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1. INTRODUCTION 

History of Roads 

Street pavement has found from the 1st human settlements around the 4000 BC in cities of the Indus valley’s 

civilization on the Indian sub-continent, such as Harappa and Mohenjo-Daro. The road contractor of late 

1700-1800s depended on stone, gravels and fine aggregate for road construction. Water is using as a binding 

property in a pavement surface. Roads are in towns were straight, intersection, angularly and right angles. In 

urban areas it will be worth-while to construct stone-paved streets, areas; in fact, road streets are refinement. 

1.1 Objective of Roads 

The objective of the roads is to study about the performances, durability, maintenance require, hydrological 

benefits, and atmospheric considerations of a fully-depth a porous recycled asphalt roads in any climate 

conditions. In order to test pavement, we required two porous asphalt pavement cells were placed for Main 

rosad low-volume roads (LVR) test loop.  

1.2 Scope of pavement 

Porous recycled roads is a general term used to describe for providing for hardening surface to facilitate to run 

off (penetrate) water and economy for construction. Examples are that material includes a porous asphalt 

pavement, recycled asphalt pavement (RAP), porous concrete pavement. 

1.3 Porous Asphalt Pavement Information 

Porous asphalt pavement technology is used to drain surface water due to rain, floods, etc., the first porous 

asphalt roads are developed in the United States with a seal coat. Now porous pavements are implementing all 

over the world wide in various locations. Porous pavements are established in the United States with proper 

surfacing development system by Porous friction Courses (PFC). Although, fully depth asphalt pavement are 

primarily installed for parking areas. And mostly partial depth porous pavements are laid at low traffic volume 

areas, cause of low strength compare to the normal asphalt pavements. Full-depth porous roads are commonly 

observed in areas of Europe, and potential increasing in worldwide for wide benefits. This is need for reduce 

the runoff water, other wet climatic conditions and is to mitigate the runoff associated with a impermeable top 

coat of a pavement.  

Porous pavements are also help for watershed management to save drain water collecting for domestic usage 

purpose. However porous asphalt pavement mix design, construction methods, and maintenance have been 

improved experience.  

The porous asphalt pavement summery observes advantages and disadvantages should be included. The 

problems of occurring like rutting, pavement damage, etc., can be outcome by increasing strength, adding of 

admixtures (like polymers) and many more.  

The special mixes evolved into placed plant produced mixes with a gap of 0.5 inch size aggregate, and 

relatively high asphalt content. Plant mix seal coat be established in 1970s with the FHWA (Federal Highway 

Administration’s) program to improve frictional characteristics of United States pavement surfaces. The mixes 
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initially were know as open-graded asphalt friction course (OGFC), and FHWA developed a mix design 

method in 1974 mixes similar to the original OGFC are now in widespread use and are called by lot other 

names including: PFC (Porous Friction Course, ACFC (Asphalt Concrete Friction Course), Popcorn mix, and 

PEM (Permeable European Mix) is also represented as PA (Porous Asphalt. Open graded friction courses 

combine the advantages of porous asphalt and structural contribution of a dense graded (usually asphalt) base 

layer. However, an impermeable base requires lateral draining of absorbed water. Several DOTs in the United 

States routinely utilize OGFC- notably Georgia, Florida, Oregon, Texas, and California in Minnesota, 

installations of OGFC have demonstrated many of the advantages seen elsewhere, but suffer from decreased 

durability due to the damage caused by freezing of water unable to drain laterally from the porous surface 

layer. 

1.4 RAP (Recycled/Reclaimed Asphalt Pavement) Information  

Now, a day’s RAP is encouraged to be used in road construction for new pavements. Recycled materials like 

DBM, PDBM, and BC (Dense Bitumen Macadam, Partial Dense Bitumen Macadam and Bituminous 

Concrete) are to use old roads duration of 5-10 year’s.  

Now a day’s local government are taking initial policy about pavements, in this regarding new layer 

(pavement) is placing on top surface layer. We can re-use that old layer in construction pavement by crushing.  

This is will help to encourage economic condition at various stages by placing RAP. Recycled hot mix asphalt 

materials are reusable mixture of aggregate and asphalt binder (Bitumen) is called as Reclaimed asphalt 

pavement or Recycled asphalt pavement (RAP). 

 

3 LITERATURE REVIEW 

Porous asphalt mixtures have been used as road surfacing materials to improve surface frictional resistance 

during wet weather traveling since the 1950s.  In the UK, it was first used on airport runways by the UK air 

transport authority. In the United States, such mixtures were also employed for highways (Kandal and 

Mallick, 1998, Mallick 2000).  In these applications, surface runoff will flow laterally within the porous 

asphalt surface layer and discharge into roadside drainage systems. 

Porous asphalt mixtures are also used in porous pavements or permeable pavements in which the entire 

structure of the pavements is porous and pervious. This type of pavement was first used in the 1970s, mostly 

in parking and low traffic density areas (Diniz, 1980).  Increased urbanization since 1980s has made porous 

pavement a possible measure to relieve the peak runoff and volume of urban drainage systems. 

Akihiro Moriyoshi , Toshiro Jin , Takaaki  Nkai and Hiroshi Ishikawa (2013), Construction and Building 

Materials , Evaluation methods for porous asphalt pavement in service for fourteen years 

Mohd Rosli , Jia Yih Eng, Moer Othman Hamzah and J.L.M Voskuilen (2013) wrote a note on construction 

and Building Materials that effect the  breakpoint location and normal maximum aggregate size on porous 

asphalt properties. 

Glanluca Dell Acgua , Raffaelo Mauro and Francesca Russo in (2012), procedia-Social and Behavior Sciences 

, Freeway crashes in wet weather. 

Porous pavement or permeable pavement refers to pavement with its entire structure being porous, consisting 

of a porous surface wearing course and underlying layers such as the reservoir base course. A special type of 

porous pavement that uses porous asphalt mixtures as its wearing surface course, called the porous asphalt 

pavement (Kipke, 1998) is the most common type of porous pavement and has been in use since the 1970s, 

mostly in parking and low traffic density areas (Diniz, 1980). This section focuses on experience of the use 

and application of porous asphalt pavement around the world 

Porous asphalt pavement has been in use in the United States of America since the 1970s. Most of these 

porous asphalt pavements were installed as part of an experiment carried out by Franklin Institute Research 

Laboratories, under the sponsorship of the United States Environmental Protection Agency (USEPA). Other 

countries have also been adopting such pavement for a variety of purposes such as runoff control, storm water 
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management, groundwater recharge and ground subsidence prevention. These countries include Japan (Fujita, 

1997, Ichikawa and Yamamoto, 1990), United Kingdom (Pratt et al, 1989, Kipkie, 1998) and Sweden 

(Magnus, 1999). 

The structure of porous asphalt pavement generally consists of four layers and they are (Diniz, 1980): 

Minimally compacted subgrade consisting of either undisturbed soil or imported materials if the subgrade is 

unsuitable. 

Reservoir course consisting of large diameter crushed stones of 2.54 cm to 5.08 cm. This layer thickness is 

determined by either the storage requirements or frost depth consideration. 

A 5.08 cm top layer of 1.27 cm crushed stone aggregates that are used to stabilize the reservoir course surface 

for the porous asphalt concrete. 

Porous asphalt surface layer, thickness is dependent on the bearing strength and pavement design requirement. 

Recycling of Hot Mix Asphalt (HMA) material concludes that a reusable mixture of aggregate and asphalt 

binder which is well known as Reclaimed Asphalt Pavement (RAP). Recycling of asphalt pavements is a 

valuable approach for technical, economical, and environmental reasons (Kennedy et al. 1998). Using of 

Recycled Asphalt Pavement has been favoured over virgin materials in the light of the increasing cost of 

asphalt as well as the scarcity of quality aggregates and the pressuring in need of preserving the environment. 

Different state agencies have also announced significant savings on Reclaimed Asphalt Pavement (Page and 

Murphy 1987). When the cost of construction and material were considered, it was estimated that use of 

reclaimed Hot Mix Asphalt pavement results in saving which ranges from 14 to 34% for RAP content varies 

between 20 to 50% (Kandhal and Mallick 1997). This analysis considered the cost of HMA at $11.90 per ton, 

which can only be considered as an indicator of the true savings when RAP is used at the present time. 

The use of RAP also decreases when the amount of waste is produced in excess and also it helps to resolve the 

disposal problems of highway construction materials, especially in large cities such as Chicago. In the year 

1996, it was estimated that about 33% of all asphalt pavement was recycled into HMA (Sullivan 1996) in 

united states. In the year 2001, (IDOT) Illinois Department of Transportation used 6, 23,000 tons of RAP 

material in a highway construction which in turn anticipates to increase its use in the near future (Griffiths and 

Krstulovich 2002). After more than 30 years when the first trial was conducted in Nevada and Texas, 

concluded that the use of RAP will not only be a alternative beneficial in the future but also it serves as a 

necessity to ensure economic competitiveness of flexible pavement construction. 

From the literature review above, it can be concluded that practices related to porous pavement construction 

methods such as the type of porous surfacing, reservoir base material and gradation, and thickness of porous 

asphalt pavement layers vary from place to place.  The following characteristics have been observed: 

For effective drainage, a high void content is required and most specification are based on a design criterion of 

minimum void content of 15-20% for porous asphalt surface course and about 40% for the reservoir base 

course. 

The drainage properties of a porous base course depend on the amount of fines in the gradation. The removal 

of fines will improve the permeability of the base significantly. Therefore, a simple method to generate a 

porous base course is to remove fines from existing base course. 

The removal of fines to improve the drainage properties of the base course will affect the stability of the 

porous base course because of loss of interlocking and particle friction. Treatment by an asphaltic material or 

cement may be required to improved stability during construction and to be used as a base. 

 

4 MATERIAL USED 

1. Recycled material 

2. Coarse aggregate 

3. Fine aggregate 

4. Bitumen  
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5. Polyamides 

6. Fillers  

4.1 Recycled Material 

Our project major ingredient is recycled material, recycling asphalt roads creates a cycle process of reusing 

materials that to make optimal use of a natural resources. Reclaimed asphalt pavement (RAP) is a useful 

alternative to virgin materials because of economy, reduces to by virgin aggregates, etc. More % of RAP is 

gain with processing and a production practice reduces cost and saves some energy. In United States 

evaluation of pavements contains 30% RAP through the LTPP (Long-Term Pavement Performance) program, 

it’s been determined that the performance of virgin aggregate or materials is similar than the RAP materials. 

FHWA (Federal Highway Administration) is supports to use recycled highway materials in laying road 

construction, it supports majorly by 3 reasons are; (i) economy effect, (ii) friendly environmentally, (iii) good 

performance.  

Recycled flexible pavements are encouraged to use in construction of new roads and pavement ways.  

It uses for reducing cost and environmental friendly to road construction by using RAP. Identities a more 

benefits to the atmospheric condition and economy condition can be perceived when assimilate into the new 

asphalt material.  

It divides the pavement materials contains asphalt and aggregates. These materials are generate by removing 

of asphalt roads for new road construction, when it is crushed and screened, RAP consists of high-quality 

well-graded materials (aggregate) coated by asphalt cement. Asphalt roads are Americas most recycled 

material for a long time. While almost the entire recycled/reclaimed asphalt pavement (RAP) is recycled, a 

large piece is emaciated or down-graded when used in embankments, land-fills and base layers. 

4.2 Coarse Aggregate 

Aggregates are very important ingredient in construction of roads, it plays major role in distribution of load of 

top layers.  These are used in top layers to overcome the stress action caused by traffic wheel load, squeeze, 

and wear and tear. For a high class pavement, the aggregates should posse’s high resistance to squeeze 

(crushing), and to withstand the stresses due to traffic wheel load.  

The aggregates used in the wearing course are subjected to constant knead or scraping (rubbing) due to 

moving traffic load. The aggregate should be hard enough to resist the rubbing action movement by the effort 

traffic. 

Resistance of aggregates to sudden load to the pavement is termed as toughness of aggregate. Aggregates used 

in the road construction should be able to withstand the result caused by the axles and to tyre wheels from one 

particle to another particle at disparate level causes grave sudden load on the aggregates. Aggregates are caries 

specific size with collection of cubical, angular, rounded, and flaky or elongation.  Flaky and elongation 

aggregate has less strength and durability of all other types. Aggregates are used in flexible pavements have 

less empathy with water when differentiate with bituminous materials, Or else the bituminous coating on the 

aggregate will be run-off in presence of water. 

4.3 Fine Aggregates 

Fine aggregates are basically won sand or crushed stone with most particles passing through 4.75mm sieve. 

The preferred code is IS 383:1970. Fine aggregates are used in a rigid pavement for filling the gap or voids of 

coarse aggregate and fine aggregates are used in a top second layer (Base course) out of four layers. A fine 

aggregate is natural sand which available at river (has been washed). The major reason for using a mixing of 

fine aggregate and coarse aggregate is that by combing them in the correct proportions, a concrete with 

removing gap or voids in it, it increases the strength of the concrete (strong concrete). 

Fine aggregate (sand) is a inorganic material. Sand (SiO2) is found by decomposition of fine sand stone under 

the effect of weathering agencies.  

4.3.1 Characteristics of Good Sand 

 It should consist of sharp, angular, coarse and hard grains. 



 
 
 

 
 

261 V. Manikanta, T. Akhil, A. Laxman 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 8 

August 2017 

 Sand grains must be clean and free from clay. 

 Grain must be free from organic, vegetable matters and chemicals. 

 Grains should be durable and strong. 

 Fineness modulus of sand should be 2 to 3. 

4.3.2 Functions of sand  

 It gives strength and durability to the mortar. 

 It reduces the shrinkage of binding material. 

 It increases the volume of mortar, and then it reduces the quantity of cement mortar. 

 It helps in hardening and setting time. 

 It prevents the cracks when it is dried. 

 It helps to increase the strength in mortar. 

 Well graded sand adds to the density of the mortar. 

4.4 Bitumen 

Bituminous is a binders used in flexible road construction works. Bituminous materials are consists two types, 

(i) Bitumen and (ii) Tar. 

Bitumen is a by product of petroleum crude, and Tar is a product of coke (produced from coal). These both 

binder materials are similar appearance as they black (colour). Both Tar and Bitumen is used for construction 

of flexible pavement, but both caries some widely different characteristics.  

Bitumen is a hydrocarbon material, is natural and pyrogenous (producing fever) origin found in liquid, 

gaseous, semisolid or solid. The different grades of bitumen are used in a road construction, and those are acts 

as a water proofing compound. For the construction of flexible pavements, the paving grade bitumen is heated 

to temperature of 130 to 175⁰C or even higher degree centigrade. Mixing of the bitumen with the aggregates is 

done in a hot mix plant to obtain “Hot Mix Plant” (Hot bitumen mix). 

Tar is dark black or brown semi-liquid of carbon and hydrocarbons, is wide obtained from a wide variety of 

organic materials. Tar is produces from coal, wood, and petroleum crude oil. 

 Bitumen binders are used in flexible road construction is 4 types are: 

 (i) Paving Grade Bitumen 

 (ii) Modified Bitumen Binders 

 (iii) Cut-Back Bitumen and 

 (iv) Bitumen Emulsion 

 4.4.1 Paving Grade Bitumen 

Bitumen grades majorly used of 60/70 penetration grade, used as a paving grade suitable for all flexible 

pavements and product of asphalt roads are with superior properties. This grade of bitumen is majorly used in 

the manufacture of hot mix asphalt for base or/and wearing courses. 

 4.4.2 Modified bitumen binders 

The primary advantage of using high-performance asphalt is improved due to modified bitumen binder is 

reduce the problems of rutting, and damages of roads.  

 4.4.3 Cut-back bitumen 

Cut-back bitumen is heat high temperature to increase viscose properties to laying road paving. Cut-back 

bitumen may or may-not need slightly heating depend upon selected grade bitumen during mixing.  

 4.4.4 Bitumen emulsion 

Bitumen emulsion is a liquid material in which bitumen is finely divided condition in a viscous medium and 

constant by suitable material. In construction of flexible pavements no heating is required for bitumen 

emulsion. 
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 4.5 Polyamides  

Polyamides are a micro-molecular is introduced in 1930s by DuPont in W.H. Carothers. Polyamide name is 

represented from polymers group of amides.  

 

Polymers are long chains of repeating units known as monomers. Polyamides are polymers in which the single 

monomers are getting together by amides chain age. They are made by reacting a diamine (two amino groups) 

with a dicarboxylic acid (Organic compound of two carboxylic functional groups- COOH), or molecules with 

both an amino group and a carboxylic acid group of polyamides or nylon. 

 

 

 4.6 Fillers 

Fillers are fine particles added to the materials to stabilise the strength such as increase the bulk, weight, 

viscosity, and opacity. 

In road construction filler is defined as that fraction of an inner mineral dust passing on a least sieve in 

bitumen mixture; it can performs several functions on it to avoiding voids, increase density, stability and 

toughness. 

Functions of fillers are to fill up the voids. Examples of fillers are stone dust, brick dust, fly-ash, concrete 

dust, lime stone dust, which are consist of less than or equal 75µ size. 

 

5 Construction methods of roads 

Construction of pavements are classified by 5 types 

(i) Flexible pavement  

(ii) Rigid pavement 

(iii) Composite pavement 

(iv) Recycling  

(v) Bituminous solutions 

5.1.1 Construction of Flexible pavement: 

Flexible pavements are most popular construction type of roads ever, since 1920s early days. In construction 

of flexible/asphalt roads are used technique that laying pavement layer by layer. Advantage by this form 

construction of road is pavement distributes loads to all 4 layers and pavement relatively gives less noise. Its 

layers of asphalt consists wearing/surface course, base course, sub-base course, and sub-grade course. 

Relatively it is low cost comparatively other road construction materials, and maintenance or repair of 

pavements also very easy compared to other. Although, durability is less (10-15 year’s) and it is stronger than 

the other pavements, also resist for any environmental conditions.  

 

1 Components of FP 
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It transfer load to the sub-grade through all the top layers (caries very less to the bottom layer). It requires 

continues maintenance and repair after few year (Approximately after 5 year’s). Important advantage of 

asphalt roads are can be released vehicle (traffic) to the pavement after 24 hours completion of construction. 

Although, disadvantage of flexible pavement are form rutting due to repetition of loads, surface or top layer 

(wearing course) deterioration (failure). And also loss it’s resistance by sudden changes in temperature 

(weather) conditions.  

Flexible pavement is a load bearing and load distributaries component (layer to layer of four layers). And its 

purpose of making flexible pavements for load distribution, its consider smoothness, drainage consideration, 

weather effect resistance, and etc. 

5.2 Construction methods of rigid pavements 

Rigid roads are initially costly and cheap in low maintenance costs. Construction cost of a rigid pavement 

varies from 35 to 50 lakhs per km. 

 Deformation in the sub-grade will not transfer to sub-grade succeeding layers. 

 Design is based on the flexural strength (tension). 

 It carries higher flexural strength. 

 No such occurrence of layer to layer load transfer. 

 It varies low maintenance cost and high completion cost. 

 Life span is higher than the flexible pavements. 

5.2.1 Types of Rigid pavements 

 a) Jointed plain concrete pavements (JPCP) 

 b) Jointed reinforced concrete pavement (JRCP) 

 c) Continuously reinforced concrete pavement (CRCP) 

 d) Pre-stressed concrete pavement (PCP) 

5.2.1.1 Jointed plain concrete pavements (JPCP): 

This pavement is used to construction joints to control cracking and it doesn’t use any steel bars 

(reinforcement).  Transverse joint spacing is placed due to freezing and thawing conditions, and then increase 

in stress is cause for intermediate cracking between joints. The spacing of the joints is about 6.1 m (20feets) is 

placed. Dowel bars and Tie bars are used for load transfer in transverse and longitudinal joints respectively. 

5.2.1.2 Jointed reinforced concrete pavement (JRCP) 

Jointed reinforced concrete pavement (JRCP) uses steel (reinforcement) in contraction joints to control the 

cracks developed. Compared with joint plane concrete pavement transverse joint spacing is more and it ranges 

from 7.6 m to 15.2 m (25fts to 50 fts).  

Cracks has been developed due to moisture and temperature stresses, although using reinforce steel or a mesh 

(steel mesh) can decrease the cracks by holding tightly with together.  

In transverse joints load transfer in span of steel mesh to across the cracks by help of placing Dowel bars. 
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5.2.1.3 Continuously reinforced concrete pavement (CRCP) 

Absence of transverse contraction joint in a concrete pavement is known as continuously reinforcement 

concrete pavement (CRCP). Transverse cracks are occurring in slab, usually at intervals of 0.5m to 1.8m 

(1.5fts to 6 fts). Continuously reinforcement concrete pavement is designed with 0.6 to 0.7% of steel used, so 

that the developments of cracks are decreased and it held together tightly and strong. CRCP generally more 

cost in design compare with JPCP or JRCP designs. And initial cost is increased due to quantities of steel. 

Although, it performs superior life span of 30 to 40 years and cost is effectively. In heavy traffic corridors, 

pavement can be chosen as a CRCP for service life of the pavement. 

5.2.1.4 Pre-stressed concrete pavement (PCP): 

Prestressed pavement technology comprises the need for innovative rapid pavement repair and maintenance. 

Pre stressed pavement components are fabricated and installed foundation. Dead loads are decreased by 

improving shear resistance, due to effect of compressive prestress, and prestressed concrete is more reliable 

than the R.C.C. prestressed concrete has more fatigue (Due to freezing and thawing condition) resistance. 

The pre application of a compressive stress to the concrete much lower the tensile stresses caused by traffic 

flow and thus reduce the thickness of concrete takes place. Have lower occurring of cracks and fewer 

transverse joints, however, low maintenance and long life span.  

 5.3 Construction of Composite Pavement 

Composite pavements are consist relatively functional top layer with high quality asphalt pavement and 

concrete bonded (Concrete layer) to a lower layer. These composite materials have generally provided long 

span life with design at low fatigue (freezing and thawing) damage but also on top layer HMA varies good 

surface of smoothness, low noise and high friction. The surface characteristics of the top layer can be rapidly 

renewed as needed with no any repairs required for a bottom layer. 

Composite pavement design and construction is suitable for a section constructed as SHRP 2 (Strategic 

Highway Research Program 2), is for pavement test. Lower with 150 mm (6 inches) of PCC (Portland cement 

concrete) and with a top layer of 75mm (3 inches) of HMA (Hot-mix asphalt). A challenge of HMA/PCC 

composite pavement construction with recycled materials gives higher strength and stability. 

 Utilize recycled materials in the lower layer to perform typically in place. 

 Using local available material to reduce the cost for transportation 

 In a structural design of composite pavement exists PCC or HMA which requires additional lane. 

 If possible make the design of pre-stressed concrete pavement with lower cement content and also 

higher amounts of cementitious substitute such as fly ash. 

 Compared to conventional PCC pavement the durability of aggregates is lower in PCC layer, because 

the quality of surface layer determines the quality of ride. 

 Conventional pavements will have lower structural capability than composite pavements. Because 

these pavements are designed to longer-lasting thus it minimizes the lane closures and impact of environment 

in repeated reconstruction. 

 These pavements can be lively awaken by the process of milling and by replacing surface layer which 

inturn results in reduction of traffic congestion and disruption. 

Advantages of composite pavements: 

 PCC surfacing is long life and expeditious renewal of AC surfacing. 

 Impressive benefit is its surface characteristics and using of locally available aggregates results in lower 

PCC slab. 

 Main advantage is convenience repairs occur. 

 Reduces life cycle costs. 

5.4   Construction of pavement with Recycled materials: 

5.4.1 Introduction: 
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From the last decades there is a outstanding expansion in availability as well as the construction of pavements 

by using recycled materials. Since these pavement materials primarily consist of crused rock and aggregate 

there is remarkable opportunity to utilize different materials incorporating recycled products. This scientific 

note is conscious to provide guidance in the use of recycled materials in construction of pavement instead of 

using the conventional materials produced directly from quarried sources. 

5.4.2 Materials: 

  There are plenty of available recycled materials such as crushed concrete, glass, crumbed rubber, surface 

spalls, tiles, white-wares, water, crushed brick and RAP. Typically two materials are mostly used as 

replacement to granular materials is RAP and crushed concrete. 

5.4.2.1 Crushed Concrete: 

Crushed concrete is defined as the complex of rock particles which is coated with or without cement, brick 

and sand filler produced to obey sufferance’s for grading and minimum material content. Crushed concrete is 

commonly available from demolition works and alternate construction activities. Steel and other contaminants 

are necessarily removed in the process of recyclable concrete. Crushing and screening build a graded road-

making material. 20mm nominal size crushed recycled concrete is required for pavement sub-base layer with 

cementitious binder to produce bound material.  

5.4.2.2 Recycled Asphalt Pavement: 

Recycled asphalt pavement is defined as milled or excavated asphalt, which is obtained and collected from 

road & different sources, managed by crushing and screening to a graded material is known as RAP. This 

material is free of contamination and it is ready to use in new asphalt manufacture. Addition of RAP material 

to pavement depends upon the type of mix and allowable service and loading conditions. The areas where 

high stress locations are observed, lesser amount of RAP is suggested in the mix. In the case of innumerable 

asphalt types addition of RAP to be increased up to 10% (by mass). This furnish that qualified performance 

test are carried out to show that the RAP mix has equivalent performance characteristics to the corresponding 

mix which is manufactured from virgin components. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Recycled porous asphalt sample 
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5.4.3 Advantages of Recycled pavement materials: 

 Environmental advantages 

o Reduces drain on current resources. 

o Reduces natural destructions.  

o Processing in energy savings. 

o Landfill areas are reduced. 

o Fuel consumption is reduced by using back-loading. 

o Economical advantages: 

o Huge savings in material costs. 

o Large amount of fuel and vehicle costs are reduced/saved. 

o Road wear is minimized. 

5.4.5 Construction of Bituminous Pavements:  

5.4.5.1 Introduction: 

Bitumen solution is a low cost material to protect surface of the pavement from moisture, many other 

chemicals, and atmospheric conditions. This ideal for sealing and prepared an absorbent surface for priming 

cements and cement. 

Bitumen is black colored solid or viscous cementitious substance having adhesive properties. Bitumen 

consists of high molecular weight hydrocarbons procured from distillation of natural asphalt or petroleum. It 

is a product of semi-solid hydrocarbon which is obtained from removal of lighter fragments such as petro, 

diesel and liquid petroleum gas in the refining process of heavy crude oil.  

Bitumen is often muddled with tar, in spite of the fact that bitumen and tar are uniformly black and sticky in 

nature they are emphatically different in origin and chemical compositions. In construction of road asphalt 

materials have been deployed since 3500 B.C, because of their adhesive and water proof agent nature. 

Flexible pavements are also called as bituminous roads since it changes its shape as stated by nature of load 

and sub-base. Bituminous pavement is a structure of superimposed layers such as natural sub-grade, sub-base, 

base, prime coat, seal coat and tack coat. The primary function of sub-grade is to receive the loads applied by 

vehicles and to distribute it to the ground uniformly. The structure of pavement should be quite enough to 

supply a surface of adequate riding quality, tolerable skid resistance and low noise pollution. 

 5.4.5.2 Constituents of bitumen mix: 

 Coarse aggregate (retained on 2.36mm sieve) 

 Fine aggregate (passing 2.36mm sieve retained on 75microns sieve) 

 Binder: Bitumen 

 Filler (Passing 75m), usually may be cement. 

 



 
 
 

 
 

267 V. Manikanta, T. Akhil, A. Laxman 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 8 

August 2017 

 

Typical bituminous pavement Layer. 

Construction of bituminous pavement has four layers namely 

1. Natural sub-grade. 

2. Sub-base course (100-300mm). 

3. Base course (100-300mm). 

4. Prime coat 

5. Binder course (50-100mm). 

6. Tack coat. 

7. Surface course (25-50mm). 

8. Seal coat. 

 

5.4.5.2.1 Natural Sub-grade layer: 

The top most soil or sub-grade is a layer of natural soil which tends to receive the stresses from the above 

lying layers. It is indispensible that at no time soil sub-grade is overstressed. This layer should be compacted 

to the desirable density, at optimum moisture content. 

5.4.5.2.2 Sub-base course: 

  The second layer above the natural sub-grade and beneath the base course layer is known as 

sub-base course. The main function of sub-base course is to give structural support and improve drainage 

facility. It also takes part in reduction of intrusion of fines from sub-grade in pavement in case the base course 

is openly graded. This tends the sub-base course with more fines which acts as a filler in between base course 

and sub-grade. In some cases there is no need of construction of sub-base course when pavements are built on 

high quality sub-grade. 

5.4.5.2.3 Base course: 

  The layer which is situated above the sub-base and beneath the binder course is known as 

base course. The base course is collected of crushed stone or slag and different stabilized materials. Base 

course receives additional load distribution and furnishes to the sub surface drainage conditions. 

5.4.5.2.4 Binder course: 

  This layer beneath surface course is known as binder course which provides the bulk of the 

asphalt concrete structure. Binder course chief purpose is to distribute load to the base course. Generally 

binder course composed of aggregates having less asphalt and also doesn't require quality as high as the 
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surface course.  So in order to get good economical design, replacement of part of the surface course by the 

binder course gives better result. 

5.4.5.2.5 Surface course: 

Surface course is the layer which is directly in contact with traffic loads. Generally this layer should be 

constructed with higher level quality materials. These layers are commonly constructed with dense graded 

asphalt concrete. Surface course provides different characteristics like friction, drainage and smoothness. The 

main function of surface course is it prevents the entry of excessive surface water deep into underlying layers. 

It should dispense smooth and skid resistance surface. 

5.4.5.2.6 Seal coat: 

 Seal coat is a thin layer surface used to water-proof the surface and to assign skid resistance. 

5.4.5.2.7 Prime coat: 

Prime coat is an approach of low viscous retrenchment bitumen to an porous surface like granular bases on 

which binder layer is settled. Prime coat gives bonding between two layers. 

5.4.5.2.8 Tack coat: 

 Tack coat is an approach of asphalt, generally asphalt emulsion diluted with water. This layer 

contributes good bonding between two layers of binder course and set very fast. 

 

MARSHAL STABILITY TEST FOR DBM 

Mix design procedure for making bituminous pavement strength and flow vale carried out. Marshal stability 

measures the most load assist by the bituminous material at a loading rate with 50.8 mm/min. test ends when it 

reaches maximum load. Note down the record when loading is decreasing to breakdown stage (given sample). 

Dial gauge is fixed to measures the specimen’s flow and strength (in KN) by owing applied load. The flow 

value refers the vertical deformation to reached maximum load. 

Marshal stability is relatively shows deformation, displacement, shear stress and rutting. The stability mainly 

derived from internal friction and cohesion. Cohesion is the binding force acts at an internal binder material of 

sample to engage and frictional resistance of aggregates. Bitumen pavement is subjected maximum traffic 

loads from all the time (including peaks time), it is necessary to occur the material with a good stability 

(strength) and flow. 

Test Procedure: 

Marshall Stability test apparatus is described as following: 

i. The specimen together comprises of cylinder with a base plate, extension collars and 10.16cm 

diameter & 6.35cm height. 

ii. A Specimen extractor is used in order to extract the compacted specimen from the mould. To transfer 

the load from extension collar to the upper proving ring attachment a suitable bar is used, while extracting the 

specimen.  

iii. A flat circular compaction hammer having tamping face of 4.5kg sliding weight is constructed to 

provide a free fall from the height of 45 cm.  

iv. During compaction to hold the MS plate together the mould, compaction pedestal consisting of a 

20×20×45 cm and wooden block capped with 30×30×2.5 cm are utilized. In order to hold the compaction 

mould in place on compaction pedestal, mould holder is provided with a spring tension device which is 

mainly designed to hold the compaction mould.  

v. Breaking head is made up of two segments namely upper and lower cylindrical segments. Breaking 

head consists of test heads with an inside radius curvature of 5 cm. The longer segment is settled on a base 

which consists of two perpendicular guide rods that facilitate insertion in to the holes of upper segment.  
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vi. Loading Machine: It is provided with a gear system to lift the upward direction. On the upper end of 

the machine pre-calibrated ring proving 5 tones capacity is fixed. The specimen contained in this test is placed 

in between the base and the proving ring. A uniform vertical moment of 5cm per minute is produced on the 

load jack. This Machine is also capable of reversing its moment downward. This provides more space for 

utilizing the test head system one after the other.  

vii. Flow meter is composed of a guide, sieve and gauge. Due to frictional resistance the activating pin of 

the gauge moves inside the guide sleeve. Least count of 0.025mm is adequate. At maximum load from initial 

position at zero load, the flow value refers to the total vertical upward movement. Flow meter should contain a 

dailguage which measures the total upward vertical moment accurately. 

11.3 Preparation of Test Specimen: 

 

1200 grams of aggregates blended in the desired proportions is measured and heated in the oven to the mixing 

temperature. 

 

The aggregate gradation for Bituminous Concrete grade 2 layer is taken from Ministry of Road Transportation 

and Highways (MORTH). The table below shows the gradation. 

sieve size Cumulative percentage(%) Mid Percentage Weight of  

 by weight of total gradation (%) aggregate  

(mm) aggregate passing  

Retained (gm) 

 

    

      

12.5 90-100 95 5 60  

      

10 70-88 79 16 192  

      

4.75 53-71 62 17 204  

      

2.36 42-58 50 12 144  

      

1.18 34-48 41 9 108  

      

0.6 26-38 32 9 108  

      

0.3 18-28 23 9 108  

      

0.15 12-20 16 7 84  

      

0.075 4-10 7 9 108  

      

Total ꞊ 1200gms 
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The following results of marshal stability test are shown in table 

Taking total weight of specimens after demoulding. 

S.NO Order of 

specimen 

Dry Wt. Wet Wt. SSD 

(Saturated 

surface 

dry) 

Volume 

(SSD-Wet) 

Density 

(Dry/Vol) 

1 0%      

2 0%      

3 0%      

4 10% 4158 2444 4169 1725 2.410 

5 10% 4144 2449 4159 1710 2.423 

6 10% 4146 2448 4165 1717 2.414 

7 15% 4150 2448 4166 1718 2.416 

8 15% 4145 2444 4160 1716 2.415 

9 15% 4144 2437 4159 1722 2.407 

10 20% 4135 2433 4148 1715 2.411 

11 20% 4148 2428 4158 1730 2.397 

12 20% 4135 2433 4148 1715 2.411 

 

MARSHAL TEST FOR DBM @ RECYLED MATERIAL 

S.NO SPECIMENS STABILITY 

(KN) 

TEST 

(Kg) 

FLOW 

1 10% 230 2346 3 

2 10% 250 2550 3.7 

3 10% 250 2550 2.5 

4 15% 255 2601 2.8 

5 15% 255 2601 3.6 

6 15% 255 2601 3.1 

7 20% 255 2601 4 

8 20% 255 2601 3.8 

9 20% 255 2601 3.4 

 

Result : 

For 10%: Average Marshal stability result is 2482 kg and Flow value is 3.33 

For 15%: Average Marshal stability result is 2601 kg and Flow value is 3.07 

For 20%: Average Marshal stability result is 2601 kg and Flow value is 3.5 

 

BITUMINOUS CONCRETE TEST RESULT 

 Demoulding of specimens by Marshal Stability equipment. 

 Testing can done before by taking weights of the specimen is explained detailed below 

 



 
 
 

 
 

271 V. Manikanta, T. Akhil, A. Laxman 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 8 

August 2017 

Weights of specimen: 

 

NO 

% of plastic 

added to 

specimens 

Dry Wt. Wet Wt. SSD 

(Saturated 

surface dry) 

Volume 

(SSD-Wet) 

Density (Vol/Dry) 

1 0% 1258 748 1262 514 2.447 

2 0% 1254 746 1258 512 2.450 

3 0% 1257 748 1261 513 2.450 

4 10% 1257 737 1261 524 2.40 

5 10% 1255 741 1258 517 2.427 

6 10% 1261 738 1264 526 2.397 

7 15% 1258 736 1262 526 2.39 

8 15% 1257 735 1260 525 2.38 

9 15% 1259 734 1262 526 2.38 

10 20% 1259 736 1264 528 2.384 

11 20% 1259 731 1263 532 2.366 

12 20% 1255 730 1258 528 2.376 

MARSHAL STABILITY TEST REPORT FOR BC: 

S.NO % Of Plastic STABILITY 

(KN) 

TEST 

(Kg) 

FLOW 

1 0% 110 1122 4 

2 0% 120 1224 4 

3 0% 105 1071 3.5 

4 10% 125 1275 3 

5 10% 127 1295.4 5 

6 10% 100 1020 3.5 

7 15% 133 1356.6 3.5 

8 15% 126 1285.2 3.2 

9 15% 105 1071 2.8 

10 20% 140 1428 4 

11 20% 120 1224 2 

12 20% 105 1071 5 

RESULT: 

NORMAL: Average Marshal Stability result is 1139 kg sand Flow value is 3.93 

PLASTIC 10%: Average Marshal Stability result is 1196.8 kg sand Flow value is 3.83 

PLASTIC 15%: Average Marshal Stability result is 1237.6 kg sand Flow value is 3.17 

PLASTIC 20%: Average Marshal Stability result is 1241 kg and Flow value is 3.67 
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MARSHAL TEST REPORT FOR DBM 

S.NO SPECIMENS STABILITY 

(KN) 

TEST 

(Kgs) 

FLOW 

1 0% 220 2246 3.5 

2 10% 230 2346 3 

3 10% 250 2550 3.6 

4 10% 250 2550 3.4 

5 15% 255 2601 2.8 

6 15% 255 2601 3.2 

7 15% 255 2601 3.2 

8 20% 255 2601 4 

9 20% 255 2601 3.3 

10 20% 255 2601 3.2 

 

RESULT 

For 10%: Average Marshal Stability result is 2482 kgs and Flow value is 3.33 

For 15%: Average Marshal Stability result is 2601 kgs and Flow value is 3.07 

For 20%: Average Marshal Stability result is 2601 kgs and Flow value is 3.5 

11.5 DESIGN PROCEDURE FOR BC (BITUMENOUS CONCRETE)[SURFACE COARSE] POROUS 

Table 7.4 BITUMINEOUS CONCRETE (BC) REPORT 

Is Sieve Size 

(mm) 

Percentage of 

Retained 

Wt. Retained 

(gms) 

Cumulative Wt 

Retained(gms) 

Percentage of  

passing 

19 0 0 0 100 

13.2 5 210 210 95 

9.5 21 342 552 79 

4.75 38 354 906 62 

2.36 50 294 1200 50 

 Total Weight 1200   
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 We are neglecting materials retained on sieves of 1.18, 600, 300, 150, 75 mm and  PAN 

 We have neglected this to get porous nature in pavement. 

 Here we are considering 5.4% of Bitumen According to MORTH 5
th
 edition.  

 So we are eliminating the Bitumen percentage (5.4%) in total percentage of Mix (94.6%) 

 Bitumen =
5.4∗1200

94.6
=68.49 gms  

 

Percentage of plastic Plastic (Wt.) Bitumen (Wt.) 

10% 6.85 61.65 

15% 10.275 58.225 

20% 13.7 54.80 

 

Conclusion 

Based on the information in this report, the following conclusions can be made regarding thestate of the 

practice for RAP: 

 RAP is a valuable, high-quality material that can replace more expensive virginaggregates and 

binders. The most economical use of RAP is in asphalt mixtures. 

 The use of RAP is primarily driven by the costs of virgin materials and transportation.Usage is 

optional and depends on the contractor to propose its use based on economicconsiderations, availability of 

materials, plant site, and production capabilities. 

 State transportation departments and contractors are reassessing the economic andenvironmental 

benefits of allowing higher percentages of RAP in premium pavementsand asphalt surfaces while also 

maintaining a high-quality, well-performing pavementinfrastructure. However, many States are not currently 

tracking the amount of RAP usedor the cost savings associated with the use of RAP. 

 More widespread use of higher amounts of RAP in asphalt mixtures requires supportfrom State 

transportation departments and contractors. State transportation departmentshave expressed concern over the 

lack of guidance and information on the performance ofhigh RAP mixtures. Furthermore, some State 

transportation departments have previouslyhad poor experience with RAP in asphalt mixtures, necessitating 

contractors toconsistently demonstrate the ability to produce high-quality RAP mixes. There is aneed for 

national guidance on best practices when using RAP and documentedinformation about long-term 

performance of high RAP pavements. 
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