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Abstract
The material like sand is becoming scarce as huge amounts of construction works is taken up as the population is growing 
on year by year. In India, especially Andhra Pradesh which was recently separated from Telangana is posing a wide 
need for expression of several structures at capital and other urban centers. Therefore, alternative material for sand like 
vermiculite is to be assessed analyzed and recommended as a desirable material for construction works. In this present 
study, the different proportions of vermiculite were used as a replacement to the sand about 10%, 15%, 20% by weight of 
sand. The experimental investigation on strength properties and durability of vermiculite mortar was carried on and also 
supported with X-ray powdered analysis. The experimental results of vermiculite mortar had shown excellent results.
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Introduction
The advance in the open field of Construction Industry 

represents a huge step towards for making cement mortar 
a high-tech material with enhanced characteristics. Mortar 
is a broadly used construction substance for different 
types of construction due to its stability and strength. 
Every mortar structure should do its intended functions 
through the anticipated life of the structure, regardless 
of external exposure conditions. The ability of mortar to 
hold out any environmental condition that may result in 
premature failure or several damages is a major worry to 
the engineering profession. The deteriorating effect of acid 
media on fine aggregate based construction has become a 
worrying problem all over the World. These media generally 
occur as acidic rains and mist. The use of vermiculite can 
achieve not only economic and ecological benefits, but 
technical benefits as well [1-12]. 

Determination of the influence of application of 
different proportions of Vermiculite on various water 
cement ratios and to produce an acidic resistance of 
mortar with good workability. The effectiveness of partial 
replacement of sand by its weight with 10%, 15%, 20% of 
vermiculite on compressive force, water absorption and 

Acid resistance with various mix proportions of mortar 
which holds in the vermiculite.

Materials
Ordinary Portland Cement (OPC-53 Grade)

Sand

S. No Property Result

1 Specific gravity 2.67

2 Fineness modulus 3.1

3 Grading zone 1

4 Bulking of sand 21.2%

Vermiculite

 The vermiculite used for this work was obtained 
from Om Santhi Enterprises, jogipalli, SPSR Nellore (Dt). 
Table 2.

Table 1
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Water

The water used for improvement of free of acids, organic 
matter, suspended solids, alkalis and impurities which when 
present may have adverse effect on the strength of mortar. 

Results and Discussion

Compressive Strength of Mortar Containing 
Vermiculite

The values of Compressive strength of reference 
specimen and the specimens containing various percentages 
of vermiculite with different water cement ratios. Table 4.

Chemical Properties of 
vermiculite

Physical Properties

Category: Proportion Category Proportion

Silicon (sio2) 39.4% Melting point (oC) 1330

Magnesium (mgo) 25.2%
Specific heat  (1Kj/

kg. k)
1.08

Aluminium (Al2o3) 8.8%
Specific gravity 

(crude)
2.5

Potassium (K2 o) 4.5%
Mohr’s hardness 

(crude)
1-2

Iron (Fe2 o3) 4% PH (ISO 787-9) 7-8

Calcium (Cao) 1.8%
Loss at 105 oC 

(expanded product)
< 0.5

Carbonate (Co2) 1.4%
Loss at 1000 oC 

(expanded product)
< 6

Titanium (Tio2) 0.8% colour Multi color
Fluorine (F) 0.5% - -

S.NO IS Sieve
Weight 

Retained
% Weight 
retained

Cumulative 
% Weight 
Retained

% Passing

1 4.75 20 2.0 2 98

2 2.36 55.9 5.59 7.59 92.41

3 1.18 300 30.0 37.59 62.41

4 600 µ 370.6 37.06 75.19 24.81

5 300 µ 100.3 10.03 85.49 14.51

6 150 µ 129.5 9.8 95.29 4.71

Grain size distribution value for vermiculite= 3.03

W/C ratio3 days7 days28 days56 days90 days
0.65 6.05 7.36 9.07 12.6 15.1
0.55 8.07 7.76 10.58 16.13 19.13
0.45 8.57 9.07 11.09 18.15 21.65

From the Figure 4.7.1, it can be seen that the replacement 
percentage of vermiculite is 20%, the maximum strength 
is obtained at 0.45 water cement ratio. It is found that 
Compressive strength is decreases with the increase in the 
water cement ratio. Table 5.

Table 2: The vermiculite used for this work was obtained from Om 
Santhi Enterprises, jogipalli, SPSR Nellore (Dt).

Table 3: Grain size distribution of vermiculite.

Table 4: Compressive strength values for 20% vermiculite.

Figure: Grain size distribution for vermiculite.

Figure 4: Compressive strength of mortar with replacement of 
20% vermiculite.
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From Figure, it can be seen that the replacement 
percentage of vermiculite is 15%. Maximum strength 
is obtained at 0.45 water cement ratio. It is found that 
compressive strength is decreased with the increasing of 
water cement ratio. The compressive strength values of 
15% vermiculite cubes are more with compared to 20% 
vermiculite. Table 6.

From the Figure 4.7.3, it can be seen that the percentage 
of vermiculite is 10%, maximum strength is obtained at 0.45 
water cement ratio. It is found that compressive strength 
is increased with decreasing of water cement ratio but 
workability is decreased because the absorbing capacity 
of water is more for vermiculite. From the above result 
by comparing to 20% replacement of vermiculite and 15% 
replacement of vermiculite 10% vermiculite give a good 
result. Mortar is nonstructural members for that reason the 
strength is not a major aspect. Table 7

W/C ratio3 days7 days28 days56 days90 days
0.65 7.06 12.10 13.11 16.14 19.14
0.55 9.07 15.13 17.14 18.65 22.15
0.45 10.08 16.14 18.15 22.74 26.74

W/C ratio3 days 7 days 28 days 56 days 90 days
0.65 11.09 15.13 20.17 23.20 26.7
0.55 14.12 18.15 22.19 24.21 27.91
0.45 15.13 22.29 26.22 30.26 34.66

W/C ratio3 days7 days28 days56 days90 days
0.65 15.63 17.65 28.24 38.33 39.23
0.55 19.16 20.67 38.35 39.34 40.64
0.55 20.67 27.23 44.38 44.5 46.5

From the above figure 4, it can be seen that the without 
any replacement of vermiculite with different water cement 
ratios maximum strength is obtained at 0.45 water cement 
ratio.

Acid Attack on Vermiculite Mortar 
Effect of acid attack on mortar containing 20% vermiculite

The acid test values of the specimens containing 
20% vermiculite with different water cement ratios after 
immersed in acid are found experimentally and it is given 
below in table 8

Table 5: Compressive strength values for 15% vermiculite mortar.

Table 6: Compressive strength values for 10% vermiculite mortar.

Table 7: Compressive strength values for conventional mortar.

Figure: Compressive strength of mortar with replacement of 15% 
vermiculite.

Figure: Compressive strength of mortar with replacement of 10% 
vermiculite.

Figure 4.7.4: Compressive strength of conventional.

https://dx.doi.org/10.46718/JBGSR.2021.10.000230


Citation: S Sreeja1*, K.Sahithi². A Study on Strength and Durability Properties of      Vermiculite Mortar
 Op Acc J Bio Sci & Res 9(1)-2021

4DOI: 10.46718/JBGSR.2021.10.000230

From figure above, it shows that the values of weight 
loss are decreased with increasing of water cement ratio. 
It is found that the replacement of 20% vermiculite will 
reduces the weight loss in acid attack and this statement 
can be verified in above graph.

Effect of acid attack on mortar containing 15% vermiculite

The acid test values of specimens containing 15% 
vermiculite with different water cement ratios after 
immersed in acid are found experimentally and it is given 
below Table 9.

From Figure, it is found that the replacement of 15 % 

of vermiculite also reduces the weight loss in acid attack 
but it is lower when compared to 20% of vermiculate. The 
decrease of percentage of vermiculite maintains the weight 
loss in acid attack as represented in above graph 4.9.2.

Effect of acid attack on mortar containing 10% 
vermiculite

The acid test values of the specimens containing 
10% vermiculite with different water cement ratios after 
immersed in acid are found experimentally and it is given 
below table 10.

W/C Ratio
Weights of cubes 

before testing
Weights of cubes after 

testing

0.65 659.5 659

0.55 700.5 660

0.45 727.5 689

W/C ratio
Weights of 

before testing
Weights of 

after testing
0.65 720 670

0.55 727.5 678

0.45 756.5 705.5

W/C ratio
Weights of 

before testing
Weights of 

after testing
0.65 702.5 660
0.55 767 707
0.45 782 728

Table 8: Result of acid attack for 20% vermiculite.

Table 9: Results of acid attack for 15% vermiculite.

Table 10: Result of acid attack for 10% vermiculite.

Figure: Acid test of mortar with replacement of 20% vermiculite.

Figure: Acidic test of mortar with replacement of 15% vermiculite.

Figure: Acidic test of mortar with replacement of 10% vermiculite.
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From Figure 4.9.3 it is found that the replacement of 10 
% of vermiculite also reduces the weight loss in acid attack 
but it is lower when compared to 15% & 20% of vermiculate. 
The decrease of percentage of vermiculite maintains the 
weight loss in acid attack as represented in 4.9.3 graph.

Effect of Acid Attack on Conventional Mortar Containing 
100% Sand

The acid test values of the conventional specimens with 
different water cement ratios after immersed in acid are 
found experimentally and it is given below Table 11.

Comparison between 15%vermiculite and conventional 
due to loss of weights

The loss of weights for 15% vermiculite and conventional 
specimens after immersed in acid are found experimentally 
and it is given below Table 13.

W/C ratio
Weights of 

before testing
Weights of 

after testing
0.65 795 720
0.55 799 725
0.45 764 694

From Figure 4.9.4 it is found that loss of weight is 
more in conventional with compare to 10%, 15% & 20% of 
vermiculite.

Loss of Weights of Specimens
Comparison between 20% vermiculite and conventional 
mortar due to loss of   weight

The loss of weights for 20% vermiculite and conventional 
specimens after immersed in acid are found experimentally 
and it is given below Table 12.

W/C ratio Loss of weight for 
20% vermiculite

Loss of weight for 
conventional

0.65 26.5 75
0.55 40.5 74
0.45 38.5 70

W/C ratio
Loss of weight for 15%

vermiculite
Loss of weight for

conventional

0.65 50 75

0.55 49.5 74
0.45 51 70

Table 11: Result of acid attack for conventional.

Table 12:  Results due to of loss of weight for 20% vermiculite& 
conventional.

Table 13: Result due to of loss of weight for 15% vermiculite& 
conventional.

Figure: Acidic test of mortar for conventional.

Figure: 20% vermiculite and conventional due to loss of weights

Figure: 15% vermiculite and conventional due to loss of weights.
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Comparison between 10% vermiculite and conventional 
cubes due to loss of weights

The loss of weights for 10% vermiculite and conventional 
specimens after immersed in acid are found experimentally 
and it is given below Table 14.

W/C ratio
Loss of weight for 

10% vermiculite cubes
Loss of weight or 

conventional cubes

0.65 42.5 75
0.55 60 74
0.45 54 70

Compressive Strength Values Before Acid Attack and After  
Acid Attack

W/C ratio

Compressive strength 
values

before acid attack (N/
mm2)

Compressive strength values 
after

acid attack(N/mm2)

0.65 9.07 8.01

0.55 10.58 8.98

0.45 11.09 9.09

W/C ratio
Compressive strength 

values before
acid attack (N/mm2)

Compressive 
strength values after
acid attack (N/mm2)

0.65 13.11 11.51
0.55 17.14 14.94
0.45 18.15 15.65

W/C ratio Compressive strength 
values before

acid attack (N/mm2)

Compressive strength 
values

after acid attack (N/
mm2)

0.65 20.17 17.37
0.55 22.19 18.79
0.45 26.22 22.22

W/C ratio Compressive 
strength values

before acid attack 
(N/mm2)

Compressive strength 
values after

acid attack (N/mm2)

0.65 28.24 23.20

0.55 38.35 28.24

0.45 44.38 30.26

Table 14: Result due to of loss of weight for 10% vermiculite& 
conventional.

Table 15: Compressive strength values for 20% vermiculite by acid 
attack.

Table 16: Compressive strength values variation for 15% 
vermiculite by acid attack.

Table 17: Compressive strength values variations for 10% 
vermiculite by acid attack

Table 18: Compressive strength values variation for conventional 
by acid attack.

Figure: 10% vermiculite and conventional due to loss of weights.

https://dx.doi.org/10.46718/JBGSR.2021.10.000230


Citation: S Sreeja1*, K.Sahithi². A Study on Strength and Durability Properties of      Vermiculite Mortar
 Op Acc J Bio Sci & Res 9(1)-2021

7DOI: 10.46718/JBGSR.2021.10.000230

Figure: Variations of compressive strengths for 20% vermiculite.

Figure: Variations of compressive strengths for 15% vermiculite.

Figure: Variations of compressive strengths for 10% vermiculite.

Figure 4: Variations of compressive strengths for conventional.
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Loss of Compressive Strengths
The comparison of controlled mortar with 20% 

vermiculite mortar containing different water cement ratios 
are 0.45, 0.55, 0.65. The loss of compressive strength values 
of the conventional and 20% vermiculite mixes are found 

experimentally and it is given below Table 19 & 20.

The comparison of controlled mortar with 15% 
vermiculite mortar containing different water cement ratios 
are 0.45, 0.55, 0.65. The loss of compressive strength values 
of the conventional and 15% vermiculite mixes are found 
experimentally and it is given above Table 21.

W/C ratio Loss of compressive 
strengths

for 20% vermiculite(N/mm2)

Loss of compressive 
strength

for conventional (N/
mm2)

0.65 1.06 5.04
0.55 1.6 10.11
0.45 2 14.12

W/C 
ratio

Loss of compressive strength 
values 15% vermiculite N/

mm2

Loss of compressive 
strength values for 

conventional N/mm2

0.65 1.6 5.04
0.55 2.2 10.11
0.45 2.5 14.12

W/C 
ratio

Loss of compressive 
strength values for 10% 

vermiculite N/mm2

Loss of compressive 
strength values for 

conventional N/mm2

0.65 2.8 5.04
0.55 3.4 10.11
0.45 4 14.12

The comparison of controlled with 10% vermiculite 
mortar containing different water cement ratios are 0.45, 
0.55, 0.65. The loss of compressive strength values of the 
conventional and 10% vermiculite are found experimentally 
and it is given above Table.

Weight Comparisions
The average weight values are calculated for 20%, 15%, 

10% vermiculite and also for conventional and tabulated 
below 22.

Table 19: Comparison between 20% vermiculite and conventional 
due to loss of compressive strengths

Table 20: Comparison between 15% vermiculite and conventional 
due to loss of compressive strength

Table 21: Comparison between 10% vermiculite and conventional 
due to loss of compressive strength.

Figure: 20% vermiculite and conventional due to loss of 
compressive strength.

Figure: 15% vermiculite and conventional due to loss of 
compressive strength.

Figure: 10% vermiculite and conventional due to loss of 
compressive strength.
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From the above Table 20%, 15% and 10% vermiculite is 
light weight with compare to conventional. 20% vermiculite 
gives best result for light weight mortar these values 
are graphically shown in figure X-ray Powder Diffraction 
Analysis:

X-Ray Powder Diffraction Analysis
X-Ray diffraction analysis has been used for the 

fingerprint characterization of pozzolanic material and for 
the determination of their crystal structures. The basis of 
the diffraction phenomenon is that the wavelength of the 
incident radiation (i.e., X-rays) is in the order of magnitude 
of the inter atomic distance in the crystalline solids. The 
XRD results of conventional and fine aggregate with partial 
replacement with 10% by vermiculite fines are presented in 
above Fig..and Fig .XRD results are presented in Table.

W/C ratio 20% 
vermiculite

15%
vermiculite

10%
vermiculite

Conventional

0.65 681 710 724 780

0.55 684.7 727 746 797
0.45 694.6 742 764 806

S.No.
Sand

Replacement  
material

2θ Angle 
(Degrees)

Structure
Wave 

Length (A0)
Possible 

Compound
JCPDS

Number

1. Conventional 26.85 Hexagonal 1.54056 Al8Si6Mg3Fe 74-1372

2.
10%

vermiculite
28.00 Cubic 1.54056 Mg3Al2(SiO4)3 89-8919

Table 22: Mass values for different proportions of vermiculite.

Figure: XRD Result for 10% Replaced by vermiculite 

Table 23.: XRD Patterns.

Figure 4.13.1 Mass values difference between vermiculite and 
conventional.

Figure: XRD Result for conventional mix.
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Conclusion
a) Influence of application of different proportions of 

Vermiculite on various water cement ratios was noticed.

b) Acidic resistance of vermiculite mortar with 
good workability and better strength to with stand harsh 
environmental conditions is achieved.

c) Partial replacement of sand by its weight with 
10%, 15%, and 20% of vermiculite was done and it is 
recommended to achieve good results at 10% replacement 
levels in compressive strength.

d) In acid attack test 15% vermiculite achieve good 
result with compare to conventional mortar.

e) Mortar with 20% vermiculite is light weight with 
compare to conventional mortar with 100% sand.

f) Compressive strength, water absorption and Acid 
resistance tests with various proportion of mortar which 
contains the vermiculite was performed and Positive results 
were noticed at 10% replacement levels, 20% vermiculite 
and 15% vermiculite.
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