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Abstract :  Concrete pavements are widely used over flexible pavement due to its heavy load carrying capacity and providing 

long-lasting solutions in highways, bridges and airports. Even if the pavements are well designed and properly constructed, some 

distresses occur in concrete pavement such as joint spalling, faulting, cracking, pumping, punch out etc. Among these distresses, 

cracking commonly occur in concrete pavement. This study investigates the effect of addition of polypropylene fibers on 

mechanical and some durability properties of M40 grade blended concrete with 15% fly ash.  Polypropylene structural graded 

fibers with 24-50mm length were used at four different proportion like 0.5 kg/m3, 1.0 kg/m3, 1.5 kg/m3, 2.0 kg/m3. The 

compressive strength, splitting tensile strength, flexural strength, water absorption, ultrasonic pulse velocity, hydraulic point load 

testing of concrete slabs were examined. Results of the experimental study indicate that addition of polypropylene fibers improves 

mechanical properties. The maximum compressive, splitting tensile and flexural strength were observed at 1 kg/m3 dosage of 

polypropylene fibers. However, the workability and water absorption decreases with the increase in fiber content .This is due 

these fibers do not absorb water and It is observed that this does not affect the water requirement and strength properties of 

concrete.  

The ultrasonic pulse velocity test results show that the addition of 1 kg/m3 fiber is more suitable for making the concrete good 

in quality and continuity. Concrete slabs were  made with optimum dosage of polypropylene  fiber i.e 1kg/m3  and tested for 

hydraulic point load to determine first crack load.  Polypropylene. Fiber reinforced concrete specimens were found to be stronger 

than control specimen, transfer load effectively and reduce crack formation. Reduced cracks ensures pavement durability, reduced 

maintenance, improved performance and ride quality. 

Keywordss - Concrete Pavement, polypropylene fibers, Mechanistic properties, water absorption test, UPV, Hydraulic point 

load test. 

I. INTRODUCTION 

 

     Transportation has been one of the basic segments of the structural designing calling since its initial days. The transportation 

by street is the main street which could give greatest support of one all. This mode has likewise the most extreme adaptability for 

venture out concerning course, heading, time and speed of movement. It is conceivable to give entryway to entryway 

administration just by street transport. Asphalt is the real travel surface particularly made sturdy and useful to withstand the traffic 

load driving upon it. Asphalt awards contact for the vehicles hence giving solace to the driver and moves the traffic load from the 

upper surface to the common soil. In prior occasions before the vehicular traffic turned out to be generally ordinary, cobblestone 

ways were a lot of natural for creature trucks and on pedestrian activity load. Asphalts are basically to be utilized by vehicles and 

walkers. Tempest water seepage and ecological conditions are a significant worry in the structuring of an asphalt. The first of the 

built streets go back to 4000 BC  and comprised of stone cleared lanes or lumber streets. An expressway asphalt is a structure 

comprising of superimposed layers of prepared materials over the common soil sub-grade, whose essential capacity is to convey 

the applied vehicle burdens to the sub-grade. The asphalt structure ought to have the option to give a surface of satisfactory riding 

quality, sufficient slide opposition, positive light reflecting attributes, and low clamor contamination. A definitive point is to 

guarantee that the communicated worries because of wheel load are adequately diminished, with the goal that they won't surpass 

bearing limit of the sub grade. 

       Rigid road pavement consists of a top concrete pavement laying on fundamental courses, normally a base course and a 

discretionary sub-base layer. A few significant focal points are associated with embracing rigid roadways instead of conventional 

adaptable pavements. Specifically, a rigid road pavement gives a productive, agreeable, superior and savvy design decision when 

managing roadways and thruways exposed to substantial traffic loads. Without a doubt, inferable from its high flexural firmness 

and mechanical resistance, a rigid pavement permits to homogeneously move the vehicular burdens to the basic layers, 

forestalling burden and stress fixations in the subgrade and, thus, deflection and subsidence of the pavement structure . In 

addition, through appropriate roughening and stamping procedures, generally dependent on reasonable floor processors, smaller 

scale and large scale surface and, thus, grinding and adherence execution (slip resistance) of the pavement surface might be 

precisely controlled, which is a key issue in justifying legitimate security standards. 
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II. PROBLEM STATEMENT 

 
      The last century has seen a serious procedure of urbanization in provincial just as metro urban communities. This has driven 

for a need of quick development of roads and transportation foundation. Pavements are fundamental highlights of the urban 

correspondence framework and give an effective methods for transportation. The concrete pavements are currently a day's getting 

more mainstream in India in light of steep rise in the expense of bituminous pavement. The biggest bit of leeway of utilizing rigid 

pavement is its durability and capacity to hold a shape against traffic and troublesome ecological conditions. concrete pavement is 

more affordable yet has less support and great design life.  

      Several kilometers of concrete pavements are being built in the nation under National Highway Development Program 

(NHDP). In spite of receiving great development procedures and quality control measures, numerous sort of untimely distresses 

i.e early age distress have been seen in these recently built concrete pavements. The most widely recognized distresses have been 

seen as full profundity cross over and longitudinal splitting, settlement breaking, corner breaking, splits over dowel bars, breaks 

over piece courses, and blow ups and so on.  

     Incorporation of fibers as reinforcement to concrete outcomes as break arrestor and improves its static and dynamic properties 

by forestalling the proliferation of splits just as increments tensile strength of concrete. The nearness of smaller scale splits at the 

mortar-aggregate interface is liable for the characteristic shortcoming of plain concrete. The shortcoming can be evacuated by 

expansion of filaments in the concrete mix. There are various sorts of strands are utilized in conventional composite materials to 

expand the concrete mix sturdiness, or capacity to resist break development. The fundamental motivation behind fibers are 

utilized to move loads at the inner small scale splits. This kind of concrete is called fiber-strengthened concrete (FRC). At the 

point when concrete splits, the haphazardly situated strands begin working, capture break arrangement and spread, and in this 

manner improve strength and flexibility. 

 

III. AIM & OBJECTIVES 

 

     The main aim is to find effective solution for early & later age cracking in precast concrete pavement & also to improve 

performance of Precast  pavement in terms of strength. 

 

1. To prepare mix design of HPC of grade M40 using polypropylene fibers. 

2. To perform the early age strength and crack analysis of PFRC using compressive strength, flexural strength, split tensile 

strength and Ultrasonic Pulse Velocity test. 

3. To perform the later age strength and crack analysis of PFRC using compressive strength, flexural strength, split tensile 

strength and Ultrasonic Pulse Velocity test. 

4. To perform water absorption test and compare the result. 

5. To carry out hydraulic point load test on concrete slabs to determine first crack load and compare the results. 

 

IV. METHODOLOGY 

 

This project was designed to determine the influence of addition of varying percentages of polypropylene fibers on early and later 

age characteristics of M 40 grade precast concrete pavement. For this, 0 kg/m3,0.5 kg/m3 , 1.0 kg/m3, 1.5 kg/m3 ,2.0 kg/m3 

monofilament polypropylene fibers was introduced in concrete mix containing 15% fly ash (i.e. in blended concrete). Properties 

of blended concrete without fibers are compared with the blended concrete with fibers. The mechanistic properties such as 

compressive strength, split tensile test and flexural strength test was carried out at 3,7,28 days and the results were compared. 

Workability, water absorption, UPV test were also conducted. The following charted activities are taken in account for study. 
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V. EXPERIMENTAL INVESTIGATION 

    
V.I. Materials 

V.I.I. Cement 
Cement is the significant crude material utilized in development Industry. Subsequently, nature of cement must be checked before 

utilizing it as a structure material. With regards to various grades of cement, the 43 Grade OPC Cement gives reliably higher 

strength. For 43 Grade OPC Cement, the base compressive strength accomplished by the cement toward the finish of the 28th day 

shouldn't be under 43MPa or 430 kg/sqcm. OPC 43 Grade can be utilized in all sort of Concrete developments, for example, RCC, 

precast concrete and prestressed concrete. OPC 43 grade Ultratech cement conforming to IS 8112 and specific gravity 3.15 is used. 

 

V.I.II. Fly Ash 

Fly ash is utilized as a strengthening cementitious material (SCM) in the creation of portland cement concrete. A beneficial 

cementitious material, when utilized related to portland cement, adds to the properties of the solidified concrete through water 

driven or pozzolanic action, or both. In this undertaking, 20% fly ash is utilized as a fractional replacement to that of cement in 

FRC. Fly ash conforming to IS 3812 (Part 2) and specific gravity 2.2 is used for this study. 
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V.I.III. Coarse Aggregate 
Aggregate assumes a significant job in development. Maximum nominal size of aggregates taken is 20mm and the aggregates used 

are of crushed angular type. Sieve analysis done was confirming to the table 7 of IS 383.Two types of coarse aggregates are used of 

size 10 mm and 20mm, of specific gravity 2.886 and 2.903 respectively and of quantity 1.655% and 1.216%  respectively. 

 

V.I.IV Fine Aggregates 

Aggregate the greater part of which go through 4.75 mm IS sieve is known as fine aggregate. Two types of sand/F ine aggregates 

are used River sand and crushed sand of specific gravity 2.784 and 2.802 respectively and of quantity 1.886% and 1.897% 

respectively. 

 

V.I.V Chemical Admixture 
The chemical admixture utilized in this task is CHRYSO®HP 7241. This produces strong concrete for place of work application 

essentially and is especially valuable for high volume squashed sand mixes. It advances brilliant dispersion of the particles in 

cement coming about simpler setting of concrete. At steady versatility, it delivers a considerable decrease of amount of  Mixing 

water (up to 25%), an expansion of the compacity of concrete, higher mechanical strengths at all ages. At consistent W/C 

proportion, it assists with getting liquid concrete. CHRYSO®HP 7241 is well perfect with the greater part of the significant cement 

brands accessible in India. For a similar concrete mix, keeping everything else consistent, a distinct economy in cement content, 

extending from 15% to 20%, can be accomplished. 

 

V.I.VI Polypropylene Fibers 
CETEX CPPST are graded (mixed length) Polypropylene (PP) manufactured filaments reasonable for different concrete basic 

works. It is a mix of 24 to 50mm length strands. Every fiber being longer than greatest size of aggregate, henceforth every single 

strand of fiber is viably strengthens. Because of long length, 48 - 50mm gives better harbor and reinforcement while 24mm builds 

the quantity of filaments in a given measurement, forestalling break development. It has been discovered that graded strands give 

better outcome contrasted with singular length filaments. It is the most well known for concrete application. Reasonable 

consideration has been taken to guarantee dispersion of filaments. It adjusts to ASTM C 1116/C 1116M and BS EN 14889-2:2006. 

It is recommended for heavy load bearing structures like Industrial floor, road, high impact concrete, slabs, dams, etc. 

 

Table 1:Specifications of Polypropylene Fiber 

S.No. Specifications Details 

1 Material 100% Virgin polypropylene fibers 

2 Type Monofilament fibers 

3  Length 24.0 – 50.0 mm 

4 Diameter 28 – 40 micron 

5 Aspect ratio (L/D) 860 – 1250 

6 Melt Point 162 degree celcius 

7 Specific Gravity 0.91 

8 Thermal &Electric conductivity  Low 

9 Alkali Resistance 100% Alkali Proof 

10 Acid & Salt Resistance High 

 

 
Figure 1: Cetex CPPST 24-50 mm Fibers 

V.II. Mix Proportion for trial 

 
Cement                = 350 kg/m3 

Fly Ash                              =  60 kg/m3 

10mm   = 466.54 kg/m3 

20mm   = 703.938 kg/m3 

River sand   = 692.541 kg/m3 

Crushed sand                  = 123.003 kg/m3 
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Water    = 152 kg/m3 

Admixture  = 4.0 kg/m3 

Water cement ratio            = 0.37 

Mix Proportion:- 410:815.544:1170.478 = 1:1.98:2.85 = 1:2:3 

 
V.III Tests 

V.III.I Slump Cone Test 
Concrete slump test is to determine the workability or consistency of concrete mix prepared at the laboratory or the construction 

site during the progress of the work. Concrete slump test is done from cluster to group to check the uniform nature of concrete 

during development. concrete slump esteem is utilized to discover the functionality, which demonstrates water-cement proportion, 

yet there are different components including properties of materials, mixing techniques, measurements, admixtures 

 
Figure 2: Slump Cone Test 

 

V.III.II Compressive Strength Test 

For designers, compressive strength is one of the most significant building properties of concrete. According to Indian codes, 

compressive strength of concrete is characterized as the compressive strength of concrete given regarding the characteristic 

compressive strength (150 mm*150mm*150mm) size cube. The compressive strength is determined experimentally by means of 

a compressive test. The apparatus used for this experiment is the same as that used in a tensile test that is CTM. 

 

Figure 3: Compression Test Setup 

V.III.III Split Tensile Test 

The concrete is weak in tension because of its fragile nature and is not expected to resist the immediate tension. The concrete 

creates splits when exposed to tensile powers. Along these lines, it is important to decide the tensile strength of concrete to decide 

the heap at which the Concrete individulas may split. Size of cylinder was (150*300). It is done on CTM. 
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Figure 4:  Split Tensile Test Setup 

 

V.III.IV Flexural Strength Test 

Flexural test (150*150*700) mm3 assesses the tensile strength of concrete in a indirect way. It tests the capacity of unreinforced 

concrete pillar or piece to withstand disappointment in bowing. The aftereffects of flexural test on concrete communicated as a 

modulus of rupture which indicates as (MR) in MPa or psi.  

The ordinary tensile worry in concrete, when splitting happens in a flexure test is known as modulus of ruptures, for example 

flexural strength. size. The examples ought to be quickly tested on expulsion from the water. The flexural strength can be 

discovering by universal testing machine. The flexural strength can be discover by focal stacking just as the heap is applied 

through two comparative rollers mounted at the third purpose of the supporting range.    

 

Figure 5: Flexural Test Setup 

V.III.V Water Absorption Test 

Water absorption test was done on the cube of dimension (150x150x150) mm3. Two specimens for each restoring period were 

tested. The standard system of water absorption test was embraced. The specimens were taken out from the restoring tank after a 

relieving season of 28 days. The cubes are then surface dried with moistured fabric and weighted. The specimens were then kept 

in a stove at 105 degree celcius for 24 hours followed by the estimation of their weight.% Water absorption= [(W2-W1)/W1] 

x100 

Where, W1= Oven dry weight of cube 
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            W2= Weight of saturated surface dry test piece 

V.III.VI Ultrasonic Pulse Velocity Test 

The ultrasonic pulse velocity technique has been utilized effectively to assess the nature of concrete for over 75 years. This 

technique can be utilized for distinguishing inner splitting and different deformities just as changes in concrete, for example, 

weakening because of forceful chemical condition and freezing and defrosting. The pulse velocity strategy is a genuinely non-

destructive technique, as the procedure utilizes mechanical waves bringing about no harm to the concrete component being tested. 

A test example can be tested over and over at a similar area, which is valuable for observing concrete experiencing inside basic 

changes over a significant stretch of time.  

 

 

Figure 6: Ultrasonic Pulse Velocity Testing Setup 

 

This is one of the most ordinarily utilized technique in which the ultrasonic pulses created by electro-acoustical transducer are 

sent through the concrete. The technique depends on the rule that the velocity of a ultrasonic pulse through any material relies on 

the thickness, modulus of flexibility and Poisson's proportion of the material. Nearly higher velocity is acquired when concrete 

quality is acceptable as far as thickness, consistency, homogeneity etc.The transducers convert electrical signs into mechanical 

vibrations (communicate mode) and mechanical vibration into electrical signs (get mode). The movement time is estimated with a 

precision of +/ - 0.1 microseconds. Transducers with regular frequencies between 20 kHz to 200 kHz are accessible, however 50 

kHz to 100 kHz transducers are normal. 

Table 2: Pulse velocity range by cross probing as given in IS 13311 (Part 1) :1992 

 

 

V.III.VII Hydraulic Point Load Test 

Two concrete slabs of size 1000x500x170 mm were set on head of the reenacted subgrade of size 2100x600 mm with the dowel 

bar embedded in the sleeve and leaving a 25mm hole at the joint. Single point hydraulic burden was then applied towards the edge 

of the chunk threw with the dowel bar. The entire get together was arrangement on a hydraulic loading frame of limit 100 tons. 

The test was led on polypropylene fiber fortified concrete slab of dose 1 kg/m3 and on ordinary conventional concrete slab. 

Sr. No. Pulse Velocity By Cross Probing (km/sec) Concrete Quality Grading 

1. Above 4.5 Excellent 

2. 3.5 to 4.5 Good 

3. 3.0 to 3.5 Medium 

4. Below 3.0 Poor 
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Figure 7: Representative diagram of testing of joined concrete slabs 

 

The test was done on a hydraulic loading device. The slabs were put on the subgrade model and combined with the end goal that 

the dowel bar had an ideal fit in the bordering section and no adjustment in the arrangement of slabs happened. Point load was 

applied on the edge of the piece having the dowel bar inserted in the solidified concrete. Deflection was estimated from the base 

surface of the section utilizing two LVDTs and normal worth was taken. A definitive burden and comparing deflection for each 

sort of fiber example is introduced in table 9. The testing set up is appeared in the figure 8. 

 

Figure 8: Testing of slab specimens 

During the test, load at which first crack occurred on the specimen was also noted. The first crack load is presented in table 10. 

(Akhil S et.al ,2017) 

VI RESULTS 

VI.1 Workability 

Table 3: Workability Results 

Details of addition of fibers Slump Value 

Blended Concrete (With 0 kg/m3)without polypropylene fibers 120 mm 

Combination 1  

With 0.5 kg/m3 polypropylene fibers 100 mm 

Combination 2  

With 1.0 kg/m3 polypropylene fibers 75  mm 

Combination 3  

With 1.5 kg/m3 polypropylene fibers 60 mm 

Combination 4  

With 2.0 kg/m3 polypropylene fibers 40 mm 
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Graph 1: Workability  

 

VI.II Compressive Strength 

Table 4: Compressive Test Results 

Details of addition of fibers 3 Days 

(Mpa) 
 

7 Days 

(Mpa) 

 

28 Days 

(Mpa) 

 

Blended Concrete (With 0 kg/m3)without 

polypropylene fibers 

31.23 42.25 52.44 

With 0.5 kg/m3 polypropylene fibers 34.45 45.62 55.32 

With 1.0 kg/m3 polypropylene fibers 37.65 48.69 59.25 

With 1.5 kg/m3 polypropylene fibers 34.89 44.39 54.45 

With 2.0 kg/m3 polypropylene fibers 30.75 41.85 51.75 

 

 

Graph 2: Compressive Strength  
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VI.III Split Tensile Strength 

Table 5: Split Tensile Test Results 
Details of addition of fibers 3 Days 

(Mpa) 
 

7 Days 

(Mpa) 

 

28 Days 

(Mpa) 

 

Blended Concrete (With 0 kg/m3)without 

polypropylene fibers 

2.10 2.85 3.54 

With 0.5 kg/m3 polypropylene fibers 2.40 3.03 3.82 

With 1.0 kg/m3 polypropylene fibers 2.94 3.75 4.25 

With 1.5 kg/m3 polypropylene fibers 2.65 3.11 3.93 

With 2.0 kg/m3 polypropylene fibers 2.50 2.96 3.76 

 

 

Graph 3: Splitting Tensile Strength 

 

 

 

VI.IV Flexural Strength 

Table 6: Flexural Test Results 

Details of addition of fibers 3 Days 

(Mpa) 
 

7 Days 

(Mpa) 

 

28 Days 

(Mpa) 

 

Blended Concrete (With 0 kg/m3)without 

polypropylene fibers 

4.26 6.50 

 

8.53 

With 0.5 kg/m3 polypropylene fibers 4.96 7.35 9.28 

With 1.0 kg/m3 polypropylene fibers 5.58 7.97 10.74 

With 1.5 kg/m3 polypropylene fibers 4.78 7.17 9.16 

With 2.0 kg/m3 polypropylene fibers 4.15 6.47 8.45 
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Graph 4: Flexural Strength 

VI.V Water Absorption  

Table 7: Water Absorption Results 

Details of addition of fibers 28 Days 

 

Blended Concrete (With 0 kg/m3)without polypropylene fibers 1.75 

Combination 1 28 Days 

 

With 0.5 kg/m3 polypropylene fibers 1.34 

Combination 2 28 Days 

 

With 1.0 kg/m3 polypropylene fibers 1.19 

Combination 3 28 Days 

 

With 1.5 kg/m3 polypropylene fibers 0.82 

Combination 4 28 Days 

 

With 2.0 kg/m3 polypropylene fibers 0.56 

                      
Graph 5: Water Absorption at 28 days 
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VI.VI Ultrasonic Pulse Velocity 

                                                 Table 8: Ultrasonic Pulse Velocity Test Results 

Details of addition of fibers 28 Days 

UPV (km/sec) 

Quality of 

concrete 

Blended Concrete (With 0 kg/m3)without polypropylene 

fibers 

4.750 Excellent 

Combination 1 28 Days 

 

 

With 0.5 kg/m3 polypropylene fibers 4.765 Excellent 

Combination 2 28 Days 

 

 

With 1.0 kg/m3 polypropylene fibers 4.775 Excellent 

Combination 3 28 Days 

 

 

With 1.5 kg/m3 polypropylene fibers 4.770 Excellent 

Combination 4 28 Days 

 

 

With 2.0 kg/m3 polypropylene fibers 4.760 Excellent 

 

VI.VII Hydraulic Point Load Test 

Table 9 : Slab specimen test result 

Specimen Ultimate Load 

(kN) 

Deflection 1 

(mm) 

Deflection 2 

(mm) 

Average 

Deflection (mm) 

Blended Concrete without 

Polypropylene fibers 

80.5 29.1 25.0 27.05 

Blended concrete with 1 

kg/m3 polypropylene fibers 

120.3 24.9 23.1 24 

 

 

Table  10: First crack load 

Specimen Without Fibers With Polypropylene Fibers 

First Crack Load (kN) 24.3 35.2 

 

VII CONCLUSION 

 As polypropylene fibers are light in weight, more number of fibers can be accumulated unlike the other fibers. So, it can 

work effectively than other fibers with same quantity. Unlike traditional steel fibers, these fibres are uniformly 

distributed throughout the concrete mix and they become an integral part of the concrete. These fibers form network that 

reaches every section of the concrete for uniform 3-dimensional reinforcement. 

 

 The slump value/workability for concrete decreases with increase in an polypropylene fibers content. This is due to the 

proper binding of materials in concrete with the polypropylene fibers. This does not affect the strength characteristics of 

concrete. There is no need to add additional water in concrete. 
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 Compressive strength increases for 0.5 kg/m3, 1 kg/m3 addition of polypropylene fibers and the decreases for 1.5 kg/m3, 

2 kg/m3 fibers. It is maximum for 1 kg/m3. For 1 kg/m3 dosage of polypropylene fibers, compressive strength increases 

by 13% for 28 days in comparison with blended concrete without  polypropylene fibers. 

  

 Splitting tensile strength increases for 0.5 kg/m3, 1 kg/m3 addition of polypropylene fibers and the decreases for 1.5 

kg/m3, 2 kg/m3 fibers. It is maximum for 1 kg/m3. For 1 kg/m3 dosage of polypropylene fibers, tensile strength increases 

by 20% for 28 days in comparison with blended concrete without  polypropylene fibers. 

 

 Flexural strength increases for 0.5 kg/m3, 1 kg/m3 addition of polypropylene fibers and the decreases for 1.5 kg/m3, 2 

kg/m3 fibers. It is maximum for 1 kg/m3. For 1 kg/m3 dosage of polypropylene fibers, flexural strength increases by 26% 

for 28 days in comparison with blended concrete without  polypropylene fibers. 

 

 Water absorption decreases with increase in dosage of polypropylene fibers in concrete. 

 

 UPV increases with addition of polypropylene fibers for 0.5 kg/m3, 1 kg/m3 and the decreases for 1.5 kg/m3, 2 kg/m3 

fibers. It is the highest for 1 kg/m3 dosage. This means the concrete with 1 kg/m3 dosage indicates the good quality and 

continuity than that of the blended concrete without polypropylene fibers. 

 

 The optimum dosage of polypropylene fibers in concrete is 1 kg/m3 with consideration of strength characteristics as well 

as UPV. 

 

 The deflection found to be less in 1 kg/m3 PPFRC slab than the concrete slab without polypropylene fibers. 

 

 The first cracking load of PPFRC pavements is much higher than that of the blended  concrete pavement slab. Thus, 

PPFRC pavements can withstand more load without causing any cracks, which in turn increase the life of the concrete 

pavements as most of the failure occurs due to the early cracking of the pavements. 
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