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Abstract 
 

In present study the effects of different percentage of bio-enzyme on 

feasibility, strengths of compressive and strength of flexure attributes of 

Pavement Quality Concrete (PQC) mixes is proposed. The PQC mixtures are 

prepared by using (1%-3%) of bio-enzyme. The evaluation of feasibility, 

compressive and flexural strength features is made for bio-enzyme enhanced 

PQC mixes. The ultrasonic velocity pulse test evaluation is also carried out 

as a part of non-destructive process. The Microstructure analysis i.e., SEM 

and XRD has been performed to analyze the effect of bio-enzyme on the 

concrete mix. The present study explored that the, addition of bio-enzyme to 

PQC mixes is increased the crash of EKOPQC mixes. From the results 

observed for compressive and flexure strength of EKOPQC there is increase 

in the values from (1%-2%) by adding bio-enzyme and reduction in the 

values from (2%-3%) by adding bio-enzyme. However, the obtained results 

are not satisfactory as compared with the values of conventional PQC mixes. 

The optimal result of bio-enzyme for higher compressive and flexure 

strength of EKOPOC mixtures is 2%. The reduction in the compressive 

strengths is because of porous structure and mineral Yoshiokaite formation 

which is 61% in composition. Yoshiokaite contains highest percentage of  
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alumina (61.40%) and low percentage of silica (4.82%). High amount of 

alumina imparts cracks in the cubes and low amount of silica results in 

decrease in ultimate strength. It is also observed that the overall amount of 

Eko Soil in the normal concretes will affects the cohesiveness among the 

particles of concretes and it resulted in degradation of compressive strengths 

and flexure strengths. 

 

Keywords: Bio-enzyme, Eko-Soil, Stabilization, XRD, EDX, Flexure 

strength, Pavement Quality Concrete, Feasibility. 
 

                1 Introduction 
 

Transportation is contributed to the development of economics, socials, 

industrial, and cultural activities in the country [1]. With the many types of 

transportations, road transportation is considered as one of the friendly and 

favored method of transportation for passengers and for freights. It is 

estimated that higher than 60% of cargos and 85% of passenger traffics in the 

country is been dealted with road transportation (web.worldbank.org). In 

India road network includes over 5,603,293 km,  it is the second largest 

country for road network in the world  according to the basic road statistics 

of India [2]. 

Based on the structural behavior, the development of road can be done 

either as flexible pavement or rigid pavement. Flexible pavements are those 

which have low or negligible flexural strength and which consist of four 

different layers. Rigid pavements are the structures have flexural strength and 

transferred load through slab action [1]. The concretes utilized for the rigid 

pavements and runways construction is known as PQC. In highways the 

pavements due to different type of traffic conditions, the micro-cracks 

formation in the layers of PQC takes place with the combinational effects of 

stress because of the wheel loads and change in the temperature. The 

formations of crack in PQC will result to reduction in compressive and 

flexure strengths features. So, the layers of PQC rapidly deteriorates. The 

rigid pavement suffers from the deterioration issues hence, the many 

alternatives methods is developed in order to enhance the quality and 

strengths of PQC layers. In earlier years, materials such as fly ash [3], sand 

manufacturing [4], dust marbles [5], GGBS [6], super-plasticizers [7] etc is 

utilized to improve the property of PQC layers [8][9][10][11][15-24].  

In this research, Eko Soil (B. Termite saliva) is utilized with various 

percentage for the amount of water in the PQC mixture and the physical 

property like feasibility, compress strengths and flexure strengths of Eko 

Soil-PQC is utilized and the optimal mixed proportions is considered as the 

proportions which given the higher compress and flexure strengths at 7 to 28 

days. SEM and XRD analysis has also been performed to study the influence 

of Eko soil on PQC.  
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                2 Materials and Methodology 
 

2.1 Cement 
 

Cement is the major components in the mixture of concretes. Cements 

together mixes the coarse and aggregates finely, fills the small voids in the 

concrete and also performs a role of contributing strengths to the concretes. 

Even though cement contains only 20% of the overall amount of concretes 

mixture but it contributed much to compress the strengths of concretes. The 

higher quality of cement is one which satisfies every requirement of IS 

specification. The amount of cements needed for a particular mixture will be 

in the range of min and max quantities for the specific grades according to 

the IS code provisions. The Ports land cements is also known as Ordinary 

Portland Cement (OPC) which is most useful kind of cement. It is fine 

powder made by grinding the portland cement clinker. The OPC is 

categorized into 3 types of grades which are 33Grade, 43Grade and 53 Grade 

by depending on the strengths up to 28 days. The cement specification for 

any grade is given by many IS codes [12].  

In the present research, the Ordinary Portland Cement (OPC) of Ultra-

tech brand which are conformed by IS 8112:2013 is utilized. The cement 

property is founded out from the laboratory tests are presented in the Table 1. 
 

Table 1Requirements of Ordinary Portland Cement [12] 

 

S. 

No. 

Characteristics Requirement Method of Test 

1 Specific gravity - IS:2720 (part3) 

2 Fineness m2/kg Min 225 IS:4031 (part2) 

3 Soundness 10mm Max, by Le 

Chatelier method, 0.8 % 

Max , by Autoclave test 

methods 

IS:4031(Part 3) 

4 Setting time Initial - Min 30 min 

Final- Min 600 min 

IS:4031(Part 5) 

5 Compressive 

Strength (Mpa) 

43 Min, 58 Max IS:4031(Part 6) 

 
2.2 Coarse Aggregate 

 

The coarse aggregates used are tested as per IS code [13]. Coarse 

aggregates are retained by IS-sieve 4.75mm. The coarse aggregates will be 

crushed gravels or stones that are obtained from crushing gravels or from 

stones or gravels that are partially crushed or stones which are obtained as  
 

 

 

 

10500



 

 
 

result for blending the gravels and stones. The highest size is 10mm to 20mm 

which is considered as normal, however the particles up to 40mm are also 

utilized in dry-lean concretes. Depending on the features of various type of 

aggregates, the blended aggregates are angular in nature which results in 

interlocking and tend to improve the strength, the round form of aggregates 

will enhance the feasibility because of lesser internal frictions. 

Table 2 shows the properties of coarse aggregates obtained from 

laboratory tests. The Table 3 shows the sieve analysis result of coarse 

aggregate used for the investigation. This coarse aggregate is blended with 

fine aggregate in adequate proportion to meet the combined graduation 

requirement of coarses and blended aggregates for the cement concretes 

pavement as per given in specifications for road and bridge work (5th 

Revision) is developed by Indian roads congress. 
 

Table 2 Tests on Aggregates and their Utilities [13] 

 

S. 

No. 

Test Property Test Method 

1 Sieve analysis  Grading  IS 2386- (Part I) -1963  

2 Flakiness and 

elongation 

Index  

Inherent weakness  IS 2386- (Part I) -1963  

3 Specific gravity 

and absorption 

of water 

Specific gravity 

and porosity  

IS 2386- (Part III) -1963  

4 Crashing value  Strength  IS 2386- (Part IV) -1963  

5 Impact on value  Toughness  IS 2386- (Part IV) -1963  

6 Los Angeles 

abrasion value  

Hardness  IS 2386- (Part IV) -1963  

 

Table 3Coarse Aggregate Requirements for Graded Aggregates [14] 

 

S. 

No. 

Sieve 

size 

% Passing for Graded 

Aggregate 

1 40 mm 100 

2 20 mm 95-100 

3 10 mm 25-55 

4 4.75 mm 0-10 

5 2.36 mm - 

 

2.3 Fine Aggregate 
 

The fine aggregate will pass by the IS-sieve 4.75mm. The fine aggregates 

are nothing but natural sands, crushed stone sands or crushed gravel sands. 

The natural sands are obtained from naturally disintegrating the rocks. The 

crushed stone sands are obtained by blending the hard stones and crushed  
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gravels sands are produced by blending the natural gravels. IS383 is 

classified the fine aggregates into 4 grade zones (Grade I to IV) on the basis 

of particle size distribution. The grades zones have become progress for finer 

from grading (I to IV). The experimental operation aggregates the collection 

from local suppliers and conformed for grade zone II. The zone II will 

become free from the silts and clay particles. The analysis of sieve and 

physical property of blended aggregates is tested according to IS: 383. The 

local available of natural sands that are conformed by IS 383: 1970 is utilized 

as fine aggregate in design mixes. The Table 4 shows the requirements of 

fine aggregate as per IRC 44.  

 
Table 4 Requirements of Fine Aggregates [14] 

 

 
 

 

 

 

 

 

 

 

2.4 Water 
 

Water is the important component for the formation of concrete mixture 

which acts as an active participant in the reaction of chemicals along with 

cement. It forms a gel with cement which gives strength. Hence, the quality 

and quantity of water are required need to be considered very effectively. 

Water available in the laboratory is used for mixing and curing. 

 

2.5 Eko Soil Enzyme (B. Termite Saliva) 
 

The Eko soil is cost effective and various enzymes based products which 

are fermented by the organic material. The enzyme includes the features that 

are shown in Table 5. 
Table 5 Property of Eko Soil 

 

 

 

 

 

 

 

 

 
 

 

 

 

Sl. No. Sieve size % passing 

1 10mm 100 

2 4.75mm 90-100 

3 2.36mm 85-100 

4 1.18mm 75-100 

5 600 𝛍 60-79 

6 300 𝛍 12-40 

7 150 𝛍 0-10 

Sl. No. Property Value 

1 Specific gravity 1.05 

2 Boiling Points 212oF 

3 Evaporation rate Similar as water 

4 Vapor pressure Similar as water 

5 Melting Points N/A 

6 Appearance Brown in color 

7 Odour Slightly as Fermented Odour 
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In the process of analysis, the M40 grades is taken into account and 

developed according to the rules provided by the IRC: 44- 2008. 3 different 

mixtures with ratio of water and cement as 0.40 is developed as control 

mixtures. Then the mixtures with Eko Soil is produces by keeping the 0.40 as 

constant water and cement ratio. The mixtures are selected by checking 

feasibility requirements by slump tests. For the process of casting the 

specimens, the materials are considered on the basis of desired specification. 

The coarse aggregation of the needed grades is selected from the laboratory. 

The natural sands are chosen by the process of sieving according to IS 4.75 

mm sieve. The water is collected from the laboratory. The mixing from the 

hand is considered for the whole experiment evaluation. The concretes 

mixing is carried out in a way that the obtained mixture will be having 

minimum voids. In order to achieve it, coarse aggregate mixed properly with 

fine aggregate in order to have minimum voids in coarse aggregate, then 

cement is added to coarse and fine aggregate mix. The Eko soil is mixed 

along with the water which is soluble in the water. So, it is orderly 

distributed in the mixture.  

The slump test is considered as the initial measure for the concretes 

feasibility ability which are confirmed by the IS: 1199-1959. It is tested to 

calculate the effects of Eko Soil on feasibility. The equipment’s used for 

performing the slump test consists of metal moulds as cone of frustum which 

includes the diameter of base as 20 cms, top of the diameter as10 cm and 

height as 30 cm. It shows the equipment used in the slump test laboratories 

and in the process of tests during the conduction. The feasible tests are 

carried out immediately when the concrete mixing is completed. The 

concretes that are utilized for PQC, a slump value within the 25mm to 

50mmis considered. The Slump test is carried out for the mixtures with 

needed slump values and then the mixtures are utilized for casting the 

specimens. 

The cube specimen with the dimensions of 150mmX150mmX 150mm is 

used for compressive strength test. Beam specimen with dimension 

150mmX150mmX700mm is used for flexural strength. Every specimen is 

casted in castironmoulds on the basis of relevant codes according to indian 

standards. Before casting the specimens, the moulds are cleared every bolts 

which are moulded tightly so there will be no breakage in the moulds and 

greased with the oil. The concrete mix is then filled the molds and compacted 

utilizing table vibrator. For every mixture 9 cubes and 6 beams are moulded. 

After concreting and compaction the upper surfaces of the specimens are 

level finished utilizing mason’s trowel and afterward some distinguishing 

proof imprints are labeled over the completed surface to recognize the 

samples easily. It is beneficial to consider the note for concrete process 

which need to be completed between 25 to 30 minutes after adding the water 

to dry mixture. The specimens will cure the cool and humid places at a 

temperature of 27± 2ºC for 1 day and carefully removed. The same steps are 
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only used for concreting and casting process in the next days.  

 

 
 

Figure 1 Casted Cubes and Beams of M40 EKOPQC 

 

Compression strength evaluation is the simplest and most adopted of all 

tests performed on concrete. The compression testis quite resourceful since 

every desirable features property of concretes which are quantitatively 

related to the compressive strengths. The compression tests are carried out on 

cubical and cylindrical specimens. In the present investigation, compressive 

strengths of cubical specimens after seven days, fourteen days and twenty-

eight days after curing and that of cylindrical specimens after twenty-eight 

days of curing is tested conforms to IS 516: 1959. The weight of the 

specimens is noted before testing. The specimen is kept on the loading 

platform of the compression testing machine and load is gradually applied 

over the specimen until the point that the specimen fails and no load sustains 

further more. The load at failure is noted and it is then partitioned by the area 

of application of load to discover the compressive strength of the specimen. 3 

specimens for every mixture are tested and the average is taken as the 

compressive strengths of the mixture. The compressive strengths are 

communicated in 'N/mm
2
' or in 'MPa'.  

The flexural strength of concrete, which is also known as modulus of 

rupture is calculated by third point load flexural test. The third point flexural 

test is conducted on concrete beam specimens of dimension 

150mmX150mmX700mm. This test is conducted as per the guidelines of IS 

516: 1959. The test procedure incorporates setting test specimen on a 

hydraulic operated loading machine and utilization of symmetrical two points 

load on it. The rate of loading is kept normal and load is applied until the 

point when the specimen fails. The shortest distance from any of the point of 

application of load to the crack formed should be noted. 

The pulse velocity of ultrasonic technique is utilized to assess the 

similarity in the concretes, cracks occurred, voids and various scarcity,  
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difference in the structure of the concretes which will happens as the time 

passes, the concretes quality as considered with the degree of prerequisites, 

the quality of concrete with  1 element is different from other elements. The 

pulse velocity of ultrasonic and nondestructive tests according to the IS: 

13311- 1992 (Part 1), is evaluated on EKOPQC Mixtures. The pulse velocity 

is used to know the consistency and quality of the materials. The UPV assess 

of EKOPQC mix is determined by putting a pulse transmitter on one face of 

concrete paving block, and a recipient on the contrary face. A timing device 

measures the travel time of the ultrasonic pulse through the EKOPQC 

specimens. Frequency of transducers for different path lengths can be chosen 

as per Table 1 of IS: 13311- 1992. Then the UPV can be calculated from 

dividing the path length by the transit time. Figure 1 shows Casted Cubes and 

Beams of M40 EKOPQC. Figure 2 shows Prepared sample for XRD and 

SEM. 

Very small amount of sample (around 5-10 g) from the centre of 

compression test specimens of EKOPQC of different Eko Soil content and 

curing period are taken after they are tested for strength. After that samples 

are broken by using hammer into powder form. 

 

 
 

Figure 2 Prepared sample for XRD and SEM 

 
                4 Results and Discussions 

 

3.1 Effect of Eko Soil on Workability Characteristics of PQC 
 

In the present study, the testing of slumps is used as the initial measures 

of EKOPQC feasibility and the influence of Eko Soil on workability 

behavior of EKOPQC mixes is assessed. The test is conducted as accordance 

with IS:1199-1995. Slump values with different Eko Soil percentage are 

shown in Figure. 3. It is known that demonstration of slump is an increased 

trend by adding Eko Soil. The value of slump is not changed the PQC which 

is formed as 27 mm. After adding (1%-3%), the slump value is gradually 

increased. After adding (1%-3%) we got 28mm, 31mm and 34 mm as slump 

values sequentially. Therefore, it is observed that by the addition of 1%, 2% 

and 3% Eko Soil it showed an increase of 3.70%, 14.81%, and 25.93% in the 

slump values as considered with the conventional PQC. 
 

 

 

S.Venkata Chary et al. 10505



 

 
 

 

 
 

Figure 3 Graphical Representation Slump Test Result on EKOPQC Mixture. 

 

3.2 The Effects of Eko Soil on Compressive Strength Features of 
PQC 

 

Compression test is conducted on different PQC mixes with varied 

dosage of Eko Soil. This section presents the result of compression test of 

different EKOPQC mixes. Figure. 4 describes the 7th, 14th and 28th day 

result for compressive strengths of different EKO-PQC. The obtained result 

indicates that when EKOPQC is included as 1% Eko Soil, the compression 

strengths on 7th day is reduced by 27.52% as compared with the 

conventional PQC. For 14th day and 28th day the value is reduced by 24.06 

% and 23.06% as compared with the conventional PQC. 

 

 
 

Figure 4 Graphical representation of compressive strength result test on EKOPQC 

Mixture 
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In addition, when the EKOPQC is used as 2% Eko Soil, the strength of 

compression on 7th day is reduced by 25.35%, for 14th day and 28th day the 

value is reduced by 20.84% and 20.16% as compared with the conventional 

PQC. The reduction in the strengths of compression is 53.36%, 51.52% and 

51.77% respectively by EKOPQC which consists of 3% Eko Soil after 7th, 

14th and 28th days sequentially as compared with the conventional PQC. It is 

seen that, by adding the Eko Soil, the compression strengths of EKOPQC is 

resulted in reducing trends from (0%-1%), then it showed increment of (1%-

2%) and further the much reduction is observed from (2 %-3%) in this 

research study. After completing the experimental evaluation, we say that 

Eko Soil given optimal results with 2%. 
 

 

3.3 Effect of Eko Soil on Flexure Strengths Features of PQC 
 

The effects of Eko soil on flexure strengths features of PQC section 

describes the outcome of tests for flexure strengths for EKOPQC mixtures 

with different kinds of Eko soil content after the 14th and 28th day of restore. 

The 14th and 28th day output is obtained from the flexural strengths of 

EKOPQC mixtures conduction test which is shown in Figure. 5. The 

reducing trends of flexure strengths by slightly increasing the Eko soil with 

2% which is seen in addition with the Eko soil. The optimal values for the 

compression strengths of EKOPQC mixtures is seen in corresponding with 

the 2%. The highest flexure strengths on 14th day is obtained around 4.44 

N/mm2 along with the optimum value of 2% Eko soil and it is around 5.15 

N/mm2 on 28th day that is 5.55% lesser as compared with the conventional 

PQC mixture. The 1% on 28th day for flexural strengths is about 4.98 

N/mm2 and 3% on 28thday for flexural strengths is about 4.62 N/mm2 that is 

8.62%, 15.23% lesser as compared with the conventional PQC. 
 

 
 

Figure 5 The Graphical Representation of Flexural Strengths Test Result on 

EKOPQC mixtures 
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3.4 Effect of Eko Soil on Results of Ultra-Sonic Pulse Velocity 
Tests on EKOPQC Mixes  

 

It is observed that a small amount of Eko Soil (2%) is showed a 

maximum UPV that represents a much compacts or consistent architecture 

of the Eko soil concrete. But, further the percentage of Eko soil is increased 

which resulted in the reduction of UPV. This is allocated for permeable 

structure of the concretes. In this part, the output of pulse velocity of 

ultrasonic is described that is evaluated on specimen of EKOPQC mixtures. 

 
Table 5 Result of Pulse Velocity of Ultrasonic Test on EKOPQC mixtures 

 

 

 

 

 

 

 

 

 

 

 
 
3.5 Effect of Eko Soil on SEM and XRD Study of EKOPQC Mixes 

 

SEM and XRD study have been conducted for selected samples i.e., 

PQC, EKOPQC-1, EKOPQC-2, EKOPQC-3 on the period of curing for 28 

days which is shown on the Figure. 6-10. From SEM it is observed that the 

structure is porous as compared to conventional PQC. Further the surface of 

various EKOPQC is not so rough as compared to conventional PQC. 

Therefore, proper interlinking of particles does not take place. This might be 

the reason for low strength of EKOPQC mixes as compared to conventional 

PQC. SEM of EKOPQC-1 & EKOPQC-2 shows that some projections are 

present on the surface which is not present on the surface of EKOPQC-3. 

This might be the reason for decrease in strength for EKOPQC-3 from 

EKOPQC-1 & EKOPQC-2 as shown in Fig. 6 to 7. 

For 1%, 2% and 3% EKOPQC the main compounds which are found by 

XRD are Yoshiokaite, Quartzlow, Hatrurite and calico olivine. XRD of 

EKOPQC-1, EKOPQC-2 and EKOPQC-3 shows that the content of silica 

(SiO2) is low 16%, 17% and 8% respectively. The content of Yoshiokaite is 

highest 50%, 46% and 61% respectively. Empirical formula of Yoshiokaite 

is Ca7.5Al15SiO32. Chemical composition of Yoshiokaite contains 4.82% SiO2 

and 61.40% of Al2O3. Since the content of silica is less and alumina is high  

 
 

 

 

S. 

No. 

Group Test 

Method 
Time(𝛍s) Path 

Length 

V(km/s) 

1 

 

PQC Direct 37.97 150 3.95 

Direct 38.20 150 3.93 

2 EKO-PQC1 Direct 36.40 150 4.12 

Direct 37.30 150 4.02 

3 EKO-PQC2 Direct 34.20 150 4.38 

Direct 34.10 150 4.39 

4 EKO-PQC3 Direct 37.90 150 3.96 

Direct 38.20 150 3.93 
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therefore cementing action does not take place properly. Low content of 

silica is responsible for low strength of EKOPQC mixes show in Fig. 8 to 10. 

 

 
 

Figure 6 SEM of PQC and EKOPQC 1 

 

 
 

Figure 7 SEM of EKOPQC 2 and EKOPQC 3 
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Figure 8XRD of EKOPQC-1 

 
 

 
 

Figure 9 XRD of EKOPQC-2 
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Figure 10 XRD of EKO-PQC-3 

 

                4 Conclusion 
 

This research study focused on the application of bio-enzyme in the 

mixtures of PQC and its effects on the feasibility, compression strengths and 

flexure strengths features of EKOPQC. The outcome obtained shows that 

EKOPQC mixtures includes average quality. Reduction in compression 

strengths and flexure strengths is observed by utilizing the bio-enzyme. The 

following steps are concluded from in the present research study:  

1 The usage of bio-enzyme for the PQC mixtures is found in increasing 

the slumps of EKOPQC mixtures.  It is observed by using (1%-3%) 

Eko soil which shown an increase of 3.70%, 14.81%, 25.93% in the 

value of slumps as compared with the conventional PQC.  
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2 The percentage of optimal bio-enzyme for the maximum compression 

strengths of EKOPQC mixtures is around 2%. By adding the Eko soil 

to PQC mixture until the optimal value is showed an increasing value 

for the compression of strengths. The highest value of compression 

strength is 38.74 MPa, on 28th day is obtained by the optimal bio-

enzyme contents. In addition, the increase of Eko soil contents and 

compression strengths is shown reducing values.  

3 The optimal percentage of bio-enzyme for the highest flexure 

strengths is about 2%. The flexure strengths of EKOPQC mixtures is 

shown an increasing value until the optimal contents of bio-enzyme 

and the highest value is obtained after the 28th day is about 5.15MPa.  

4 The increase of compression strengths of EKOPQC mixtures from 1% 

to 2% addition might be possibly because of the reason that there is 

decrease in composition of Yoshiokaite from 50% to 46%. Due to this 

there will be decrease in alumina content and increase in silica 

content. Increase in silica content will result in improvement in the 

compressive strength. 

5 The output of pulse velocity of ultrasonic test for EKOPQC mixtures 

is obtained are among 3.5 and 4.5 km/sec as per the IS: 13311- 1992 

(Part 1), which means that in contact with the primary requirements, 

quality of the concretes is good as compared with the similarity of the 

concretes, cracks that are present in the concretes, voids and 

variations in the architecture of the concretes which will occurs with 

respect to time.  

6 SEM of EKO-PQC-1 & EKO-PQC-2 shows that some projections are 

present on the surface which is not present on the surface of EKO-

PQC-3. This might be the reason for decrease in strength for EKO-

PQC-3 from EKO-PQC-1 & EKO-PQC-2. 

7 XRD of EKO-PQC-1, EKO-PQC-2 and EKO-PQC-3 show that the 

content of silica (SiO2) is low 16%, 17% and 8% respectively. The 

content of Yoshiokaite is highest 50%, 46% and 61% respectively. 

Empirical formula of Yoshiokaite is Ca7.5Al15SiO32. Chemical 

composition of Yoshiokaite contains 4.82% SiO2 and 61.40% of 

Al2O3. Since the content of silica is less and alumina is high therefore 

cementing action does not take place properly. Low content of silica 

is responsible for low strength of EKO-PQC mixes. 
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