 particles has been 
suggested to have a significant effect on the hydration 
kinetics of C3A and C3S which may cause acceleration 
of setting and early strength development. On another 
study, Sato and Diallo (2010) reported the seeding effect 
of nano-CaCO3 where the rapid growth of CSH is ob-
tained on the surface of the C3S particles. This view is 
supported by Kawashima et al. (2013) who provided a 
basis for understanding the mechanical properties of 
high volume fly ash when incorporated with calcium 
carbonate nanoparticles. It was shown that the 5% nano 
CaCO3 with 30% fly ash-cement paste samples tested at 
1, 3 and 7 days showed progressive development of 
compressive strength compared to control fly ash-
cement paste. While the above investigations evaluated 
the effects of nano-CaCO3 on the hydration, setting, 
microstructure  and compressive strength of  fly ash 
pastes, there has been limited progress on the effect of 
nano-CaCO3 in HVFA  mortars and concerts. Therefore, 
the objectives of the present work are to study the ef-
fects of nano-CaCO3 on workability and early age com-
pressive strength development of HVFA concretes and 
mortars. Likewise, the microstructure and crystalline 
phases of paste samples are also investigated by SEM 
and XRD analysis to support the findings. 

 
2. Experimental program 

2.1 Materials 
Ordinary Portland Cement Type I (PC), Class F Fly Ash 
(FA) and nano-CaCO3 (NC) are used in all mixes in this 
study. The nano-CaCO3 is obtained from Skyspring 
Nanomaterials, Inc. of USA with average particle di-
ameter of 15-40 nm. The X-ray Diffraction (XRD) spec-
tra of PC, FA and NC used in this study are shown in 
Fig. 1. The chemical analysis and physical properties of 
PC, FA and NC are listed in Table 1.  
 
2.2 Mixture proportions 
The experimental work is divided into two parts - mor-
tars and concretes. The mixtures proportions are shown 
in Tables 2 and 3, respectively. In first part, the effects 
of different nano-CaCO3 contents on compressive 
strength development of cement mortar and HVFA mor-
tars are evaluated. Four series of mixes are considered 
in the first part. The first series is the control cement 
mortar, while the second series investigated the effects 
of different nano-CaCO3 contents (e.g.1%, 2%, 3%, and 
4% (by wt.)) as partial replacement of cement on com-
pressive strength of mortars. The effects of high fly ash 
contents e.g. 40 and 60% (by wt.) as partial replacement 
of cement on compressive strength of mortars are evalu-
ated in the third series. The nano-CaCO3 content that 
exhibited the highest compressive strength in the second 
series is used in the fourth series to study its effect on 

Fig. 1 X-ray diffractogram of cement, class F fly ash and 
nano-CaCO3. 

Table 1 Chemical composition and physical properties of 
cementitious materials. 

Chemical 
Analysis 

Cement 
(wt. %) 

Fly Ash 
(wt. %) 

Nano 
CaCO3 
(wt. %) 

SiO2 20.2 51.80 - 
Al2O3 4.9 26.40 - 
Fe2O3 2.8 13.20 0.02 
CaO 63.9 1.61 - 
MgO 2.0 1.17 0.5 
MnO - 0.10 - 
K2O - 0.68 - 
Na2O - 0.31 - 
P2O5 - 1.39 - 
TiO2 - 1.44 - 
SO3 

CaCO3 
2.4 
- 

0.21 
- 

- 
97.8 

Physical Properties 

Particle size 25 - 40% ≤ 7 
µm 

40% of 10 
µm 15 - 40 nm

Specific gravity 2.7 to 3.2 2.6 - 
Surface area 

(m2/g) - - 40 

Loss on ignition 
(%) 2.4 0.5 - 
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the compressive strength of mortars containing 40% and 
60% class F fly ash (by wt.) as partial replacement of 
cement. The above study is also extended to HVFA con-
cretes containing 40% and 60% fly ash in second part of 
this study.  
 
2.3 Mixing methods 
2.3.1 Mortar 
All mortars are mixed in a Hobart mixer at an ambient 
temperature of approximately 25oC using water/ binder 
ratio of 0.4 and sand/binder ratio of 2.75. Dry sand, ce-
ment, fly ash and nano-CaCO3 powder are mixed in 
high speed Hobart mixer for approximately 2-3 minutes. 
The dry mixing of nano-CaCO3 powder with cement 
powder is also used by other researchers (e.g. Sato and 
Beaudoin 2011 and Sato and Diallo 2010).   Water is 
added thereafter and mixed for another 2-3 minutes. The 
flow values of mortars are determined according to 
ASTM C 1437 (2005). The 50 mm mortar cubes are cast 
and demoulded after 24h. The mortar specimens are 
cured in water at room temperature for 7 and 28 days. 
Compressive strength of mortar specimens are tested 
according to ASTM C109 (2012) using a loading rate of 
0.7 MPa/s.   
 
2.3.2 Concrete 
The concrete mixes are prepared in a pan mixer with the 
same water/binder ratio used for mortars. Similar to the 
mortar mixing, dry mixing time of cement, fly ash, 
nano-CaCO3 and aggregates are extended to 4-5 min-
utes due to higher volume of mix and presence of coarse 
aggregates. Standard cylinders having diameter of 100 

mm and height of 200 mm are cast and cured in water at 
room temperature. The compressive strengths of con-
cretes are determined at 3, 7 and 28 days according to 
ASTM C873 standard (2010). 
 
2.3.3 Paste 
The mix proportions of pastes were similar to those of 
mortars except the exclusion of sand. The water/binder 
ratio of paste was same as that of mortar. The 50 mm 
cube samples were also cast for pastes and followed 
similar curing to those of mortars. Small portions were 
cut from the cubes to perform scanning electron micro-
scope (SEM) and X-ray diffraction (XRD) analysis of 
pastes containing NC, FA and combined FA and NC. 
 
2.4 XRD analysis 
Small fragment of paste samples were grinded manually 
to prepare the powder sample for XRD analysis. XRD 
patterns were acquired on a Siemens D500 Bragg-
Brentano Diffractometer (Munich, Germany). Operating 
conditions were set a 40 kV and 30 mA using a Cukα X-
ray source. During data collection 2θ step was 0.02o, the 
counting time per step was 3s and the 2θ range was 7o to 
70o. 
 
2.5 Scanning electron microscope (SEM) 
analysis 
The microstructures of different paste samples were 
examined on a Zeiss EVO-40 (Carl-Zeiss, Germany) 
using backscattered electron (BSE) detector. The small 
cut paste samples were polished using silicon carbide 
paper and coated with carbon before imaging in the 

Table 2 Mix proportions of mortars.  

Series Mix 
designation 

Cement 
(kg/m3) 

Class F Fly 
Ash 

(kg/m3) 

Nano 
CaCO3 
(kg/m3) 

Sand 
(kg/m3) 

Water 
(kg/m3) 

1 PC 400 - - 1100 160 
FA40 240 160  1100 160 
FA50 200 200 - 1100 160 2 
FA60 160 240 - 1100 160 
NC1 396 - 4 1100 160 
NC2 392 - 8 1100 160 
NC3 388 - 12 1100 160 3 

NC4 384 - 16 1100 160 
FA39.NC1 240 156 4 1100 160 4 FA59.NC1 160 236 4 1100 160 

 

Table 3 Mixture proportions of concretes.  

Series Mix designation Cement 
(kg/m3) 

Class F Fly Ash
(kg/m3) 

Nano 
CaCO3 
(kg/m3)

Sand 
(kg/m3)

Coarse Aggregate 
(kg/m3) 

Water 
(kg/m3)

1 PC 400 - - 684 1184 163 
FA40 240 160 - 684 1184 163 2 FA60 160 240 - 684 1184 163 
NC1 396 - 4 684 1184 163 3 NC2 384 - 8 684 1184 163 

FA39.NC1 240 156 4 684 1184 163 4 FA59.NC1 160 236 4 684 1184 163 
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SEM. 
 
3. Results and discussion 

3.1 Effect of nano-CaCO3 on workability of mor-
tars and concretes 
The effect of nano-CaCO3 on workability of control 
cement mortar and HVFA mortars is evaluated using 
flow table test according to ASTM C1437 (2012). It can 
be seen from Fig. 2 that the mortars containing nano-
CaCO3 exhibited slightly lower workability than the 
control cement mortar and the flow values decreases 
with increase in nano-CaCO3 contents as partial re-
placement of cement. The effect of 1% (by wt.) nano-
CaCO3 on workability of HVFA mortars can also be 
seen in the same figure. Similar to the control mortar, 
the use of 1% nano-CaCO3 also reduced the workability 
of HVFA mortars. For instance, the FA40 mortar 
yielded a flow diameter of 140 mm while this flow is 
reduced to 135 when 1% nano-CaCO3 is used as partial 
replacement of fly ash (e.g. FA39.NC1 mortar). Similar 
behaviour is also observed in FA59.NC1 mortar. This 
can be explained due to high specific surface area of 
nano-CaCO3.  

The workability of concretes containing HVFA and 
combined HVFA and nano-CaCO3 are also measured to 
evaluate the effect of nano-CaCO3 on the workability. It 
can be seen in Fig. 3 that the addition of 1% nano-
CaCO3 in HVFA concretes exhibited very similar be-
haviour to that observed in the mortars. The high sur-
face area of nano-CaCO3 can be attributed to the re-
duced workability of mortar and concrete and their 
HVFA counterparts. 

 
3.2 Effect of nano-CaCO3 on compressive 
strength of cement mortar and HVFA mortar 
The effects of nano-CaCO3 on the compressive 
strengths of control cement mortar and HVFA mortars 
are shown in Fig. 4. It can be seen that 1% nano-CaCO3 
exhibited the highest compressive strength at both 7 and 
28 days among all four nano-CaCO3 contents and the 
compressive strength is decreased gradually with in-
crease in nano-CaCO3 contents.  The NC1 mortar exhib-
ited about 22% and 18% higher compressive strengths 
at 7 and 28 days, respectively than control mortar (PC). 
The lower compressive strength of mortars containing 
high nano-CaCO3 contents can be attributed to the ag-
glomeration of nano-CaCO3 in wet mix due to its higher 
van der Waal's forces than cement. 

The 1% nano-CaCO3, which exhibited the highest 7 
and 28 days compressive strength in control cement 
mortar, is used in the HVFA mortars containing 40% 
and 60% fly ash.  It can be seen from Fig. 4 that the 7-
day compressive strength of mortar containing 40% fly 
ash is increased by about 21% due to addition of 1% 
nano-CaCO3 and at 28 days this improvement is ceased, 
indicating the effectiveness of nano-CaCO3 in compen-
sating the low compressive strength at early age of 

HVFA system. A similar increase (approximately 21%) 
in 7-days compressive strength of paste containing 30% 
fly ash and 5% nano-CaCO3 is also reported by Kawa-
shima et al. (2013). By comparing the 7 day compres-
sive strength of FA39NC1 with that of control cement 
mortar in the same figure, it can be seen that addition of 
1% nano-CaCO3 significantly reduce the gap in 7 days 
compressive strength between the HVFA mortar and the 
control mortar. The results also show significant im-
provement of both 7 and 28 days compressive strengths 
of mortar containing 59% of fly ash mortar and 1% 
nano-CaCO3. For example, the compressive strength of 

Fig. 2 Workability of mortars and HVFA mortars contain-
ing nano-CaCO3.

Fig. 3 Effect of nano-CaCO3 on workability of concrete 
and high volume fly ash concretes. 

Fig. 4 Effect of nano-CaCO3 on compressive strength of 
mortar and high volume fly ash mortars. 
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FA59.NC1 mortar is increased from 12 to 24MPa at 7 
days and from 16 to 33 MPa at 28 days, which are about 
100% and 111% improvement at 7 and 28 days, respec-
tively. From the results obtained in this study, it is ap-
parent that the blending of nano-CaCO3 with fly ash is 
effective in compensating the low early age compressive 
strength of HVFA mortars at 40% and 60% of cement 
replacement levels. However, more study need to be 
done to evaluate the efficiency of improving the early 
age compressive strength of HVFA mortar/concrete be-
yond this fly ash level.  

 
3.3 Effect of nano-CaCO3 on compressive 
strength of HVFA concretes 
The effect of nano-CaCO3 on the compressive strength 
development of HVFA mortar is also extended to HVFA 
concretes in this study. Fig. 5 shows the effect of 1% 
and 2% nano-CaCO3 on 3, 7 and 28 days compressive 
strength of ordinary concrete. It can be seen in Fig. 5a 
that the concretes containing 1% and 2% nano-CaCO3 
exhibited higher compressive strength at all ages than 
the ordinary concrete. And among both nano-CaCO3 
contents, the 1% nano-CaCO3 exhibited the highest 
compressive strength at all ages. Therefore, the 1% 
nano-CaCO3 is used in HVFA concretes to evaluate its 
synergistic effect with fly ash on the compressive 
strength development. It can be seen in Fig. 5b that the 
1% nano-CaCO3 significantly improved the 3 and 7 
days compressive strength of HVFA concrete containing 
39% fly ash, where about 47% and 44% improvement is 
observed, respectively. At 28 the improvement is even 
higher (about 87%) for the concrete containing 39% fly 
ash. If this result is compared with that of mortars, it can 
be seen that the addition of 1% nano-CaCO3 performed 
better in improving the 3 and 7 days compressive 
strength of HVFA concrete containing 39% fly ash than 
its mortar counterpart. However, an opposite trend is 
observed in HVFA concrete containing 60% fly ash, 
where the improvement in early age compressive 

strength of HVFA mortar containing 60% fly ash is 
more than its concrete counterpart. Although due to lim-
ited published results on early age compressive 
strengths of HVFA concretes containing nano-CaCO3 
the above results cannot be compared, the above trend, 
however, is very similar to that of HVFA concretes con-
taining fine limestone powder reported by Tanesi et al. 
(2013). In that study, the addition of fine limestone 
powder showed about 15% to 28% improvement of 
early age (3 and 7 days) compressive strength of both 
40% and 60% fly ash concretes and the improvement at 
28 days is about 42% and 23% in concrete containing 
40% and 60% fly ash, respectively. The relatively small 
improvement in early age compressive strengths of 
HVFA concretes in their study can be attributed to the 
relatively coarser particle size of limestone powder than 
that of nano-CaCO3 used in this study. Due to high spe-
cific surface area of nano-CaCO3, its reactivity during 
early hydration reaction is much higher than micro-
limestone powder (Camiletti et al. 2013).      
 
3.4 Microstructural analysis of cement and 
HVFA cement pastes containing nano-CaCO3 
The backscatter scanning electron microscope (SEM) 
observations on a series of HVFA paste samples with 
nano-CaCO3 addition have also been carried out to ob-
serve the microstructure changes. The specimens for 
SEM analysis were taken from paste samples that had 
been fractured after 28 days of water curing. The speci-
mens were then cut to expose a new surface, mounted in 
epoxy, polished and coated with Platinum. SEM images 
of paste samples are shown in Figs. 6-7. The constitu-
ents’ phases in the images can be identified through 
their brightness. The un-hydrated cement particles ap-
pear brightest, followed by CH, CSH and finally the 
black spots as pores or cracks (Zhao and Darwin 1992 
and Scrivener, 2004). In Fig. 6b, it is clearly seen that 
the NC1 sample has very few white and black areas 
(represents un-hydrated cement particles and voids, re-

         
                                                         (a)                                                                                                   (b) 
Fig. 5 Compressive strength development of (a) concretes containing nano-CaCO3 and (b) HVFA concretes containing 
nano-CaCO3. 
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spectively) and more grey to dark grey areas than con-
trol cement paste sample (see Fig.6a), which indicates 
that the microstructure of NC1 paste is more uniform 
and dense than that of the cement paste. Similar dense 
microstructure can also be seen in HVFA paste samples 
containing 1% nano-CaCO3 in Figs. 7(b) and (d) for 
FA39NC1 and FA59NC1 samples, respectively.  
 

3.5 X-ray diffraction analysis of cement and 
HVFA pastes with and without nano-CaCO3 
In order to identify different phases of each mixture 
XRD analysis is also performed. Figs.8-10 show the 
XRD patterns of cement pastes containing HVFA, nano-
CaCO3 and combined HVFA and nano-CaCO3. The X-
ray diffractograms of paste samples were obtained with 
a D8 Advance Diffractometer (Bruker-AXS), using 

UC 

 

UC 

UC 

UC 

(a) Cement paste (UC represents as unhydrated cement parti-
cle, Black spots are represented by arrows as voids) 

(b) Cement paste containing 1% NC 

Fig. 6 Backscattered electron images of (a) Cement and (b) NC1 pastes cured at 28 days. 

         
                                              (a) FA40 paste                                                                           (b) FA39NC1 paste 

         
                                              (c) FA60 paste                                                                         (d) FA59NC1 paste 
Fig. 7 Backscattered electron images of (a) FA40 paste, (b) FA39NC1paste, (c) FA60 paste and (d) FA59NC1 pastes 
cured at 28 days. 
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CuKα radiation. Samples were scanned from 7⁰ to 70⁰ 
(2θ) at a speed of 0.5⁰/min. The horizontal scale (dif-
fraction angle) of a typical XRD pattern gives the crys-
tal lattice spacing, measured in degrees, and the vertical 
scale (peak height) gives the intensity of the diffracted 
ray, measured in pulses/second. The diffraction spectra 
of cement paste and that containing 1% nano-CaCO3 
shown in Fig. 8 do not show any significant difference 
in different peaks.  

The addition of 1% nano-CaCO3 in HVFA pastes 
shows reduction in CH peak intensity compared to that 
of HVFA pastes (see Figs.9-10). In the 7 days cured 

paste sample containing 39% fly ash and 1% nano-
CaCO3 the intensity peak of CH decreased from 4481 to 
4218 (Fig. 9a) at 2θ=18.05°, while no significant reduc-
tion of CH peak is noticed in 28 days cured sample (Fig. 
10a). The same trend was also observed in paste con-
taining 59% fly ash and 1% nano-CaCO3, where the 
intensity of CH peak at 2θ=18.05° decreased from 4840 
to 3698 (Fig. 9b) and from 5485 to 4057 (Fig. 10b) at 7 
and 28 days, respectively. The XRD results in Figs. 8-9 
also show reduction of calcium silicate (CS) peaks for 
both HVFA pastes at both curing ages due to addition of 
1% nano-CaCO3. The reduction of CS is a clear indica-
tion of formation of hydration products in the system. 
Moreover, new ettringite peaks are also noticed in the 
XRD results of both HVFA pastes due to addition of 1% 
nano-CaCO3.   In addition, due to high silica and alu-
mina contents in fly ash, the presence of nano-CaCO3 
maximizes the additional aluminate in the system by 
decreasing the SO3/Al2O3 ratio, which influences the 
short-term strength of the pastes (De Weerdt 2010).  

  
4. Conclusions 

Based on workability, 3, 7 and 28 days compressive 
strength, SEM and XRD results on the effect of nano-
CaCO3 in high volume fly ash mortars and concretes, 
the following conclusions can be drawn: 
(1) Nano-CaCO3 slightly reduced the workability of Fig. 8 XRD analysis of cement paste and that containing 

1% nano-CaCO3 (NC) cured at 28 days. 

          
                                                     (a)                                                                                                         (b) 

Fig. 9 XRD analysis of HVFA pastes with and without nano-CaCO3 at 7 days. 
 

           
                                                      (a)                                                                                                        (b) 

Fig. 10 XRD analysis of HVFA pastes with and without nano-CaCO3 at 28 days. 
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both ordinary and HVFA mortars/concretes. 
(2) Concrete containing 1% nano-CaCO3 as partial 

replacement of cement exhibited about 140% im-
provement of early age compressive strength (e.g. 
at 3 and 7 days) as compared to control concrete. 
At 28 days, the improvement was 62%. In the case 
of mortars, the improvement at 7 and 28 days 
compressive strength is only 22% and 18%, re-
spectively. The findings show that the nano-CaCO3 
has a more pronounced effect on early age com-
pressive strength than 28 days compressive 
strength due to its very high surface area, which 
increases the rate of hydration reaction of C3A and 
C3S (Pera et al. 1999 and De Weerdt et al. 2011).  

(3) The addition of 1% nano-CaCO3 increased the 
compressive strength at early ages (e.g. at 3 and 7 
days) of HVFA concrete containing 39% fly ash by 
about 44-46%. At 28 days, the improvement was 
about 53%. In the case of HVFA mortar, the addi-
tion of 1% nano-CaCO3 increased the 7 and 28 
days compressive strength of HVFA mortar con-
taining 59% fly ash by about 100% and 111%, re-
spectively. However, the improvements were about 
22% and 3% at 7 and 28 days, respectively in 
HVFA mortar containing 39% fly ash. 

(4) According to backscattered image analysis, the 
incorporation of 1% nano-CaCO3, as partial ce-
ment replacement of cement densified the micro-
structure of cement and HVFA pastes which is be-
lieved to be the reason for the improvement of 
compressive strength.  

(5) The XRD analysis results showed that the nano-
CaCO3 replacement of cement is effective in re-
ducing the CH and CS in HVFA pastes and hence 
the formation of additional CSH gels. New peaks 
of Ettringite are also noticed in HVFA pastes due 
to addition of 1% nano-CaCO3.  

(6) The compressive strengths of FA39NC1 concrete 
at all ages exceeded the ordinary Portland cement 
concrete. This shows that sustainable concrete 
with 40% less cement can be produced by adding 
1% nano-CaCO3. 
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