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Abstract: The paper discusses the effects of using different pozzolonic materials as a partial cement 

replacement material in mortar mixes. An experimental study of mortar made with Ordinary Portland 

cement (OPC) and 12% of OPC, replaced by different pozzolanic materials such as Fly Ash, Rice Husk  

ash, Silica Fume, Calcined Clay (Grog) and Slag (GGBS) were tested for the strength and durability 

properties, to determine the effect of these materials on mortar properties and was compared to control 

mortar mix. Mortar specimens were tested for compressive strength at age of 3, 7 and 28 days and 

flexural strength at age of 28 days. To investigate the mortar for its durability, the specimens after initial 

curing of 28 days were immersed in fresh water with solutions of 10% sodium sulfate (Na2SO4) and 10%  

magnesium sulfate (MgSO4) for another period of 3 months. Through this period, the specimens were 

tested for compressive strength at 60, 90 and 120 days to evaluate its durability.  

 

Keywords: Pozzolanic, Mortars, Compressive strength, Flexural strength, Durability 

 

1.0 Introduction 

Mortar is a workable paste used to bind construction 

blocks together and fill the gaps between them, and 

also for plastering works. The blocks may be stone, 

brick and cinder blocks etc. Mortar becomes hard 

when it sets, resulting in a rigid structure. Modern 

mortars are typically made with a mixture of sand, a 

binder such as cement, pozzolanic materials and 

water. Engineers have been looking for mortar which 

is ever stronger and more durable against aggressive 

environment. Mortars during its service life may be 

exposed to sulfate, chloride ions and various acids. 

Sulfates are found as sodium sulfate, magnesium 

sulfate, calcium sulfate, ammonium sulfate in the 

solutions. The different sulfate solutions have 

different effect on mortar.  
 

Mortar exposed to sulfate attack looses compressive 

strength and this loss is a function of sulfate 

concentration and age of exposure. Pozzolonas show 

increased durability properties with the content and 

type of active silica present in their composition. The 

type, amount and fineness of pozzolona are factors 

that affect the strength and durability of mortar. 

 

Pozzolonas are siliceous or alumino-siliceous material 

that, in finely divided form and in the presence of 

moisture, chemically reacts with the calcium 

hydroxide that is released by the hydration of Portland 

cement to form compounds possessing cementitious 

properties.  Pozzolonas react chemically with calcium 

hydroxide (Ca (OH)2) from the hydration of Portland 

cement to form calcium silicate hydrates or C-S-H. 

The C-S-H is the strong binder that hardens in 

concrete. Pozzolonas are Supplementary cementitious 

materials (SCMs) used to partially replace cement in 

concrete. They are often added to mortar to make the 

mixtures more economical, reduce permeability, 

increase strength and increase durability. Typical 

examples include fly ash, ground granulated blast 

furnace slag, rice husk ash, and silica fume. 

 

The Supplementary cementitious materials were 

employed as a partial replacement of cement in mortar 

mixes. The materials used are Fly Ash (FA), Silica 

Fume (SF), Rice Husk Ash (RHA), Calcined Clay 

(Grog) and Slag (GGBS).They were tested to 

determine the effect of these materials on mortar 

properties. The experimental investigation on the 

effect of replacing 12% of cement by different 

pozzolanic materials on the mortars was done to study 

the strength and durability properties of mortar mixes. 

 

2.0 Experimental programme 

2.1 Basic Materials and Their Properties 

The basic materials used in the investigation are: 
Cement (OPC), Fine Aggregate (River Sand), 
Pozzolanic Materials, Fly Ash, Silica Fume, Rice Husk 
Ash, Calcined Clay, Slag, and Water. 
Ordinary Portland cement 43 grade comply with the IS 
Specification for 43 Grade conforming to IS: 8112-

1989 and were tested as per IS: 4031(part I)-1988. 
Fine Aggregate: Locally available river sand 
confirming to zone-II of codal requirements as per the 
specifications of IS 383: 1970 was used. The specific 
gravity of sand was 2.52 
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Pozzolanic materials: The following are the various 
pozzolanic materials used in the experimental 
investigation. Table 1 and Table 2 indicate the 

chemical properties and physical properties of 
pozzolanic materials.  
 
Water: Portable drinking water was used for the 
preparation and curing of specimens.  
 

2.2 Preparation of Sample 

Pozzolanic materials such as Fly Ash, Rice Husk Ash, 
Silica Fume, Calcined Clay (Grog) and Slag (GGBS) 
were used as a replacement of 12% of cement and six 

types of mixes were cast. The water-binder ratio (w/b) 
was maintained constant at 0.50. Fine aggregate (sand)-
binder ratio (s/b) was 1:3. The Sand, Cement and 

pozzolanic materials were mixed thoroughly to ensure 
homogeneity of the mix.  
 
To determine the Compressive strength and durability 
of the mortar specimens, all the mixes were cast using 
cube moulds of dimensions 70.6 mm x 70.6 mm x 

70.6mm.To determine the Flexural strength of mortar 
specimens, all the mixes were cast using the prisms of 
dimensions 40 mm x40 mm x160 mm. 

 

 

Table.1 Chemical properties of pozzolanic materials 

 

Sl 

No 

  

Chemical Constituents 

  

 

 Oxide 

Tested results 

Fly Ash * Rice Husk Silica 

Fumes ** 

Calcined 

Clay  

Slag  

1 Silica (%) SiO2 58.95 87.94 97.02 43 36 

2 Alumina (%) Al2O3 29.24 3.80 0.20 19.7 10 

3 Ferric oxide (%) Fe2O3 0.98 0.84 0.09 11.4 0.5 

4 Magnesia (%) MgO 1.05 1.05 0.04 2.20 0.44 

5 Lime (%) CaO 1.02 0.80 0.11 2.62 39 

6 Alkalies (%) Na2O 0.24 … 0.28 2.51 … 

 

Table.2 Physical properties of pozzolanic materials 

 

Sl 

No 

  

Physical properties 

  

Tested results 

Fly Ash * Rice Husk Silica Fumes 

** 

Calcined 

Clay  

Slag  

1 Specific gravity 2.06 2.6 2.629 2.16 2.8 

*Fly ash was obtained from Raichur Thermal Power Plant (RTPC)  
** Silica Fumes was obtained from Excel Micro Silica MST Karur Tamil Nadu through Sai Dhurga Enterprises, 
Bangalore. 
 

 

2.3 Testing Methodology 

Six types of mixes were tested to evaluate compressive 
strength, flexural strength and durability of mortar mix.  
The compressive strength test was performed on 
Compression testing machines on mortar cubes 70.6 

mm x70.6mm x70.6 mm size. The specimens were 
tested at different ages i.e. 3, 7 and 28 days. Flexural 
strength was determined by subjecting the prisms of 
dimensions 40mmx40mmx160mm to three point 
bending, after 28 days of curing.  
 

 
 
 

 
 
The results of three companion specimens were 
averaged for one test result to investigate the effect of 
the cement-replacement materials used on the strength 
of the mortars.  The specimens cast for durability were 

determined by compressive strength test. The six types 
of mixes were exposed to solutions of 10% sodium 
sulfate(Na2SO4) and10% magnesium sulfate (MgSO4) 
in water and were tested at 60, 90 and 120 days  after 
28 days  initial  curing  of specimens in water as shown 
in Figure 4 & Figure 5. 
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3.0 Results and Discussion: 
3.1 Compressive Strength 

 
 
 
 
 
 
 
 
 
 
 

Fig.1  Compressive strength of six mixes  

at age of 3, 7 and 28 days. 

 

Figure 1 shows the Compressive strength of six mixes 
at age of 3, 7 and 28 days. It indicates that the ultimate 
compressive strength increases as the period of curing 
in water increases for all types of mortar mixes. FA 
mortar had small decrease in strength on 3 and 7 days, 
but the strength was slightly higher  on 28 day 

compared to control mortar.RHA mortar had the 
increase in the compressive strength of about 8% for 3, 
7 and 28 days respectively compared to control mortar. 
SF mortar had the increase in the compressive strength 
of about 15% for 3,7 and 28 days respectively 
compared to control mortar.CC mortar had the increase 

in the compressive strength of 8% for 3,7 and 28 days 
respectively compared to control mortar. GGBS mortar 

had compressive strength almost same as that of 
control mortar mix. It could be seen that the addition of 
a pozzolanic material reduces both pore sizes and 
porosity, and therefore increases strength. 

 
3.2  Flexural Strength 

 

 

 

 

 

 

 

 

 

 

Fig.2 Flexural strength of investigated mixes for the 

age of 28 days 

 

Figure 2 shows the flexural strength of all the mortar 

mixes at age of 28 days. FA mortar and GGBS mortar 

have shown very small increase ( of about 1%)  in 

flexural strength compared to control mortar mix, 

whereas the RHA mortar and CC mortar have shown 

marginal increase in strength of ( about 4% ) in 

flexural strength compared to control mortar mix. SF 

mortar has shown increase in flexural strength of 15% 

compared to control mortar mix, which is higher 

compared to all the other mortar mixes. 
 

3.3  Durability 

 

 
Fig.3 Compressive strength versuses period of 

immersion in fresh water 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Compressive strength versuses period of 

immersion in fresh water in 10 percent of sodium 

sulphate solution for all the mortar mixes after the 

initial curing of 28 days in water 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Compressive strength versuses period of 

immersion in fresh water in 10 percent of magnesium 

sulphate solution for all the mortar mixes after the 

initial curing of 28 days in water 
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The compressive strength versus period of immersion 

in water after the initial curing of 28 days is shown in 

Figure 3. The compressive strength values obtained 

from the immersion in water for 60, 90 and 120 days 

for all mortar mixes are used as reference values to 

determine the variation in compressive strength for all 

mortar mixes during the same period of immersion in 

sodium sulfate (Na2SO4) solution (Figure 4) and same 

period of immersion of the mortar mixes in 

magnesium sulfate (MgSO4) solution (Figure 5). 

 

The Control mortar, FA mortar, RHA mortar and SF 

mortar has shown no variation in compressive strength 

for immersion in water and immersion  in 10 % of 

Sodium Sulfate solution  for 60, 90 and 120 days. 

Whereas the CC mortar has shown a drop of about 3% 

in compressive  strength for  immersion  in 10 % of 

Sodium Sulfate solution compared to  the compressive 

strength  of immersion in water for 60,90 and 120 days 

respectively. Whereas the GGBS mortar has shown a 

drop of about 3% in compressive  strength for 

immersion  in 10 % of Sodium Sulfate solution 

compared to  the compressive strength  of immersion 

in water for 60,90 and 120 days respectively.  

 

The compressive strength of Control mortar and FA 

mortar in immersion of 10 % of Magnesium Sulfate 

solution   has shown in drop of  about 4% compared to 

the compressive strength  of same mortar for  

immersion in water for 60,90 and 120 days 

respectively. The compressive strength of RHA mortar 

and SF mortar in immersion of 10 % of Magnesium 

Sulfate solution   has shown in drop of  about 3 % 

compared to the compressive strength  of same mortar 

for immersion in water for 60,90 and 120 days 

respectively. 

 

The CC mortar has shown a drop of about  4.5% in 

compressive  strength for  immersion  in 10 % of 

Magnesium Sulfate solution  compared to  the 

compressive strength  of CC mortar immersion in 

water for 60,90 and 120 days respectively. The CC 

mortar has shown a drop of about 2% in compressive  

strength for  immersion  in 10 % of Magnesium 

Sulfate solution   compared to  the compressive 

strength  of CC mortar immersion in 10%  of Sodium 

Sulfate solution  for 60,90 and 120 days respectively. 

 

The GGBS mortar has shown a drop of about 4 % in 

compressive  strength for  immersion  in 10 % of 

Magnesium Sulfate solution  compared to  the 

compressive strength  of GGBS mortar immersion in 

water for 60,90 and 120 days respectively. The GGBS 

mortar has shown a drop of about 1.5% in compressive  

strength for immersion  in 10 % of Magnesium Sulfate 

solution in water  compared to  the compressive 

strength  of GGBS mortar immersion in 10%  of 

Sodium Sulfate solution in water  for 60,90 and 120 

days respectively. 

 

It was observed that the compressive  strength of all 

the mortar mixes were higher when compared to 

strength of control mortar for immersion in water, 

immersion in 10% sodium sulfate solution and 10% 

magnesium sulfate solution. 

 

It is observed that the effect of magnesium sulfate 

solution was found to be most severe. This is due to 

the reaction of the magnesium sulfate solution with 

C3A as well as C3S which is the principal 

cementitious constituent and also be due to the lower 

value of pH of the saturated solution in the case of 

magnesium sulfate attack and thereby the instability of 

C-S-H. 

 
4 Conclusions 

 

The following are the conclusions drawn from the 

investigation. 

 

1. There in an increase in compressive strength of 

all the mortar mixes with 12% replacement of 

cement with pozzolanic material when compared 

to control mortar. 

2. There in increase in flexural strength of all the 

mortar mixes with 12% replacement of cement 

with pozzolanic material when compared to 

control mortar. 

3. It was observed that the compressive  strength of 

all the mortar mixes with 12%  replacement of 

cement with pozzolanic material were higher, 

when compared to compressive strength of 

control mortar for immersion in water, immersion 

in 10% sodium sulfate solution and 10% 

magnesium sulfate solution indicating better 

durability of various mortar mixes compared to 

control mortar. Magnesium sulfate (MgSO4) 

solution has a more severe effect on the durability 

than with that of compared with that of sodium 

sulfate (Na2SO4) solution 

4. The addition of 12%  of pozzolanic material to 

mortar mixes have shown that pozzolanic 

material has a potential in addition to various 

mortars as cement replacement materials from 

point of view of strength, durability and 

sustainability aspects. 

5. It was found that the silica fume was the best 

among all the pozzolanic material   with 12% 

replacement for cement to  mortar mixes, as it has 

significantly improved the properties of the 

mortar such as compressive strength, flexural 

strength, and  durability. 
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