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ABSTRACT

India has a road network of over 4.69 million kileters, second large roadways in the world.
The road transport carries close to 5% of passetmgic and 70% of freight transport. The
bituminous mix design aims to determine the praporof bitumen, filler, fine aggregates, and
coarse aggregates to produce a mix which is woekaditong, durable and economical. An
aggregate’s particle size distribution, or gradatie one of its most influential characteristilcs.
hot-mix asphalt, gradation helps to determine atmegery important property including
stiffness, stability, durability, permeability, wability, fatigue resistance, and resistance to

moisture damage. Gradation is usually measureddigva analysis.

Dense Bituminous Macadam is a binder course irhitjeway pavement. Bituminous mixes are
most commonly used in flexible pavement constructidarshall properties of bituminous mix
vary from binder to binder. DBM. mix is a heterogens material that consists of aggregate,
filler, bitumen binder, stone dust and air voidsarhall mix design method is used to decide the
optimum bitumen content (OBC) and Marshall progsrtivere determined at optimum bitumen

content.

Gradation is one of most important factors influegahe Marshall Properties of DBM mix, so it
is required to select best aggregates gradatioa. oftimum gradation is the one that which
gives the highest density. When fine particlespoperly packed between coarser particles, this
reduces the voids space between to specified liFhiis improves the density and is called the

optimum gradation.

The present study aims to determine the Marshalpeaties of DBM mix, such as Stability,
Flow, density, Voids in mineral aggregate, Voidgedl with bitumen and Air voids percentage
by using three types of aggregate gradation (MORASTM and Kandhal gradation) and three
types of compactive effort (50 blows, 75 blows d@® blows) for each gradation according to
low, medium and high traffic at 4%, 4.5%, 5% an®%. It is important to analyze that how the
variation in aggregate gradation can affect the ddalt Mix properties of DBM without
affecting the durability of pavement. The Maximunafghall Stability is 27.44 obtained at 5%
of bitumen content at 100 blows of MORTH GradatiBar the ASTM Gradation the maximum
Marshall Stability is 18.43 at 5% of bitumen att&36ws.
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CHAPTER -1
INTRODUCTION

1.1 General

Earlier due to scarcity of cement, it was trend eadvention to adopt the bituminous pavement
as flexible pavement. Therefore, bituminous pavdmare adopted over cement concrete roads.
A good bituminous mix design is required to prodacmix which is supposed to be sufficient,
long-lasting and resistive. And also effective caetmpn is an essential pre-requisite foe
obtaining the best performance bituminous mixesgi@ater load spreading ability, improved
resistance to deformation and fatigue cracking. phgpose of bituminous mix design is to
determine the proportion of bitumen, filler, finggiegate and coarse aggregate to produce a mix
which is workable, strong, durable and economi€darse and fine aggregate acts as the

structural skeleton of pavement while asphalt fiamcas the binder for the mixture.
1.2 Flexible Pavement

Flexible pavements are so named because the etahgent structure deflects, or flexes under
loading. A flexible pavement structure is typicatlgmposed of several layers of material. Each
layer receives the loads from the above layer,asjsr¢hem out and then passes loads to the next

layer below. Typically flexible pavement structwfgown in Figure 1.1 consisting of: -

Surface Course

Base Course . 4
Subbase Course (Optional)

Subgrade (Existing Soil)

Figure 1.1: Components of Flexible Pavement Section



. Surface Course:This is the top layer that comes in contact witffic. It may be composed
of one or several different hot mix asphalt sulketay HMA is a mixture of coarse and fine
aggregates and asphalt binders with or withouttaedi

. Base Course:This is the layer directly below hot mix asphaldagenerally consists of
aggregate.

. Sub-base CourseThis is the layer (or layers) under the base lafesub-base is not always
required.

. Sub-grade Course:The sub-grade is the material upon which the pawéragucture is
placed. Although there is a tendency to look atepaent performance in terms of pavement
crust structure material, mix design and thicknbss the sub-grade can often be the
overriding factor in the overall pavement perforemnThe CBR value of the sub-grade
material is generally used to design the total peerg crust thickness as per IRC: 37-2012

guidelines.

A flexible pavement structure is typically compos#deveral layers (as shown in figure 1.1) of

material with better quality materials on top whéhne intensity of stress from traffic loads.

Flexible pavements can be analyzed as a multilsystem under loading and are constructed by

using different layers such as Bituminous conc(B&), Dense Bituminous Macadam (DBM),
Bituminous Macadam (BM), Wet Mix Macadam (WMM) a@danular sub-base (GSB) as per
the MORTH Specifications with the designed thiclehas per the IRC: 37-2012 .

1.3Bituminous Mixes for Flexible Pavement Layers

Bituminous mixes are composite materials that cinsi a binder mixed with filler/fines and

aggregates. The mixes of asphalt pavements carfsistuminous binder that connect between

the filler together and the aggregates. In Indi@RTH Specifications provides different mix

specifications foe base courses, binder coursesaaindearing courses. The major properties in

bituminous paving mixtures are stability, flow, dbility, flexibility and skid resistance (in case

of wearing surface). Traditional mix design methads established to determine the optimum

bitumen content that would perform satisfactonggrticularly with respect to stability and flow

values. Selection of the components and their ivelaproportions are influenced by the

pavement section in which the mix is to be incogped. Design of bitumen-aggregate mixes for

the different layers broadly consists of the foliogvsteps:

2



» Selection of the type and gradation of the minaggregates.
» Selection of the type and grade of binder.
» Selection of the amount of binder to satisfy thejgut specific requirements for mix

properties.

The Marshall properties of bituminous mixes of DRisln be determined (or compared) while
using different types of aggregate gradation (MORASTM and KANDHAL gradation) and
different types of compacted effort (50 blows, T&as and 100 blows).

1.4Dense Bituminous Macadam Mix

Dense Bituminous macadam is mainly used as binderse for roads having much higher
number of heavy commercial vehicles. In DBM mix rthes a wide scope of varying the
gradation to obtain the good mix without affectthg durability of pavement. Achieve adequate
compaction of bituminous mixes is crucial to thef@enance of flexible pavement. Normally
Marshall Mix design method is adopted for mix desi Dense Graded Bituminous Macadam.
DBM is also intended for use as road base matértad. construction work of DBM consists of

construction in a single layer of DBM on a previlgyszrepared base or sub-base layer.

1.5Material Specifications for DBM Mix

1.5.1 Bitumen

The bitumen for the DBM is the paving bitumen ohBation Grade complying with Indian
Standard Specifications for “Paving Bitumen” IS: @Bd of the penetration specified by
MOSRT&H Specification for Road and Bridge works (Révision) Reprint March 2007 for
Dense Bituminous Macadam.

1.5.2 Coarse Aggregates

The coarse aggregates for the DBM mix consistsushed rock, crushed gravel or other hard
material retained on the 2.36 mm sieve. Aggredatelld be clean, hard, and durable, of cubical
shape, free from dust and soft or friable mattegaoic or other deleterious substances. Where
crushed gravel is proposed for use as aggregatdes® than 90% by weight of the crushed

material retained on the 4.75 mm sieve should laveast two fractured faces. The aggregates

3



should satisfy the physical requirements as spetifi Table 1.1 (Ref: MORTH Specifications
for Road and Bridge Works (IV Revision) for DenséuBiinous Macadam.).

Table 1.1: Physical Requirements of Coarse Aggregate for DBM
(MORTH, Clause 507.2.2)

Property Test Specification

Cleanliness(dust) Grain Size Analysis Max. 5% passing
0.075mm sieve

Particle Shape Flakiness and ElongatignViax.30%
Index

Strength Los Angeles AbrasionMax.35%
Value

Aggregate Impact Value | Max.27%

Durability Soundness
Sodium Sulphate Max.12%
Magnesium Sulphate Max.18%
Water Absorption Water Absorption Max.2%
Stripping Coating and  Stripping Minimum retained coating
Bitumen Aggregate 95%
Mixtures
Water Sensitivity Retained Tensile Strength ~ Minimum 80%

1.5.3 Fine Aggregates

Fine aggregates for DBM consists of crushed or rafijuoccurring mineral material or a
combination of the two, passing the 2.36mm sievd estained on the 75 micron sieve.
Aggregate should be clean, hard, durable, dry a@e from dust, and soft or friable matter,

organic or other deleterious matter.



1.5.4 Filler

Filler for DBM consists of finely divided mineral atter such as rock dust, hydrated lime or
cement. The filler should be free from organic imies. The filler should be graded within the

limits.

1.5.5 Aggregate Grading and Binder Content as per MORTH

When tested in accordance with 1S:2386 Part 1 §resting method), the combined grading of
the coarse and fine aggregates and added filleh&particular mixture should fall within the
limits shown in Table 1.2, for DBM grading 1 or'the type and quantity of bitumen, and

appropriate thickness, are also indicated for eaigture type.

Table 1.2: Gradation of Dense Bituminous Macadam (MORTH, Clause 505.2.5)

Grading 1 2

Nominal aggregate size| 37.5 mm 26.5 mm
Layer Thickness 75-100 mm 50-75 mm
IS Sieve (mm) Cumulative % Passing Cumulative % Passing
45 100

37.5 95-100 100

26.5 63-93 90-100

19 - 71-95

13.2 55-75 56-80

9.5 - -

4.75 38-54 38-54
2.36 28-42 28-42
1.18 - -

0.6 - -

0.3 7-21 7-21
0.075 2-8 2-8
Bitumen content % Min4.0 Min4.5




1.5.6 Mixture Design

Apart from conformity with the grading and qualigquirements for individual ingredients, the

mixture shall meet the requirements set out in @43

Table 1.3: Requirements for DBM Mix (MORTH, Clause 505.3.1)

Minimum stability (KN at 60°C) 9

Minimum flow (mm) 2

Maximum flow (mm) 4

Compaction level (Number of blows) | 75 blows on each of the two faces of the
specimen

Per cent air voids 3-5

Per cent voids filled with bitumen 65-75

(VFB)

The requirements for minimum per cent voids in mahaggregate (VMA) should be

as per Table 1.4.

Table 1.4: Minimum Percent Voidsin Mineral Aggregate (MORTH, Clause 507.3.1)

Nominal Maximum Particle Size (mm) Minimum VMA , Percent Related
to Design Air Voids, Percent

3% 4% 5%

9.5 14 15 16

12.5 13 14 15

19 12 13 14

25 11 12 13

37.5 10 11 12

1.5.7 Binder Content
The binder content should be optimized to achideerequirements of the mixture set out in

6



Table 500-11 and the traffic volume specified ire tGontract. The Marshall method for
determining the optimum binder content has beemtadoas described in The Asphalt Institute
Manual MS-2, replacing the aggregates retainecher26.5 mm sieve by the aggregates passing
the 26.5 mm sieve and retained on the 22.4 mm swelvere approved by the Engineer. Where
40 mm dense bituminous macadam mixture is specified modified Marshall method
described in MS-2 shall be used. This method requmodified equipment and procedures;
particularly the minimum stability values in Tal#@0-11 shall be multiplied by 2.25 and the
minimum flow should be 3 mm.

1.6 Aggregate Gradation for DBM Mix as per ASTM D 5581
Along with MORTH gradation two types of aggregatedation followings: -

1.6.1 American Society for Testing and Materials (ASTM) D5581.: -

The aggregate nominal size 37.5mm is used in ASTOlregate gradation. Aggregates must
consist of crushed stone, crushed gravel, crudagd screenings, natural sand and mineral filler,

as required.
1.6.2 Coarse Aggregate

The portion of material retained on the 4.75mm eie/ coarse aggregate. Coarse aggregate
must consist of clean, sound, tough, durable pestidree from films of material that would

prevent thorough coating and organic matter andratbleterious substances.
1.6.2 Fine Aggregate

The portion of material passing the 4.75mm sieve @@tained on the 0.075mm sieve is fine
aggregate. Fine aggregate must consist of cleamds tough, durable particles. The aggregate
particles must be free from coatings of clay, ailany objectionable material and must contain

no clay balls.

1.6.3 Mineral Filler



The portion passing the 0.075mm sieve is definedhimer filler. Mineral filler must be non-
plastic material. Grain size must conform to tabke

Table 1.5: Grain Size Vs Percent Finer

Grain Size Percent Finer
0.05mm 70-100%
0.02mm 35-65%

0.005mm 10-20%

1.6.3 Aggregate Gradation

Combined Aggregate Gradation must not vary fromldke limit on one sieve to the high limit
on the adjacent sieve, or vice-versa, but gradéwumiy from coarse to fine. The combined
aggregate gradation must conform to gradationsfsgem table.

Table 1.6: Aggregate Gradation

Sieve size Percent by weight Passing
37.5 mm 100
25 mm 81-93
19 mm 73-95
12.5 mm 63-77
9.5 mm 56-70
4.75 mm 44-58
2.36 mm 35-49




1.18 mm 27-41
0.60 mm 19-33
0.30 mm 13-25
0.15 mm 9-17
0.075 mm 3-6

1.6.4 Mix Design

The asphalt mix must be composed of a mixture df-graded aggregate, mineral filler (if
required) and asphalt material. The aggregateidractmust be sized, handled in separate size
groups and combined in such a proportions that rdseilting mixture meets the grading
requirements of JMF (Job mix formula) and toleefor aggregate showing in Table 1.7 and

large aggregate asphalt concrete mixture propestiewing in Table 1.8 as follows: -

Table 1.7: Job Mix Tolerances

Mix Design Element Tolerance
Aggregate passing 4.75 mm or larger sieves +4%
Aggregate passing 2.36, 1.18, 0.60 & 0.30 mm sieves +3%
Aggregate passing 0.15 & 0.075mm sieves 1%
Asphalt binder content +0.25
Mixing temperature +14°C

Table 1.8: Large Aggregate Asphalt Concrete Mixture Properties



Mixture Property Criteria
Stability (minimum) 17.8 KN

Flow ( maximum), 0.25 mm 24

Voids total mix 3-5%
Voids filled with asphalt 70-80%

1.7 Aggregate Gradation as per Kandhal Aggregate Gradabn

Prithvi Singh Kandhal is a civil engineer who has been recognized iat@wnally for his work

in asphalt road construction technology. Kandhas waucted in August 2011 on the “Wall of
Honor” established at the National Center for Adplachnology (NCAT) which is the largest
asphalt road research center in the world. In 2Bd@2became an Honorary Member of the
Association of Asphalt Paving Technolists (AAPPjof. Prithvi S. Kandhal gives the aggregate

gradation for Marshall Mix design to determine Marshall properties as follows: -

Table 1.9: Kandhal Aggregate Gradation

Sieve size (mm) Gradation of Aggregate Percent
passing
45 100
37.5 97
26.5 79
13.2 50
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4.75 30

2.36 28
0.30 11
0.075 5

1.8 Organization of Thesis
Chapter 1. Introduction: A brief background about the bitumisamix, Marshall Properties of

DBM mix, Aggregate Gradation and their classifioati

Chapter 2. Review of literature: Deals with works carrieddetermine the effect of aggregate

gradation and comparative effort on Marshall Propgiof DBM.

Chapter 3. Methodology& Experimental Plan: Describes the expental programme wherein

all test procedures are explained in detail.

Chapter 4. Experimental results and discussions: Deals with ahalysis of results obtained
from experimental work in laboratory.

Chapter 5. Conclusion: Deals with the conclusions observethftbe study.
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CHAPTER- 02
LITERATURE REVIEW

2.1 Literature Review on Aggregate Gradation & Compctive Effort

R. Sridhar, C.Kamaraj, Sunil Bose, P.K Nanda and Manvinder Singh (2006), adopted
Marshall Mix design method using Marshall Hammed a&tugo hammer for compaction of
DBM mix. Effective compaction in an essential pegnisite for obtaining the best performance
bituminous mixes for greater load spreading abaitygl improved resistance to deformation and
fatigue cracking. In this study two types of contpat efforts (Marshall Hammer and Hugo
hammer) and three types of aggregate grading (Kandmximum density and MORTH mid
grading) were used for designing dense bituminoasagiam mix. From the results, it was
observed that Hugo hammer showed lower bitumereocvrmompared to Marshall Compaction.
Maximum density grading can be adopted as the dresting with Hugo hammer compaction
simulating the field conditions by increasing theder content, which fulfils the film thickness
and durability criteria of the DBM mix. Kandhal Gliag and Maximum Density grading using
Hugo hammer compaction efforts give rise to a stiff. MORTH mid grading, which gives rise
a mix resistant to permanent deformation even hitgraperatures, can be used for roads where

heavy commercial vehicles are more in number todandting of roads.

Haider Habeeb Aodah, Yassir N.A. Kaeem and Satish Chandra (2012), Studied the
performance of bituminous mixes with different Aggate Gradation and binder Content. This
study is conducted to determine the effect of agmpes gradation on indirect tensile strength,
shear strength and rutting behavior of bituminowses In this work, one type of aggregate and
two types of binders (VG -30 & PMB -40) and two #&gpof mixes (Bituminous concrete &
dense Bituminous Macadam) were used. Three typggfegate gradation were used such as
Upper limit (Nominal size for BC is 9.5mm for & 19mfor DBM), Midpoint (Nominal size for
BC is 13mm and 26.5mm for DBM) and Lower limit (Noral size for BC 9.5mm and 19mm
for DBM). The results indicate that the performantenixes made with PMB-40 is better than
that of the mixes made with VG-30. In term of imdit tensile strength (ITS), horizontal tensile

strain (HTS) and the compressive strength, whiléVDBix is better in terms of shear strength &
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rut resistance. The tensile strain at failure deieed from ITS test is useful in predicting the
cracking potential of mixes. The results indicdtest the tensile strength of BC mixes is higher
than DBM mix and mixes made with PMB-40 is highteart that of mixes made with VG-30. It

is primarily due to higher viscosity of PMB-40 coanpd to VG-30. The horizontal tensile strain

for DBM mixes higher than BC mixes.

Darshna B. Joshi, Prof A.K. Patd, Highlights the variability involved in the asphatix design

process and develop a procedure to find out Optirbitomen content. Laboratory Compacted
specimens were used for volumetric and mecharessing in order to predict flow and stability
of mix. The stability portion of the test measutbe maximum load supported by the test
specimen at a loading rate of 50.8 mm/minute. Tow falue is recorded in 0.25 mm (0.01
inch) increments at the same time when the maxinhogx is recorded. Table 2.1 & 2.2
represents the summary of DBM Mix Design and thesulte of Marshall Stability test

respectively.

Table 2.1: Summary of DBM Mix Design

Bitumen Grade 60-70 Required limit as per
MORTH

Proportion(20mm:10mm:6mm:stone 35:20:20:30 -
dust)
Bitumen %age By weight of aggregatg 4.9 -
Bitumen %age By weight of Mix 4.7 -
No. of Blows on each side of sample 75 75
Stability (KN) 17.626 9.0
Flow (mm) 3.78 2-4
Voids in Mix (VIM) 5.150 3-6
Voids in mineral aggregate (VMA) 16.242 Table 500-1
Voids filled with Bitumen (VFB) 68.29 65-75
Density (gm/cc) 2.452 -
Specific gravity of Bitumen 1.03 -

Table 2.2: Marshal Stability Calculation
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% of Bitumen VMA (voids in | VIM (air voids in | VFB (voids filled
mineral mineral) with bitumen)
aggregate)

4.30 17.514 7.478 57.30

4.48 16.659 6.071 63.56

4.66 16.242 5.150 68.29

4.84 16.589 5.095 69.29

5.02 17.096 5.227 69.43

This paper focuses on the Marshall Mix design f&MDwith various bitumen proportions. The
Marshall Stability and flow test provides the pemi@ance prediction measure for the Marshall

Mix design method.

Prithvi S. Kandhal and E.R. Brown (NCAT Report), conducted Marshall test to compare the
mix properties such as Marshall stability and flowdirect tensile strength and permanent
deformation obtained on 4-inch(101.6 mm) and 6+h6B.4 mm) diameters specimens. The
maximum aggregate size ranged from 12.5 mm to B88rl The data indicates increased co-
efficient of variation when testing 4-inch (101.8nnspecimens of the mix containing aggregate
larger than one inch (25.4 mm) compared to 6-ippdcenens. Results of two test series which
involved the comparative evaluation of 4-inch (B0itnm) and 6-inch (152.4 mm) diameter
specimens in testing large stone asphalt mixes wep@ted in this paper.

In the test Series-I, a dense graded binder coasgphalt mix meeting the Pennsylvania
Department of Transportation (PennDOT)’'s speciitcet for ID-2 Binder Course Mix was
used. The maximum aggregate size was 38. 1 mmingbis study. And AC-20 asphalt cement
was used in the mixiNine 4-inch (101.6 mm) diameter specimens were compacséug a
standard Marshall mould in accordance with ASTM BA.5Compaction was achieved with a
mechanical hammer by applying 50 blows on each ¢hd¢be specimen. And ten 6-inch (152.4

mm) diameter specimens were compacted using théigtbMarshall test.

14



Table 2.3: Summary of Stability and Flow Ratios for Large Stone Mixes

Agency (Year data obtained) No. of Blows Ratio
4” 6" Stability Flow

Penn. DOT(1969) 50 75 2.12 1.62
Penn. DOT(1970) 50 75 2.81 1.15
Penn. DOT(1988) 50 75 1.95 1.39
Penn. DOT(1988) 50 75 2.17 1.58
Penn. DOT(1989) 50 75 1.68 1.40
Jamestown Macadam(1989) 50 75 1.89 1.24
Kentucky DOH(1988) 75 112 2.08 1.34
American Asphalt Paving (1989) 75 112 2.37 1.63
American Asphalt Paving (1989) 75 112 2.58 1.52
American Asphalt Paving (1989) 75 112 1.98 1.68
American Asphalt Paving (1989) 75 112 2.40 1.27

No. of Mixes (N) 11 11

Mean 2.18 L44

Std. Dev. 0.33 0.18

The average Stability and Flow ratio for these fiviees compacted with 75/112 blows are 2.28
and 1.49, respectively. It is recommended thatmir@mum Marshall Stability requirement for
6-inch (152.4 mm) diameter specimens should be @n2&s the requirement for 4-inch (101.6
mm) diameter specimens. The Test Series-1l wastaopa research project which evaluated the
effects of maximum aggregate size on rutting paaenf HMA pavements as reported by Brown
and Bassett@. In this series crushed limestoneeggty was used to prepare five different
mixtures that contained maximum aggregate siz&#&ich (9.5 mm), %-inch (12.5 mm), 3A-
inch (19.0 mm), l-inch (25.4 mm), and 1% inch (3&in). AC-20 asphalt cement was used. The
asphalt content for all mixes was selected to g®\wan air voids content of 4 percent under a
compactive effort in the Gyratory Testing Machi@&T(M) equivalent of 75 blows of a Marshall
hammer. Mix gradations and optimum asphalt contaresgiven in Table 2.4. Four-inch (101.6

mm) diameter specimens of all five mixes were coctgzhin GTM using 30 revolutions at a
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pressure of 200 psi (1,379 kPa) and 1° gyratoryear®jx-inch (152.4 mm) diameter specimens
of all five mixes were also compacted in GTM us8@grevolutions, 200 psi (1,379 kPa) and 1°
gyratory angle. A comparison of the densities aigdiin the 4-inch (101.6 mm) and 6-inch
(152.4 mm) samples showed almost equal densities.

Indirect tensile test in accordance with ASTM D482Z3was conducted on both 4-inch (101.6
mm) and 6-inch (152.4 mm) diameter specimens ofival mixes. This test was conducted at
77°F (25°C) using a standard loading rate of 2-@scper minute (50.8 mm/min). Unconfined
static creep tests were also conducted on all sged. A load of approximately 50 psi (345
kPa) was applied at room temperature for one halowed by unloading for one hour.

Table 2.4: Mix Gradation and Optimum Asphalt Content

Sieve 3/8 Inch 1/2 Inch 3/4 Inch 1 Inch 1-1/2 Inch
1% 100
1" = 25.4mm 100 83
£Z% 100 87 73
7 100 83 73 61
3/8” 100 87 72 63 54
#4 72 62 52 46 39
#8 51 44 37 33 29
#16 36 31 26 23 21
#30 26 21 19 17 15
#50 18 14 12 12 11
#100 12 9 8 8 8
#200 8.2 5.8 5.2 55 6.1
Optimum 4.5 5.0 4.3 3.8 3.4
Asphalt

Content

Comparative evaluation of 4-inch (101.6 mm) anai@si(152.4 mm) diameter specimens in this

study has indicated that the test results for latgae asphalt mixes obtained with 6-inch (152.4
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mm) specimens had better repeatability, and wene me@aningful compared to 4-inch (101.6

mm) specimens.

Nitinprasad.R1, M.S.Nagakumar (2013), used the Marshall test with increased compaction
level to evaluate the Marshall properties and Séapncompaction, that is the state; where the
pavement which is compacted with the conventionalgaction has been further compacted due
to the movement of traffic and which correspondgh ultimate density which can be attained
on the bituminous pavement called as “Refusal é¢nsf the pavement. It is understood that
the 75 blows of the Marshall test does not deteertinie actual field circumstances. The Marshall
design actually in the field will not simulate theld condition. Hence an attempt has been made
to study the air void content at Refusal densitggoAhe Bulk Density, Air voids (Va), Voids in
mineral aggregate (VMA), Voids filled with BitumgNFB) of the mix at the Refusal density are
also studied. For the simulation of the field dgnsn the laboratory a Hugo hammer is used.
The experimental investigation showed an increasethe compaction energy shows a
corresponding increase in the bulk density andedese in the air voids level. For various blows
the Marshall properties at OBC for 50 blows, 75Wdp100 Blows, 150 Blows 200 Blows and
600blows.

Table 2.5: Marshall Properties of DBM-I1 at Optimum Binder Content (OBC)

Properties 50 75 100 150 200 600
Blows | Blows | Blows | Blows |Blows | Blows
Bulk Density, gm/cc | 2.286 2359 | 2.35 2.375 2.372 2.427
Air Voids, % 7.176 4.1214 4.63 3.43 3.76 1.497
VMA, % 19.78 16.41 | 17.25 16.48 16.5 14.52
VFB, % 63.73 7554 | 73.2 77.58 77.47 89.81
Marshall Stability. | 1445 1821.2 2127.5 | 2144.251926.33| 3418.5
Kgs
Marshall Flow, mm 4.96 4.85 4.9 3.52 4.125 3.7
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The 600 blows of compaction were done to evalubé& hin Va% at maximum secondary
Compaction. The bitumen content at the maximum ldelksity is lesser than that for specimen
compacted using Marshall Hammer. The stabilityhaf mix prepared with Hugo hammer has
increased when compared to that of the Conventiblakhall hammer. The binder content of
the specimen casted by Hugo hammer has lower vallesn compared to that of the

conventional Marshall Hammer.

Ganapati Naidu.P and S.Adiseshu (2013-2014), adopted Marshall Stability test to determine
the strength serviceability requirements of Bitummaixes such as stability, flow, voids in
mineral aggregate (VMA), voids filled with bituméWFB) and air voids are highly depend on
the physical properties of aggregate. Dense bitauimacadam (DBM) mixes were analyzed
with different proportions (10%, 20%, 30%, 40%, 508t different shape of aggregates were
studied. Aggregate particles can be defined indesfrihree independent shape properties: shape
(or form), angularity, and surface texture (Barr&880). Aggregate shape properties are known
to influence Bitumen pavement performance. Angtyaend texture govern the frictional
properties and dilation of the aggregate structéwggregate texture plays a major role in
influencing the adhesive bond between the aggregatkthe binder, while aggregate form
influences the anisotropic response of Bitumen mixXdixes with cubical and rod shape
aggregates has been showed good results on staBditticle shape can be described as cubical,
blade, disk and rod.

Table 2.6: Marshall Properties of Different Shape of Aggregates

CUBE
Properties | 10 20 30 40 50
Stability 1580.03 1677.23 1619.06 1632.61 1638.58
Flow 2.63 2.83 2.07 2.03 1.90
Air voids 3.32 3.66 3.65 3.89 4.10
Density 2.473 2.470 2.475 2.474 2.473
VFB 76.51 74.63 74.69 73.40 72.28
VMA 14.14 14.42 14.41 14.61 14.79
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DBM
Stability Flow Air voids Density VFB VMA
1405.73 2.9 4.01 2.47 71.95 14.30
BLADE
Properties | 10 20 30 40 50
Stability 1105.14 1026.16 1027.08 1048.97 1037.03
Flow 1.97 1.67 1.73 2.07 2.13
Air voids 3.35 3.52 3.54 3.56 3.80
Density 2.472 2.472 2.477 2.482 2.480
VFB 76.37 75.44 75.31 75.21 73.94
VMA 14.17 14.32 14.34 14.35 14.58
DBM
Stability Flow Air voids Density VFB VMA
1405.73 2.9 4.01 2.47 71.95 14.30

the gaps between the bitumen mixes.
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From results, Higher Marshall Stability values wetatained from the mixes prepared with
cubical shape aggregates i.e. 16.77kN. Cubical eshaggregates attains the maximum
percentage VMA, and blade shape aggregates atteriewer values because of the aggregates
tend to break down excessively during compactidre $tability of mix with different type of
aggregates is shown good results, against satisfyie minimum requirement of 9kN. The
parameters such as air voids and voids in min@gilemate increases with increase in proportion

of blade type of aggregates in DBM mixes, becabsesame type of particles will not replace

Mohammed Naim Mansuri, Dr. V.M. Pate & Prof. H.K. Daue (2014), investigated the

influence of shape of coarse aggregate on DBM Ntixhis study dense bituminous macadam




mixes were analyzed with different properties dfedent shape of aggregate. The shape of
aggregate particle has significant influence onfgserance of the Bitumen pavement. Test
sample were prepared as per MORTH specificatiohs. aggregate used in this study were 16-
25 mm, 7-16mm, 4-7mm and 0-4 mm. Bitumen of petiettagrade 60/70 was used. The
aggregate gradation for DBM mix was selected fro@RTH specifications. The proportion of
aggregate sizes was determined by trial & errohogkto achieve the combined gradation as per

the requirement.

Table 2.7: Optimum Binder Content

Sr Test Bitumen Content Optimum Bitumen Content
Properties By wt. of mix (%) By wt. of mix (%)
N cube | pyramid sphere cube pyramid sphere

1 Max. Bulk 4.56 4.77 4.78
density (gm/cc)
2 4.5 % VIM 4.39 4.81 4.73
70% VFB 4.37 4.81 473 4.51% 4.66% | 4.71%
4 Max. Marshall | 4.55 4.57 4.65
Stability
5 3mm Flow 4.70 4.49 4.60

Experimental study indicates that, of the variobap®e of aggregates used in mix, the mix with
cubical aggregates has minimum value of OBC = 4.5386 spherical and pyramidal aggregates
it is 4.71% and 4.66% respectively. As per MORTHGfication (cl. no. 507.3.1) permissible
value for Voids Fill with Bitumen = 65% to 75%. Qdrged experimental value for cubical,
spherical and pyramidal shaped aggregate are 74.88%2% & 71.21% respectively which is
indicative of the fact that all types of shape meseting the MORTH requirements initially under

sample preparation condition(after 75 no. of blows)
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As per MORTH specification (cl. no. 507.3.1) persitide value for Marshall Flow is 2mm to
4mm. Observed experimental value for cubical, sphkand pyramidal shaped aggregate are
2.70mm, 3.45mm & 3.60mm respectively which is iatike of

the fact that all types of shape are meeting theRWIB requirements but mix with cubical
aggregate give closer value to the mid limit ofMlealue. As per MORTH specification (cl. no.
507.3.1) minimum Marshall Stability is 9KN. ObsetdvBaximum Stability value for cubical,
spherical and pyramidal shaped aggregate are 1RI93K.95KN & 12.40KN respectively
which is indicative of the fact that all types dfape are meeting the MORTH requirements but

mix with cubical aggregate give maximum stabilipngare to other.

SK. Wasim Anwar (2014), conducted the study to compares the mix propesfiddarshall such

as stability, Flow and indirect tensile strengthtaitied on 100 mm and 150 mm diameter
specimens. In this study Marshall and Modified Naitk Method of mix design were used to
compact the specimens. The aggregate gradatiorteatiogas DBM grade-l. The max aggregate
size used in this study is 37.5 mm and aggregadagjon is adopted as per MORTH (IV)

specification.

Binder used this study is CRMB — 55 (Crumb Rulbdedified bitumen), and for mix design,
Marshall Method mix design for 100 mm diameter gpea and MS-2 guidelines were used for
150 mm diameter specimen which is called Modifiedrshall Method. It was observed that the
Modified Marshall Method satisfies the mix propestisuch as Marshall Stability, flow and
indirect tensile strength and can be used forriggtie large stone Aggregate mixes. Laboratory
studies on the behavior of Marshall and Modifiedrshall specimen were carried out in terms of

optimum bitumen content.
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Table 2.8: Marshall Properties of DBM-I mix for Marshall Method (100mm diameter)
Specimen using CRMB-55

Bitumen | Marshall Flow | Bulk Total air| Voids filled | Voids in
Content | Stability mm | density | voids (%) | by bitumen| miner

(%) Kg gm/cc (%) aggregate

(%)

3.50 1013.33 1.55| 2.34 5.68 58.84 13.80
4.00 1120.00 2.42| 2.36 4.40 69.22 13.55
4.50 1301.33 298| 2.38 3.80 76.48 13.36
5.00 1205.33 3.52| 237 3.50 82.56 14.29
5.50 1152.00 3.90| 2.36 3.15 85.73 15.02

Table 2.9: Marshall Properties of DBM-I mix for Modified Marshall Method

(150mm diameter) Specimen using CRMB-55

Bitumen | Marshall | Flow Bulk Total air| Voids Voids in
Content | Stability | mm density voids (%) | filled by | miner
(%) Kg gm/cc bitumen | aggregate
(%) (%)
3.50 2560.00 | 5.07 2.33 6.00 57.41 14.08
4.00 2720.00 | 6.09 2.35 4.58 67.15 13.88
4.50 3146.67 | 6.09 2.37 3.88 75.74 13.92
5.00 3093.33 | 7.02 2.36 3.08 79.25 14.75
5.50 2848.00 | 7.26 2.35 2.65 83.03 15.46

It is concluded that specimen prepared by modifitadshall method of mix design give very

good result than Marshall Specimen and it can led usflexible pavement.
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Lokesh Gupta, Ashutosh Patil and Avinash Ojha (2016), In this research an effort has been
ended to evaluate the Marshall properties of déitseninous macadam prepared using VG-30
and CRMB-55(crumb rubber modified bitumen) as bindeaterial. Marshall Method of
bituminous mix design is adopted to determine tp&nmm bitumen content and Marshall
Properties. The main objectives of the analysistarensure the properties of aggregates by
conducting the test in the laboratory as per MORT&M Revision) Specification and to
conduct tests on bitumen content. There is a remtueh optimum bitumen content of about
0.78% in the specimens prepared using CRMB- 55 iadeb material when compared to
specimens prepared using VG-30 as binder matdiedre is % increase in Marshall stability
value of about 15.10% in the specimens preparedlguSRMB-55 as binder material when
compared to specimens prepared using VG-30 as tbimdeerial. There is no variation in bulk
density value of specimens prepared using CRMB-$%iader material when compared to
specimens prepared using VG-30 as binder matéiedre is increase in percentage air voids
value of about 1.10% in the specimens preparedguSiRMB- 55 as binder material when
compared to specimens prepared using VG-30 as timdeerial. There is marginal increase in
flow value of about 2.70% in the specimens prepaigdg CRMB-55 as binder material when
compared to specimens prepared using VG-30 astbmdterial. There is a reduction in VMA
value of about 0.29% in the specimens preparedguSiRMB-55 as binder material when
compared to specimens prepared using VG-30 asthindterial. The reduction in VFB value of
about 0.35% in the specimens prepared using CRMBs5binder material when compared to

specimen prepared using VG-30.

Deepesh Kumar Singh Lodhi and R.K Yadav (2016), Performed the Marshall Stability test to

determine the strength serviceability requiremefntsitumen mixes such as stability, flow, voids

in mineral aggregate, voids filled with bitumen aadvoids which are highly dependent on the
physical properties of aggregate. Viscosity gradienten V-30 used as binder in this research
for preparation of mix. It is important property psr Indian Standard Code Specification for
paving bituminous IS: 73(2007) was used. In thigestigation, five gradations were used such
as lower grade, lower middle grade, middle gradghdr middle grade and higher grade.
Marshall Test specimen were prepared for each ggtgegradation at 4%, 4.5%, 5% and 5.5%
bitumen content to study the effect of aggregadelgtion on the Marshall properties of DBM.
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Optimum binder content is minimum in middle gradeiak is more economical for design mix
DBM in this gradation. Most of the Marshall propestare superior at middle grade. So DBM
mix is design at this gradation.

Table 2.10: Dense Bituminous Macadam Gradation

Sieve Size | L.G LM.G| M.G HM.G| H.G MORTH Range
26.5 mm 90 92.5 95 97.5 100 90-100

19 mm 71 77 83 89 95 71-95

4.75 mm 56 62 68 74 80 56-80

2.36 mm 38 42 46 50 54 38-54

0.3 mm 7 10.5 14 17.5 21 7-21
0.075mm | 2 35 5 6.5 8 2-8

Table 2.11: Dense Bituminous Macadam Marshall Properties

Properties | L.G. L.M.G M.G. H.M.G. H.G.
OB.C.% |4.46 4.46 4.42 4.57 4.46
Stability 9.9 10.6 11.5 9.85 9.7
Flow 2.8 3.3 3 3.1 2.7
Density 2.346 2.348 2.356 2.336 2.342
V.F.B. 72 74.8 74 65 72.2
Air Voids | 3.84 3.86 3.62 4.2 3.88
Vv

Various laboratory tests on D.B.M. mixes resultschatied that Marshall values of Stability is
maximum in Middle Grade (M.G.) and Optimum Bindeortent (O.B.C.) is also minimum in
Middle Grade (M.G.) which is more economical fossidm D.B.M. mix in this gradation. The
Density value is maximum in Middle Grade (M.G.) amdnimum at High Middle Grade
(H.M.G.) Flow is highest in Middle Grade (L.M.G.)né& minimum at Higher Middle Grade
(H.G.). Air voids is maximum in Higher Middle Grad®l.G.) and minimum at Middle Grade
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(M.G.). V.F.B. is maximum in Lower Middle Grade {..G.) and minimum at Higher Middle
Grade (H.M.G.). From the above points it can bectuded that in the design of D.B.M. mix
most of the Marshall properties are superior atdiidGradation of MORTH specifications so
D.B.M. mix is design at this gradation.
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CHAPTER-3

EXPERIMENTAL PROGRAMME

3.1 Marshall Stability Testfor DBM Grade-lI

Marshall Mix design is adopted worldwide for deterimg and reporting the stability and fic
characteristics of bituminous mixes. In India,sitai \ery popular method for characterization
bituminous mixes. In this study, the Marshall Sigbimethod was used to determine
Optimum Binder Content (OBC) for the different méxand to study other Marshall proper
such as Marshall Stability, flc value, air voids in a mixture, voids filled withtbmen and void
in mineral aggregate. These properties were cdéulildo determine tt Optimum Binder
Content (OBC).

3.2Equipment Used in Work

The following is a brief overview of the major egmients used in experimental wc

a. Compaction Mould Assembly: - This consists of compaction mould of cylindricabpk of
diameter 101.6mm, thickness 63.5mm and height 75anco]lar extension and a base pl
Both the ends of the cylindrical mould are inhangeable and may be pld on the base

plate showing in igure 3.1.

Figure 3.1: Mould Assembly of Marshall Test
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. Compaction Hammer: - It is a Compaction hammer with a flat circular plate ofrdeter
98.4mm and a hammer of weigl7 kg which can be liéd and released to obtai drop of
457mm.

. Oven for heating bituminous mixtures and specimeaulth assemblies to requir
temperature.

. Thermometer for determining the temperature of rbitwus mixtures. Armoured gla
thermometers or didlype with metes with arrange of 10 to 2°C are generally
recommended. Thermometers shall have incrememistafreater than 2°C.

. A balanceor scale capable of measurithe maximum weight to be determined. 1
sensitivity of any balance or scale utilized shallleast one gram.

Large spoon for placing mixtures in specimen ma

. A specimen extractor showing iFigure 3.3 suitably fitted whit a jack or compressic

machine shall be usddr extruding the compacted specimen form the m

Figure 3.2: Sample Extractor for Marshall Specimen
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h. Marshall stability and flow was determined by usihg following apparatus:

Breaking head consisting of upper and lower cyloadrsegment shortest heads. The
lower segment shall be mounted on a base havingpemoendicular guide rods or posts
extending upward. Guide sleeves in the upper segstall be in such a position as to
direct the two segments together when a 152.4 gnldiameter by 100 mm thick metal
block is placed between the two segments. The MérSkability testing machine consists
of a motorised loading unit provided with a geasteyn to lift the base plate upward at the
specified rate. A calibrated proving ring of 10 wapacity with a dial gauge or a load cell
with a digital load display unit is fixed on thepgy end of the machine to measure the
load applied. The testing head with the specimsid@is placed in position between the
proving ring and the base plate.

Water bath of sufficient depth to provide for themplete immersion of sample and
thermostatically controlled so as to maintain théhtat 59 to 6°C.

Marshall Stability and flow testing apparatus cdeailf applying a strain controlled load
at a rate of 48.3 to 53.3 mm per minute.

Height gauge capable of measuring the height opsesn

3.3 Preparation of Test Samples:-

Approximately 1200gnaggregates were weighted and heated up to 154-16Q5(@pare
each mould of the DBM mix. The Bitumen is also eat60°C.

The weight of the mix was taken in such a mannat dtompacted samples of DBM
should have height in between 88.9 to 101.6mm.

Aggregate and bitumen are mixed thoroughly untihéiorm grey colour is obtained. The
mix was then transferred into the mould assemblyiaheter 101.6 & height 63.5 mm in
two layers.

Compaction is done with Marshall Hammer by varyithg blows for every bitumen
content 50, 75 and 100 blows were used to simtlegteeffect of according to the low,
medium and heavy traffic respectively.

After 90 minute mould is taken out & kept under mat Laboratory temperature for
12hours.

The sample is immersed in water bath maintaineal @instant temperature of 60°C for
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30 minutes. Then sample is tested for obtairMarshall Properties such istability
value and flow valueThe following properties should betdemine such as theoretical
and bulkspecific gravity, Ar voids(W,%), percent volume of bitumeny%),voids in
mineral aggregat¥(MA %), voids filled with bitumen(VFB%).

3.4 Prepared Bituminous Samples-

3.4.1 MORTH Gradation: - A total of 12 samples are gpared for bitumen content. The
bituminous samples are prepared by varying the esthe effort as 50, 75 and 100 blows

varying bitumen content like 4%, 4.5%, 5%, and 5.t

Figures of 50 blows compactive effort for all bitem content can behown in MORTH

gradation
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Figure 3.4: Bituminous Samples of MORTH gradation for 75 blows

Figure 3.5: Bituminous Samples of MORTH gradation for 100 blows

3.4.2 ASTM Gradation: - Similar to MORTH gradatic a total of 12bituminous samples are
prepared by varying thbitumen contet(4%, 4.5%, 5%, and 5.5%) with varying compac
effort (50 blows, 75 blows and 100 blows). Follogsrare the figure

G‘\'rnd.}o\é B A ST M
G‘“ﬁd!u G)tcl_eu"'

Figure 3.6: Bituminous Samples of ASTM gradation for 50 blows
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Figure 3.8: Bituminous Samples of ASTM gradation for 100 blows

3.4.3 Kandhal Gradation - Similar to ASTM gradation, a total of I#ituminou: samples are
prepared by varying theitumen conter (4%, 4.5%, 5%, and 5.5%) with varying compaci
effort (50 blows, 75 blows and 100 blows). Follogsrare the figure

Figure 3.9: Bituminous Samples of Kandhal gradation for 50 blows
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Figure 3.11: Bituminous Samples of Kandhal gradation for 100 blows

3.5 Volumetric Analysis(Manual of Transportation Engineering.)
In the Marshall Stability methocach compacted sample was subjected to the folloairadysis

* Theoretical Density or Specific Gravity of Sarr
* Bulk Specific Gravity of Samp
e Air voids in the Mix, % (\, %
* Volumeof Bitumen (\y %)
* Voids in Mineral Aggregate (VMA ¥
* Voids Filled with Biumen (VFB %
3.5.1 Theoretical Density or Specific Gravity Anbysis
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The specific gravity (@ values for the different aggregates and the bitoos binder used are

determined before conducting the Marshall Stabiésst on the bituminous mix.

Ge= 100/ (W/G1+Wof Gy +Wy/Gg+W, /Gy)

Where,

W, = percent by weight of coarse aggregate in total mi
W, = percent by weight of fine aggregate

W3 = percent by weight of filler

W, = percent by weight of bituminous binder in tatak
G, = Specific gravity of Coarse aggregate

G, = Specific gravity of Fine aggregate

Gs = Specific gravity of Filler

G4 = Specific gravity of Bituminous binder

3.5.2 Bulk Density or Specific Gravity Analysis
The bulk density or specific gravity ({pof compacted sample is determined by using fahgw
equation: -

Gm =WV

Where,

W = weight of the compacted sample of bituminous (nieight in air) gm

V = volume of the compacted sample determined loyrivethods,

The volume V can be calculated by either measutiveg mean dimension of sample or by

weighing in water and thus finding the volume otevalisplaced (cr).
3.5.3 Air voids in the Mix, % (V y %)

Air voids in the mix are defined as void volumewvbeen the aggregates coated by bitumen. It is

determined by the following equation: -
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V9% = 100 (G- Gn/ G)

Where,
G: = Theoretical specific gravity of bituminous sampl

Gm= Bulk specific gravity of bituminous sample

3.5.4 Volume of Bitumen (V, %)
The following equation is used to determine thewiod of Bitumen.

Vi % = (Wi /Ga) / (We + Wh+Ws + Wy/Gy)

Where,

W, = percent by weight of coarse aggregate in total mi
W, = percent by weight of fine aggregate

W3 = percent by weight of filler

W, = percent by weight of bituminous binder in tatak
Gm= Bulk specific gravity of bituminous sample

G4 = Specific gravity of bituminous binder

3.5.5 Voids in Mineral Aggregate (VMA %)

It is the volume of inter granular void space betwehe aggregate particles of a compacted

paving mixture. It includes the air voids and th@uwne of the asphalt not absorbed into the

aggregate. VMA describes the portion of space ¢orapacted sample which is not occupied by

the aggregate. Following equation is used to determme VMA.

VMA =V, + V,

Where,

V% = Percentage of air voids in the mix

V% = Percentage Volume of Bitumen
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3.5.6 Voids Filled with Bitumen (VFB %)
A void filled with binder is voids in the mineraggregate that are filled with binder expressed as

a percent of the Volume of the voids in the minagdregate. Equation for the VFB, as follows:

VFB = 100* \, / VMA

Where,
V), = Percentage Volume of Bitumen
VMA = Percentage of voids in mineral aggregate

3.6 Tests on Bitumen
There are number of tests to determine the pragsedf bituminous materials. The following
tests were conducted to evaluate the differentgotgs of binder to be used. Table 3.1 shows IS

code reference of various tests on bitumen sample.

3.6.1 Specific Gravity Test (I1S: 1202-1978)

The specific gravity is defined as the ratio of thass of a given volume of the bituminous
material to the mass of an equal volume of wat&7a€. This value is required to convert the
weight of bitumen to volume for use with aggregdtke specific gravity is influenced by the
chemical composition of binders.

The specific gravity is evaluated as per IS: 12028l procedure. There are two methods to
determine the specific gravity of bitumen: -

i) Pycnometer method

i) Balance method

In this study Balance method is used for deterngirime specific gravity of bitumen. The
specific gravity of bitumen is varies from 0.971®2. If bitumen contains mineral impurity, the

specific gravity will be higher.

3.6.2 Softening point test (IS: 1205-1978)
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As the temperature increases, bitumen graduallproes softer till it flows readily. Softening
Point is essentially the temperature at which thentinous binders have an equal viscosity.
Softening Point gives the idea of the temperatarestach the bituminous materials attains a
certain viscosity.

The test for estimating the softening point is amtdd as per IS: 1205-1978. The test is
conducted by ring and ball apparatus. A brass gogtaining test sample of bitumen is
suspended in liquid like water or glycerin at aegitemperature. A steel ball is placed upon the
bitumen sample and the liquid medium is heated wtte of 8C per minute. Temperature is
noted when the softened bitumen touches the mkted which is at a specified distance below.
For material whose softening point is abov8@®0Glycerin is used as a heating medium and the
starting temperature is 3% instead of %. Bitumen with higher softening point may be
preferred in warmer place. Softening Point is alsmetimes used to specify hard bitumen and

pitches.
3.6.3 Ductility Test (IS: 1208-1978)

In the flexible pavement construction, it is desleathat the bitumen binders used in the
bituminous mixes form ductile thin films around thggregates. Ductility is the property of
bitumen that permits it to undergo great defornmatay elongation. The ductility value of
bitumen binder is expressed as the distances itintsers to which a standard briquette of
bitumen can be stretched before the thread breaks.

This test has been standardized as per I1S: 1208-1%& bitumen sample is heated and poured
into the mould and the plate assembly along withghmples is cooled in the air and then water
bath at 27C. The excess material is cut off by leveling theface using the hot knife. Then the
mould assembly containing sample is kept in wageh lat 27C for 85 to 95 minutes. The sides
of the mould are removed and the clips are cagehdbked on the machine without causing any
initial strain and the machine is operated. Theadise to the point of breaking of thread is the
ductility value which is reported in cm. The dutjilvalue is affected by factors such as pouring
temperature, test temperature, rate of pulling Bte ductility values of bitumen vary from 5cm
to over 100cm. The minimum ductility as specifigddodal recommendations in 50-75cm for

use in flexible pavement.

36



3.6.4 Viscosity Test (1S:1206-1978)

Viscosity denotes the fluidity of bituminous ma#trand it is a measure of resistance to flow.
The degree of fluidity of a bituminous binder as #ipplication temperature influences the ability
of the binder to spread, penetrate into the voidbalso to coat the aggregates and hence affects
the characteristics of the resulting paving miXdesw or high viscosity during compaction or
mixing have been observed to result in lower sitgbilalues. At high viscosity, the bituminous
binder will not be able to coat the entire surfataggregates and it offers higher resistance to
compaction resulting in lower density and stabibfythe bituminous mix. A low viscosity, the
bitumen binder simply ‘lubricates’ the aggregatetipkes instead of providing a uniform film

over aggregates, it will lubricate the aggregate.

3.6.5 Penetration Test (IS: 1203-1978)

Penetration test is the most commonly adoptedaedbitumen to determine the grade of the
material in terms of its hardness because oftpltity. The penetration values are measured as
per IS: 1203-1978. This test measures the hardmessftness of bitumen by measuring the
depth in tenths of a mille meter to which a staddaaded needle will penetrate vertically in 5
seconds. The penetro-meter consists of a needéenais with a total weight of 100gm and a
device for releasing and locking in any positiorheTbitumen is softened to a pouring
consistency, stirred thoroughly and poured intotaioiers at a depth at least 15 mm in excess of
the expected penetration. The test should be coedist a specified temperature of@5The
penetration grades of bitumen binders are genedahoted as 80/100, 60/70 or 30/40 grade
bitumen. 80/100 bitumen denotes that the penetratidue of the binder ranges between 80mm
to 100mm. Harder grade of bitumen binder with lowenetration value is generally chosen in
warm regions. In colder regions bitumen with highenetration values are generally used. The
penetration value is greatly influenced by any aumacy with regards to pouring temperature,

size of the needle, weight placed on the needldlatest temperature.

3.6.6 Flash and Fire Point Test (I1S: 1209-1978)
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When a bituminous binder is heated continuoushstarts emitting volatile vapours above a
certain temperature and these volatile vapourseamentarily catch fire causing the flash,
though the binder itself does not catch fire andnbat this temperature. This temperature is
referred to as the flash point of bitumen basedldns. The temperature at which such behavior
occurs is found to differ for different types andhdes of bituminous binders. Flash point test
gives an indication of the critical temperatureatl above which suitable precautions should be
taken while heating the bitumen.

When the bituminous binder is further heated teraperature higher than the flash point, the
binder material itself catches fire and continuestirn. The lowest temperature causing this
condition is called the fire point. The fire poistthus defined as the lowest temperature under

specified test conditions at which the bituminowstenal gets ignited and burns.

3.7 Aggregate Testing

Aggregate are the principal material in pavememistroiction. Aggregates should posses good
shear and compressive strength; This results itetbetterlocking properties of aggregate .To
assess the properties of aggregates i.e. stremaytiiness, toughness, specific gravity and shape,
the following tests were conducted on aggregatéiseraboratory as follows: -

» Aggregate Crushing Value Test
Aggregate Crushing Value = 100,01 %
Where,
W, = Total weight of dry sample of aggregate taken)(g
W, = Weight of the portion of crushed material pagsttB6 mm test sieve (gm)

* Los Angeles Abrasion Test

Los Angeles Abrasion Value = 100*W W)/ W,
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Where,

W; = Weight of Specimen (gm)

W, = Weight of Specimen after Abrasion test, Retaimed.70mm test sieve (gm)

Table 3.1: Maximum Allowable Los Angles Abrasion Value of Aggregatesin Different Types

of Pavement Layers

SI. No.

Types of pavement layer

Los Angles abra

value, maximum %

s5ion

WBM Sub-base, WBM, WMM and CRM bas

course

5

Bituminous Macadam base/binder course

Bituminous Penetration Macadam, Built-up sp

grout base course

ray

40

Dense graded Bituminous Macadam binder cours

Cement Concrete Pavement

35

Bituminous carpet surface course

Bituminous surface dressing, 1 or 2 coats

Close graded Bituminous Surfacing /Mixed S

Surfacing

eal

40

Bituminous concrete surface course

30

* Aggregate Impact Test

Where,

Aggregate Impact Value (AlV) = 100 31 (%)

W3 = Total weight of aggregate sample filling the oyliical measure (gm)

W, = Weight of aggregate passing 2.36mm sieve dftetdst (gm)
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Table: 3.2: Properties of Aggregate | mpact Value

Aggregate Impact Value, %

Toughness Property

Less than 10

Exceptionally tough / strong

10 to 20 Very tough / strong
20 to 30 Good for pavement surface course
Above 35 Weak for pavement surface course

Blending to achieve required gradation for DBM gr-dll
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CHAPTER-4
RESULT AND DISCUSSION

4.1 General

In this chapter, the results of various laboratests of the DBM mixes with Marshall Stability
Method by three types of aggregate gradation arekttypes of compactive effort are presented
and discussed. The results obtained were usedé¢onae the Optimum Binder Content (OBC)
by performing Marshall Stability-Flow Analysis amngblumetric analysis for the prepared
samples.

4.2 Sieve Analysis
Sieve analysis test was used to determine the gaigresizes for a sample taken from quarry.
Through the sieve test, the proportion of coarsgregates, fine aggregate and filler was
determined. It was ensured that the aggregate welleblended within the gradation limit as
specified in MORTH for DBM Grade-Il. The sieve aysb test results are presented in Table
4.1. The MORTH gradations of DBM are shown in Ta#l2. The blending selected for the
gradation of DBM Grade-ll is shown in Table 4.3.

Table 4.1 Results of Sieve Analysis of Aggregates

Percentage Percentage Percentage Percentage
Sieve Size Passing Passing Passing Passing
20mm 10mm 2.36mm(retained)| Stone dust
37.5mm 100 100 100 100
26.5mm 100 100 100 100
19mm 74 100 100 100
13.2mm 10.5 98.5 99.4 100
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4.75mm 0 14.9 16 100
2.36mm 0 38.5 96
0.300mm 0 4.5 45
0.075mm 0 0 3.5

4.3 Aggregate Testing

Aggregate were tested for the various specifie¢pgnties such agggregate Crushing Value

(%), Los Angles Abrasion (%), Aggregate Impact \éal%0), Water Absorption and Specific
gravity. The obtained results so obtained were compar#d the allowable values as per the
MORTH Specifications as shown in Table 4.4.

Table 4.2: Gradation of Dense Bituminous Macadam (MORTH, Clause 505.2.5)

Existing MORTH Gradation for Dense Bituminous Macadam
Grading 1 2
Nominal aggregate size| 37.5mm 26.5 mm
Layer Thickness 75-100 mm 50-75 mm
IS Sieve (mm) % passing % passing
45 100
37.5 95-100 100
26.5 63-93 90-100
19 - 71-95
13.2 55-75 56-80
9.5 - -
4.75 38-54 38-54
2.36 28-42 28-42
1.18 - -
0.6 - -
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0.3 7-21 7-21
0.15 - -
0.075 2-8 2-8
Bitumen content % Min4.0 Min4.5

Table 4.3: Percentage of Aggregate Size Retained

Calculated Blending For MORTH Gradation Grade-I|

20mm 10mm 2.36 retaining Stone dust Total
25% 35% 30% 10% 100%
Calculated Blending For ASTM Gradation
20mm 10mm 2.36 retaining Stone dust Total
25% 30% 30% 15% 100%
Calculated Blending For Kandhal Gradation
20mm 10mm 2.36 retaining Stone dust Total
25% 30% 30% 15% 100%
Table 4.4 Test Results of I ngredient Aggregates
Description of Test Specification as per Test Result
MORTHTable-500-18
Aggregate Crushing Value (%) Max. 10-25 17.23 %
Loss Angles Abrasion (%) Max. 30% 20.23 %
Aggregate Impact Value (%) Max. 24% 9.66 %
Water Absorption Max. 2% 0.75 %
Specific gravity Max. 2.5-3 2.65
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4.4 Bitumen Testing
The bitumen Samples were tested for the tests siowable 4.5. In these tests, the penetration
and viscosity test was performed to obtain consestef bitumen at some specified temperature

and designate grade of bitumen. The softening pesttis to obtain the temperature for bitumen

melt.
Table 4.5 Test results of Ingredient Bitumen Sample
Property Specification as per IS:| Test Results
73(2007)
Penetration Value, mm 50-70 mm 56
Softening Point’C >47C 74.5
Ductility, cm Min. 40 cm 90
Specific Gravity Min. 0.99 1.025

4.5 Stability-Flow Analysis of DBM Grade-Il with MO RTH Gradation

To determine the Marshall Properties of DBM Mix a@gtimum Binder Content (OBC),

Marshall Samples were prepared by MORTH gradatiah\earying no. of blows as 50, 75 and
100. Marshall Stability Test was carried out foegared bituminous Samples with varying
bitumen content from 4% to 5.5%. All the resultued of Marshall Properties of DBM Mix

obtained are plotted graphically and in the forntadile 4.6 to 4.8 as follows: -

Table 4.6: Marshall Test Resultsfor MORTH Gradation &50 No. of Blows

Marshall Properties of Bituminous Gradation — MORTH, Grade-II
Mix for No. of Blows — 50 Varying Bitumen Content

4% 4.5% 5% 5.5%
Corrected Stability (KN) 10.78 12 13 9
Flow Value (mm) 3.5 4.8 4.9 4.98
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Air Voids (%)V 7.48 5.95 5.24 4.43

VMA (%) 16.42 | 16.18| 16.37 16.66
VFB(%) 54.44 | 63.22| 68.23 74.40

Figure 4.1 shows the variation in corrected stgbdt different bitumen content. The maximum
Stability is 13KN at 5% of bitumen content.
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Figure4.1: Corrected Stability Vs Bitumen Content Curve for 50 blows

Figure 4.2 represents the increment of flow valith wespect to increasing the bitumen content.
The maximum flow value is 4.98 mm at 5.5% of bituneentent for 50 blows.
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Figure4.2: Flow Vs Bitumen Content curve for 50 blows
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Figure 4.3 shows the percentage of air voids inrtibe, which vary with bitumen content.

Percentage of air voids in the mix is 7.48 % atef%itumen content.

10

Air voids (%)
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Figure4.3: Air voids Vs Bitumen Content curve for 50 blows

Figure 4.4 shows the variation in percentage ofls¥an mineral aggregate at different bitumen
content. The maximum percentage of VMA is 16.66%.8% of bitumen content.
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Figure4.4: VMA Vs Bitumen Content curve for 50 blows
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Figure 4.5 indicates the variation in percentagevals filled with bitumen with different

bitumen content. The Maximum VFB is 74.40 %at 5&%itumen content.
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Figure4.5: VFB Vs Bitumen Content curve for 50 blows

Discussion of Results of MORTH Gradation

45.1 Effect of MORTH Grade-ll Aggregate Gradation for 50 Blows on Marshall
Properties of DBM Mix:

Marshall Stability test is conducted to determihe Marshall Properties of Dense Bituminous
Macadam Mix. Table 4.6 and figure 4.1 to 4.5 shdwesvariation in the Properties of DBM mix
for MORTH Grade-ll Gradation with the 50 blows afnspaction effort and using different
percentage such as 4%, 4.5%, 5% and 5.5% of bitwmetent. The optimum bitumen content is
calculated by adding the three terms such as M&bilBy, Max. Bulk Specific Gravity and

Bitumen content for air voids @ 4% and then dividby 3. The average value of these three is
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the Optimum Binder Content (O.B.C) for the Mix withORTH Gradation. For this gradation
the obtained optimum binder content is 4.5.

Table4.7: Marshall Test Resultsfor MORTH Gradation & 75 No. of Blows

Marshall Properties of Gradation — MORTH, Grade-lI
Bituminous Mix for No. Varying Bitumen Content
of Blows — 75

4% 4.5% 5% 5.5%
Corrected Stability(KN) 12.74 14.55 16.49 12
Flow Value (mm) 2.3 4.5 4.78 4.80
Air Voids (%)Vv 10.62 6.74 6 5.64
VMA(%) 19.32 16.75 17 18
VFB(%) 44.74 59.76 65 67

Figure 4.6 shows the variation in corrected stgbilith different bitumen content. The
Maximum Marshall Stability is 16.49 KN at 5% ofdmhen content.
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Figure 4.6: Corrected Stability Vs Bitumen Content curve for 75 blows
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Figure 4.7 represents the increment of flow valith wespect to increasing the bitumen content.
The maximum flow value is 4.80 mm at 5.5% of bituneentent for 75 blows.

Flow, (mm)
w

3.5 4 4.5 5 5.5 6
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Figure4.7: Flow Vs Bitumen Content curve for 75 blows

Figure 4.8 shows the percentage of air voids inrtibe, which vary with bitumen content.
Percentage of air voids in the mix is 10.62 % atef%itumen content.
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Figure4.8: Air voids Vs Bitumen Content curve for75 blows
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Figure 4.9 shows the percentage increases, voidsimeral aggregate at different bitumen
content. Maximum VMA is 19.32% @ 4% bitumen content
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Figure4.9: VMA Vs Bitumen Content curve for 75 blows

Figure 4.10 shows the variation in percentage ads/dilled with bitumen at different bitumen

content. The maximum VFB is 59.76 % at 4.5% ofiiém content.
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Figure 4.10: VFB Vs Bitumen Content curve for 75 blows
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45.2 Effect of MORTH Grade-ll Aggregate Gradation for 75 Blows on Marshall
Properties of DBM Mix:

The Optimum Bitumen Content is determining fronfetént percentage of bitumen used with
75 blows of compaction effort, which affects the rstaall Stability and Marshall Flow value.
Table 4.7 and figure 4.6 to 4.10 shows the vamatiothe Marshall Properties of DBM mix for
MORTH Gradation. In these figures, the Marshallb8ity is more than the required range of
Marshall Stability as per MORTH Specifications 2@eKN and obtained Marshall Stability is
16.49 KN. And the Marshall Flow value is also iresified range i.e 2 to 6 and obtained max.
Flow value is 4.80. Increasing the percentage tfinen content decreases the air voids

percentage. And increasing the compaction effowalkincreases the Marshall Stability value.

Table 4.8: Marshall Test Resultsfor MORTH Gradation & 100 No. of blows

Marshall Gradation — MORTH, Grade-II
Properties of Varying Bitumen Content
Bituminous Mix

for No. of Blows— | 4% 4.5% 5% 5.5%
100

Corrected 19.6 23.52 27.44 25.22
Stability

(KN)

Flow Value (mm) | 4.5 4.1 4.5 4.7
Air Voids (%)Vv | 5.91 6.34 2.0 4.8
Voids in Mineral 15.01 16.4 14.0 17.0
Aggregate (%)

VMA

VFB(%) 60.62 61.34 83.0 72.0
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Figure 4.11 shows the variation in corrected sitgtdit different bitumen content. The Marshall
Stability is maximum at 5% of bitumen content iSZZZ7KN.
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Figure4.11: Corrected Stability Vs Bitumen Content curve for 100 blows

Figure 4.12 represents the increment of flow valith respect to increasing the bitumen
content. The maximum flow value is 4.7 mm at 5.5%itumen content for 100 blows.
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Figure4.12: Flow Vs Bitumen Content curve for 100 blows
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Figure 4.13 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 6.34 % a% & bitumen content.
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Figure 4.13: Air voids Vs Bitumen Content curve for 100 blows

Figure 4.14 shows the variation in percentage alsyin mineral aggregate at different bitumen

content. The maximum percentage of VMA is 17% &a%oof bitumen content.
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Figure4.14: VMA Vs Bitumen Content curve for 100 blows
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Figure 4.15 indicates the variation in percentafjevads filled with bitumen with different

bitumen content. The Maximum VFB is 83% at 5% dfifsien content.
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Figure4.15: VFB Vs Bitumen Content curve for 100 blows

45.3 Effect of MORTH Grade-ll Aggregate Gradation for 100 Blows on Marshall
Properties of DBM Mix:

Table 4.8 shows the Marshall Properties of Dendgenihous Macadam Mix for MORTH

Gradation with the 100 blows of compaction effdkt.figure from 4.11 to 4.12 shows the
variation in Marshall Stability and flow value. Tiarshall Stability value by 100 blows of
compaction effort is more than the other two conipaceffort (50 and 75). Figure from 4.13 to
4.15 shows the variation in percentage with increned bitumen content in air voids %, voids
filled with bitumen % and voids in mineral aggregathe maximum percentage of air void is
6.34%, VMA is 17% and VFB is 83% @ 5% of bitumemimt. Increasing the bitumen content

thus decreases the voids in the specimen whicls gineemore stability. And also more the blows
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increase the Marshall Stability. The optimum bindentent for this gradation and compactive
effort is 4.83.

4.6 Stability-Flow Analysis of DBM Grade-Il with American Society for Testing and
Materials (ASTM) Gradation

Marshall Samples were prepared by American SodetyTesting and Materials (ASTM)

gradation, varying no. of blows 50, 75 and 100. $Watl Stability Test was carried out for
prepared bituminous Samples with varying bitumemteat from 4% to 5.5%. Optimum
Bitumen Content for ASTM Gradation, 4.56, 4.66 dm@l7 for 50, 75 and 100 are respectively.

The specimens prepared as per ASTM Gradation wested to determine the Marshall
Properties of DBM Mix such as Bulk density or B@kecific Gravity, Marshall Stability, Flow

value, percentage of Air Voids in the mix, VoidsNineral Aggregate and Voids Filled with
Bitumenand Optimum Binder Content (OBC).

All the result values obtained are presented indsah.9 to 4.11.

Table 4.9: Marshall Test Resultsfor ASTM Gradation & 50 No. of Blows

Marshall  Properties Gradation — ASTM
of Bituminous Mix for Varying Bitumen Content
No. of Blows — 50

4% 4.5% 5% 5.5%
Corrected Stability 16 17.836 18.43 13
(KN)
Flow Value (mm) 5 4.3 4.6 4.8
Air Voids (%)Vv 9.1 8.5 5 2.40
VMA (%) 18 18.6 16.31 15
VFB (%) 49 54.30 69.34 83.46
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Figure 4.16 shows the variation in corrected sitgtailt different bitumen content. The maximum
Stability is 18.43KN at 5% of bitumen content.
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Figure 4.16: Corrected Stability Vs Bitumen Content curve for 50 blows

Figure 4.17 represents the increment of flow valith respect to increasing the bitumen

content. The maximum flow value is 4.8mm at 5.5%iaimen content for 50 blows.
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Figure4.17: Flow Vs Bitumen Content curve for 50 blows
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Figure 4.18 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 9.1 % at 4%itmumen content.
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Figure4.18: Air voids Vs Bitumen Content curve for 50 blows

Figure 4.19 shows the variation in percentage alsyon mineral aggregate at different bitumen

content. The maximum percentage of VMA is 18.6%.8% of bitumen content.
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Figure4.19: VMA Vs Bitumen Content curve for 50 blows
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Figure 4.20 indicates the variation in percentaeaads filled with bitumen with different

bitumen content. The Maximum VFB is 83.46% at 5&%itumen content.
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Figure4.20: VFB Vs Bitumen Content curve for 50 blows

4.6.1 Effect of American Society for Testing & Mataals (ASTM) Aggregate Gradation for
50 Blows on Marshall Properties of DBM Mix:

The Optimum Bitumen Content Calculated from difféareercentage of bitumen such as 4%,
4.5%, 5% and 5.5% used with the 50 blows of compadeffort which affects the Stability and
flow value. Table 4.9 and figure 4.16 to 4.20 shaolesvariation in the Properties of DBM mix
for MORTH Gradation. In this type of gradation agggmte size is larger than the MORTH
Grade-II gradation. Larger size of aggregate areermompact and take more load. The optimum
binder content is calculated from three maximunuealof Marshall Stability-Flow analysis i.e
the maximum bulk specific gravity, maximum stalilénd bitumen content @4%. These values
are added and then divided by 3, The average \ddltigese three is called the optimum binder
content. For 50 blows the O.B.C obtained is 4.8he Maximum Marshall Stability is 18.43@
5% of bitumen content and Maximum Marshall Flomeais 4.8@ 5.5 of bitumen content.
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Table 4.10: ASTM Aggregate Gradation & 75 No. of blows

Marshall Properties Gradation — ASTM
of Bituminous Mix Varying Bitumen Content
for No. of Blows — 75

4% 4.5% 5% 5.5%
Corrected Stability 16.5 17.9 18.5 17.9
(KN)
Flow Value (mm) 4.5 4.9 4.92 4.99
Air Voids (%)Vv 24 6.9 2.39 3.61
Voids in Mineral 31.2 11.7 13.98 15.99
Aggregate (%) VMA
Voids Filled with 23.07 59.81 82.90 77.42
Bitumen (%) VFB

Figure 4.21 indicates the variation in correctedb#ity at different bitumen content. The
maximum Stability is 18.5 KN at 5% of bitumen cartte
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Figure4.21: Corrected Stability Vs Bitumen Content curve for75 blows
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Figure 4.22 represents the increment of flow valith respect to increasing the bitumen
content. The maximum flow value is 4.99 mm at 5&%itumen content for 75 blows.
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Figure4.22: Flow Vs Bitumen Content curve for 75 blows

Figure 4.23 shows the percentage of air voids e rthx, which vary with bitumen content.
Percentage of air voids in the mix is 24 % at 4%itafmen content.
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Figure4.23. Air voids Vs Bitumen Content curve for75 blows
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Figure 4.24 indicates the variation in percentagesads in mineral aggregate at different
bitumen content. The maximum percentage of VMALL3% at 5.5% of bitumen content.
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Figure4.24: VMA Vs Bitumen Content curve for75 blows

Figure 4.25 shows the variation in percentage afs/blled with bitumen with different bitumen

content. The Maximum VFB is 82.90 at 5% of bituncentent.
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Figure4.25: VFB Vs Bitumen Content curve for 75 blows
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4.6.2 Effect of American Society for Testing & Matdals (ASTM) Aggregate Gradation for
75 Blows on Marshall Properties of DBM Mix:

Table 4.10 shows the Marshall Properties of DengenBBhous Macadam Mix for MORTH
Gradation with the 75 blows of compaction effortfigure from 4.21 to 4.22 shows the variation
in Marshall Stability and flow value. The Marsh&fability value by 75 blows of compaction
effort is not very much varying from 50 blows ofnepaction effort. Figure from 4.23 to 4.25
shows the variation in air voids %, voids filledtiwbitumen % and voids in mineral aggregate

%. The Maximum stability and flow values 18.5 anéd%are respectively.

Table4.11: ASTM Aggregate Gradation &100 No. of blows

Marshall Gradation — ASTM

Properties of Varying Bitumen Content
Bituminous  Mix

for No. of Blows—| 4% 4.5% 5% 5.5%
100

Corrected 17 17.95 18.9 18
Stability

(KN)

Flow Value (mm) 4.5 4.95 5 5
Air Voids (%)Vv 8.3 7.3 1.91 6.02
Voids in Mineral 17 17.53 14 18
Aggregate (%)

VMA

Voids Filled with 50 58.35 85.71 66.66
Bitumen (%) VFB
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Figure 4.26 shows the variation in corrected sitgak different bitumen content
Stability is 18.9 KN at 5% of bitumen content.
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Figure 4.26: Corrected Stability Vs Bitumen Content curve for 100 blows

Figure 4.27 represents the increment of flow valith respect to increasing the bitumen

content. The maximum flow value is 5mm at 5% arid&of bitumen content for 100 blows.
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Figure4.27: Flow Vs Bitumen Content curve for 100 blows
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Figure 4.28 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 8.3 % at 4%itmmen content.
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Figure 4.28: Air voids Vs Bitumen Content curve for 100 blows

Figure 4.29 shows the variation in percentage alsyin mineral aggregate at different bitumen

content. The maximum percentage of VMA is 18% &a%&of bitumen content.
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Figure4.29: VMA Vs Bitumen Content curve for 100 blows
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Figure 4.30 indicates the variation in percentafjevads filled with bitumen with different

bitumen content. The Maximum VFB is 85.71% at 5%itdmen content.
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Figure 4.30: VFB Vs Bitumen Content curve for 100 blows

4.6.3 Effect of American Society for Testing & Mataals (ASTM) Aggregate Gradation for
100 Blows on Marshall Properties of DBM Mix:

Different percentage such as 4%, 4.5%, 5% and B®6PBttumen content was used to determine
the optimum bitumen or binder content for the Aroeni Society for Testing & Materials

(ASTM) gradation. Table 4.12 and figure 4.26 to74shows the variation in Marshall Stability
and flow value for different percentage of bituneamtent. It is found that the flow criteria for
DBM were satisfied for the entire range of mixesarbhall Stability test is conducted to
determine the Marshall Properties of Dense Bitumen®acadam Mix showm table 4.28 to

4.3Q The stability value is higher than then the mimm specified value as per MS2 and
MORTH specifications. The optimum binder contendnir the three maximum values of
Marshall Properties obtained as 4.67 for 100 blafscompaction effort using Marshall

Stability-Flow analysis method. The maximum Stapiland Flow values i.e 18.9@ 5% of
bitumen content and 5@ 5.5% of bitumen contentr@spectively. The maximum percentages
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obtained of air voids, VMA and VFB are 8.3@ 4%, 1&®% and 85.71@ 5% of bitumen

content.

4.7 Stability-Flow Analysis of DBM Grade-Il with Kandhal Gradation

Marshall Samples were prepared by Kandhal gradatiarying no. of blows 50, 75 and 100.
Marshall Stability Test was carried out for preghb#uminous Samples with varying bitumen
content from 4% to 5.5%. Optimum Bitumen ContemtASTM Gradation, 4.65, 4.66 and 4.7
for 50, 75 and 100 blows are respectively.To detgenthe Marshall Properties of DBM Mix
such as Bulk density or Bulk Specific Gravity, Maa# Stability, Flow value, percentage of Air
Voids in the mix, Voids in Mineral Aggregate and i¥#® Filled with Bitumenand Optimum
Binder Content (OBC). All the result values obtaim@e shown in form of Tables 4.12 to 4.14
Table 4.12: Kandhal Aggregate Gradation & 50 No. of blows

Marshall Gradation — Kandhal

Properties of Varying Bitumen Content

Bituminous Mix for

No. of Blows-50 4% 4.5% 5% 5.5%
Corrected Stability 13.58 17.95 18.62 13
(KN)

Flow Value (mm) 4.5 4.89 4.90 4.96
Air Voids (%)Vv 7.87 7.33 3.98 6.02
Voids in Mineral 16.78 17.56 15.34 18.09
Aggregate (%)

VMA

Voids Filled with 53.09 58.25 74.05 66.72
Bitumen (%) VFB
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Figure 4.31 shows the variation in corrected sitgalt different bitumen content. The Maximum
Marshall Stability is 18.62 KN at 5% of bitumen ¢eint.
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Figure 4.31: Corrected Stability Vs Bitumen Content curve for 50 blows

Figure 4.32 represents the increment of flow valith respect to increasing the bitumen

content. The maximum flow value is 4.96 mm at 5&%itumen content for 50 blows.
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Figure4.32: Flow Vs Bitumen Content curve for 50 blows
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Figure 4.33 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 7.87 % ataf%itumen content.

10

Air voids (%)
[e)]

3.5 4 4.5 5 5.5 6

Bitumen content (%)

Figure 4.33: Air voids Vs Bitumen Content curve for 50 blows

Figure 4.34 shows the variation in percentage alsyon mineral aggregate at different bitumen

content. The maximum percentage of VMA is 18.09%.5% of bitumen content.
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Figure4.34: VMA Vs Bitumen Content curve for 50 blows
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Figure 4.35 indicates the variation in percentafjeads filled with bitumen with different

bitumen content. The Maximum VFB is 74.05% at 5%itdmen content.
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Figure 4.35: VFB Vs Bitumen Content curve for 50 blows

4.7.1 Effect of Kandhal Aggregate Gradation for 5@Blows on Marshall Properties of DBM
Mix:

Table 4.13 shows the Marshall Properties of Dengentinous Macadam Mix for Kandhal
Gradation with the 50 blows of compaction effortfigure from 4.31 to 4.32 shows the variation
in Marshall Stability and flow value. Figure fron38 to 4.35 shows the variation in air voids %,
voids filled with bitumen % and voids in mineralgaggate %, which all are in specific range as
per MORTH specification. This aggregate gradaticsrks same as ASTM gradation, due to
large aggregate used in this gradation. Marshabifstty value is not very much varying from a
gradation ASTM’s Marshall Stability value. The aptim binder content for this gradation and
@ of 50 blows of compaction effort is 4.67. The Maxm percentage of air voids, voids in
mineral aggregate and voids filled with bitumen abtained as 7.87@ 4%, 18.09@ 5.5% and
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74.05 at 5% of bitumen content. The maximum MaisBibility and Flow values i.e 18.62 and
4.96 at 5.5% &5.5% of bitumen content are respebtiv

Table 4.13: Kandhal Aggregate Gradation & 75 No. of blows

Marshall Properties of Bituminous Gradation — Kandhal

Mix by No. of Blows—75 Varying Bitumen Content
4% 4.5% 5% 5.5%

Corrected Stability (KN) 14.5 18 18.80 17.5

Flow Value (mm) 4.8 4.9 4.95 4.98

Air Voids (%)V 59 7.33 2.7 4.81

Voids in Mineral Aggregate (%) 12.5 14.81 14.2 17.4

VMA

Voids Filled with Bitumen (%) 74.88 71.37 81 71.77

VFB

Figure 4.36 shows the variation in corrected sitgalt different bitumen content. The Maximum
Stability is18.80 KN at 5% of bitumen content.

20
z
¥ 18
2
= 16
QO
T
n 14
g1
2
g 10

3.5 4 4.5 5 5.5 6
Bitumen content (%)

Figure 4.36: Corrected Stability Vs Bitumen Content curve for 75 blows

70



Figure 4.37 represents the increment of flow valith respect to increasing the bitumen

content. The maximum flow value is 4.98 mm at 5&%itumen content for 75 blows.
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Figure4.37: Flow Vs Bitumen Content curve for 75 blows

Figure 4.38 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 5.9 % at 4%itmumen content.
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Figure 4.38: Air voids Vs Bitumen Content curve for 75 blows

71



Figure 4.39 shows the variation in percentage alsyn mineral aggregate at different bitumen

content. The maximum percentage of VMA is 17.4%.58%0 of bitumen content.
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Figure 4.39: VMA Vs Bitumen Content curve for 75 blows

Figure 4.40 indicates the variation in percentaeaads filled with bitumen with different

bitumen content. The Maximum VFB is 74.88% at 4%itdmen content.
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Figure 4.40: VFB Vs Bitumen Content curve for 75 blows
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4.7.2 Effect of Kandhal Aggregate Gradation for 78Blows on Marshall Properties of DBM
Mix:

Different percentage such as 4%, 4.5%, 5% and B®6Pttumen content was used to determine
the optimum bitumen or binder content for the Kaaldjradation. Table 4.14 and figure 4.36 to
4.37 shows the variation in Marshall Stability diwdv value for different percentage of bitumen
content. It is found that the flow criteria for DBMere satisfied for the entire range of mixes.
Marshall Stability test is conducted to determihe Marshall Properties of Dense Bituminous
Macadam Mix showing in table 4.38 to 4.40. The iitglvalue is higher than then the minimum
specified value as per MS2 and MORTH specificatidhaximum Marshall Stability is found at
5% of bitumen content. The optimum binder contemtthis aggregate gradation and for 75
blows of compactive effort is 4.83. The Maximum Bfaall Stability for 75 blows of compactive
effort is 18.80 KN@ 5% and Marshall Flow is 4.98&95.

Table 4.14: Kandhal Aggregate Gradation and 100 No. of blows

Marshall Gradation — Kandhal

Properties of Varying Bitumen Content
Bituminous Mix by

No. of Blows-100 4% 4.5% 5% 5.5%
Corrected Stability 15 18.266 18.751 17.7
(KN)

Flow Value (mm) 5 4.98 4.99 5
Air Voids (%)Vv 9.44 7.34 2 3.61
Voids in Mineral 18.22 17.65 14 16
Aggregate (%)

VMA

Voids Filled with 48.18 58.25 82.78 77.37
Bitumen (%) VFB
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Figure 4.41 shows the variation in corrected sitgalt different bitumen content. The Maximum
Marshall Stability is 18.7 KN@ 5% of bitumen cortten
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Figure 4.41: Corrected Stability Vs Bitumen Content curve for100 blows

Figure 4.42 represents the increment of flow valith respect to increasing the bitumen

content. The maximum flow value is 5 mm at 5.5%itdmen content for 100 blows.
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Figure 4.42: Flow Vs Bitumen Content curve for100 blows
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Figure 4.43 shows the percentage of air voids e rthx, which vary with bitumen content.

Percentage of air voids in the mix is 9.44 % atef%itumen content.
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Figure4.43: Air voids Vs Bitumen Content curve for 100 blows

Figure 4.44 shows the variation in percentage alsyon mineral aggregate at different bitumen

content. The maximum percentage of VMA is 18.2%%tof bitumen content.
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Figure 4.44: VMA Vs Bitumen Content curve for 100 blows
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Figure 4.45 indicates the variation in percentaeaads filled with bitumen with different

bitumen content. The Maximum VFB is 82.78% at 5%itdmen content.
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Figure4.45: VFB Vs Bitumen Content curve for 100 blows

4.7.3 Effect of Kandhal Aggregate Gradation for 100Blows on Marshall Properties of
DBM Mix:

The Optimum Bitumen Content determining from difietr percentage of bitumen i.e 4%, to
5.5% used with the 100 blows of compactive effohicli affects the Stability and flow value.
Table 4.15 and figure 4.41 to 4.45 shows the viananh the Marshall Properties of DBM mix
for Kandhal Gradation. The Maximum Stability is 181 determined for the 100 blows of
compaction effort. The three values of Marshall gerties taken i.e Marshall Stability,
Maximum Bulk Specific Gravity and bitumen contend% for determining the optimum binder
content. Add the three values then divide by 3 #msl average value is called the optimum
binder content. For this gradation and compactifertethe O.B.C. is 4.67. For this gradation
and 100 blows of compactive efforts the Maximumwrie 5@ 5.5% of bitumen content. Also
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the maximum percentage of air voids, voids in mahaggregate (VMA) and voids filled with
bitumen (VFB), 9.44@4%, 18.22 @4% and 82.78 argecis/ely.

4.8 Comparison between Aggregate Gradation and Conagtive Effort

Figure 4.46 to 4.49 represents the variation irddall Stability values for three types of
aggregate gradation i.e MORTH, ASTM and Kandhal fimdhree types of compactive efforts
i.e 50, 75 & 100 blows@4%,4.5%,5% & 5.5% of bituncemtent.
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Figure 4.46. Marshall Stability Vs Aggregate Gradation & Compactive Effort

@ 4% of bitumen content
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Figure 4.47. Marshall Stability Vs Aggregate Gradation & Compactive Effort

@4.5% of bitumen content
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Figure 4.48. Marshall Stability Vs Aggregate Gradation & Compactive Effort

@ 5% of bitumen content
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Figure 4.49: Marshall Stability Vs Aggregate Gradation & Compactive Effort

@5.5% of bitumen content
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Figure 4.50 to 4.53 represents the variation imdfall Stability values for three types of
aggregate gradation i.e MORTH, ASTM and Kandhalfandhree types of compactive efforts
i.e 50, 75 & 100 blows@4%,4.5%,5% & 5.5% of bituncemtent.
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Figure 4.50: Marshall Flow Vs Aggregate Gradation & Compactive Effort

@ 4% of bitumen content
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Figure4.51: Marshall Flow Vs Aggregate Gradation & Compactive Effort

@ 4.5% of bitumen content
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Figure4.52: Marshall Flow Vs Aggregate Gradation & Compactive Effort

@ 5% of bitumen content
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Figure 4.53: Marshall Flow Vs Aggregate Gradation & Compactive Effort
@5.5% of bitumen content
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4.9 Comparison for O.B.C between Aggregate Gradatioand Compactive Effort

Figure 4.50 represents the different optimum bindentent for three types of aggregate
gradation i.e MORTH, ASTM and Kandhal and for thtgees of compactive efforts i.e 50, 75 &
100 blows@4%,4.5%,5% & 5.5% of bitumen content.
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Figure4.54: O.B.C Vs Aggregate Gradation & Compactive Effort
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CHAPTER-5
CONCLUSIONS

The stability of mix with different type of aggrédga shows good results, against
satisfying the minimum requirement of 9 Klhe maximum stability is observed at 5%
of bitumen content for all three types of aggregatedation of the bituminous mixes of
DBM grade-ll. The Maximum Stability is 27.44KN a®b bitumen content for the
MORTH Gradation for 100 blows. The correspondingximaim stability for ASTM
Gradation is 18.9 KN at 5% bitumen content for bafws.

The Maximum Marshall Flow values for MORTH, ASTMdiKandhal Gradation are

9mm at bitumen content 5.5% for 100 blows, 4.98 atrbitumen content 5.5% for 50

blows and 5 mm at 5 % bitumen content for 75 blamg 5 mm at 5.5 % bitumen content
for 100 blows.

The highest percentage of air voids is observedi%t bitumen content. With the
increment of bitumen content void content decreashe Maximum air voids for the
three aggregate gradation and for three types ofpective effort are 10.62 % for
MORTH at 4% bitumen content for 75 blows, 24% f&@ M at bitumen content 4% for
75 blows, 9.44 % for Kandhal at 4% bitumen confent.00 blows.

The Maximum percentage of voids in mineral aggregar MORTH, ASTM and
Kandhal gradation are 19.32% at 4% bitumen corfteni5 blows, 31.2% at 4% for 75
blows and18.22% at 4% bitumen content for 100 blawesrespectively.

The Optimum Binder Content for MORTH gradation i83% at 100 blows, for ASTM
gradation 4.67% and for Kandhal gradation 4.83%5ablows. The Marshall Stability
value is observed to increase in every type ofegge gradation with the increase in the
compaction effort.
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