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Abstract. The problem of calculating the quantity of a required bitumen is formulated as follows: from certain mineral 
materials the grading curves and narrow fraction bitumen receptivities which are known to determine the composition of 
an asphalt concrete mixture that satisfies grading limitations of mineral materials and contains minimum quantity of a 
required bitumen. Mathematical analogues of the problem are presented. 

A personal computer programme for calculating the minimum quantity of a required bitumen is prepared, and 
some example problems are solved. An analysis of the results is presented. 
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1. Introduction 

Asphalt concrete is a heterogeneous material. It con
sists of endless number of mineral particles, bitumen and 
pores. In their tum, mineral particles are located in the 
volume of material anyhow and are characterized by their 
size, shape and chemical nature. The main aim of an 
asphalt concrete designer is to get such a ratio of mine
ral particles, bitumen and pores that corresponds to the 
best physical and mechanical properties of asphalt conc
rete. It is a difficult and not solved yet problem. The 
most popular "ideal" grading curves method in use [1-
4] is only a compromise between the scientific view on 
asphalt concrete as a heterogeneous material model and 
engineering goals. According to this method, a mineral 
part of asphalt concrete mixture is sufficiently homoge
neous if the decrease of diameter of mineral particles of 
a narrow fraction by ~ times, corresponds to the decrea
se of a quantity of the same fraction by ~ times. Coeffi
cients~ and ~are found experimentally. Taking into ac
count the fact that real shape of mineral particles is dif
ferent, not one but two limit grading curves are drawn. 
Thus, when the "ideal" grading curves method is used, 
the properties of mineral part of asphalt concrete mixtu
re depends both on the number of sieves (fractions) and 
the distance between points of grading curve of asphalt 
concrete designed and middle points of limit curves. The 
bitumen quantity is established separately taking into ac
count the porosity of framework of mineral party or us
ing bitumen receptivities. 

It is evident, the analysis of an asphalt concrete using 
heterogeneous material model gives an opportunity to fo-

recast physical and mechanical properties of an asphalt 
concrete mixture, or an asphalt concrete more exactly. It 
is known [5] that for description of materials of similar 
composition differential equations are used. However, the 
discrete element method [6-10] is the best way for com
plex investigation of asphalt concrete composition. One 
of the main advantages of this method in comparison 
with that of the "ideal" grading curves is the possibility 
to evaluate the reciprocal forces between mineral partic
les and bitumen, peculiarities of mixing, consolidating 
the mixture as well as to investigate segregation, ie to 
"observe" the process of asphalt concrete mixing or asp
halt concrete formation. 

As the discrete element method demands large com
puter resources and its putting into practice is limited, the 
"ideal" grading curves method is used at present. In the 
article the problem of optimal quantity of bitumen in an 
asphalt concrete mixture is investigated by this method. 

2. Peculiarities of bitumen quantity optimization 

The bitumen quantity in an asphalt concrete mixtu
re depends on the bitumen grade, the composition of mi
neral materials as well as on the size, shape and chemi
cal nature of mineral particles. Thus the optimization of 
the bitumen quantity is a complex problem. First, many 
different parameters must be taken into consideration; 
secondly, the defined quantity of the bitumen must both 
be minimum (it is especially important as bitumen is the 
most expensive component) and guarantee the best pro
perties of an asphalt concrete. There are three ways to 
get an asphalt concrete mixture with minimum quantity 
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of the bitumen: a) to improve the technology of manu
facture; b) to choose materials with minimum bitumen 
receptivity [11]; c) to determine the optimal composi
tion of mineral part of asphalt mixture in respect of bi
tumen. In the article the third way is considered only. 

For minimization of bitumen quantity mathematical 
programming is proposed. This method is successfully 
used in designing asphalt concrete mixtures both for mi
nimal price and for mineral part with homogeneous com
position [12, 13]. 

In practice, the establishment of optimal quantity of 
bitumen consists of two stages. Firstly, optimal quantity 
of bitumen is obtained by using different numerical met
hods; secondly, the obtained quantity is defined more 
exactly by experiment. In the article, the method only 
for calculating optimal quantity of bitumen is proposed. 

3. Formulation of problem 

The problem of calculating the quantity of a requi
red bitumen is formulated as follows: from certain mine
ral materials the grading curves and narrow fraction bi
tumen receptivities which are known to determine the 
composition of an asphalt concrete mixture that satisfies 
grading limitations of mineral materials and contains mi
nimum quantity of a required bitumen. 

It is necessary to note that the bitumen quantity in 
an asphalt concrete mixture may be optimal in two as
pects: a) because it corresponds to the best parameters 
of physical and mechanical properties of an asphalt conc
rete; b) because the quantity of it (optimal according to 
the first aspect) is minimal. To avoid the ambiguity, the 
bitumen quantity that guarantees high parameters of an 
asphalt concrete is considered required. It is evident that 
the optimum of this quantity of required bitumen depends 
on precision of establishing of bitumen receptivities of 
mineral fractions (remember, the bitumen receptivity of 
mineral material fraction is the bitumen percentage which 
corresponds to the best parameters of an asphalt concre
te). In the article, the optimal quantity of bitumen will 
be reasonable as a minimum quantity of required bitu
men. It will be determined by changing the grading of 
mineral part of a mixture. 

4. Mathematical analogue 

Suppose we have to design a certain asphalt con
crete mixture, which consists of m mineral materials and 
contains a minimum of required bitumen. Grading of all 
mineral materials is known, ie we know coefficients a Jk 

indicating the quantity of fraction k in mineral material j 
(j = I, 2, ... , m, k = I, 2, ... , r; where r is number of 
fractions). Quantities of bitumen receptivities of min
eral fractions are known too, ie we know coefficients 
f3 Jk indicating the quantity of required bitumen of frac
tion k of mineral material j (in percent). The problem 
will be solved if quantities of all fractions of each min
eral material are known, ie the coefficients x Jk will be 

obtained. These coefficients indicate the quantity of frac
tion k of mineral material j of asphalt concrete mixture 
designed in parts of the unit. 

Thus all known and unknown values are defined. It 
is necessary to determine the object function and condi
tions which have to be satisfied by asphalt concrete mix
ture designed. 

The product a Jk · x Jk denotes the quantity of frac
tion k of mineral material j for the designed mixture. 
Let's multiply this quantity by the corresponding bitu
men receptivity. The result is the quantity of the required 
bitumen of fraction k of mineral material j: 

1 

100
f3Jk ·aJk ·xJk. Hence, the expressiOn 

l r 

100 
tP Jk ·a Jk · x Jk denotes the quantity of required bi-

tumen of mineral material j, like expression 
1 m r 

100 t1 
t

1 
f3 Jk ·a Jk · x Jk denotes the quantity of required 

bitumen of all mineral materials. However, this quantity 
must be minimum. Consequently, the object function of 
the problem acquires such an expression: 

1 m r 

1 00 
L L f3 Jk · a Jk · x Jk 
j=I k=I 

~ min. (1) 

Suppose the designer has mineral materials with 
certain fractions (not separate mineral material fractions). 
This is the most common case in practice. Then the 
object function (1) can be expressed by values related 
not to a fraction but to a mineral material: 

m 

I,B1 ·x1 ~ mm. 
j=I 

(2) 

1 r 

Here B J = 
100 

_t
1
f3 Jk ·a Jk is a coefficient which 

indicates the quantity of required bitumen of mineral 
r 

material j in percent, x 1 = L x Jk is the quantity of min
k=! 

era! material j of an asphalt concrete mixture in parts of 
the unit. 

It's evident, the required bitumen optimisation prob
lem can be solved by using basic mathematical analogue 
presented in [ 13]. In our case c 1 = B 1 , ie the weight 
multiplier of mineral material j equals the quantity of 
required bitumen. 

Thus the mathematical analogue of the problem as
sumes the following expression: 

m 

I,B1 ·x1 ~min, 
j=I 

m 

bmin,i :s; L aij . X j :s; bmax,i, i = 1, 2, ... , n, 
}=I 

m 

LX;= 1, 
j=I 

X};::: 0, 

(a) 

(b) 
' (3) 

(c) 

(d) 
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where ac is the quantity of mineral material j in percent 
that pas~ through sieve i; bmin i, bmax i are limited quan-. , 
tities of a mineral part of asphalt concrete mixture in 
percent that can be passed through sieve i; n is the num
ber of sieves; 

All conditions in the mathematical analogue (3) are 
necessary. If we want to give the problem a perfect 
mathematical expression, we have to include one addi
tional inequality: 

m 
L d jv ·X j ::; hv, V = 1, 2, ... , S , 
j=! 

(4) 

where dvJ is the coefficient of additional inequality v 
corresponding to mineral material); hv is the limit value 
of additional inequality v; s is number of additional in
equalities. The inequalities ( 4) mathematically express 
technological limitations (there may be none of them). 
For example, these inequalities can be used for limita
tion of a maximum or minimum quantity of certain min
eral material in a mixture. 

The final expression of mathematical analogue for 
determining optimal quantity of required bitumen is as 
follows: 

m 
"'i.B1 ·x1 ~min, 
}=! 

m 

bmin,i::; Laij ·xi ::;;bmax,i• 
}=! 

m 

Ldvj ·Xj::; hv, 
}=! 

m 

LX} =1, 
j=! 

x1 C: 0, 

(a) 

i = 1, 2, ... , n, (b) 

v = 1, 2, ... ,s, (c) (5) 

(d) 

(e) 

It should be kept in mind that the quantity of re
quired bitumen can be calculated using a mathematical 
analogue presented in [13]. Then the cheapest or the most 
homogeneous asphalt concrete mixture with a certain 
quantity of required bitumen is obtained. If mathemati
cal analogues (3) or (5) are used, the asphalt concrete 
mixture having a minimum quantity of required bitumen 
but with a certain price and composition is obtained. 

5. Numerical experiment 

Four mineral materials are given: granite crushed sto
ne, granite sifting, natural sand and mineral filler. Mineral 
material grading curve coefficients are presented in 2, 3, 
4, 5 columns of Table 1. Bitumen receptivities are pre
sented in Table 2. It is necessary to design an asphalt conc
rete mixture 0116-V [14] for the upper layer of pavement. 
The limit curve coefficients of asphalt concrete mixture 
designed are presented in 6 and 7 columns of Table 2. 

Primary data are illustrated in the figure. The figure 
presents grading curves of mineral materials and limit 
curves of the mineral part of asphalt concrete designed. 

The dashed region denotes admissible solutions. Thus 
the problem to be solved may be formulated as follows: 
from all admissible asphalt concrete mixtures, ie from 
asphalt concrete mixtures grading curves lying in the das
hed region to choose the one that guarantees the mini
mum quantity of required bitumen. 

Table 1. Coefficients of grading curves of the mineral materi
als and of limit curves of the mineral part of asphalt concrete 
mixture designed 

Sieve size 
Failings through sieves (mass %) Limit curves 

(mm) Crushed Sifting Sand Min. Min Max 
stone filler 

1 2 3 4 5 6 7 

O,Q9 0,4 8,9 1,6 90,2 6 10 

0,25 0,5 22,2 13,2 98,6 10 25 

0,71 0,6 39,6 56,6 100,0 16 36 

2 0,8 61,0 78,6 100,0 26 45 

5 1,0 94,0 87,2 100,0 45 64 

8 1,5 99,9 95,2 100,0 57 75 

11,2 42,9 100,0 100,0 100,0 70 86 

16 100,0 100,0 100,0 100,0 85 100 

Table 2. Bitumen receptivity of mineral materials 

Narrow Bitumen receptivity (%) 
fraction (mm) Crushed stone Sifting Sand Min. filler 

Less 0,09 15,2 15,2 12,0 20,5 

0,9-0,25 7,9 7,9 6,4 15,7 

0,25-0,71 6,2 6,2 4,6 15,0 

0,71-2 5,8 5,8 4,2 13,9 

2-5 5,6 5,6 3,3 * 
5-8 5,3 5,3 3,0 * 

8-11,2 5,1 5,1 2,6 * 
11,2-16 4,7 4,7 2,2 * 
More 16 4,5 4,5 2,0 * 

*No data 

The results are presented in Table 3. In the first row 
there is the solution of the mathematical analogue (3). 
Hence, we can affirm that it is not possible to obtain 
asphalt concrete mixture with the quantity of required 
bitumen less than 5,7%. It is an optimal solution in res
pect of bitumen. In the second row of Table 3 there is 
the solution obtained by mathematical analogue (5). In 
this case there was included the condition which requi
res that mineral filler in the asphalt concrete mixture must 
be equal to or larger than 5,0% [14]. It is evident the 
quantity of required bitumen becomes larger. 

For comparison, some problems using mathemati
cal analogues presented in [13] were solved (the same 
primary data were used). The minimum price problem 
was solved accepting the following prices of one ton of 
mineral materials: granite crushed stone 28,00 Lt, grani
te sifting 26,00 Lt, natural sand 18,00 Lt, mineral filler 
139,00 Lt. The pouring densities of these mineral mate-
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0,25 0,71 2 5 8 
sieve size, mm 

Mineral materials grading curves and limit curves of the 
mineral part of asphalt concrete mixture designed 

Table 3. Results 

Quantity of min. material(%) Quant. of Corr. Price 
bitum. coeff. (Lt) 

No Crushed Sifting Sand Min. (%) 
stone filler 

1. 41,6 12,5 41,4 4.5 5,7 0,977 19.35 

2. 41,6 12.9 40.5 5,0 5,8 0,977 19,79 

3. 41,7 12,8 40,5 5,0 5.8 0,977 19,71 

4. 41,0 20,7 33,2 5,0 5,9 0,982 19,86 

5. 40,4 28,6 25,9 5.0 6,1 0,986 20.01 

6. 39,8 36,5 18,5 5,0 6,3 0,989 20,16 

7. 39,2 44,4 11,2 5,0 6,5 0,992 20,32 

rials are correspondingly equal to: l,32t/m3
, 1,76t/m3

, 

1,49t/m3 and 1,70t/m3
. The results are presented in row 

3 of Table 3. Thus the price of one ton of the cheapest 
asphalt concrete is equal to 19,71 Lt. To obtain the most 
heterogeneous mixture the mathematical analogue pre
sented in [13] was used too. In this case the limit curves 
step by step were close one to the other. Four solutions 
were obtained. All of them are presented in 4-7 rows of 
Table 3. In the 7th row there is the solution of the most 
homogeneous mixture. For comparison, the prices and 
coefficients of correlation are calculated for the first two 
mixtures (Table 3). Note the price of asphalt concrete 
mixture with a minimum of the required bitumen (the 
first row) is less than 19,71 Lt, because it was designed 
without any technological limitations. The examples pre
sented show a large potential of mathematical modelling 
of asphalt concrete mixture when mathematical analogu
es presented in this article and in [13] are used. Then it 
is possible to obtain the mixture with a minimum quan
tity of required bitumen, the mixture with a minimum 
price and the mixture with the most homogeneous com
position. In addition, when optimal asphalt concrete mix
ture is determined according to one or another weight 
multiplier, it is possible to model solutions by including 
some technological or other limitations. 

6. Conclusions 

l. In Lithuania for manufacturing asphalt concrete 
mixture not a very large number of mineral materials is 
used. That is why for all of them the bitumen receptivi-

ties should be determined. Then using mathematical ana
logues (3) or (5) it would be possible to calculate a mi
nimum quantity of bitumen in asphalt concrete mixture 
and at the same time to decrease both a price of the 
mixture and volume of expensive experiments. 

2. Mathematical analogue presented together with 
mathematical analogues in [13] can be used for prepara
tion of algorithm for asphalt concrete mixture mathema
tical modelling. Such a software would be a good tool 
for designing the cheapest, the most homogeneous, the 
optimal in respect of the required bitumen and other asp
halt concrete mixtures. 
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