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Abstract: 

From many years we have been using textile as apparel. But due to major developments, 

we have started using textiles in various applications other than non-apparels like Geo-

textiles, Medical textiles, Automotive textiles, Fibre reinforced plastics, Fibre reinforced 

concrete etc. With the recent developments in infrastructural facilities, the applications of 

fibre reinforced concretes are increasing day by day. In FRC, the fibres are added in 

cement mortar mix following with sand, water, fine and coarse aggregates. No doubt, 

developments in fibre reinforced concretes are going on since ancient times, but, in-order 

to achieve new possibilities by eliminating the use of metal technology, it has came up 

with different fibres and new technologies of their mixtures with concrete. After all, the 

intention was to reduce the manufacturing cost and increase the properties of the FRC 

products. For structural applications, the main properties to consider are strength, stiffness, 

flexural strength, depth of crack etc [1, 2, 3].  

The main aim of our research work was to check the influence of textile materials in 

different civil applications. Since the nature of concrete is very rigid, weak in tension, 

brittle, generate crack due to dry shrinkage and also have low ductility, the introduction of 

textile materials will definitely lead towards developments in improvement in properties of 

different civil constructional applications. Addition of fibres in cement mixture may likely 

to improve the strength and ductility, which in turn reduce the propagation of crack, 

permeability of concrete and exuding water in concrete [4, 5].  

In this research work, we had tried different man-made fibres including cellulosic fibres to 

see the improvement in properties of FRC’s. We had used Viscose, Modal, Excel, Acrylic, 

Nylon and Polypropylene fibres during this research work. Even blending of some of these 

fibres in different proportions had been tried to get possible improvement in properties as 

well as cost effectiveness of FRC. The fibres selected were based on their availability in 

market so that the FRC manufacturers may not face any difficulty in getting any of these 

selected fibres as and when they require [6, 7, 8]. 

In this research work, we had targeted mainly civil applications like Paver Block, Marking 

Block and Hollow Block. Generally different grades (such as M10, M15, M20, M25, M30) 

of mixtures are used to manufacture these types of civil applications. However, it is not 

true for all the manufacturing units engaged in manufacturing of these products, which 
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ultimately results into degradation in properties of these products. We had targeted mainly 

one of these units to check the influence of textile material properties on civil 

constructional applications [9, 10, 11, 12]. 

The areas of application of FRC are pipes, panels, slabs, construction and concrete 

pavements [13, 14]. 

Research Proposal:  

 Based on many of the literature review, we had chosen some of the fibres for civil 

applications. There are many fibres available in market, but we had selected few fibres 

as they were cost effective and had easy availability in the textile market. The fibres 

were Viscose, Modal, Excel, Acrylic, Nylon and Polypropylene [15, 16, 17, 18, 19].  

 There were many research works going on in FRC with various products in Civil 

Application areas. So, we chose three main applications of civil which were very 

widely used in civil construction application. They were Paver block, hollow block and 

marking block [20]. 

 After selecting the fibres and civil applications, the work place for manufacturing of 

these civil applications was decided. The Hi-Tech Cement Works (earlier Kabir 

Cement Works) on Vadodara - Bodeli highway was chosen to manufacture the civil 

products.  

 The manufacturing of the products started with Paver block, where we initially started 

to use 0.2 to 2% of addition of fibres on weight basis. But it was getting difficult to go 

beyond 0.8% as the product was becoming fibrous. Also, the test results obtained for 

the same were found to be very poor. Hence, we had finally decided to produce the 

products from 0.1 to 0.8% of addition of fibres into the civil applications based on their 

weight.   

 After successfully manufacturing of Paver blocks with Viscose, Modal, Excel, Acrylic, 

Nylon and PP fibres, we moved further to produce Hollow blocks and Marking blocks. 

 Mean while, we started testing the paver block samples made by the single fibres. 

 After testing all the above said products and after getting good results, we further 

wanted to experiment with different fibres and their blends in different proportions [21, 
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22, 23]. So, we had selected the fibres based on their high usage in civil applications as 

well as their easy market availability [24].  

 The fibre mixture was prepared from Acrylic, Viscose, Polypropylene and Nylon and 

divided them into three different ratios to check their impact in civil applications. 

 The products were then tested for different properties and the results obtained were 

found to be excellent for different blend compositions.  

 The entire process as mentioned above right from the selection of fibres till the testing 

of final products were prepared as per the concrete mix design which was generally 

used by the rural area manufacturers which was considered as the non-graded design 

mix. During these works, it had been observed that some standard grades of mixtures 

were used in International market as per the requirements of the final products. Hence, 

an attempt had been made to use any of these grades in any of the above civil products. 

Looking to the requirements of market, we had decided to go for Paver block using 

M30 grade of mixture. Accordingly, Paver blocks with M30 grade were also 

manufactured and tested during this work. 

Research Gap:  

On analyzing the literature reviews, it was found that they lack with one or the other 

parameter in their studies. Based on that, we had tried to cover all possible details in our 

research project. On the basis of the literature reviewed, the research gap found had been 

highlighted as here under and had tried to minimize the same as a part of our research 

work:  

 All researches done were mostly based upon the polymeric or synthetic fibres which 

normally had highest strength, but here we had included the cellulosic fibres as well to 

check their performance. 

 The length of fibres mostly suggested by researchers were 6 to 12mm, but here we had 

also used longer length of fibres and had studied the difference. 

 In every research, they tried to maintain the same length of fibres while blending, while 

here we had incorporated various lengths of fibres in blending. 

 Research were mostly done in labs or as per International standards without taking into 

account the Indian rural or the urban areas, but here in our project we had tied up with 

one of the rural area manufacturers and had developed civil blocks as per their 
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procedure and grade mix which had helped us to differentiate between the rural and 

urban area techniques. 

 In majority of the research papers, they had done testing for compressive strength and 

flexural strength but we had included the abrasion resistance test as well as generation 

of crack to check its stability towards abrasion as well as its life span. 

 Also, none of the paper includes the pH test, which plays an important role and in turn 

affect the quality of concrete, which we had included in our research work [25]. 

 The cost parameter is most important when it comes to Indian market, we had selected 

here the fibres that were easily available in the market and at the same time they were 

not much costly. Also, to make it more cost effective, we had tried to blend different 

fibres in different proportions without affecting the quality of the final products. 

Objectives and Scope:  

Considering, a very high rate of growth in areas of infrastructural developments during 

these days, expecting a very good scope of research in the selected area of work.  Some of 

the objectives of our research work are highlighted as follows: 

 To improve the characteristics of various civil applications 

 To enhance benefit to civil by adding various value added characteristics to the 

applications by inclusion of textile materials 

 To design and develop highly qualitative, highly durable and most cost effective 

final products related to civil construction applications 

 To develop new mathematical model which will be helpful to many of the civil 

applications 

 To help the stake holders ( all users of products related to civil construction 

applications) to get the final products with tailor-made properties  

Original Contributions by the thesis:  

Fibre Reinforced Concrete is being used in various Civil Applications. It is used 

successfully in Slabs, beams, civil products, panels, building structure etc. The 

characteristics of concrete are as discussed above - brittle in nature and very stiff and leads 
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to growth in crack and gives a poor tensile strength. As once the crack is generated, it is 

easy for crack to expand even if more pressure is added which results in freeze thaw 

damage, scaling and corrosion to the metal part. The addition of the fibres slows down the 

process of cracking because of its fibre length. Civil products once manufactured are left 

for drying, this process causes to generate micro crack in the product due to shrinkage and 

this is due to excess of water, thermal and shrinkage strains and stress. Also as per the 

study, it is being clear that when you apply load on the civil products, the micro cracks will 

expand which are already there in products, further when load will be applied they got 

converted into macro cracks resulting in failure of the civil products. 

To avoid the problems as mentioned above, the addition of the fibres restricts the 

formation of minor crack and also helps to diminish their growth. And for that reason, the 

mixing of the fibres should be homogenous to add the benefit of the fibres. But, after that, 

the drying of water creates a shrinkage strain in civil products and creates the stresses 

which in turn cause the problem of plastic shrinkage. Mainly this is more seen in large 

areas like slabs, beams. This results into less water shrinkage due to addition of fibres and 

reduces cracks. The fibre matrix actually forms in the hardened state when the product 

dries completely and produces less minor crack. This act will help to reduce the formation 

of crack or unstable crack at earlier stage. The percentage of the addition of the fibre 

causes to increase or decrease tensile strength. The compressive strength depends upon the 

properties of the fibres. If the fibres are more, the bulky structure increases the tensile 

strength of the product and fibres continue to restrict the formation of crack. All these were 

studied in detail along with their preventive measures and included in length in this Thesis 

as a part of our research work. The Thesis mainly covers the better knowledge of fibres, 

types of fibres and their properties, their influence on properties of civil construction 

applications chosen during this research work which are summarised as follows:   

 Selection of Civil products:  

There are many research works going on for FRC with the various products in Civil 

Application areas. Here, we had chosen three main applications of civil which were very 

widely used in construction of building and roads viz. Paver block, Hollow block and 

Marking block. The interlocking paver block is mostly used in Road ways and in grounds, 

depending upon the strength of blocks, they are used for Non Traffic areas and light, 

medium and heavy traffic areas. Whereas hollow blocks, are hollow and rough in nature 



 

and have good strength. Mostly used for construction of building and partition walls. 

While marking blocks are normally used in field boundaries to protect the crops from cattle 

to enter into the field. The below are the figures shown

Figure 1. Paver Block
 

 Selection of fibres: 

The selected fibres were

modal and excel are regenerated cellulosic fibres, while acrylic, nylon 6 and PP are 

synthetic fibres, chosen based on market criteria and their availability. The properties of 

fibres are given below for reference

Properties Viscose
Denier 1.2
Length 38mm

and have good strength. Mostly used for construction of building and partition walls. 

While marking blocks are normally used in field boundaries to protect the crops from cattle 

The below are the figures shown for all the three applications.

 
Paver Block Figure 2. Hollow block

 
Figure 3. Marking block 

Selection of fibres:  

were Viscose, Modal, Excel, Acrylic, Nylon and PP. The viscose, 

modal and excel are regenerated cellulosic fibres, while acrylic, nylon 6 and PP are 

synthetic fibres, chosen based on market criteria and their availability. The properties of 

low for reference as shown in Table 1. 

Table 1 Properties of selected fibres 
Viscose Modal Excel Acrylic Nylon 6

1.2 1.2 1.2 1.5 1.5
38mm 38mm 38mm 38mm 18mm

8 

and have good strength. Mostly used for construction of building and partition walls. 

While marking blocks are normally used in field boundaries to protect the crops from cattle 

for all the three applications. 

 
Hollow block 

 

Viscose, Modal, Excel, Acrylic, Nylon and PP. The viscose, 

modal and excel are regenerated cellulosic fibres, while acrylic, nylon 6 and PP are 

synthetic fibres, chosen based on market criteria and their availability. The properties of 

Nylon 6 Polypropylene 
1.5 2.5 

18mm 20mm 
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 Selection of Test:  

In our research, we had selected test as per the literature reviewed. The tests done were 

compressive strength test, abrasion resistance test, water absorption and flexural strength 

test as well as observation of generation of crack. For paver block, we had done 

compressive strength, abrasion resistance and water absorption. For Hollow block, we had 

tested for compressive strength and for marking block we had tested for Flexural strength 

test. 

 Fibre blend:  

After achieving positive results, we further wanted to research more with the blending of 

fibres, so we had tried to blend some of the fibres based on market study and their usage in 

civil products for still better results. As seen in below Table 2, we made 3 types of blends 

with acrylic, viscose, PP and nylon and named them as PraUn mix, PraUn Advance and 

PraUn Super Advance. The PraUn mix have acrylic in higher proportion as compared to 

other fibres, in PraUn Advance we had PP in higher proportion and in PraUn Super 

Advance we had nylon fibre in higher proportion. 

Table 2 Fibre blend % 
Blend Name Acrylic Viscose Poly-propylene Nylon 
PraUn Mix  35  30  25  10  

PraUn Adv  25  30  35  10  

PraUn SA 10  30  25  35  

Methodology:  

 Process flow chart:  

The below process flow chart shows the process on which we had started to work on this 

project.  

o Selection of textile materials 

o Selection of different varieties of fibers 

o Selection of three most commonly used civil construction applications 

o Manufacturing of CCA using different varieties of fibres 
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o Testing of civil construction applications for different properties based on 

different end use applications 

o Manufacturing of CCA using different fibre blends and textile fabrics 

o Testing of CCA fibre blends 

 

 Concrete Mix design:  

The main ingredients used for making mortar mix were Cement, water, coarse aggregate, 

sand and hardener. Depending upon the grade and end use application, the ratio of the 

above ingredients varied. 

o Paver Block:  

The below Table 3 shows mix ratio obtained as a non-graded concrete mix 

design. The water content should be in between 0.35 to 0.50 water/cement 

ratio.  

Table 3 Mix Ratio of Non-graded Paver Block 
Ingredients For 150 Paver blocks Mix Ratio Obtained 

Cement 60 Kg 1 

Fine aggregate/ 

Sand 

210 Kg 3.5 

Coarse aggregate 140 Kg 2.33 

Water 30 litre 0.5 

 

o Hollow Block: In Hollow block, the fine aggregate and coarse aggregate 

requirement is more as per its end use application. So the ratio taken here was 

shown in below Table 4. 
 

Table 4 Mix Ratio for Non-grade Hollow Block 
Ingredients For 50 Hollow blocks Mix Ratio Obtained 

Cement 60 Kg 1 

Fine aggregate/ 

Sand 

336 Kg 5.6 

Coarse aggregate 128 Kg 2.13 

Water 20 Litres 0.33 
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o Marking Block: The mix ratio shown in Table 5 was non-graded mix and here 

also, the sand coarse aggregate was higher in requirement in marking block. 

Table 5 Mix ratio for Non-grade Marking block 
Ingredients For 40 Marking blocks Mix Ratio Obtained 

Cement 12 Kg 1 

Fine aggregate/ 

Sand 

33 Kg 2.75 

Coarse aggregate 14 Kg 1.16 

Water 7 Litres 0.58 

 

 Manufacturing of the Civil applications:  

o Paver Block: In Paver block there were two layers which need to be 

prepare separately (Top layer and bottom layer). First of all, Top layer was 

made in the palm mixture by adding cement, hardener, water and colour 

(the selected colour will appear on the surface of paver block). After stirring 

the above made mixture for 1 to 2 minutes, the mixture was poured into the 

paver block box mould. Before adding the mixture, the mould was greased 

with oil (petrol/diesel) and then mixture was added for about 2 to 3 mm and 

was then set by vibrator. For bottom layer, all the ingredients were mixed in 

the blender properly. In the bottom layer, we had also added fibres/Blends. 

The fibres in the bottom layers were spreaded evenly, after that they were 

thoroughly mixed into the mortar mix by blending machine for 10 minutes. 

Bottom layer mixture was then poured in the same paver block mould and 

then kept on vibrator for settling the material and kept it aside for curing. 

While in case of Glass fibres web, it was used in between top and bottom 

layer and kept for 3 days to get hardened and then for 7 days, they were 

kept in water for curing. 

 

o Hollow Block: All the ingredients like sand, small aggregate, cement, water 

and hardener were mixed together. After that, fibres were added into the 

concrete mixture. Once the fibres were properly mixed, some amount of 

mixture was poured into the hollow block mould on the machine as shown 



 

in Figure

material to settle into the mould. 

in the open atmosphere to dry. Hollow block 

hardened and to get totally dr

climatic condition).

 Marking Block: 

were added into it. The mixture 

shown in 

material and then they 

block was

depending upon the climatic condition) and then for next 7 days

in water for curing.  After that it 

 

Figure 4 and the machine starts to vibrate for few minutes causing the 

material to settle into the mould. The hollow blocks were

in the open atmosphere to dry. Hollow block took

hardened and to get totally dried (days can vary depending upon the 

climatic condition). 

Figure 4. Hollow Block Machine 
 

Marking Block: All the ingredients were mixed in a blender and fibres 

added into it. The mixture was poured in the marking block 

shown in Figure 5 and then the vibrator was used to settle down the 

material and then they were kept for curing. The time for curing of marking 

was 10 days, first 3 days it took to become dry (days can vary 

ding upon the climatic condition) and then for next 7 days

in water for curing.  After that it was ready to use for construction purpose.
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e for few minutes causing the 

were removed and kept 

took 2 to 3 days to get 

(days can vary depending upon the 

 

mixed in a blender and fibres 

poured in the marking block mould as 

used to settle down the 

kept for curing. The time for curing of marking 

to become dry (days can vary 

ding upon the climatic condition) and then for next 7 days, it was kept 

to use for construction purpose. 



 

 

 Graded concrete mix design:

For the civil construc

C:S:A = 1: 0.75:1.5 ratio. (C= Cement, S= Sand and A= Aggregate

recommended water to cement ratio should be in between 0.35 to 0.55. The cement 

content should be above 300 kg/m

and aggregate ratio 

block only as the other products 

for the design mix since their design req

as compared to paver b

Results and Comparison

 Paver Block 

In Paver block, we had

nylon, acrylic, modal, viscose 

showed better results followed by Viscose, modal, acrylic and PP. In water absorption, the 

acrylic and nylon fibres 

results. While in fibre blend mix, after analysing, the highest compressive strength 

achieved in blend mix with higher % of PP fibre followed by Mix with higher ratio of 

Acrylic fibre and mix with higher ratio of nylon fibre. In abrasion resistance, the PraUn 

mix and PraUn Super Advance 

Figure 5. Marking Block Mould 

Graded concrete mix design:  

For the civil construction applications, here we had taken M30 grade which mean

C:S:A = 1: 0.75:1.5 ratio. (C= Cement, S= Sand and A= Aggregate

recommended water to cement ratio should be in between 0.35 to 0.55. The cement 

content should be above 300 kg/m3 was also taken into consideration, while the sand 

and aggregate ratio were as per M30 mix design. We had used this M30 grade in Paver 

block only as the other products - Hollow block and Marking block 

for the design mix since their design required more sand, aggregate and water content 

as compared to paver block. 

Results and Comparison 

 

had obtained the highest compressive strength in excel, follow

viscose and PP fibre. In abrasion resistance, 

better results followed by Viscose, modal, acrylic and PP. In water absorption, the 

fibres had got good results and all the other fibres 

While in fibre blend mix, after analysing, the highest compressive strength 

achieved in blend mix with higher % of PP fibre followed by Mix with higher ratio of 

Acrylic fibre and mix with higher ratio of nylon fibre. In abrasion resistance, the PraUn 

mix and PraUn Super Advance had got better results followed by PraUn Advance. 
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taken M30 grade which meant 

C:S:A = 1: 0.75:1.5 ratio. (C= Cement, S= Sand and A= Aggregate). The 

recommended water to cement ratio should be in between 0.35 to 0.55. The cement 

also taken into consideration, while the sand 

this M30 grade in Paver 

Hollow block and Marking block were not suitable 

more sand, aggregate and water content 

obtained the highest compressive strength in excel, followed by 

stance, excel and nylon fibre 

better results followed by Viscose, modal, acrylic and PP. In water absorption, the 

good results and all the other fibres had got negative 

While in fibre blend mix, after analysing, the highest compressive strength was 

achieved in blend mix with higher % of PP fibre followed by Mix with higher ratio of 

Acrylic fibre and mix with higher ratio of nylon fibre. In abrasion resistance, the PraUn 

lowed by PraUn Advance.  
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 Hollow block 

In hollow block, the compressive strength result was excellent with excel fibre followed by 

nylon, Polypropylene, viscose, and acrylic. While in fibre blend mix, the PraUn Mix and 

PraUn Advance blend mix showed the poor result with acrylic and PP in higher proportion 

respectively. Whereas in PraUn Super Advance, the results obtained were good.  

 Marking block 

The highest flexural strength was obtained with PP followed by modal, nylon, viscose, 

acrylic and excel fibre. While in fibre blend, the PraUn Super Advance showed the best 

result followed by PraUn advance and PraUn mix. 

By analysing the compressive strength of all the three civil applications, the compressive 

strength in paver block was found to be excellent with PraUn Advance out of all the other 

fibres, whereas the abrasion resistance was found to be excellent with excel fibre, PraUn 

Mix and PraUn Super advance, so the fibres with high tenacity and elongation gave better 

results. In hollow block, we had obtained excellent compressive strength result with PraUn 

Advance fibre mix with PP % more in fibre blend mix. In marking block, the flexural 

strength was found to be excellent in Modal, PP fibre and PraUn Advance. So, we can 

conclude that fibres having good elongation properties are giving better results like PP, 

acrylic and viscose, as the higher elongation % requires more time to break the specimen.  

Achievements with respect to objectives 

 The characteristics of the civil application have been increased by reinforcing the 

fibres into the civil product and increasing their life span to use it into the civil 

applications.  

 Higher benefits have been achieved in manufacturing of civil applications by using 

graded and non-graded design mix along with the proper selection of fibres and 

their blends. As the non-graded concrete mix design will be helpful to the rural 

areas where quality plus cost are their requirements. While the graded concrete mix 

design is helpful to develop quality and high durability. Hence, more benefits by 

inclusion of textile fibres in any of the two concrete mix designs. 
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 Successfully designed and developed the final products with quality, durability and 

cost effectiveness due to inclusion of fibres in the concrete mix. 

 New mathematical model has been developed to decide the proportions of different 

fibres in the fibre mix for cost effectiveness of the final products without affecting 

their properties.  

 Stake holders can now get the ready-to-use final products as per their requirements 

by suitably controlling their properties by proper selection of fibres and/or their 

blends.  
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