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a b s t r a c t

Bitumen requirement in hot mix asphalt (HMA) is directly dependent on the surface area of

the aggregates in the mix, which in turn has effect on the asphalt film thickness and the

flow characteristics. The surface area of aggregate blend in HMA is calculated using the

specific surface area factors assigned to percentage passing through some specific standard

sieve sizes and the imaging techniques. The first process is less capital intensive, but

purely manual and labour intensive and prone to human errors. Imaging techniques

though eliminating the human errors, still have limited use due to capital intensiveness

and requirement of well-established laboratories with qualified technicians. Most of the

developing countries like India are shortage of well-equipped laboratories and qualified

technicians. To overcome these difficulties, the present mathematical model has been

developed to estimate the surface area of aggregate blend of HMA from physical properties

of aggregates evaluated using simple laboratory equipment. This model has been validated

compared with the existing established methods of calculations and can be used as one of

the tools in different developing and under developed countries for proper design of HMA.

© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on

behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Flexible pavement accounts for major percentages of the

roads all over the world with the hot mix asphalt (HMA) as its

base and surface course. The bituminous course up to 350mm

thick may be used in heavy traffic, making it the as the most

expensive component of the road project costing up to two

thirds of the total cost. The surface area of the aggregates

blended in HMA can directly affect the asphalt film thickness

and the flow characteristics (Anirudh et al., 2014; Arasan et al.,

2010a, b; Naidu and Adiseshu, 2013; Ramli et al., 2013). Esti-

mation of the surface area of aggregates inHMA is difficult due

to their irregular shapes and the roughness of surface texture

(Wang and Lai, 2009). The surface areawhich is one of the vital

inputs in the design of HMA primarily derived based on the

* Corresponding author. Tel.: þ91 9437544200.
E-mail addresses: rp.panda@nic.in (R. P. Panda), ssdas8@gmail.com (S. S. Das), pksahooiitkgp@yahoo.com (P. K. Sahoo).

Peer review under responsibility of Periodical Offices of Chang'an University.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier .com/locate/ j t te

j o u rn a l o f t r a ffi c a nd t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 6 ; 3 ( 2 ) : 1 2 7e1 3 6

http://dx.doi.org/10.1016/j.jtte.2015.10.007
2095-7564/© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on behalf of Owner. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rp.panda@nic.in
mailto:ssdas8@gmail.com
mailto:pksahooiitkgp@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtte.2015.10.007&domain=pdf
www.sciencedirect.com/science/journal/20957564
http://dx.doi.org/10.1016/j.jtte.2015.10.007
http://dx.doi.org/10.1016/j.jtte.2015.10.007
http://dx.doi.org/10.1016/j.jtte.2015.10.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.elsevier.com/locate/jtte


centrifuge kerosene equivalent (CKE) (Asphalt Institute, 2007).

Asphalt Institutes Manual Series MS-2 standardized the

surface area factor (SAF) for a specified set of sieve sizes.

Subsequently, fractional dimensional method was developed

and a major improvement was achieved on surface area

measurement through 3D laser imaging techniques to

improve the accuracy (Arasan et al., 2010a, b). However,

these techniques are either time consuming, limited

accuracy, prone to subjectivity and human error or

expensive. The costly 3D laser imaging equipment is not

even available in all research laboratories of developing

countries like India. Even the laboratories in remote areas of

developing and under developed countries do not have the

standard Marshall design equipment, which makes mix

design of HMA difficult for field engineers. To overcome

these difficulties, a simple mathematical model based on the

physical properties of aggregates has been developed in the

present paper for estimating surface area of the aggregates

used in HMA and validated compared with other important

existing methods used worldwide.

2. Background

HMA is a heterogeneous mix of materials consisting of ag-

gregates, mineral fillers, bitumen, additives and air voids.

Aggregates constitute themajor portion of the HMA, primarily

responsible for strength. HMA is designed to be durable under

different types of loading and environmental conditions. Its

durability mostly depends on (i) the type and quantity of

bitumen, (ii) gradation, quality and quantity of aggregates, (iii)

quantity of mineral fillers and voids (Anochie-Boateng et al.,

2011; Anochie-Boateng and Maina, 2013; Anirudh et al., 2014;

Arasan et al., 2010a, b; Bhasin and Dallas, 2006; Naidu and

Adiseshu, 2013; Ramli et al., 2013). The physical properties of

aggregates, i.e., angularity, form and texture at a macro scale

are co-related with the distress mode, such as rutting in HMA.

The physical and chemical properties of aggregates at amacro

and micro scale also influence the performance of the HMA.

Therefore, for estimating strength of the HMA, evaluation of

the surface area of aggregate blend used in HMA in an accu-

rate manner (Anochie-Boateng et al., 2011; Anochie-Boateng

and Maina, 2013) is of vital importance. But evaluating the

surface area of aggregates in a mix or even a single aggregate

is difficult due to their irregular shapes, and the roughness of

surface texture of aggregate particles (Fig. 1). This picture

gives a rough assessment difficulty in measuring the surface

area of aggregates.

A detailed and systematic reviewof literatures enumerating

thework done by researchers on the surface area calculation of

the aggregates used in HMA to ascertain the virtual film thick-

ness for quantifying bitumen are described below.

Francis Hveemwas among the first in the 1930's developed
a mix design method for calculating the optimum bitumen

content (OBC) for California Department of Transport. Here,

film thickness was considered as an important factor for

designing HMA and assumed that each aggregate particle

needed to be covered with same optimum film thickness. This

paves way for calculating the surface area of the aggregate

blend was used in HMA (Asphalt Institute, 2007). The research

thereafter could not swap Asphalt Institutes Manual Series

MS-2 based on SAF for a specified set of sieve sizes widely

used for deriving the surface area of aggregates blend used

in HMA prior to 2003. Radovskiy (2003) analysed the formula

used for calculating the film thickness in HMA and observed

that obtaining film thickness by dividing the effective

volume of asphalt to surface area calculated using specific

surface area factor needs revision and stressed for revisiting

Fig. 1 e Picture of the aggregate particles.

Fig. 2 e Graph between lg (SSA factor) and lg (P).

j o u r n a l o f t r a ffi c and t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 6 ; 3 ( 2 ) : 1 2 7e1 3 6128

http://dx.doi.org/10.1016/j.jtte.2015.10.007
http://dx.doi.org/10.1016/j.jtte.2015.10.007


Download English Version:

https://daneshyari.com/en/article/292714

Download Persian Version:

https://daneshyari.com/article/292714

Daneshyari.com

https://daneshyari.com/en/article/292714
https://daneshyari.com/article/292714
https://daneshyari.com

