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Abstract— The Open Graded Friction Course are widely 

used as a surface layer in the flexible pavement which is 

also termed as porous asphalt or popcorn mix. This OGFC 

mix has various advantages such as increased permeability, 

noise reduction and enhanced surface friction, mix is mainly 

comprises of large coarse aggregates, little fine aggregates 

and maximum percentage of asphalt content which makes 

mix more expensive. In the present research work an 

attempt is made to reduce the cost of the mix by using 

construction and demolition waste by replacing with virgin 

aggregates with increase percentage of 10, 20, 30 and 40% 

with addition PMB 40 and Arbocell fiber as a stabilizing 

agent to prevent drain down. In order to determine the 

feasibility of using construction and demolition waste in 

open graded mixes various tests such as indirect tensile test, 

fatigue test and rutting test is carried out. By conducting test 

on Air voids, Cantabro test and Drain down the optimum 

binder content for conventional mix and for mix with 

construction and demolition is determined. From the test 

results it is found that 30% construction and demolition 

waste can be replaced in open graded mixes. 

Keywords: Open Graded Friction Course, Construction and 

Demolition Waste, Polymer Modified Bitumen-40, Arbocell 

Fibers, Abrasion Loss, Drain Down and Tensile Strength 

Ratio 

I. INTRODUCTION 

Open gradation friction course is a water allowable asphaltic 

mixture that comprises of a uniform gradation of mostly 

coarse aggregate with little fine aggregate. The OGFC total 

structure brings about a higher level of air voids (around 

22% air voids) and shows numerous advantages. OGFC 

reduces the noise level in the pavement for drivers, the 

individual and work close to the roadways. Because of the 

higher level of voids, the structure Porousness is enhanced 

and in this way the stormwater easily drains out through the 

pavement surface very quickly.  Friction resistance in the 

wet pavement condition is to be enhanced, sprinkling and 

spraying is decreased. These mixtures are intended to frame 

a surface subsequent to laying and after the compaction with 

the air voids content of 22% so water can drain through the 

asphalt surface. The porous mixtures are design to have 

desired air voids content by providing the uniform gradation 

of aggregates. In this mixture the 50% - 60% of aggregate 

particles are same in size and small amount of fine as 25 and 

filler used is 5%. The bitumen content is slightly higher in 

the OGFC mixture. Due to the uniformly grading of 

aggregate and little amount of filler leads to drain down of 

bitumen. For the prevention of drain down some additives 

are used like cellulose fiber, mineral fiber and polyester 

fiber. The addition of higher bitumen content improves the 

durability. Due to the using of modified bitumen in the 

mixture improves the performance of pavement. The 

construction cost for the OGFC mix requires is more as 

compared to other mix like dense graded mix. In 1950 this 

mix is used in USA to improve the frictional resistance of 

the pavement. Various systems have been proposed to 

enhance the quality frictionally and durability of the OGFC 

mix. The rutting of this mix can be improve by using the 

polymer modifier, but the filer does not. In the OGFC mix 

the higher temperature causes the rutting. The pavement 

surface is directly effect on the drivers so as to improve the 

performance of the pavement surface like friction, noise 

reduction, this mix is adopted. From few decades, open 

graded asphalt mix is used in China. 

Construction and Demolition waste have a natural 

effect at each progression like extraction of the raw 

materials, manufacturing, transportation, and disposal of the 

CDW material toward the end of building valuable life. 

Government over the world has reacted to the need to 

diminish the solid waste. Construction and Demolition 

waste material are produced specifically by construction 

demolition industry. The building material includes wood, 

bricks, reinforced cement concrete, nail, lime concrete. 

Building material may contain lead, asbestos or different 

risky substances. The life span of the building structure in 

creating nations are relatively short, accordingly waste from 

the recycled aggregate in development can be helpful for the 

environmental protections and also the economical. Due to 

the increase in construction activities the construction and 

demolition waste also increasing. The building has short life 

span for developing the countries therefore C&D waste has 

increased. It is established that 9 – 12 tons of CDW 

generates in India. In 2012, Egyptian estimated that the 3.0 

million tons of C and D waste material are generated. The 

Cairo generates the 3390 tons of waste material per day. The 

CDW separated into four groups as follows (1) red ceramic 

(2) cementitious materials (3) white ceramics and (4) red 

ceramics.CDW consists of 42% of fine aggregates (passing 

the sieve sizes of 4.75mm and retained on 0.075mm), 0.6% 

of undesirable materials like plastic, metal and wood.   

II. OBJECTIVES OF THE STUDY 

1) To study the conventional properties of the virgin 

aggregate, construction and demolition waste material 

and modified bitumen (PMB-40). 

2) To conduct the drain down test to determine the drain 

down properties of the OGFC mix. 

3) To evaluate the abrasion loss of the pavement surface 

by conducting the cantabro abrasion loss test. 

4) To determine the performance of the OGFC mix by 

conducting the tests such as indirect tensile test, fatigue 

test and rutting test. 

III. SCOPE OF THE STUDY 

1) Characterization of virgin aggregate and polymer 

modified bitumen (PMB-40). 

2) Characterization of PMB - 40 and construction 

demolition waste. 
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3) Determination of optimum bitumen content using the 

polymer modified bitumen. 

4) Determines the abrasion value of the pavement by 

conducting the cantabro abrasion test. 

5) This method is used to increase the permeability of the 

pavement by achieving the desired air voids content. 

6) Reduction of noise in pavement and reduction of water 

spraying. 

7) Performance evaluation of pavement by conducting 

ITS, retting, fatigue test. 

IV. LITERATURE REVIEW  

A. Studies on Open graded friction course 

(V.S. Punith  [1]) from this paper they concluded that the 

open graded friction course, which comprises generally of 

coarse size aggregate with little fines, can be used as part of 

the asphalt surface. This paper presents the effective 

utilization of OGFC mixture reduces the noise of pavement, 

improves the surface friction and enhances the permeability 

of the pavement. The material used for this research work is 

reclaimed polyethylene modified binder, crumb rubber 

modified binder and plain binder with cellulose fibers. The 

several tests was carried out in this work are a drain down 

test, an indirect tensile strength test, a skid resistance test, 

cantabro abrasion test and permeability test. The optimum 

binder content for reclaimed polyethylene, plain binder with 

rubber and for crumb rubber modified is 5.0%, 5.3% and 

5.2%. The coefficient of friction for OGFC mix was 0.75. 

The indirect tensile strength test result obtained for crumb 

rubber modified bitumen, reclaimed polyethylene bitumen 

and blain binder found was 709 kPa, 594 kPa, and 793 kPa. 

The fatigue life cycle for reclaimed polyethylene binder mix 

is more that is 29138(Neha Sharma [2]) from this paper they 

concluded that the OGFC mix is a permeable mixture and it 

is characterized by that it should have high air voids content 

(18% - 22%). This examination shows that the by using 

OGFC mixture moisture damage of the pavement can be 

reduce. This paper shows the utilization of modified binder 

in warm mix asphalt mixture reduces the rutting of 

pavement. The materials used are maximum coarse 

aggregate and hydrated lime as filler at a rate of 3%. The 

fiber is added with the plain binder about 0.2 % to 0.4 %. 

The polymer modified bitumen (PMB-40) with the additives 

Evotherm and Zycotherm at a rate of 0.1% and 0.3%. The 

test conducted is indirect tensile strength test for conditioned 

and unconditioned. The moisture susceptibility test also 

carried out. The PMB -40 found the highest ITS value for 

both dry and wet condition. (S.N.Suresha [3]) from this paper 

they concluded that the aggregate gradation can affect the 

permeable properties of the porous mixture. In this study 

they carried out total six gradations and porous friction 

course was described for volumetric properties, Porousness, 

abrasion loss, moisture susceptibility and performance test 

like rutting. The materials used are coarse aggregate 

(retained on 2.36mm) and fine aggregate (passing 2.36mm 

sieve). The ordinary Portland cement is used as filler. The 

Los Angeles abrasion value found is 26.6%. The ITS result 

found for dry and wet condition are in range 698kPa and 

481 kPa. The optimum bitumen content obtained was 5.0%. 

(George Varghese [4]) from this paper they concluded that 

the gyratory compaction can affect the mixture properties 

like air voids, permeability. The permeable courses are 

characterized by high air voids content and are broadly 

utilized as asphalt surface seepage layer. Fine and coarse 

aggregate are used in these studies which are obtained from 

crushed granites and plain binder as binder. Performance 

test of PFC mixes is carried out like rutting test, fatigue test. 

The deformation of the PFC mixes was determined by the 

unconfined method. The four types of gradations are carried 

out in this research work with the binder content of 4.5% 

and 5.0%. The permeability values found is 226 m/day. 

(James E.Wurst [5]) from this paper they concluded that the 

fibers can be removed from OGFC mixture when using the 

warm mix asphalt technologies. The material used in this 

work are crushed granite aggregate, binder used is 

performance grade (PG-76-22) and hydrated lime used as 

filler at 1%. The tests conducted are abrasion resistance, 

moisture susceptibility, drain down and permeability. The 

optimum bitumen content obtained for with and without 

addition of fibers are 5.0% to 6.0%. Thus optimum bitumen 

content obtained for warm mix asphalt is more than the hot 

mix asphalt. For hot mix asphalt without addition of fiber 

drain down value is above 0.3% at the bitumen content 

6.2%. The permeability obtained for hot mix asphalt is 

269m/day with the addition of fiber and without fiber is 

455m/day. (S.M.ASCE [6]) from this paper they concluded 

that the gradation (G) and design gyration (N design) affects 

the properties of porous friction course mix. The six 

gradation are carried out and binder content between 4.0% 

and 5.0% with the variation of gyratory level. The materials 

used are stone aggregate and asphalt cement which has the 

penetration grade of 85-100. The ordinary Portland cement 

is used as the filler with the quantity of 2% of total mass. 

The unconfined creep test, cantabro abrasion loss test and 

permeability test are conducted in this research paper. The 

gradation six (G6) exhibiting the poor resistance to the 

abrasion which has the abrasion value above 25%. 

Gradation one (G1) has the more creep stiffness 86.82MPa. 

(Sadhan K [7]) from this paper they concluded that 

demolition waste material of building, which constitutes 

over 30% of the strong waste stream in India, is not given 

legitimate consideration and losses its reusing potential. No 

appearance of authorization and carelessness for the benefit 

of the specialists has offered ascend to autonomous overlord 

who battle among themselves foe the control of waste in this 

manner making it considerably harder to classify and 

evaluate C and D waste. Reuse of solid waste is in formative 

stage and hence winds up for the most part in landfills. 

Component like lead, arsenic, cadmium and silica discover 

their way into the dirt and are then transported into the 

ground. (Rosaria Herrador[8])from this paper they concluded 

that need to manage the construction waste has drove to 

earth well disposal activities that advance the reuse and 

reusing of this sort of waste. The principle need is to 

instigate practical construction work, which has the upside 

of maintaining a strategic distance from the store of 

expansive amounts of waste of construction at landfills and 

extraordinarily decreasing the utilization of acquire in the 

project construction. The points of this examination consider 

is to check specialized suitability of utilizing construction 

waste material for the base asphalt layers of street surface. 
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The degree of compaction, density and moisture for the 

construction and demolition waste is checked. The density 

and moisture of quarry aggregate is 2.29 g/cm3and 5.6%. 

The compaction and density for construction and demolition 

waste is 2.04g/cm3 and 11.25%. (Ryszard Dachowski [9]) 

from this paper they concluded that waste materials are 

noteworthy ecological issue, which is a danger to the earth. 

It is critical to reuse these materials what does more discard 

them. Waste can be utilized as a part of the construction 

business in two courses by reusing. The paper present the 

own particular research using substrates coming about 

because of the handling waste. The materials used are 

construction and demolition waste, foam glass and high 

impact polystyrene. The polystyrene increases the 

compressive strength up to 15%. (G. Bianchini [10])from this 

paper they concluded that the chemical and mineralogical 

evaluation shows that the reused grain estimate portion 0.6 – 

0.125 could be straightforwardly re – used in the new mortar 

and cement..Chemical – mineralogical portrayal of reused 

materials was done after preparatory pulverizing and grain – 

measures arranging. XRF and XRD examination of the 

unique grain – estimate classes enabled us to perceive 

specific granulometric classes that can be reused first 

arrange material in the building movement. In XRD analysis 

it shows that the C&D waste constituents from dolomite, 

quartz and calcite. 

V. MATERIAL CHARACTERIZATION 

1) Virgin Aggregate:  

This material is procured from Sri Venkateshwar stone 

crusher which is located at bidadi. The 250 kg of aggregate 

is brought and sizes are 20mm down, 12mm, 6mm and dust.  

2) Construction and Demolition waste:  

The sizes of C&DW brought are 6mm down and dust. The 

weight of material procured is 200kg from crystal rock 

crusher near to Venkateshwar engineering college. 

3) Bitumen:  

The brought is PMB – 40 of 20kg from Hincol limited 

located in Bangalore. 

4) Arbocell fiber:  

This fiber is mainly used to prevent the bitumen drain down. 

The procured fiber is about 2 kg from strategic limited 

located in pinya.  

Basic Test  on 

Aggregate 

Obtaine

d Value 

Value as Per 

MoRT&H 

Specification 

Aggregate Impact Value 15.56% Max. 30% 

Los Angeles Abrasion 

Value 
28.32% Max. 30% 

Crushing Value 22.62% Max. 30% 

Combined Flakiness and 

Elongation Value 
15.89% Max. 25% 

Specific Gravity 2.71 
 

Water Absorption 2.53% Max.3% 

Table 1: Summary of aggregate basic tests results 

Basic test  on C & D 

waste materials 

Obtaine

d Value 

Value as Per 

MoRT&H 

Specification 

Aggregate Impact Value 24% Max. 30% 

Los Angeles Abrasion 18% Max. 30% 

Value 

Crushing Value 29% Max. 30% 

Combined Flakiness and 

Elongation Value 
15.58% Max. 25% 

Specific Gravity 2.61 
 

Water Absorption 0.81% Max.3% 

Table 2: Summary construction and demolition waste basic 

tests results 

Tests on PMB-40 
Obtained 

Results 

MoRT&H 

Specified Values 

Penetration(mm) 36 30-50 

Softening Point(°c) 62 60 

Flash Point(°c) 290 220 

Separation Difference in 

Softening Point(°c) 
1.7 3 

Thin Film Oven Test 
  

Loss in Mass (%) 0.004 1 

Increase in Softening 

Point(°c) 
1.35 5 

Reduction in 

Penetration(mm) 
10.66 35 

Table 3: Summary of polymer modified bitumen basic tests 

results 

VI. MIX DESIGN 

In the mix design there are four components such as 

material selection, selection of design gradation, 

determination of optimum binder content and finally 

evaluation of moisture susceptibility. This mix design 

mostly composed of coarse aggregate. If the loss angeles 

value is less than 25%, then aggregate can be durable. The 

drain down, air voids and cantabro loss are considered for 

determination of the optimum binder content. If the polymer 

modified bitumen is used as a binder then desired amount of 

fiber is added to prevent drain down. Evaluation of moisture 

sensitivity is the last step in the mix design. This mix design 

is given in the ASTM 7064. Additionally permeability also 

considering for the determination of optimum binder 

content. 

A. Aggregate Gradation 

The properties of bituminous mix like air voids content, 

abrasion loss, and drain down mainly depends on the 

aggregate gradation. The aggregate used for this project 

work is open graded mostly of coarse aggregate and little 

fine. The midpoint gradation is adopted for this research 

work. For this gradation the upper and lower limit for each 

sieve sizes are given in the ASTM 7064. The percentage 

mean passing found out by adding lower limit and upper 

limit values and then divided it by 2. The percentage 

retained in each sieve is found out by subtracting the % 

mean passing of lower value from higher value of % mean 

passing for 19mm sieve size is 100% and for 12.5mm sieve 

is 92.5. The % retained in 12.5mm sieve can be find out 

(100%-92.5%) then it is found as 7.5%. The retained 7.5% 

of 12.5mm aggregate are of total weight. The total weight of 

mix is 1000gm. 
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VII. DETERMINATION OF OPTIMUM BITUMEN CONTENT FOR 

CONVENTIONAL OGFC MIXES. 

In the OGFC mix Polymer modified bitumen and Arbocell 

fibers are added. The three criteria are considered such as 

(1) percentage air voids content (2) Cantabro abrasion loss 

(3) drain down. 

A. Determination of Air Voids Content 

 Initially the three sample of each bitumen content is 

compacted by giving 50 blows on one side of the specimen. 

The compacted specimens are of bitumen content 6%, 6.5%, 

7%, 7.5%, 8% and 8.5%. After the each specimen is 

compacted then allow to cool down. The weight in air and in 

water of each specimen is recorded. Now the mould is tested 

to determine the bulk specific gravity using height and 

diameter of the specimen. The % air voids content is 

calculated by using the bulk density and bulk specific 

gravity. 

B. Cantabro Abrasion Test (As per the ASTM 7064) 

 This test determines the abrasion loss of the pavement and 

it also determines the breakdown of the specimen. The 

raveling of the pavement also get to know by conducting the 

cantabro abrasion test.  

1) Unaged Cantabro Abrasion Test   

Apparatus: -Los Angeles Abrasion Machine, Thermometer 

Balance.  

Procedure: -The different fraction of aggregate which are 

obtained from gradation shall keep in oven at a room 

temperature range 105°c - 110°c. The bitumen is heated to 

temperature that it allows the bitumen to cover the aggregate 

without running out. The sample shall be compacted 50 

blows on one face. Weight of sample shall be recorded after 

the compaction as P1 (gm). The sample should keep for a 

six hour at a room temperature.  

After the sample kept at test temperature, it shall placed in 

the Los Angeles abrasion machine without the abrasion 

charges (ball) and drum turn 30 – 33 revolution per minute 

until it achieves the 300 revolution. Sample shall be 

removed and is weighed, recorded as the P2 (gm).  

P = ( 1−𝑃2 ) /(𝑃1)∗ 100  

P = Cantabro abrasion loss (%)  

P1 = Initial mass of sample (gm)  

P2 = Final mass of sample (gm) 

2) Aged Cantabro Abrasion Test 

Apparatus: -Los Angeles Abrasion Machine, Thermometer 

Balance.  

Procedure: - The weight of different fraction of aggregate is 

taken and the aggregate is heated to 160°c-175°c 

temperature. The amount of bitumen is varied from 6%-

8.5% is heated. The mix is properly mixed and is poured 

into the Marshall Compaction mould and it compacted by 

giving 50 blows on one face. The prepared sample is 

removed from mould and kept for 7 days at 60°c in the 

oven. Then the specimen is removed from oven and cooled 

down at room temperature and kept for 4 hour conducting 

the cantabro abrasion test. The weight of sample is recorded 

as P1 (gm). Then the specimen is placed into the Los 

Angeles machine without steel ball. After the 300 revolution 

the weight of specimen is recorded as P2 (gm). 

 
Fig. 1: Aged Cantabro Abrasion Test Specimen 

As shown in the figure 1 the aged cantabro abrasion test 

specimen after keeping for 7 days in the oven at 60°c is 

failed. 

C. Drain Down Test (As per AASHTO-305)  

The drain down test is conducted to determine whether 

amount of drain down occurs for OGCF mix is within the 

specified limit which is given in the ASTM 7064. This test 

mainly conduct for mixture which contains a large amount 

of coarse aggregate.  

Apparatus: - Thin film oven, plates, standard basket of mesh 

size 6.3mm, and balance  

Preparation of Sample  

The weight of each aggregate size and bitumen is taken and 

then aggregate is preheated at 175°c. The bitumen is heated 

at 105°c – 110°c temperature. The bitumen and aggregate 

are mixed thoroughly and prepare sample is poured in the 

basket. Weigh and record the weight of plate nearest to 0.1g. 

Place the standard basket on the plate and place basket in the 

oven for one hour. After one hour basket is removed from 

and cooled at room temperature. Weight the plate nearest to 

0.1g.   

Calculation   

Drain down = 𝐴−𝐵 𝐶 

*100  

Where   

A = Final weight of container or plate (g).  

B = Initial weight of plate or container (g).  

C = Initial total sample weight (g). 

Bitumen 

Content 

(%) 

% Air Voids 

Content (18-

22%) 

% Cantabro 

Value 

(<25%) 

Drain 

Down 

(<0.3 %) 

6.0 23.2 43.78 0 

6.5 21.7 36.42 0.1 

7 19.3 23.97 0.2 

7.5 
 

18.3 

 

22.49 

 

0.3 

8 16.7 20.36 0.4 

Table 4: Summary of all the tests results for conventional 

OGFC mix 
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Fig. 2: % bitumen content Vs % air voids content 

 
Fig. 3: % bitumen content Vs % drain down 

 
Figure 4: % bitumen content Vs % cantabro abrasion loss 

From above table5 indicates that the 7.0 % &7.5 % 

bitumen content satisfying all the three criteria which are 

considered for the determination of Optimum Bitumen 

Content. Therefore the OBC for conventional mix is 7.3%. 

VIII. DETERMINATION OF OPTIMUM BITUMEN CONTENT 

FOR THE REPLACEMENT OF CONSTRUCTION AND 

DEMOLITION WASTE 

In this project work the construction and demolition waste 

are replaced about the 10%, 20%, 30% and 40%. The 

amount of fiber added is about 0.3% of total weight of mix. 

Bitumen 

Content 

(%) 

% Air Voids 

Content (18-

22%) 

% Cantabro 

Value 

(<25%) 

Drain 

Down 

(<0.3 %) 

6.5 20.37 30.9 0 

7 19.15 26.6 0.15 

7.5 18.52 19.2 0.2 

8 17.86 14.1 0.3 

8.5 16.59 12.0 0.4 

Table 5: Summary of all tests results for 10% replacement 

of construction and demolition waste 

 
Fig. 5: % Bitumen Content Vs % air voids content (10% 

C&DW) 

 
Fig. 6: % Bitumen Content Vs % Cantabro Abrasion Loss 

(10% Replacement) 

 
Fig. 7: % Bitumen Content Vs % Drain Down (Replacement 

10%) 
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The table6 shows that the results for 7.5% bitumen 

content satisfying all the three criteria which are considered 

for the determination of optimum bitumen content. 

Therefore the OBC for 10% replacement of C&DW is 7.5%. 

%  

Bitumen 

Content 

% Air 

Voids 

Content 

% Cantabro 

Abrasion Loss 

Value 

% Drain 

Down 

Value 

6.5 21.12 30.03 0 

7 20.08 27.35 0.1 

7.5 19.25 24.91 0.15 

8 18.08 22.07 0.25 

8.5 17.11 18.66 0.35 

Table 6: Summary of all tests results for 20% replacement 

of construction and demolition waste 

 
Fig. 8: % Bitumen Content Vs % Air Voids Content (20% 

Replacement) 

 
Fig. 9: % Bitumen Content Vs % Cantabro Abrasion Loss 

(20% Replacement) 

 
Fig. 10: % Bitumen Content Vs % Drain Down (20% 

Replacement) 

From table 7 it clearly indicates that the both 

bitumen content 7.5% and 8.0% are satisfying all the three 

criteria. Therefore the less bitumen content as 7.5% is 

considered as OBC for 20% replacement of C & DW.   

Bitumen 

Content 

(%) 

% Air Voids 

Content (18-

22%) 

% 

CantabroAbrasio

n Loss (< 25%) 

Drain 

down 

(<0.3%) 

6.5 22.1 30.43 0 

7 21.05 27.39 0.05 

7.5 20.07 22.12 0.1 

8 19.23 20.39 0.2 

8.5 18.26 19.55 0.3 

Table 7: Summary of all tests results for 30% replacement 

of construction and demolition waste 

 
Fig. 11: % Bitumen Content Vs % Air Voids Content (30% 

Replacement) 

 
Fig. 12: % Bitumen Content Vs % Cantabro Abrasion Loss 

(30% Replacement) 
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Fig. 13:  % Bitumen Content Vs % Drain Down (30% 

Replacement) 

The table 8 shows that the % bitumen content 

7.5%, 8.0%, and 8.5% are satisfying all three criteria. 

Therefore the minimum bitumen content 7.5% is considered 

as the OBC for the 30% replacement of C&DW.   

Bitumen 

Content 

(%) 

% Air Voids 

Content (18-

22 %) 

% Cantabro 

Abrasion Loss 

(<25%) 

Drain 

Down 

(<0.3 % ) 

6.5 18.23 34.18 0 

7 17.23 33.62 0.05 

7.5 16.5 32.17 0.1 

8 15.81 29.14 0.15 

8.5 14.74 28.63 0.25 

Table 8: Summary of all tests results for 30% replacement 

of construction and demolition waste 

 
Fig. 14: % Bitumen Content Vs % Air Voids Content (40% 

replacement) 

 
Fig. 15:  % Bitumen Content Vs % Cantabro Abrasion Loss 

(40% replacement) 

 
Fig. 16: % Bitumen Content Vs % Drain Down (40% 

Replacement) 

From above table 9 clearly indicates air voids, 

cantabro abrasion value and drain down test results are not 

satisfied as per ASTM 7064. Hence the Construction and 

Demolition Waste can be replace up to 30% with the 

Optimum Bitumen Content is 7.5 %. 

IX. INDIRECT TENSILE STRENGTH AND TENSILE STRENGTH 

RATIO AS PER ASTM D 4867. 

The ultimate strength, maximum elongation and breaking 

point can be determined by conducting the indirect tensile 

test. The young’s modulus and yield strength also be 

determined. 

A. Preparation of Test Specimens with Specified Air Voids 

Content 

Apparatus: - Vacuum container, manometer, freezer, 

vacuum pump and loading machine. 

Procedure: - Initially some specimens are prepared by 

varying the number of blows, to establish the required 

amount of air voids content of 7.5% by trial. The number of 

blows starts from the 10 blows on each side of the sample. 

The numbers of blows determined by using the obtained like 

7.5 percent of air voids content. 

1) Water Sensitivity Test  

The specimens are prepared by the Marshall compactor so 

that specimen should have the 7.0-7.5% of air voids content. 

Minimum six specimens should prepared for the test of each 

bitumen mix. The three specimens are tested for as the 

unconditioned test specimen, it means without soaking into 

the water and three for the conditioning subjected with 

water. The prepared samples are allowed to a cool at room 

temperature and the volume and weight of each specimen is 

recorded. The unconditioned sample is placed in the water 

for two hours. Prepared three condition sample are 

submerged in vacuum container filled with water. A vacuum 

of absolute pressure 254-660mm is applied for the 30 

minutes. The vacuum present in the sample are removed and 

the specimens are wrapped with the plastic cover with the 

10ml of water. The wrapped specimen kept in the freezer at 

temperature of 18°c for the 16 hours. Later the samples are 

removed and placed in the water bath at 60°c for 24 hours. 

The specimens placed in the water bath are removed and 

then specimen placed in the water bath of room temperature 
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for the two hours. Later the specimens are taken and 

subjected for ITS test. 

The tensile strength of all six specimens are 

determined after removing from water bath, the procedure 

given below: - 

The thickness and diameter of each specimen is to be 

measured. The specimen is to be placed in the compression 

testing machine and load is applied on the sample 

diametrically. The compressive stress value and loading is 

recorded until the specimen is fails.  

St =  

St = Tensile strength (kPa) 

P = maximum load (N) 

T = Mean thickness of sample (mm) 

D = Diameter of the specimen in mm 

TSR= *100 

Unconditioned 

Bitumen 

Content 

(%) 

Maximum 

Load (N) 

Tensile 

Strength 

(kPa) 

Average 

Tensile 

Strength 

(kPa) 

7.30% 

3001 265.078504 

355.21 4892 441.47458 

4050 359.073616 

 

Conditioned 

Bitumen 

Content 

(%) 

Maximum 

Load (N) 

Tensile 

Strength 

(kPa) 

Average 

Tensile 

Strength (kPa) 

7.30% 

3539 337.26 

302.84 3238 294.6796 

3001 276.5896 

Table 9: Summary of ITS test results for conventional 

OGFC mix 

TSR= *100 

TSR ratio =  =85.25% 

Unconditioned 

Bitumen 

Content 

Maximum 

Load (N) 

Tensile 

Strength 

(kPa) 

Average 

Tensile 

Strength (kPa) 

7.50% 

4900 435.10 

432.46 4700 429.11 

4750 433.15 

 

Conditioned 

Bitumen 

Content 

Maximum 

Load (N) 

Tensile 

Strength 

(kPa) 

Average 

Tensile 

Strength (kPa) 

7.50% 

4500 413.8735 

391.06 4090 372.2173 

4200 387.0964 

Table 10: Summary of ITS test results for 30% replacement 

of construction and demolition waste 

TSR ratio =   =90.4% 

From table 10 and 11 clearly indicates that for the 

conventional mix the tensile strength ratio is 85.25 % 

whereas for the 30% replacement of C&DW is 90.4%. 

Therefore the TSR for the replacement is increased as 

4.75%as compared to the conventional OGFC mix.     

X. FATIGUE TEST 

The test fatigue is conducted to determine the behavior of 

pavement under fluctuating loading pattern. Repetitive 

loading is applied on the sample and number cycle taken by 

the sample is calculated which indicates the fatigue life of 

the pavement. 

Apparatus: - Fatigue assembly, hydraulic pressure and 

loading machine. 

Procedure: - 

 The Marshall specimen is kept in the fatigue assembly 

and tightened by using the fixtures. 

 Now the hydraulic pressure and pressure loading is 

turned on in the fatigue machine. 

 The horizontal and vertical LVDTs are made in contact 

with the sample and initial reading is set to zero. 

 The software is opened in the computer and seating 

load is applied to bring the loading cell in contact with 

the sample. 

 Now the dynamic load of two ton is applied till the 

deformation of 3mm occurred in the specimen.  

 Start the acquisition of data such as number of cycle 

and the deformation. 

 Finally analysis is done. 

ITS Conditioned 

(kg) 

Stiffness 

(%) 

Load 

(kg) 

Fatigue Life in 

Cycle 

323 

10 32 880 

20 65 500 

30 100 225 

Table 11: Summary of fatigue test results for conventional 

OGFC mix 

 
Fig. 17: % Stiffness Vs Fatigue Life in Cycle for 

Conventional Mix 

ITS Conditioned 

(kPa) 

Stiffness 

(%) 

Load 

(kg) 

Fatigue Life in 

Cycle 

391 

10 25 5020 

20 50 4620 

30 75 2600 
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Table 12: Summary of fatigue test results for 30% 

replacement of construction and demolition waste 

 
Fig. 18:  % Stiffness Vs Fatigue Life in Cycle for 

Replacement of Construction and Demolition Waste (30%) 

The table 12 and 13 shows that the fatigue life for 

the replacement of construction and demolition waste is 

more than the conventional OGFC mix. The highest fatigue 

life in cycle for C and DW is 5020 for 10% stiffness 

whereas for conventional mix is 880 cycle for 10% stiffness. 

XI. RUTTING 

It occurs along the wheel path due to the permanent 

deformation of pavement. The immersion wheel tracking 

equipment is used for testing the rut resistance, which 

occurred over a period of time due to effect of traffic 

loading. The majority of roads are damage due to either by 

rutting or cracking. The rutting is the serious distress in the 

pavement which leads to the relaying of layer. Such rutting 

can be determined by conducting Hamburg wheel tracking 

device. 

Apparatus: -Compression testing machine, rutting assembly, 

power controller. 

Preparation of Sample 

 By taking density and volume of the sample, weight of 

the sample is decided. 

 Aggregate is heated at 105°c – 110°c temperature. 

 After heating of aggregate, the bitumen is heated so it 

firmlycovers to the aggregates. 

 The prepared sample is placed into the compression 

testing machine and load is applied till required 

thickness is achieved. 

 Now the specimen is placed for a 24 hours at room 

temperature. 

 The prepared specimen is placed into the immersion 

wheel tracking assembly. 

 Tracking aloaded rubber wheel on the specimen by 

applying the tyre pressure with the sprinkling of water 

on specimen. 

 Two displacement transducer are attached to the wheel 

support arms measure the rut depth in (mm). 

 Repeating the thousands of cycles, till the specimen 

breaks. 

 
Fig. 19 : Number of Passes Vs Rut Depth (mm) for 

Conventional Mix 

 
Fig. 20:  Number of Passes Vs Rut Depth (mm) for 

Replacement (30%) 

From above graph 18 and 19 the rut depth for 30% 

replacement of construction and demolition waste is 5.6mm 

under 10000 passes whereas for the conventional mix 

5.6mm rut depth occurs at 9000 passes only. 

XII. COST ANALYSIS 

Cost analysis is a important parameter in deciding the type 

of pavement and method of construction. The cost analysis 

is carried out to check the economics of the pavement 

construction and material used for the construction. 

Type of mix 
Cost per Cumec 

(Rs) 

Cost per km 

(Rs) 

Conventional OGFC mix 9374.2 1406126.6 

OGFC mix with the 30% 

replacement of C & DW 
9027 1354050.9 

Table 13: Summary of cost analysis 

Reduced cost per cumec(Rs) 347.17 

Reduced cost per km(Rs) 52075.68 

% Reduction in cost 3.7 

Table 14: Summary of % cost reduction by using C & DW 

XIII. CONCLUSION   

 Optimum binder content for conventional mix is found 

to be 7.3% by conducting tests such as air voids, 
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cantabro abrasion test and drain down test as per ASTM 

7064. 

 10%, 20%, 30% and 40% construction demolition 

waste replaced with virgin aggregate in OGFC mixes, 

optimum binder content for 10% replacement is found 

to be 7.5%, for 20% replacement binder content 7.5%, 

for 30% replacement binder content 7.5% but for 40% 

construction demolition waste replacement the value 

were not satisfying as per ASTM 7064, above 

mentioned optimum binder content was found by 

conducting air voids, cantabro abrasion test and drain 

down test. Therefore 30% construction and demolition 

waste can be replaced with virgin aggregate in OGFC 

mix with optimum binder content as 7.3%. 

 By conducting indirect tensile strength test the tensile 

strength ratio for conventional mix is found to be 85.2% 

and for 30% replacement of construction and 

demolition waste tensile strength ratio was found to be 

89.9%. Hence, it can be concluded that 30% C & D 

waste has good tensile properties compare to 

conventional OGFC mix. 

 By conducting fatigue test it has been observed that 

fatigue life for conventional mix is less than 1000 

cycles whereas 30% construction and demolition waste 

replacement fatigue life was 5020 cycles which 

indicates that 30% construction and demolition waste 

replacement has good fatigue life compared to 

conventional mix. 

 By conducting immersion wheel tracking test it has 

been observed that 5.6mm rut depth is achieved for 

9000 cycles for conventional mix but whereas for 30% 

construction and demolition waste replacement 5.6mm 

rut depth was achieved by 10000 cycles which indicates 

that 30% construction and demolition waste 

replacement has good rut resistance mix compared to 

conventional mix. 

 By carrying out cost analysis for 1km stretch for 

bituminous layer of thickness 40mm for conventional 

mix the total cost was found to be 14 lakhs and for 13.5 

lakhs. Hence it can be concluded that about 50 

thousands (3.7%) can be saved by replacing 

construction and demolition waste which makes the 

pavement economical. 

 From the above results it clearly indicates that 30% 

construction and demolition waste is feasible to use for 

OGFC mixes.   
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