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Abstract— The bituminous blend design purpose to decide 

the proportion of bitumen, filler, quality aggregates, and 

route aggregates to produce a combination that's 

manageable, sturdy, long lasting, and reasonably-priced. 

Bituminous blend layout is a touchy balancing act the 

various proportions of various combination sizes and 

bitumen content. For a given mixture gradation, the most 

suitable bitumen content is predicted with the aid of 

fulfilling some of combination layout parameters. This 

article in short discusses the modern-day approaches in 

bituminous blend layout and singles out the problems 

concerned. 
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I. INTRODUCTION 

Construction of dual carriageway entails large outlay of 

funding. A unique engineering layout can also save 

substantial funding; as properly a reliable performance of 

the in-company highway can be carried out. Two subjects 

are of primary worries in this regard – pavement layout and 

the mix format. The present article emphasizes at the 

mixture layout issues. 

A pinnacle layout of bituminous blend is expected 

to bring about a mix which is sufficiently (i) strong (ii) 

durable (iii) restive to fatigue and permanent deformation 

(iv) Surroundings pleasant (v) cost effective and so forth. A 

mixture clothier tries to accumulate the ones requirements 

via some of tests at the aggregate with varied proportions 

and finalizes with the quality one. This regularly consists of 

stability among together conflicting parameters. The present 

article attempts to pick out some of the issues worried in 

these paintings of bituminous blend layout and the route of 

current-day research. 

II. EVOLUTION OF MIX DESIGN CONCEPTS 

During 1900’s, the bituminous paving approach modified 

into first used on rural roads – if you want to cope with fast 

removal of first-class particles within the form of dirt, from 

Water Bound Macadam, which become added about 

because of speedy increase of automobiles [Roberts et al. 

2002]. At preliminary stage, heavy oils were used as dust 

palliative. An eye estimation way, called pat check, becomes 

used to estimate the needful amount of the heavy oil inside 

the mix. By this machine, the aggregate changed into patted 

like a pancake form, and pressed towards a brown paper. 

Depending at the amount of stain it made at the paper, the 

appropriateness of the quantity have become adjudged 

[Roberts et al. 2002]. The first formal blend layout method 

modified into Hubbard subject technique, which become at 

the start developed on sand-asphalt aggregate. Mixes with 

massive aggregates couldn't be handled in Hubbard 

discipline technique. This was one of the limitations of this 

machine. Francis Hveem, an assignment engineer of 

California Department of Highways, evolved the Hveem 

stabilometer (1927). Hveem did now not have any previous 

experience on judging the simply proper blend from its 

Colour, and therefore decided to Measure numerous blend 

parameters to find out the most gratifying amount of 

bitumen [Vallerga and Lovering 1985]. Hveem used the 

floor location calculation concept (which already existed at 

that point for cement concrete mixture design), to estimate 

the amount of bitumen required [Hveem 1942]. Moisture 

susceptibility and sand equivalent exams have been added to 

the Hveem check in 1946 and 1954 respectively [Roberts et 

al. 2002]. Bruce Marshall superior the Marshall testing 

gadget simply earlier than the World War-II. It became 

followed in the US Army Corps of Engineers in 1930’s and 

finally modified in 1940’s and 50’s. 

III. PURPOSE 

The objective is to produce a design for a bituminous 

material which will satisfy the specified design criteria, and 

which can be produced and laid by experienced operators to 

the requirements of the specification. The design is to be 

conducted at an approved laboratory by personnel 

experienced in this type of work. 

A. Types of Mix:   

1) Well-Graded mix: Dense mix, Bituminous concrete has 

well proportion of all constituents and are called dense 

bituminous macadam, offer good compressive strength 

and some tensile strength. 

2) Gap-Graded mix: Some large course aggregates are 

missing and has good fatigue and tensile strength. 

3) Open-Graded mix: Fine aggregates and filler are 

missing, it is porous and offer good friction, low 

strength and for high speed. 

4) Unbounded: binder is absent and behaves under loads 

as if its components were not linked together, though 

good interlocking exists. Very low tensile strength and 

need kerb protection. 

IV. SELECTION OF MIX INGREDIENTS 

Binder and aggregates are the two predominant components 

of bituminous blend. This segment discusses some of the 

troubles worried in selection of binder and aggregates. 

Binder: Generally binders are decided on based 

totally mostly on some easy checks and one of kind web 

site-precise requirements. These assessments might be 

distinct relying of the form of binder viz. Penetration grade, 

cutback, emulsion, modified binder and many others. For 

most of those checks, the check situations are pre-constant 

in the specifications.  

Temperature is an important parameter which 

influences the modulus in addition to the getting older of 

binder. Superpave specifications [Superpave 1997, 2001] 
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endorse that these acceptability exams are to be executed on 

the ordinary area temperatures, not in a laboratory special 

temperature. This is an important consideration due to the 

reality, binder from precise assets may also display same 

bodily houses at a particular temperature, and however their 

performances also can range significantly at distinctive 

temperatures. In Superpave specifications, therefore, 

handiest the applicable check values are recommended, and 

now not the test temperatures. The temperature values are 

determined out from the maximum commonplace maximum 

and minimal temperatures at the field at a given opportunity 

degree. Rolling Thin Film Oven Test (RTFO), Pressurized 

Aging Vessel (PAV), Dynamic Shear Rheometer, Rotational 

Viscometer, Bending Beam Rheometer, Direct Tension 

Tester are a number of the exams encouraged in Superpave 

binder desire [Superpave 1997, 2001] 

Aggregate: Number of exams is encouraged in the 

specifications to decide the houses of the aggregates, e.g. 

Power, hardness, longevity, durability, angularity, shape 

elements, clay content fabric, adhesion to binder etc. 

Angularity ensures adequate shear strength due to 

combination interlocking, and limiting flakiness ensures that 

aggregates will now not wreck at some point of compaction 

and coping with. 

Theoretically, it's far hard [Sino 1987, Oberg 1996] 

to assume the mixture volumetric parameters, even the 

ensuing void ratio, even as the gradation curve is idea. The 

Fuller’s experimental have a look at for minimum void 

distribution [Fuller and Thompson 1907] nevertheless 

paperwork the basis of those sports. Strategic Highway 

Research Program (SHRP), USA fashioned a 14 member 

Expert Task Group for evolution of suitable combination 

gradation to be used for Superpave. The agency, after 

several rounds of discussions decided to apply 0.45 strength 

Fuller’s gradation as the reference gradation, with positive 

constrained zones and control elements. The restricted 

region and control points are integrated an amazing way to 

ensure positive percentage of fines for (i) proper 

interlocking of aggregates (ii) to avoid the autumn in shear 

power of blend because of excess of fines and (iii) to hold 

requisite Voids in Mineral Aggregates (VMA). These 

manage factors and restrict zones are more as guidelines for 

selecting a gradation than a compulsion to be found. 

A massive variety of researches had been referred to that 

have studied performances of several possibility gradations. 

In India additionally a few research [Das et al. 2004] had 

been finished on numerous non-popular gradations to peer 

whether the consequent mixes display higher overall 

performance than the same old mixes. 

V. ROLE OF MIX VOLUMETRIC PARAMETERS 

Bitumen holds the aggregates in characteristic, and the 

weight is taken through the aggregate mass through the 

contact factors. If all the voids are stuffed through bitumen, 

then the burden is instead transmitted by hydrostatic stress 

thru bitumen, and strength of the combination therefore 

reduces. That is why balance of the mixture starts lowering 

at the same time as bitumen content material is improved 

further beyond certain price. 

During summer time, bitumen melts and occupies 

the void space most of the aggregates and if void is 

unavailable, bleeding is precipitated. Thus, some amount of 

void is important to provide with the aid of using design in a 

bituminous blend, even after the final degree of compaction. 

However excess void will make the aggregate susceptible 

from its elastic modulus and fatigue existence concerns. The 

probabilities of oxidative hardening of bitumen are extra, in 

which, the combination has more voids. 

Evaluation and selection of mixture gradation to 

obtain minimal VMA is the maximum difficult and time-

consuming step in the combination format system 

[Anderson and Bahia 1996]. VMA specification has 

continuously been a big difficulty in combo design specs. 

The recommendation of minimum VMA is from time to 

time wondered with the aid of using the researchers, and is 

stated not to be equitable at some stage in incredible 

gradations. It is visible that the bitumen movie thickness, in 

preference to the VMA, can be associated with durability of 

the mixture [Kendal 1998]. 

There is not any unified method in the direction of 

bituminous mix layout, as a substitute there are a number of 

processes, and each has some deserves are demerits. Table-1 

summarizes [RILEM 17 1998] a number of the important 

bituminous mix layout procedures: 

Mix design 

method 
Mix design method 

Recipe 

method 

 

Recipe based on revel in of conventional 

mixes of recognized composition. This is 

enjoy based totally technique, which has 

proven correct overall performance over 

lengthy period of time, and underneath 

given website, traffic and climate 

conditions. 

Empirical 

mix design 

method 

In empirical blend design technique, 

optimization of numerous variables are 

completed by means of mechanical 

empirical test, considering some specs as 

limits which advanced via earlier 

experience. Variables taken into 

consideration on this approach might not be 

used as direct measures of performance. 

Analytical 

method 

The analytical technique does now not 

recollect preparation of any bodily 

specimen. Composition is determined 

completely through analytical 

computations. 

Volumetric 

method 

In volumetric approach, proportional 

volume of air voids, binder and aggregates 

are analyzed in a combination that is 

compacted inside the laboratory with the 

aid of a few manners close to field 

compaction technique. 

Performance 

related 

approach 

In performance associated blend design, the 

specimens that meet volumetric standards 

are compacted and tested with simulation 

and/or essential checks to estimate their 

houses which can be related to pavement 

overall performance. 

Performance Performance primarily based approach is 
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based 

approach 

something which is primarily based at the 

overall performance of the whole system. 

Laboratory instrumentation tends to 

simplify the state of affairs, but it's far 

certainly difficult to simulate discipline 

situations. Superpave mix layout 

recommends use of Superpave shear tester, 

oblique tensile tester for evaluation of 

laboratory of the bituminous blend. These 

checks are essentially improved overall 

performance exams of bituminous mixes. 

Table 1: Various mix design approaches [RILEM 17 1998] 

Various nations have followed diverse mix layout 

methods that have been advanced through character 

experiences. Most of the time those do now not follow a 

selected method as enlisted in Table-1, as an alternative use 

a mixed technique. Some of those blend layout strategies 

followed in various specs may be summarized in Table-2 

[RILEM 17 1998]. 

Specification/ 

organization 
Country Category 

NARC’96-I-III 

 
Australia 

Recipe/ Volumetric/ 

Performance related 

ASTO/ PANK’95 

 
Finland 

Recipe/ Volumetric/ 

Performance related 

AFNOR 

 
France 

Recipe/ Volumetric/ 

Performance related 

DIN Germany Recipe/ Empirical 

CROW 
The 

Netherland 

Volumetric/ 

Performance related 

BS 594 / 598 UK Recipe/ Empirical 

Asphalt Institute USA Empirical/ Volumetric 

SHRP Superpave USA 

Volumetric/ 

Performance related / 

Performance based 

Table 2: Mix design approaches adopted in various 

specifications/ organizations [RILEM 17 1998] 

Recent trends: As apparent from the above 

discussion, the latest emphasis on bituminous mix layout is 

on overall performance related and overall performance 

based totally tactics. The requirement of a very good blend 

design has changed sometimes. Table-three offers some idea 

of ways the combination design necessities have modified 

from beyond to provide. 

Past Present 

Stability Stiffness 

Durability Permanent deformation 

Economy Fatigue 

 Temperature susceptibility 

 Low temperature cracking 

 Moisture susceptibility 

 Freeze-thaw 

 Permeability 

 Economical 

 Environment friendly 

 Workability 

 Economy 

Table 3: Requirements of bituminous mix design: 

Some of the above necessities are now and again 

together conflicting. For, instance, the higher is the bitumen 

content, the better is the fatigue lifestyles, supplied all the 

different parameters are saved unchanged. But with the 

growth of bitumen content material, the resistance to rutting 

can also decrease. Increase in bitumen content now not 

followed thru accurate sufficient quantity of air voids will 

result in the autumn of stability of the combination, the 

possibilities of bleeding will boom. The only manner to 

boom bitumen content maintaining sufficient air voids (VA) 

is with the aid of maximizing VMA and definitely gradation 

can be designed. 

Heavy obligation bituminous pavements are 

composed of bituminous binder route and wearing course, 

for example, Dense Bituminous Macadam (DBM) and BC 

[MORT&H 2001], as consistent with Indian specification. 

Same grades of bitumen are typically used for advent of 

these layers. Generally equal grades of bitumen are used for 

introduction of those layers. Stiffer grade of bitumen has 

better fee of stiffness, and it causes lesser stains to the 

pavement layers and also it's miles expected to reveal lesser 

rutting. On the opportunity hand, better fatigue lifestyles as 

observed for bituminous mixes with softer grade of bitumen 

[Das 1998], indicates greater durability of the pavement in 

opposition to fracture. It can be demonstrated 

computationally [Das and Pander 2000, Das 2004] that if a 

pavement is constructed with softer grade of bitumen on the 

decrease layer, and harder grade on the top layer, the 

pavement is expected to last longer, than a pavement 

constructed with identical grades for each the layers – this 

method is known as wealthy-backside pavement 

manufacturing [Harvey et. Al. 1997, Mon smith 2001] in 

different global locations. 

VI. DISCUSSIONS 

The present article has discussed a number of the issues 

involved in bituminous combination layout. The 

complicated conduct of bituminous mixes and its courting 

with volumetric parameters aren't absolutely understood; as 

of now, the bituminous mix layout largely depends on the 

laboratory experiments and its overall performance on the 

in-issuer roads is difficult to be expecting. The Marshall 

take a look at is a well-known blend design approach, 

probable due to its simplicity and coffee fee. The Superpave 

recommendations have rationalized the thoughts of 

bituminous blend layout to a wonderful and amount; but, it 

includes evaluation of blend houses through a number of 

steeply-priced devices. But, a number of the standards, for 

example, improvement of statistical specs of binder and 

mixture, issues of mix performances close to fatigue, rutting 

and distinct parameters is probably validated earlier than 

finalizing the combination proportions. It is probable the 

want of the day to develop a sequential mix layout protocol 

at various tiers of significances. With the development 

several of unique reason mixes, mixes with modified 

bitumen, perpetual pavement, rich bottom pavement and so 

on. – It’s far expected that in future days, the aggregate 

design and structural pavement format collectively will 

amplify to be an integrated approach. 
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