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Abstract: The ordinary Portland cement (OPC) production 

increasing worldwide and it is necessary to reduced CO2 

generation. It needs to increase the blended cement by addition 

of supplementary cementitious material such as industrial and 

agricultural byproduct. The effect of Fly Ash (FA) and Rice 

Husk Ash (RHA) as partial substitute of OPC on the properties 

of cement paste and packing density were describes in this 

research paper. The cement was replaced by 5% to 30% FA and 

RHA for double blended cement paste. And for triple blended 

cement paste replaced by 15% to 40% of FA and RHA 

combination were used. The particle packing density, void ratio, 

water film thickness and all general properties of cement test 

were conducted. The result shows that an increase in strength 

and particle packing density of triple blend cement paste with a 

lower void ratio. Hence, by using such industrial and 

agricultural byproducts in the triple blend were useful for 

reduces the consumption of OPC and making the sustainable 

concrete. 

 

Index Terms: Cement, Packing density, Fly Ash, Rice Husk 

Ash.  

I. INTRODUCTION 

  In the construction field concrete is highly utilized material 

all over the world. The demand for concrete is increasing day 

by day from developing countries.  Concrete demand in 

special categories such as high-performance, 

self-compacting, high strength, and roller compacted 

concrete for many industries as highways, bridges, tunnels, 

and dam. These types of concrete were required special mix 

design and the high cost of achieving such quality. Hence, 

many researchers were doing the work on high-performance 

concrete by using different aspect such as changing 

microstructure of concrete, particle packing density, ternary 

blend concrete with different industrial and agricultural 

by-products. The industrial and agricultural byproduct can be 

utilized such as Fly Ash (FA) and Rice Husk Ash (RHA) as 

partial replacement of cement in concrete[1],[2]. The fly ash 

mainly generated from burning of coal in power plant at huge 

quantity. In India most are coal-based power plant. The 
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record of the central electrical board, New Delhi reported 

that in the year 2017 the generation of FA was around 169.25 

million tonnes from 151 power plants and its generation 

increases each year[3]. Such huge quantities of FA create an 

environmental issue like land and water contamination also 

huge land is wasted as landfill. Hence, utilization of such 

industrial byproduct as partial replacement of OPC was taken 

into consideration on priority. India is second largest 

producer of paddy rice in the World. The rice husk ash was 

produced from combustion of rice husk at control 

temperature in an industrialized furnace. In India the 

generation of RHA was around 5.08 million tonnes[4]. The 

RHA is highly reactive pozzolanic admixture containing 

silica which helps for forming CSH gel and improving the 

packing in concrete. Unfortunately, RHA was mostly utilized 

for dumping which creates an environmental problem. 

Though, the RHA is enhancing the properties of concrete[5]. 

The utilization of FA and RHA in construction industries is 

the major interest of research[6]. The main objective of this 

research work is to study the effect of FA and RHA as partial 

substitute of OPC on the properties of cement and packing 

density.  

A. Particle Packing Density Approach 

 

The packing density is the ratio of the volume of solid to total 

volume. From the literature, it was shown that most of the 

researcher worked on packing density of course and fine 

aggregate for mix designed. The ultra-high performance 

concrete can be made by packing density model developed by 

F. de Larrard et al. (1994)[7]. The particle packing of 

cementitious material like silica fume and superfine cement 

were studied and developed equations for packing density, 

void ratio, and water film thickness as reported by A. K. H. 

Kwan et al. (2008)[8]. Very few researches were found on 

particle packing density of cementitious material. The dense 

packing of the particle can be achieved by selecting the 

grouping of sizes so that it reduced voids between the 

particles at the time mixing of material. This means voids 

between the bigger particle filled by macro particle and voids 

between macro particle will be filled by microparticle. The 

micro size particles are smaller than the capillary pores. They 

were well isolated and block the capillary pores.  
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This fundamental of particle packing utilized in this research 

work by using two types of the binder as FA and RHA finer 

along with OPC. The average size of OPC, FA, and RHA 

particle was found 32 m, 24 m, and 22 m respectively. 

II. EXPERIMENTAL WORK AND RESULT DISCUSSION 

A. Material 

The material used in this research work contains OPC, 

water, FA, and RHA which is locally available. The FA was 

arranged from the coal-based thermal power station situated 

at Bhilai, Chhattisgarh, India, and from the local merchant 

processed RHA was arranged. The high water reducer 

admixture was used with the required dose of 0.5% (SP) 

superplasticizer on the basis various trial tests. Table 1 shows 

the chemical elemental content and physical properties of the 

FA, RHA, and OPC. The Fig. 1 (a), (b), and (c) illustrate the 

microstructure of RHA, FA, and OPC particle. The rough 

surface of RHA particle were shown in Fig. 1 (a), the same 

structure was found by other experts[9]. The Fig. 1 (b) shows 

the rounded particle of FA which assists to enhance to fresh 

properties. The Fig. 1 (c) shows the uneven surface of the 

OPC particle.  

 
Table 1. Chemical and physical properties of material. 

Chemicals 

Elemental 

Contents (%) 

(Si) (Ca) (Al) (Fe) (Mg) (K) (Na) 

FA 62.1

7 

1.12 23.2

4 

5.0

1 

0.48 2.4

6 

0.21 

RHA  92.7

1 

1.84 0.70 1.1

2 

0.47 2.2

5 

0.08 

OPC 16.3

0 

67.5

2 

4.75 3.6

5 

1.57 2.5

2 

0.45 

 FA RHA OPC     

Specific Gravity 2.22 2.3 3.14     

Specific surface 

area (m
2
/kg) 

456.

8 

599.

9 

372.

7 

    

 

    
(a)        (b)        (c) 

Fig. 1  SEM image of (a) RHA, (b) FA, and (c) OPC 

particle[1]. 

B. Particle Size Distribution 

The particle size distribution of FA, RHA, and OPC were 

shown in Fig. 2. The average particle at D10 and D50 were 

found that 5 m and 32 m for OPC, 2 m, and 20 m for 

RHA, 3 m, and 22 m for FA particle. It can be viewed as the 

RHA molecule particle is smallest than FA and OPC. As per 

concept of particle packing the cementitious material found 

well graded. That means the voids between cement particle 

will filled by FA and voids between FA and OPC will filled 

by RHA hence particle packing density were achieved.  

 
Fig. 2. Particle size distribution. 

 

C. X-Ray Diffraction Test 

XRD test were performed to check the morphology of the 

material used in this research[10],[11]. In this test the 2θ an 

angle used and number of count measured at an angle of 100 

to 800 places the rays of beam stroked on sample. The test 

results were shown in Fig. 3. It was clearly shows the 

amorphous silica content presence in the RHA at an angle 

between the range of 050 to 300. And for FA particle the 

amorphous and partially crystalline phase has shown. The 

amorphous silica content were used for forming the 

hydration product as Calcium Silicate Hydrate (C-S-H) gel 

which helps for enhance the packing density, strength and 

durability of cement mortar or concrete. 
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Fig. 3. XRD Analysis of FA and RHA. 

III. MIX PROPORTIONS 

The mix proportions of cement paste, packing density, 

void ratio and water film thickness of cement paste measured 

by wet packing method were given in Table 2[8]. The 

(C85-R10-F05) were indicating 85% of OPC, 10% of RHA 

and 05% of FA mix. The double blend and triple blend of FA, 

RHA and OPC were prepared. The 50mmX50mmX50mm 

cube mold used for casting of cement paste. Three sample 

were cast for each mixed for testing. The 0.30 water binder 

ratio was used for all mix. The normal consistency, initial 

and final setting time, Soundness test were carried out for 

each mix. All the above test were carried out according to 

Indian standard code IS: 4031-1988[12]. The casted 

specimens were allowed for 7 and 28 days curing in the water 

tub. Later than specified curing time the compressive 

strength was tested for samples. 

 

 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-7, May, 2019 

1942 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: G6316058719/19©BEIESP 

Table 2. Mix proportions, packing density, void ratio and water film thickness of cement Paste. 

  

Mix 
OPC 

(kg/m3) 

RHA 

(kg/m3) 

FA 

(kg/m3) 

Water 

(kg/m3) 

SP 

(kg/m3) 

Packing 

Density (ф) 

Void 

Ratio  

(u) 

Water Film 

Thickness 

( m) 

C100-R0-F0 180 0 0 54 0.9 0.528 0.894 -0.060 

C95-F05 171 0 9 54 0.9 0.542 0.844 -0.054 

C90-F10 162 0 18 54 0.9 0.564 0.772 -0.046 

C85-F15 153 0 27 54 0.9 0.575 0.740 -0.042 

C80-F20 144 0 36 54 0.9 0.588 0.701 -0.038 

C70-F30 126 0 54 54 0.9 0.585 0.709 -0.040 

C95-R05 171 9 0 54 0.9 0.547 0.828 -0.052 

C90-R10 162 18 0 54 0.9 0.569 0.758 -0.043 

C85-R15 153 27 0 54 0.9 0.584 0.713 -0.038 

C80-R20 144 36 0 54 0.9 0.599 0.669 -0.032 

C70-R30 126 54 0 54 0.9 0.613 0.631 -0.028 

C85-R10-F05 153 18 9 54 0.9 0.630 0.588 -0.021 

C80-R10-F10 144 18 18 54 0.9 0.700 0.429 0.0004 

C75-R10-F15 135 18 27 54 0.9 0.690 0.449 -0.002 

C70-R10-F20 126 18 36 54 0.9 0.683 0.465 -0.005 

C60-R10-F30 108 18 54 54 0.9 0.680 0.471 -0.006 

VI. PROPERTIES OF CEMENT PASTE 

A. Normal Consistency 

The normal consistency was increased with increasing the 

percentage of RHA than the control mix as shown in Fig. 4. It 

was due to the pore and rough surface of RHA. The rough 

surface of RHA stored water at mixing period due to this the 

demand for water increase and normal consistency of cement 

paste was increased. The reserved water in pore then release 

afterword and it assist to hydration reaction as an inside 

curing mediator [13]. Whereas, the increasing the 

percentage of FA normal consistency slightly decrease than 

the control mix. This was due to the rounded form of FA 

particle. In the case of ternary blend the normal consistency 

increases it was because of the pore structure of RHA and 

maximum specific surface area hence increases water 

demand. 

 

Fig. 4. Normal consistency result of cement paste. 

B. Initial and Final Setting Time 

The result of initial and final setting time of double blend 

cement paste, triple blend cement paste and only cement 

paste were shown in Fig. 5. The initial setting time of RHA 

cement paste was found very less than only cement paste and 

further decreases with increasing the percentage of RHA 

content. This was because of the high reactivity and fineness 

of RHA. The lower initial setting time will helpful for 

increasing the early age strength. Whereas, for FA cement 

paste initial setting time was found greater than RHA cement 

paste but less than only cement paste. It was due to the low 

reactivity of FA. In case of the ternary blend of FA, RHA, and 

OPC the initial setting time less than FA cement paste and 

only cement paste. Similarly, for the Final setting time the 

RHA cement paste result was found less than only cement 

paste and it further decreases with increasing the percentage 

of RHA. This was because of the high reactivity of RHA. The 

final setting time for FA cement paste was found higher than 

RHA cement paste and only cement paste. And it was further 

increases with FA content increases. This was due to the low 

reactivity of FA and rounded shape of particle it plays a role 

of ball bearing between cement particles and spread the water 

throughout. In case of the ternary blend, cement paste was 

showing less final setting time than binary blend. It was 

because of dense packing of the particle. 
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Fig. 5. Initial and Final setting time of cement paste. 

 

C. Soundness 

 

The soundness is an important property of cement. It will 

give the idea about the volume changes due to the hydration 

process. This test examines by Le-Chatelier apparatus. In 

RHA cement paste, FA cement paste and ternary blend the 

soundness were observed less than 10mm. Hence, it indicates 

that expansion was less and there will be less chance of 

cracking. This was because of dense particle packing. 

 

D. Packing Density ( ) 

The packing density of cementitious material paste by wet 

method was calculated by the following Eq. (1) developed by 

(Wang and Kwan 2008)[8]. The results were shown in Table 

2.  

     (1) 

 

Where, (M/V) indicates the bulk density of water- solid 

mix of cementitious material, (ρw) indicates the density of 

water and (�, �, and �) respective densities of cementitious 

material, (uw) indicates the ratio of water volume to solid 

volume of mix, and (R�, R�, and R�) indicates the 

volumetric ratio to total solid mix. The maximum particle 

packing density was found when the total cementitious 

particle closely packed. The voids between the cement 

particle filled by FA and voids between FA filled by RHA. 

The packing density was found in case of the binary blend as 

increasing the percentage of FA or RHA up to 30% 

replacement the density increases by 16.09% and voids ratio 

was decreased by 29.41%. This was due to the filling effect, it 

was defined as the volumetric fraction of finer elements were 

lesser than optimal, the coarser elements were overriding and 

the finer elements enhance the packing density by fill up the 

voids between the packing of coarser elements[14]. Whereas, 

if the coarser element volumetric ratio was less than the 

optimum the fine particle were dominant and coarser 

elements enhance the packing density by occupy the volume 

and known as occupying effect. The maximum packing 

density was found 24.57% for ternary blend paste as 

(C80-R10-F10) mix than binary blend paste and only cement 

paste. This was because of the different particle sizes. In 

comparison with the ternary blend packing density was much 

higher than the binary blend of paste. 

 

D. Void Ratio ( ) 

 

The void ratio defines as the voids volume to solid volume 

ratio. From the packing density of each mix, the 

corresponding voids ratio determine from the following 

Eq.(2)[15], 

         (2) 

Where, (�) indicate the voids ratio and (ф) indicate the 

packing density. The calculated voids ratios were shown in 

Table 2. The results were shows that in the binary blend the 

void ratio decreases by 29.41% and 20.69% with the amount 

of RHA and FA content increases. Similarly in the case of 

ternary blend the packing density increases by 24.57 % and at 

the same time void ratio decreases by 52.01 %. It may 

conclude that the ternary blend reduces the loosening, wall 

and wedging effect which were responsible for particle 

packing density. Hence, due to the large reduction of voids 

correspondingly reduction in water required to fill the voids. 

The reduction of voids was also useful to the resistance of 

permeability. 

 

E. Water Film Thickness (T) 

The layer of water on the cementitious particle is the water 

film thickness. The water film thickness of the cement paste 

can be calculated by following Eq. (3)[15], 

        (3) 

Where, (Acm) indicated as a specific surface area of 

cementitious material can be calculated by Eq.(4), 

        (4) 

Where, (A.alfa, A.beta, A.gyama) indicates the specific 

surface area of respective cementitious material. The water 

film thickness of cement paste calculated results was shown 

in Table 2. It was seen that most of the result is negative it 

indicates that water available in cement paste was 

insufficient required to fill the voids. It was because of the 

low water-cement ratio. It was also observed that at low 

water-cement ratio high the packing density was achieved. 

V. HARDAN PROPERTIES OF CEMENT PASTE 

A. Compressive Strength 

The compressive strength of double blended, triple 

blended and only cement paste results was shown in Fig. 6. 

The compressive strength depends on the particle size and 

the amorphous silica content with low carbon[16]. The 

results were shows that for double blended cement paste 

increases in strength by 5.19% for FA blend and 10.98% for 

RHA blend with increasing the percentage of FA and RHA 

up to 30% than only cement paste.  
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In the case of triple blend cement paste of cement paste the 

maximum strength were observed 33.64% than only cement 

paste. Ternary blend cement paste increases the strength than 

only cement paste [17],[18]. This was due to the dense 

particle packing of cementitious material and due to dense 

C-S-H, C-A-H gel formed in cement paste by FA and RHA. 

 
Fig. 6. Compressive strength result of various mix 

proportion. 

 

B. Water Absorption 

 

The durability concern the water absorption test was 

conducted in this research work. The water absorption of 

concrete specimen were determined by the method illustrate 

in ASTM-C642-13[19]. This test was performed for to check 

the permeability of concrete. The 100mm x 100mm x 100mm 

size cube specimen were selected to perform the water 

absorption test for all concrete at 28 days. As per the 

procedure the oven dried specimens were used at the constant 

temperature of 1100C for 24 hours. Afterword the specimens 

were put in the water tub, to avoid water absorption. The 

water absorption percentage of concrete sample were 

determine at 24 hours intervals by given equation (5)[2], 

 

Water absorption after immersion, (%) =  (5) 

 

Where, (A) denote the initial weight of the specimen, (B) 

denote the weight of the specimen after water absorption. 

The Fig. 7 describe the water absorption capacity of the 

cement all proportion of paste mix. The Fig. 7 shows that the 

increasing the percentage of FA, RHA and combination of 

both the water absorption decreases drastically around 34%, 

42% and 80% respectively as compared to only cement paste. 

This was because of the high particle packing density. The 

FA and RHA produced the secondary C-S-H gel it reduced 

the voids between cement particles. And hence the durability 

of cement mortar or concrete was increased. 
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Fig. 7 Water absorption test result of various mix proportion. 

VI. CORRELATION BETWEEN TEST RESULTS 

The linear rogation equation were plotted for showing the 

relation between particle packing density and compressive 

strength, particle packing density and water absorption. The 

Fig. 8 shows that the relation between packing density and 

compressive strength were very closer about 0.94 R square 

value getting. It can be conclude that the particle packing 

density increases the compressive strength also increased. It 

was due to the dense concrete matrix formed. The correlation 

between particle packing density and water absorption, the 

Fig. 9 shows that as the packing density increase the water 

absorption decreased with the accuracy of 0.93 R square 

value. It was happened due to the dense particle packing and 

reduction in pores. From the correlation regression analysis, 

it may conclude that the compressive strength and water 

absorption capacity are depends on particle packing density. 
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Fig. 8 Correlation between compressive strength and 

packing density. 
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Fig. 9 Correlation between water absorption and packing 

density. 
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VII. CONCLUSIONS 

The following conclusions were concluded from 

experimental work, 

1) The normal consistency of cement paste was increase 

with increased in RHA content, it was because of the 

fine particle, pore and rough structure of RHA. 

2) The initial and final setting time of cement paste were 

reduced with raise in FA or RHA content. It was 

because of the high reactivity of RHA and particle 

packing. 

3) The soundness of cement paste was observed less 

than 10mm. Hence, the FA and RHA cement blend 

were consider as durable and less chance of 

cracking. 

4) The FA and RHA triple blend cement paste increased 

the particle packing density. This was because of 

particles filled the voids between each other. 

Subsequently the maximum reduction in voids 

ratio.  

5) The voids ratio was decreased with increase in 

particle packing density. Hence, it will help in 

reducing permeability and increasing durability. 

6) The lower water-cement ratio had achieved high 

strength, though the water film thickness was very 

small. Hence, it could be concluded that 

water-cement ratio is deciding factor over water 

film thickness. 

7) The maximum strength was achieved with 

triple-blend cement paste. It was because of dense 

particle packing, reduction in voids and high 

reactivity of RHA. 

8) The closed correlation shows between compressive 

strength and water absorption with packing density. 

Hence, the given regression model is satisfactory. 

9) This type of triple blend is strongly recommended for 

making the high strength and sustainable concrete. 
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