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Abstract:  The construction of concrete pavements has seen a growing interest, due to its durability, high strength, and overall 

economy in the long run. Nowadays there is a push to create thinner and green pavement sections of improved values, which can 

bring the heavy loads. The Present study aims at developed PQC Pavement Quality Concrete mixtures joining crumb rubber as 

partial replacement of fine aggregates as well as adding of steel fibers. The goal of the study is to design slab thickness of PQC 

pavement using the achieved flexural strength of the concrete mixtures. In this study, the flexural strength and compressive strength 

for PQC mixtures for different percentage of steel fibers and replacement of sand with crumb rubber are reported. 

 

IndexTerms - Crumb Rubber, Steel fiber, PQC. 

1. INTRODUCTION 

Concrete is a mixture of two components: Aggregates and binder. The binder consists of cement, supplementary cementations 

materials and water. Binders mix the aggregates (sand and gravel or crushed stone) into a rock-like mass. The fine aggregates fill the 

voids formed by the coarse aggregates and cement fills up the voids of the fine aggregates. Due to the high modulus of elasticity and 

rigidity of concrete as compared to other road making materials, a rigid pavement has a large flexural strength. This property allows 

for a wider stress distribution of externally applied wheel loads, which in turn limits the stress transmitted to the sub-grade. 

Therefore a major portion of the load carrying capacity of a rigid pavement is provided by the concrete layer alone. A flexible 

pavement is a structure which consists of a number of layers of bound or unbound materials that can have a variety of surface 

treatments. The base and sub- base layers contribute remarkably to the structural properties of the flexible pavement. 

 

2. CONCRETE PAVEMENTS AND COMPONENTS  

A concrete pavement is a structure comprising of a layer of Normal Portland Cement Concrete which is further held by a 

sub-base layer on the sub-grade. Concrete pavements may be reinforced or unreinforced depending on how the engineer likes to 

control and restrains the shrinkage cracking, which will occur in the pavements. The component of concrete pavement are:- sub-

grade, Drainage layer, sub-base course, pavement quality concrete. Sub-grade is made up of ground or natural soil on which the 

pavement is to be built. There shall be no soft spots existing in the sub grade. The uniformly compacted sub grade extends at 

least 300 mm. A geo-composite drainage layer is to be provided above the sub grade for improved pavement drainage. The geo-

composites maintain their flow capacity and compressive stiffness during the construction as well as the service period. Dry lean 

concrete is an important component of modern rigid pavement. It is a normal concrete with a huge ratio of aggregate to cement 

than the regular concrete. PQC is the top most layer of the concrete pavement. It consists of an un-reinforced, dowel jointed and 

plain cement concrete slab. Its thickness depends upon the loading type and concrete flexural strength. Generally if the load is 

more, the slab thickness required will be higher. 

3. SELECTION OF MATERIALS IN PQC AS PER MORTH SPECIFICATIONS 

The Worker shall specify to the Engineer the source of all materials to be used in the concrete work with appropriate test data 

adequately in advance.[5] If the Worker successively plans to get materials from a distinct source during the execution of main 

work, he shall inform the Engineer 
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3.1 Cement  

As per technical specifications- M.O.R.T&H Cl. 601.2.1, cement types which shall be used are shown in Table 1.1 below. 

Mix design will be done as per IRC: 44. 

Table 1.1 Type of cement confirming to Indian standard code 

S. No. Type Confirming to: 

1 Ordinary Portland Cement 43 Grade IS:8112 

2 Portland Blast Furnace Slag Cement IS:455 

3 Portland Pozzolana Cement IS:1489-Part I 

4 Ordinary Portland Cement 53 Grade IS:12269 

 

3.2 Chamical Admixtures 

Admixtures conforming to IS: 9103 and IS: 6925  shall be permitted to recover  workability of the concrete, on satisfactory 

indication that they will not have any opposing influence on the properties of concrete that is  volume change, durability, 

strength. 

3.3 Fibers  

Fibers might be utilized subject to the arrangement in the plan/endorsement by the Engineer to decrease the shrinkage 

breaking and post-splitting.[6] The strands might be steel fiber according to IRC: SP: 46 or polymeric Synthetic Fibers are in 

Table 1.2. 

 

Table 1.2 Specifications of Fibers 

Effective Diameter 10 mic – 1.0 mm 

Length 6-50 mm 

Specific gravity 1 – 8 

Suggested dosage 0.6 - 2.0 kg/cum (0.2 -0.6 % by weight of cement in mix) 

Water absorption < 0.45 % 

3.4 Aggregates 

 Aggregates for asphalt cement will be common material agreeing to IS: 383 yet with a Los-Angeles Abrasion Test result not 

more than 35 for each.[7] The aggregates will be free from soil, stone, chalcedony or other silica in a structure that can respond 

with the salts in the bond. 

 

3.5Water 

 Water utilized for blending and relieving of cement will be perfect and free from damaging measure of corrosive, oil, salt, 

vegetable issue or other unsafe to the completed cement.[8] It will meet the necessities stipulated in IS: 456. 
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4. STEEL FIBRE REINFORCED CONCRETE 

Fiber-fortified cement can be spoken to by a mix of various stages that are bond, water, coarse total, fine total and scattering 

of intermittent, steel fiber. It can likewise contain admixtures and pozzolans which are normally utilized with the moderate 

cement. A measure of fiber is included solid which is commonly estimated as a small amount of all-out volume of mortar. For 

all intents and purposes, four scopes of Volume parts (Vƒ) can be distinguished as shown in Table 1.3 

Table 1.3 Typical Practical Ranges of Fibre Reinforcement of Concrete 

 

Approx. Vol. Fraction of Fibre Matrix Example 

0 < Vƒ< 0.5% Concrete PP in pipe caps 

0.5 <Vƒ< 3% Concrete(smaller size agg.) Pavements, Joints 

3 <Vƒ< 8% Mortar Cement sheets, repairs 

8 <Vƒ< 20% Paste, Slurry Asbestos cement sheets, slurry 

 

5. CRUMB RUBBER 

A huge number of tires are disposed of over the Center East consistently. Transfer of waste tires is a difficult undertaking 

since tires have a long life and are non-biodegradable.[9] The conventional strategy for waste tires the executives have been 

storing or wrongfully dumping or land filling, which are all a momentary arrangement. Morsel elastic is a term normally 

connected to reused elastic from car and truck scrap tires. 

6. RELATIED WORK 

6.1 STEEL FIBRE REINFORCED CONCRETE 

Nataraja et al. (1999), performed experimental investigations to generate the total pressure strain bend tentatively for steel-

fibre strengthened cement for compressive quality running from 30 to 50 MPa. Round pleated fibres with three volume portions 

of 0.5%, 0.75% and 1.0% (39, 59, and 78 kg/m3) and for two perspective proportions of 55 and 82 were considered. The impact 

of fiber expansion to concrete on a portion of the significant parameters in particular pinnacle pressure, resist pinnacle pressure, 

the sturdiness of cement and the idea of the pressure strain bend was examined. A basic logical model was proposed to produce 

both the climbing and diving segments of the pressure strain bend. It was seen that there exists a decent connection between's 

trial results and those determined dependent on the systematic model. 

Elsaigh et al. (2005), In this paper, they found that the utilization of SFRC for street asphalts and contrast its execution and 

customary cement under traffic stacking. The deciding of SFRC properties on execution and plan parts of solid streets are talked 

about. Results turning out from street preliminary segments, tried under in-administration traffic, are utilized to approve the 

utilization of the material advances. 

Elsaigh et al. (2005), the effect of fly fiery debris on conduct of fiber strengthened solid structures. The point of this 

examination was to locate the ductile and compressive quality of cement with different steel fiber and fly fiery remains rate. 

Solid examples with unmistakable fiber substance like 0.50%, 1% and 1.5% by volume were tried. Fly fiery debris substance in 

blends extended b/w 0 and 30% by weight. Sixteen cement blends were made. The consequence of this examination affirmed 

that the expansion of steel fiber minimally affects the compressive quality of cement yet it improves the flexural quality. 

Neophytou et al. (2011), investigated the Steel fiber on cement at measurements of 0.8% volume of cement. Trial 

examination was done on M20 blend and tests were completed according to techniques recommended by pertinent codes. The 

examination parameters of this examination include compressive quality, split rigidity and flexural quality of plain and fiber 

strengthened cement. The outcomes demonstrated that the compressive and flexural quality of fiber fortified cement expanded 

by 32.14% and 12.68% individually when contrasted with the plain concrete.  
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Soulioti (2011), Examined the shear quality of Steel Fiber Fortified Cement (SFRC) profound bars without stirrups having 

length to profundity proportion 2.0, 2.4, 3.0, 4.0. Twelve bars were tried to disappointment under two point symmetrical 

stacking. Complete shear disfigurement conduct with burden diversion reaction, break examples and methods of disappointment 

was accomplished tentatively. Shear quality was determined utilizing exact conditions introduced in the work for evaluation of 

extreme shear quality of normal profound shafts without stirrups. The researched consequences of extreme shear quality were 

contrasted and hypothetical outcomes determined from proposed condition. The examination demonstrates that the proposed 

condition gives a very exact gauge of shear quality. Notwithstanding solid quality, the effect of other variety, for example, fiber 

factor, range to profundity proportion, longitudinal steel proportion and size impact was additionally very significant. 

Vardhan et al. (2012),  Fiber strengthened cement with pleated steel fiber of 25mm length with perspective proportion 50 

results in preferable compressive quality over snared steel fiber of 30mm length with angle proportion 50. The steel fiber 

strengthened cement demonstrated higher flexural quality with expansion of 1.25% steel fiber by volume of concrete when 

contrasted with traditional cement. variety of compressive quality and flexural quality of cement with various rates of steel fibers 

separately. 

 

6.2 CRUMB RUBBER CONCRETE 

Ahsana and Shibi (2014), In their paper saw that, worn‐ out car tires make wellbeing perils and fire. As a conceivable 

outcome to the issue of scrap‐ tire transfer, they composed an exploratory investigation to assess the capability of utilizing piece 

elastic and tire chips as a total in Portland bond concrete. They examined the quality and durability properties of cement in 

which different measures of rubber‐ tire particles of different sizes were utilized as total. They saw that the solid blends 

demonstrated lower compressive and flexural quality than customary cement. Be that as it may, these blends did not indicate 

fragile disappointment, but instead a plastic and flexible disappointment and had the capacity to retain a gigantic measure of 

plastic vitality under compressive and pliable burdens. A numerical model was utilized to depict the impacts of elastic total on 

the compressive and rigidity decrement of cement. variety of compressive quality and flexural quality of cement with various 

rates of morsel elastic individually. 

Aldin  and  Seouci,  (1993),  in  Tried various properties of plain concrete and contrasted them with cement with elastic 

totals. They saw that as the elastic substance is expanded, the rigidity is diminished, yet the resist disappointment increments. 

Higher pliable endure disappointment is emblematic of progressively pliable blends. He likewise settled that Scrap Elastic 

Cement is impervious to warm changes.  

Kaloush et al. (2004), that rubber treated solid quality can be upgraded by improving bond properties of elastic totals. The 

tire reusing production lines ought to give quality elastic totals in 20 - 10 mm, 10 - 4.75mm and 4.75mm down sizes to be used 

as bond solid totals. The light unit weight characteristics of rubber treated cement might be proper for compositional 

application, stone heating, false exteriors, inside development in structure as a seismic tremor stun wave safeguard, where 

vibration damping is recommended, for example, in establishment cushions for railroad station, apparatus.. One of the 

conceivable usage of rub Crete might be its task in rendering of rooftop top surfaces for protection and waterproofing. With 

legitimate Blend Plan a 20 mm thick rendering on rooftop top surfaces should be possible with 4.75 mm down elastic total. 

 Kotresh and Belachew (2014), in this testing was finished by including 5, 10 and 15% of scrap elastic as volume swap for 

coarse total. Warm conduct for cement was researched utilizing hotbox system. No significant changes showed up in solid 

properties up to 5% substitution. Anyway past 5% substitution, solid properties changed astoundingly. Compressive quality, 

usefulness, flexure quality, solidness and unit weight of rubber treated cement diminished as elastic substance is expanded. 

Further, the air content, sway obstruction and water retention of rubber treated cement expanded with increment in elastic 

substance. Warm execution of cement consolidating elastic total was upgraded. It was resolved that rubber treated cement 

could be useful in chunks to improve vitality proficiency of structure unit. 

Shah et al. (2014), performed a study Explored three gatherings of separately estimated elastic molecule tests (3 mm, 0.5 

mm and 0.3 mm) and one example of persistent size reviewing were utilized to supplant 20% of the normal fine total by 

volume. It was seen that the elastic molecule size modifies the solid's usefulness and water porousness to an a lot bigger degree 
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than effect on the new thickness and quality. Concrete with elastic particles of greater size will in general have more usefulness 

and new thickness than that with littler molecule sizes. In any case, the elastic totals with littler or consistently evaluated 

molecule sizes were appeared to have more qualities and less water porousness.  

Haolin et al. (2015), investigated the quality of cement with 5% piece elastic. The quality of elastic adjusted cement was 

higher than that of typical cement by 15.5%. The compressive quality of morsel elastic cement with 10% substitution was 

33.47 N/mm2. In any case, the part rigidity the quality of morsel elastic cement was not exactly the quality of typical cement. 

The flexural quality test directed on morsel elastic cement additionally demonstrated a misfortune in quality when contrasted 

with the quality of ordinary cement. From the test outcomes, it was discovered that the morsel elastic forces low holding 

capacity which has influenced the quality of the solid. 

Haolin et al. (2015), investigated  Flexural quality of solid reductions about 40% when 3% sand is supplanted by morsel 

elastic totals and further loss of solidarity was seen with increment of level of scrap elastic totals. Split rigidity of cement 

decreased by about 30% comparing to 3% sand supplanted by morsel elastic. This was credited to the low bond quality 

between concrete glue and elastic tire totals. The rubber treated cement can be used in non-load bearing individuals, i.e., 

lightweight solid dividers, other light structural units, and in this manner cement containing fine elastic totals could give a 

practical option in circumstance to where quality isn't the prime prerequisite. 

  

7. CONCLUSION 

In the present study experimental program was devised to study the strength characteristics of mixes containing crumb 

rubber and steel fibre. The work can be extended to study the durability characteristics as well. The performance of the 

pavement quality concrete slabs containing crumb rubber and steel fibre can be evaluated by constructing some trial stretches. 

The behaviour of these PQC slabs can be analysed under repetitive loading for estimating the fatigue life. PQC blends joining 

piece elastic as incomplete substitution of fine totals just as including of steel fibers. The objective of the study is to structure 

piece thickness of PQC pavement utilizing the accomplished flexural quality of the concrete blends. In this study, the flexural 

quality and compressive quality for PQC blends for various level of steel fibers and supplanting of sand with morsel elastic are 

accounted. 
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