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Abstract

Construction of highway involves huge outlay of investment. A precise engineering design may save considerable investment; as
well as reliable performance of the in-service highway can be achieved. Two things are of major considerations in this regard —
pavement design and the mix design. Our project emphasizes on the mix design considerations. A good design of bituminous mix
is expected to result in a mix which is adequately strong, durable and resistive to fatigue and permanent deformation and at the
same time environment friendly and economical. A mix designer tries to achieve these requirements through a number of tests on
the mix with varied proportions of material combinations and finalizes the best one. This often involves a balance between mutually
conflicting parameters. Bitumen mix design is a delicate balancing act among the proportions of various aggregate sizes and
bitumen content. For a given aggregate gradation, the optimum bitumen content is estimated by satisfying a number of mix design
parameters. Fillers play an important role in engineering properties of bituminous paving mixes. Conventionally stone dust, cement
and lime are used as fillers. An attempt has been made in this investigation to assess the influence of non-conventional and cheap
fillers such as brick dust and fly ash in bitumen paving mixes. It has been observed as a result of this project that bituminous mixes
with these non-conventional fillers result in satisfactory Marshall Properties though requiring a bit higher bitumen content, thus
substantiating the need for its use. The fillers used in this investigation are likely to partly solve the solid waste disposal of the
environment.
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I. INTRODUCTION

Highway construction activities have taken a big leap in the developing countries since last decade. Construction of highway
involves huge outlay of investment. Basically, highway pavements can be categorized into two groups, flexible and rigid. Flexible
pavements are those which are surfaced with bituminous (or asphalt) materials. These can be either in the form of pavement surface
treatments (such as a bituminous surface treatment (BST) generally found on lower volume roads) or, HMA surface courses
(generally used on higher volume roads such as the Interstate highway network). These types of pavements are called "flexible"
since the total pavement structure "bends"” or "deflects" due to traffic loads. A flexible pavement structure is generally composed
of several layers of materials which can accommodate this "flexing". On the other hand, rigid pavements are composed of a PCC
surface course. Such pavements are substantially "stiffer” than flexible pavements due to the high modulus of elasticity of the PCC
material. Flexible pavements being economical are extensively used as far as possible. A precise engineering design of a flexible
pavement may save considerable investment; as well as reliable performance of the in-service highway pavement can be achieved.
In recent years, many countries have experienced an increase in truck tire pressures, axle loads, and traffic volumes. Tire pressure
and axle load increases mean that the bituminous layer near the pavement surface is exposed to higher stresses. High density of
traffic in terms of commercial vehicles, overloading of trucks and significant variations in daily and seasonal temperature of
pavements have been responsible for development of distress symptoms like ravelling, undulations, rutting, cracking, bleeding,
shoving and potholing of bituminous surfaces. Suitable material combinations and modified bituminous binders have been found
to result longer life for wearing courses depending upon the percentage of filler and type of fillers used.

Il. PRELIMINARIES

In this section, we describe the design principle based on doctrine of capacity design, push over analysis and the shear strength of
coupling beam in brief:
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A. Bitumen

11 Bitumen as a Binder
Bitumen materials have been known and used in building and road construction since ancient times. They were used as a mortar
and waterproofing agent as early as 3800 B.C. Early bitumen was of natural origin, found in pools and bitumen lakes. Many of
these pools and lakes exist today and prehistoric flora and fauna, in addition to supplying bitumen over many centuries. The
bitumen lake on island of Trinidad and the Bermudez deposit in Venezuela are the largest and the best known producers of natural
bitumen. Prior to the development of the processes for producing bitumen from crude petroleum these sources supplied the early
paving industry of the United States.
21 Aggregates for Bituminous Concrete
The bitumen cementing agent has given name to a second principal type of concrete, bitumen concrete, and very often the family
of bitumen products get first consideration is a study of this material. As was the case with Portland cement concrete, however,
aggregates comprise a very large percentage of the total bitumen concrete as used and are highly significant to the performance of
the mixture. Aggregates normally constitute 90 percent or more by weight, and as was pointed out in the previous chapter, they
influence the element of strength in a very direct way. Other elements of quality bitumen concrete such as durability and workability
are also influenced by the aggregates used, though in a less direct fashion.
71 Aggregate Blending Procedures
Aggregate blending the process of mechanically combining two or more separate aggregates, is necessary because it is difficult, if
not impossible to find a single natural or artificial source that can provide the dense gradings required for modern bituminous
concretes . While improved grading is a major reason for blending, it is not the only One, since aggregates may be blended because
of limited supplies or because of economic considerations. The best blend is that one which has the lowest cost of these meeting
the gradation specification.

1) Trial and error blending

2) Mathematical methods

3) Graphical methods

I11. METHODOLOGY
Test of material used in paving mixes

A. Bitumen

1) Penetration
Penetration is the consistency test used to designate grades of bitumen. It is the distance in tenths of millimeter that a standard
needle will penetrate the sample under specified conditions of time, temperature and load on the needle. The test was performed
by taking bitumen in a container and softened then the temperature was maintained at 250C the dial was set so that the needle was
just in contact with the surface of the bitumen. The initial reading was taken. Then the needle was released for 5 seconds and the
final reading was taken the difference between the two readings gave the penetration value.
The conducted test was as follows:
Table - 1
Results of penetration test of Bitumen 80/100

Sample Reading-1 | Reading-2 | Reading-3 | Average | Final Averaged
104 84 8 89.67
89 84 70 §1.60 §3

Specific gravity of bitumen is defined as the ratio of mass of a given volume of substance to the mass of an equal volume of
water temperature of both being 270C. The bitumen was taken in a pycnometer having weight 25gm the water raised in pycnometer
was observed 24.27 gm from which the specific gravity of bitumen was found. Grade 80/100 = 1.03.
ravelling, undulations, rutting, cracking, bleeding, shoving and potholing of bituminous surfaces. Suitable material combinations
and modified bituminous binders have been found to result longer life for wearing courses depending upon the percentage of filler
and type of fillers used
21 Viscosity Test
Viscosity test was conducted in Brookfield Viscometer. The test is conducted mainly for determination of mixing and compaction
temperature for bitumen with fly ash and brick-dust as fillers. The following readings we got in the laboratory.

b | e
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e
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B. Aggregates

Temperature "¢ | Speed(rpm) Torque (%) Viscosity(cp)
120 2 10.3 2575
25 7.5 1575
3 9.7 1617
4 9.5 1188
5 12.1 1210
6 13 1083
130 2 5.8 1450
25 42 840
3 53 883.3
4 52 650
5 58 580
6 7 583.3
10 1.5 575
12 13.6 566.7
140 2 37 925
25 35 700
3 2.6 433.3
4 39 487.5
5 37 370
6 4.4 366.7
10 7 350
12 8.5 358.3

1) Elongation Index

Elongation index of an aggregate is percentage by weight of particles whose greatest dimension of length is greater than one and
four fifth or 1.8 times than mean dimension. The elongation test is not applicable for sizes smaller than 6.3mm.Taking 200 sample
of each sieve range as specified below, the result of our computed elongation index are as follows. If ‘m’ g of aggregates retained

out of total amount of ‘M’ then elongation= (m/M)x100

Table—2
Elongation test results

Sieve size(mm)

Passing(gm)

Retained(gm)

6.3-9.5 165.2 169.2

9.5-132 670.4 13.2

13.2-19 3828 540

>19 1194 456.4

Total Passing =2412.40g Retained = 1308.8¢g

Elongation = T. retained x 100/T. weight=1308.8 x 100/3721.2 = 35.17%

71 Flakiness Index

Flakiness index of aggregates is the percentage by weight of aggregates whose least dimension is less than three fourth or 0.6 times

than mean dimensions. The test is applicable to size greater than 6.3mm.The results are as follows:

If ‘m’ g of aggregates passed out of M g of total aggregates then
Flakiness index = (m-M) x 100

7 Specific Gravity

Table - 2.3.5
Flakiness test results

Sieve size(mm)
6.3-9.5
9.5-13.2

13.2-19

Passing(gm)
30

184.4

177.2

Retained(gm)
284.4
635.6

725.2

l'otal

Passing = 909 .6

Retained = 2697 6g

Specific gravity of an aggregate is to measure the quality or strength of the material. Stone having low specific gravity values are
generally weaker than those having higher values

The sample was weighed in water and the buoyant weight was found 1.259kg

Specific Gravity = 2.64
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Table - 3
Aggregate test results

Parameters Value
Specific gravity 2.64
Impact Strength (%) 202
Abrasion Strength (%) 19.5
Water Absorption (%) 3.06
Crushing strength (%) 19.12

The specific gravities of GBFS, fly ash and brick dust were found to be 2.3, 2.63, and 2.72

. Marshall Test

The results of the Marshall test of individual specimens and average Marshall properties of specimens prepared with fly ash as
filler for varying bitumen contents have been presented in tables 2.4.1 and 2.4.2 respectively.

Table - 4
Results of Marshall test (specimens with fly ash)
Bitumen | Sample | Wt jn | Wt in | Flow | Stbilty | G, Unit % air | VMA
(80/10 | MO° | i water | value vente M) | voids
0) (mm)
(%)
5 1 1176 6082 [ 1.7 2080 (225 |2.07 869 |18.74
2 1182 618.1 [ 1.9 2000 2.1 7.14 17.33
3 1066 5482 (19 2220 2.06 92 19.2
4 1172 611522 1305 2.09 765 | 17.79
55 1 1182 6233 |24 2140 223 (210 6.2 17.41
2 1170 6145 | 2.1 1910 2.09 669 |[1785
3 1174 6165 |27 [2570 2.09 669 |1785
- 1142 599.1 (24 2380 2.08 7.21 18.31
6 | 1198 628.6 | 2.7 2000 |2.19 |2.10 428 16.51
2 1164 6125 | 3.1 2800 2.11 379 | 16.08
3 1174 616.1 [ 2.5 2500 2.10 428 |[1651
4 1182 6195129 2550 2.10 428 16.51
6.5 1 1098 5704 |33 2190 (217 |2.08 432 | 1744
2 1084 570.1 [ 34 1970 2.10 333 16.58
3 1082 564.1 [ 3.8 2400 205 5.85 18.78
Table -5
Average Marshall Properties of samples with fly ash
Bitumen % 5 5.5 6 6.5
Marshall
Properties
Stability (kN) | 18.64 22.07 2353 2139
Flow value (mm) | | 95 24 28 3.50
Unit wt (g/cc) | 2.08 2.09 2.10 2.07
% air void 8.17 6.69 418 45
VMA (%) 18.27 17.88 16.41 17.6
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A. Marshall Stability

Table -6

Average Marshall Properties of samples with Brick dust as filler
Bitumen % 43 5 6 6.5 7 [
Marshall
Properties
Stability (KN) | 1569 | 1667 | 1835 [ 1942 |206 | 1766
Flow valee (mm) | | 8 24 32 i 457 53
Unit wt(glec) [2245 [227 [227 [229 (23 233
% wir voids 913 76 62 5 39 24
VMA(%) 190 1835 [1935 | 198 195 [204

1V. ANALYSIS AND RESULTS
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. Marshall Air Voids (%) Curve (Fly Ash and Brick Dust)
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V. COMPARISON WITH CONVENTIONAL MIXES

A. Marshall Stability Curve

Graphical comparison of Marshall Stability value Series 1- fly ash; Series 2- brick dust Series 3 — cement; Series 4 — lime 0
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& Marshall Flow Value Curves
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Comparison of results against vario-lzszlzra;eters for optimum bitumen content
Filler type Max. Stability | Max. Unit | 4% of air vouds | % VMA Average value
waloe weight
Fly ash 6% 6% 6% 6% 6%
Brick dust 7% 7% 7% 7% 7%
Cement 4.5% 5.75% 4.75% 5.5% 5.13%
Lime 5.0% 5.5% 5.5% 5.5% 5.38%

In table no 8 it is found that brick dust and fly ash are found to require higher percentage of bitumen content in comparison with
conventional fillers such as cement and lime

Table - 8

Comparison of Marshall properties of various fillers
Parameters Fly ash | Brick dust | Cement Lime
Optimum  Bitumen | § 7 5.13 5.38
Content, %
Stability (kN) 21.58 19.23 10.69 11.48
Flow value (mm) | 4.57 2.8 47 3.7
Unit wt (gm/cc) 23 2.1 242 241
% of air void 39 4.18 3.0 47
VMA(%) 19.5 1641 148 15.6

V1. CONCLUSIONS

1) Bituminous mixes containing fly ash and brick dust as fillers are found to have Marshall properties almost nearly same as
those of conventional fillers such as cement and lime.

2) Bituminous mixes containing fly ash as filler displayed maximum stability at 6% content of bitumen having an increasing
trend up to 6% and then gradually decreasing, the unit weight/ bulk density also displayed a similar trend with flow value
being satisfactory at 6% content of bitumen.

3) Bituminous mixes containing brick dust as filler showed maximum stability at 7% content of bitumen displaying an ascending
trend up till 7% and then decreasing, the flow value showed an increasing trend and similar was the trend shown by unit
weight/bulk density, the percentage of air voids obtained were seen to be decreasing with increase in bitumen content thus
from here we can see that at 7% bitumen content we are obtaining satisfactory results.

4) These mixes were seen to display higher air voids than required for normal mixes.

5) Higher bitumen content is required in order to satisfy the design criteria and to get usual trends.

6) From the above discussion it is evident that with further tests fly ash and brick dust generated as waste materials can be utilized
effectively in the making of bitumen concrete mixes for paving purposes.

7) Further modification in design mixes can result in utilization of fly ash and brick dust as fillers in bituminous pavement thus
partially solving the disposal of industrial and construction wastes respectively.

8) Though cement and stone dust being conventional fillers however fly ash and brick dust can be utilized in their place
effectively thus solving the waste material disposal substantially resulting in utilization of industrial space being consumed in
disposal of industrial wastes

9) The cost effectiveness of these non conventional filler specimens can be realized after performing a cost analysis of these non
conventional materials against the conventional specimens resulting in reduction of the construction costs considerably.

10) It is evident that with further tests fly ash and brick dust generated as waste materials can be utilized effectively in the making
of bitumen concrete mixes for paving purposes.
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