
25 

ISSN 1392-3730 

JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT 
http:/www. vtu.ltlcnglish/cditions 

2003, Vol IX, No !, 25-35 

INFLUENCE OF HOMOGENEITY OF MINERAL MATERIALS' GRADING AND 
DOSING ERRORS ON THE STABILITY OF ASPHALT CONCRETE MIXTURE 

COMPOSITION 

Henrikas Sivilevicius 

Dept of Transport Technological Equipment, Vilnius Gediminas Technical University, 
Plytim?s g. 27, LT-201 6 Vilnius, Lithuania. E-mail: henrikas@ti. vtu.lt, 

Received 21 Oct 2002: accepted 09 Jan 2003 

Abstract. Errors of optimal composition asphalt concrete mixture designed in the laboratory and their importance for 
road construction are investigated. After the analysis of asphalt concrete production according to the traditional technol­
ogy, factors influencing its structure, characteristics and quality are systematised. Mathematical models of dependence 
of medium quadratic deviations of siftings of finite dosed mineral materials through control sieves on the means of 
si flings are estimated by a regressive analysis. Variations of grading of hot fractions 0-5 mm and 5-15 mm as well as 
cold mineral powder sieved through technological sieves of mixing equipment and influence of errors of dosing these 
mineral materials in the produced mixture on the stability of quantity of containing mineral components (crushed stone, 
sand and mineral filler) are identified. The main trends of asphalt concrete structure and handling of its equipment 
methods improvement are presented. 

Keywords: asphalt concrete mixture, production technology, quality improvement, composition stability, statistical analysis, 
segregation, errors of dosing. 

1. Introduction 

The purpose and functions of asphalt concrete com­
ponents were identified and the methods of its mixture 
composition created by Sacharov P. V. (1913 ), Edwards 
L. N. (1918), Ebberts A. R. ( 1928), Vi chert P. (1929), 
Le Gavrijan (1921), Neumann (1929), Wilson G. Harger 
and Edmond A. Bonney (1927) [I, 2] etc. The principles 
of asphalt concrete structure formation developed by them 
have been constantly improved by applying the novel­
ties of rapidly developing science. Researchers and en­
gineers from various countries have been working in this 
promising area. Rapid progress of equipment and tech­
nologies enabled to implement theoretical knowledge in 
practice and assess its applicability. Having studied the 
theoretical assumptions of asphalt concrete mixture for­
mation from mineral materials consisting of various sizes 
of grains and organic binder (tar, bitumen), industrial 
production and mechanised laying technologies were 
developed [3]. 

Studies were conducted to identify how asphalt con­
crete functions in the road pavement when it is influ­
enced by climatic conditions and loads of vehicle wheels, 
how characteristics of materials used for its production 
and structure change. The most important findings were 
published in the United Kingdom [1, 4], USA [5-8], 
Canada [9-12], Saudi Arabia [13], Jordan and the United 

Arab Emirates [14], Korea [8, 12], Russia [15-27), 
Byelorussia [28, 29] as well as other countries. 

Lithuanian researchers have been working in the 
field of increasing the durability of asphalt concrete pave­
ment as well [30-33]. Data received from research show 
that characteristics, structure, and insufficient durability 
of asphalt concrete depend on the quality of the asphalt 
concrete mixture used. Therefore, thorough investigations 
have been carried out. The strength of asphalt concrete 
is influenced not only by external and internal factors, 
road pavement base structure, the thickness of layers, but 
also by the mixture characteristics which are formed when 
producing it in a plant. 

The influence of stochastic parameters of the pro­
cess of asphalt concrete production on the product qual­
ity in the mixing plant of the old type was studied by S. 
Rokas [30] and V. A. Borisov [34] in 1975-77. These 
researchers as well as their disciples [32, 33] identified 
the actual values of materials characteristics and techno­
logical parameters of asphalt concrete mixture produc­
tion and its composition as well as deviations from physi­
cal-mechanical indices. They proved that the values of 
deviations shall be reduced and actual deviations shall 
be taken into account when handling the technological 
process of asphalt concrete mixture. However, the tech­
nological causes influencing the quality of asphalt con­
crete mixture production due to the complexity of spe-
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cia! experiments requiring to interfere with the process 
of production and produce some products of a bad qual­
ity as well as a lack of theoretical knowledge have not 
been studied thoroughly yet. 

During the last 25 years the construction and han­
dling systems of asphalt concrete mixing plants has been 
considerably improved and technological accuracy as well 
as productivity have been increased. They have become 
more universal, air pollution has been reduced due to less 
emmisions, which requires different and modem treatment 
of this area of road construction. Scientific as well as 
equipment novelties implemented in the new generation 
modem asphalt concrete mixing plants make their users 
to improve their qualification and to use the characteris­
tics of technological equipment in the most efficient way. 

Designers and manufacturers of asphalt concrete 
mixing plants shall know how old and new equipment 
functions (if the products produced in them suit for road 
pavement construction). The construction of new com­
puterized asphalt concrete mixing plants differs from the 
older equipment; however, the most technological pro­
cesses applying in them have the same kinetics and are 
the same in essence. Different systems of parameters' 
control and handling, the effectiveness of which depends 
on the operators' work, are used in them. The latest re­
search shows [35] that the technological process of as­
phalt concrete mixture production should be improved 
since it means improving the quality of the product. 

Most producers believe that when the technological 
process of modern asphalt concrete mixing plant is 
handled by a computer, good results are always achieved. 
Such categoric statement of asphalt concrete mixing 
plants' owners (producers of asphalt concrete mixtures) 
can be understood as a justification advertisement. Mean­
while some specialists carrying out the functions of the 
customers who purchase and use asphalt concrete mix­
ture for constructing roads of national importance agree 
with them as well.The quality of asphalt concrete mix­
ture production is higher in a modem computerised as­
phalt concrete mixing plant providing that the operator 
(a human being) handling the technological process car­
ries out his work properly. A computer does not solve all 
problems of the production quality. 

Operators and production managers handling com­
plex technological processes must understand the pecu­
liarities of asphalt concrete mixture production in order 
to use the capabilities of asphalt concrete mixing plant 
construction to its maximum. Even if asphalt concrete 
mixing plants of the highest quality are used, but factors 
influencing the quality of asphalt concrete mixture pro­
duction are not taken into account, separate operations as 
well as the whole technological process of production 
cannot be handled so that the product complied with the 
requirements set by the client. 

If it is not possible to replace the old asphalt con­
crete mixing plant by modern technological equipment 
(mostly due to a high price of the modem asphalt con­
crete mixing plant), the work shall be carried out so that 

the requirements for the quality of the product were met. 
To use the technical capabilities of the maintained as­
phalt concrete mixing plant's construction to its maxi­
mum, the influence of all or at least the most important 
technological factors of asphalt concrete mixture pro­
duction on its quality shall be known. Having identified 
the influence of such factors on the quality of asphalt 
concrete mixture production, the construction, work re­
gime and handling method of equipment could be im­
proved. 

The aim of this study is to identify technological 
factors of asphalt concrete mixture production which 
mostly influence the homogeneity of its mineral compo­
nents' grading and to present theoretical principles as 
well as practical methods for increasing the same qual­
ity of products. 

2. Model of asphalt concrete mixture production tech­
nological operations 

The structure of asphalt concrete is formed when 
its mixture is produced in an asphalt concrete mixing 
plant and when laying and compacting it on the road 
pavement. It shall have characteristics which are obtained 
during technological operations (Table 1). The param­
eters of these operations influence obtaining the required 
characteristics of asphalt concrete mixture or asphalt 
concrete. 

The optimal ratio of original cold mineral materi­
als mass selected at the laboratory (their quantity in per­
cent) shall be maintained in the designed asphalt con­
crete mixture when producing it in an asphalt concrete 
mixing plant. Laboratory operations of weighing, heat­
ing, and mixing materials carried out in small quantities 
(portions of up to several kilograms) differ consider­
ably from these operations which are carried out at the 
asphalt concrete mixture base. When producing asphalt 
concrete mixture mineral materials and bitumen are sup­
plied to asphalt concrete mixing plants in dosed flows 
from the storehouses according to the fixed intenssity 
(from a few, several to several dozens tons per hour), 
where their characteristics are changed in a certain se­
quence. 

When storing mineral materials supplied to the as­
phalt concrete base territory, they change their charac­
teristics: accumulate water, get cold, segregate, adhere, 
become impure, and the activity of crushed grains sur­
face decreases. Therefore, they have to be properly pro­
cessed before their application to obtain the asphalt con­
crete mixture of optimal composition, structure and char­
acteristics. They shall comply with the requirements 
specified not only in norms [36-38] but also techno­
logical specifications enabling to use these materials in 
the asphalt concrete mixture under production. Crushed 
stone (Cs), crushed gravel (Cg), siftings (Si), and natu­
ral sand (Ns) shall be dry, hot and homogeneous; min­
eral powder (Mp) shall be dry and not compressed; bi­
tumen (B) shall be hot, liquid and waterfree; recycled 



H SivileviCius I JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT- 2003, Vol IX No 1, 25-35 27 

Table 1. Factors influencing the asphalt concrete structure and 
characteristics 

Characteristics and Technological operation 
structure enabling to obtain 

characteristics 
I. Optimal average By using intial and finite dosed 
quantity of all mineral materials of the required 
components in asphalt grading. By dosing mineral 
concrete mixture materials and bitumen accurately. 
2. High homogeneity of By dosing non-segregated mineral 
asphalt concrete materials of stable grading, by 
mixture grading dosing portions of stable mass. 
3. Uniform distribution By mixing dosed mineral 
of components in a materials and bitumen in hatches 
hatch of asphalt completely. 
concrete mixture 
4. All grains covered by By dosing optimal quantity of 
a solid film of bitumen. By mixing all materials 
structurised bitumen rather intensively and for a long 

time. 
5. High bitumen By using waterfrec materials of 
adhesion forces to required temperature. By applying 
grains rational sequence of connecting 

dosed materials in mixing 
products: traditional. two-stage or 
separately consistent technology. 
By using additive activating 
surface (AAS). By using the 
higher activity of the surface of 
new crushed mineral materials. 

6. Protection of the By storing the produced asphalt 
produced asphalt concrete mixture for a short time 
concrete mixture from by protecting it from contact with 
cooling and air oxygen. By not preventing the 
segregation as well as segregation of asphalt concrete 
bitumen from oxidation. mixture. 
7. Compactness of By using appropriate rollers, 
mineral component compacting technology, and 
grains in asphalt taking into account weather 
concrete. conditions. 

asphalt concrete (Rae) shall be dry, hot, containing liq­
uid old bitumen and homogeneous (Fig 1). These main 
technological characteristics of mineral materials and 
organic binder are obtained by properly storing them in 
an asphalt concrete base and preparing in asphalt con­
crete mixing plant. 

In Lithuania as well as other European countries as­
phalt concrete mixtures are usually produced in sampling 
action (cyclic, discrete, hatching) asphalt concrete mix­
ing plants operating according to the traditional technol­
ogy. The interrelation model of the most important pre­
paratory and main operations of this technology (Fig 1) 
shows that in the beginning continuous and at the end 
discrete operations are carried out with materials from 4 
groups in an asphalt concrete base and a mixing plant. 
When asphalt concrete mixtures of different types are 
produced in asphalt concrete mixing plants of various 
construction, recycled concrete and reclaimed dust (these 
materials are marked by a dotted line in the model) can­
not be used. Then discrete dosing units of these materi­
als are absent or they do not operate. 

When producing asphalt concrete mixture, properly 
prepared cold mineral powder, hot bitumen and cold or 
hot recycled asphalt concrete are directly transferred to 
the asphalt concrete mixing plant upon their discrete 
dosing. Grains of cold crushed stone, siftings, crushed 
gravel, and natural sand redistribute in asphalt concrete 
mixing plants and compose completely different mineral 
materials (3-5 hot fractions and reclaimed dust), which 
fall into the mixing plant upon their discrete dosing. 
Dosing errors of finally dosed mineral materials and sta­
bility of their grading has considerable impact on the 
quality of asphalt concrete mixture production according 
to the traditional technology. 

When sieving the mixture of original mineral mate­
rials into separate fractions through technological screens 
of asphalt concrete mixing plant, that these hot materials 
should be less contaminated with-by-grains and will have 
more homogeneous grading as original cold materials of 
similar size. When using original mineral materials con­
taminated with smaller or only grains larger than those 
specified in the laboratory project of asphalt concrete 
mixture composition, their technical specifications, pass­
port, quality certificate, and when the quantity of such as 
well as standard particles varies at a wide range in the 
course of time, less contaminated and more homogeneous 
fractions shall be obtained upon sieving the mixture. 
When an asphalt concrete mixture is formed of pure hot 
mineral materials of stable grading, the experimental test­
ing of their quality, control testing of the quantity in as­
phalt concrete mixture as well as the system of handling 
the mixture production process are simplified. Therefore, 
the adjustments of the diverted composition of the pro­
duced mixture takes less time and is more accurate. How­
ever, research carried out by us showed [39] that hot 
fractions can be highly impure and not homogeneous. 

When applying traditional technology of asphalt 
concrete mixture production, more expensive, complex 
asphalt concrete mixing plants shall be used. In asphalt 
concrete mixing plants in the USA, continuous action 
asphalt concrete mixing plants of the drum mix type are 
mostly used [3, 40]. Such technological equipment has a 
implified construction, is more dependable and efficient. 
However, the technological processes of asphalt concrete 
mixture production occuring in them cannot be stopped 
frequently during the working shift. It shall be handled 
by the microprocessor according to software, and the 
mineral materials for the mixture production shall be pure, 
with stable grading and non-segregated. Simple construc­
tion of such continuous action asphalt concrete mixing 
plants enables to manufacture mobile asphalt concrete 
mixing equipment and to use greater amounts of recycled 
asphalt concrete (up to 40-70 %) [41-43]. However, 
when using gravitational mixing of materials in a drum 
mixing plant, proper homogeneity of asphalt concrete 
mixture is not always obtained. Recently this problem 
has been solved in the USA by using a new drying-mix­
ing plant with a double drum, in which the internal drum 
with fixed paddles rotating in the external stationary cyl-
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Fig 1. Interrelation model of preparatory and main operations carried out in an asphalt concrete mixing plant of materials 
used in asphalt concrete mixture production according to the traditional technology 

inder (,double-drum mixer" or "Double Barrel" system) 
enables to mix the components of the mixture [40]. Re­
searchers have invented and producers implemented the 
latest gravitational mixing systems of continuous action 
drum asphalt concrete mixing plants Venturi (,Venturi 
mixer") and triple-drum mixer which enable to produce 
high a quality mixture. 

3. The quality of hot fractions sieving 

Hot fractions sieved through technological sieves of 
asphalt concrete mixing plant shall contain only such 
grains the diameter of which is specified in the instruc­
tions. Due to the short duration of dried and heated mix­
ture of continuously dosed original mineral materials' flow 
movement through technological sieves, imperfect con­
struction of the screening equipment and too high load­
ing with mixture, its shall be divided into hot fractions 
containing not only standard but also by-grains. Research 
data [39] on the grading of hot fractions falling from 
seven asphalt concrete mixing plants bins sections showed 
that they are contaminated with more than 10 % smaller 
and larger grains. The average contamination of fractions 

in separate asphalt concrete mixing plants is not the same 
and varies at a wide range during a working shift. The 
hot fraction of 0-5 mm is contaminated with grains of 
crushed stone which are larger than 5 mm on average, 
llr = 5,8 % (from 0,94 %to 13,72 %) and with grains 
of mineral filler smaller than 0,071 mm: llij =9,8 % 
(from 6,22 %to 13,37 %) (Table 2). In hot fraction of 
5-15 mm, there are grains smaller than 5 mm are on 
average llij = 16,8 % (from 4,59% to 32,76 %). In grains 
smaller than 5 mm on average, there are llij = 1,4 % 
mineral filler (from 0,20 % to 3,00 %), the actual quan­
tity of which shall be known and taken into account when 
adjusting the dosing unit. 

Studies conducted in the USA [ 44] in 1967 identi­

fied that the highest average standard deviation cr max 

of mass in percent of the total siftings of any aggregate 
percentage passing control (laboratory) sieves distrubutes 
according to a binomial law: 

(I) 

11 - general mean of siftings mass percentage passing 
laboratory (control) sieve in %. 
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Table 2. Average statistical characteristics of asphalt concrete mixture mineral components quantity in hot fractions of 0-5 mm 
and 5-15 mm as well as cold mineral powder sieved through technological screens of asphalt concrete mixing plants 

Quantity of mineral component in %in mineral material Dosing error 
Finally dosed Arithmetical i =I, ... , k (variation 

mineral material mean and 
Crushed stone Sand particles Mineral filler 

coefficient of 
j=l, ... ,m average standard 

(particles larger (5-0,071 mm) (particles finer than 
dosing masses) 

deviation 
than 5 mm) 0,071 mm) vqj% 

ll;j 5,8 84,4 9,8 
Hot fraction 

0-5 mm (5 }lij 3,05 3,61* 1,90 
3,8 

Jlij 83,2 15,4 1,4 
Hot fraction 
5-15 mm (5 }lij 3,42 3,46* 0,36 

6,4 

J.lij 0 18,1 81,9 
Cold mineral 

powder (5 }lij 0 2,00( 1,52*) 2,00 
20,3 

* a11ij - value obtained not from the equation of regression but as a mean of seven asphalt concrete mixing plants a 5-0,071 

In some maximally segregated mineral materials 

cr max =50 % grains make up half of the whole material, 
ie J..l =50 %. When using this dependence, variation of 
mineral materials' grading of various size can be com­
pared. 

Average standard deviations showing the vanat10n 
of siftings of mineral materials percentage passing con­
trol sieves used in grains and identified during experi­
ments when a samples are tested are considerably smaller 

than theoretical O'max since their actual segregation is 
always less than maximum. The values of empirical av-

erage standard deviation S FrO-S of hot fractions 0-5 mm 
siftings passing technological sieves screened through 
seven asphalt concrete mixing plants control identified 
from 337 local samples vary according to the following 
equation of regression 

A J -6 2,478( )1,698 
S Fr0-5 = 6,07 ·10 X 100- X (2) 

X - empirical mean of siftings' mass passing control 
sieves in%. 

This characteristics of stability of hot fractions of 
5-15 mm identified from n = 336 local samples distrib­
utes according to the following equation of regression: 

A J -5 1,928( \1.481 
SFr5-15 = 7,28·10- X 100-X) . (3) 

In cold mineral powder which does not segregate 
and does not change its characteristics when getting into 
the dosing unit due to their fine size, the average stan­
dard deviation of siftings passing control sieves is less 
than of hot fractions and shall be calculated according 

to the following formula ( n = 144 ): 

S Mp = J9,84 ·I 0-6 X 
2

'
072 

(100- X r 08 
( 4) 

Equations of regression (2, 3, 4) obtained from a 
large number of local samples n and having multi-crite­
rion correlation coefficients R2 (correlation ratios TJ) 

the numerical values of which are equal to 0,980, 0,955 
and 0,982, which is close to I, are dependable. Due to 

this general average standard deviation a
11
ij (providing 

S ij = a11ij ) of any quantity of grains in finally dosed 

mineral materials (mineral component) can be calculated 

rather precisely. Values cr111j calculated from equations 

of regression according to values Jlij, presented in Table 
2, were used when identifying the influence of variations 
of these mineral materials on the variation of mineral 
components quantity in the produced asphalt concrete 
mixture. 

4. Technological factors influencing the variation of 
asphalt concrete mixture components quantity 

Homogeneity (variability) of asphalt concrete mix­
ture is demonstrated through average standard deviations 

cr1 of i components quantity contained in it (bitumen -
8, mineral filler - MF, sand - S, crushed stone - CS). 
These values of homogeneity characteristics for separate 
components are identified by taking local samples of pro­
duced asphalt concrete mixture, by extracting bitumen 
from them and sieving the mineral part through control 

sieves. Value cr1 cannot be identified by any other 

method. Therefore, complete variance crT of each com­
ponent is made up of a number of factors the most im­
portant of which are selection and testing methods of 
samples as well as errors of technological process of pro­
duction. To assess the quality of materials, methods of 
disperse analysis were used by foreign [ 44, 45] and 

Lithuanian researchers [30, 39]. Complete variance crT 
of the mineral component quantity in the batch of as­
phalt concrete mixture (products produced during the 
working shift) shall be calculated according to the fol­
lowing formula 

(5) 
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a~i - variance of asphalt concrete mixture i mineral 

component quantity which depends on the methodology 

of sample selection in %, a~; - dispersion which de­

pends on the errors of sample testing in %; a~; - vari­

ance which depends on the accuracy and stability of tech­
nological operations in the production of mixture in an 
asphalt concrete mixing plant in % (Fig 2). 

Research [30] showed that variance a~; makes up 

as much as 65-73 % of the total quantity of mineral 

component in asphalt concrete mixture of variance ar 
value. On average, it can be stated that 

2 2 ac; = 0,69a; , (6) 

another part of dispersion ar (0,31 a1) is made up of 

sample selection and errors of their testing. 
When using standard sample taking methodology, 

equipment of their extraction, sieving, weighing as well 
as other laboratory equipment when testing samples fol­
lowing the sequence specified in standards and not mak-

ing mistakes, values a~; and a~; are constant, ie 

a~;+ a~; =a}; = const. Technological factors of as­

phalt concrete mixture production of various asphalt con­

crete mixing plants vary. Values a~; of imperfect tech­

nically damaged asphalt concrete mixing plant with out­
dated construction are higher than those of perfect com­
puterised technological equipment. 

If factors influencing on i component quantity 

(i = !, ... , k) variance a~; value and their importance are 

known, asphalt concrete mixing plants could be purpose­
fully improved as well as parameters of processes oc­
curring in them can be optimised and rational handling 

methods can be developed to approximate values a~; 

to a~imin or as much as to 0. 

Value of variance a~; mostly depends on mineral 

materials such as hot fractions, stability of cold mineral 
powder and reclaimed dust grading used in asphalt con-

crete mixture production (values a~.s.ij) and their dos-

ing errors (values a~.k.ij ). Its actual value for sampling 

action (discrete, batch-tipe hot-mix) asphalt concrete 
mixing plant producing a mixture according to the tradi­
tional technology can be calculated from the additive 
model: 

2 m 2 m 2 
aGi = L,ag.s.iJ+ L,ad.k.iJ, i=l, ... ,k, j=l, ... ,m; (7) 

j=l j=l 

or 

2 2 

a~;= f(qj_O"_IliJ) + f(qj~i.i_~q.i) 
j=l Qmd j=l 100Qmd 

(8) 

q j - j average actual mass of mineral material, kg; 

• I 

I J.J.; 
~--·-----·- .-; 
! 

Value of components quantity x, % 

Fig 2. Model of conjugation of average standard devia­

tion a; and variance aT of asphalt concrete mixture por­

tion i - component quantity 

a lliJ - average sdandard deviation of mineral compo­
nent i in mineral material j, masses in %; !lij - arith­
metical mean of mineral component i in mineral mate­
rial j , masses in %; Vqj - dosing error of mineral ma­
terial j , its value being equal to the variation coeffi­
cient of its dose mass in %; Qmd - average mass of 
mineral part of produced asphalt concrete mixture batch 
in kg. 

Values of variables sizes !lij, a11u and V qj pre­
sented in mathematical model (8) for concrete asphalt 
concrete mixing plant are identified by testing finally 
dosed mineral materials grading and actual statistical 
characteristics of their doses in advance. They depend 
on the construction, technical condition, work regime and 
the handling method of technological equipment. When 

sizes ( q j, Qmd, m ) are given by taking into account the 

capacity of asphalt concrete mixing plant mixer and 
project composition (mark) of the mixture and the num­
ber of finally dosed materials required for its produc­
tion, they do not change in the course of time. 

2 When analysing mathematical model (8), value ac; 
can be best reduced by decreasing contamination of hot 
fractions with by-grains (values !lij ), variation (values 
a 11u) of components quantity in finally dosed mineral 
materials and errors of dosing mineral powder (values 
v qj ). 

5. Application of the mathematical model to identify 
the influence of technological factors 

To identify the influence of actual values of tech­
nological factors parameters of asphalt concrete mixture 
production on the stability of of its mineral part compo­
nents quantity, values of summands making up variance 

a~i were calculated. Values of variables mostly occur­

ring in practice were used, which were obtained from 
studies carried out earlier [39]. 
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When adequacy of model (8) was tested, the fol­
lowing values depending on concrete technological con­
ditions were used: 

• Asphalt concrete mixture under production the 
diameter of its largest particles is 16 mm ( eg 0116 S-V) 
in sampling action asphalt concrete plant sieving the 
mixture of hot mineral materials into hot fraction of 
0-5 mm, 5-15 mm and 15-35 mm; 

• Two finally dosed hot fractions (Fr 0-5 mm and 
Fr 5-15 mm) weighed with cold mineral powder in one 
bin of the dosing equipment (Mp): at Fr 0--5 mm dose 
by adding Fr 5-15 mm dose, and, in the end, Md dose; 

• Mass of mineral part of mixture batch is 

Qmd = 610 kg, bitumen dose is equal to q 8 = 40 kg; 
mass of asphalt concrete mixture batch is Q = 650 kg; 

• Equal portions of each hot fracion are used (291 kg 
dose Fr 0-5 mm: 47,7% and 292 kg dose Fr 5-15 mm 
47,9% and 27 kg dose of mineral powder: 4,4 %); 

• Errors VqJ of materials dosing and quantities llij 
of components (crushed stone, sand, and mineral filler) 
in dosed mineral materials and their average standard 
deviations a11ij are taken from Table 2. 

Values of average standard deviations CJci and vari­

ance a~i of crushed stone, sand, and mineral filler quan­
tity in asphalt concrete mixture, depending on techno­
logical factors of its production, calculated from math­
ematical model (8) are presented in Table 3. When com-

pared with actual values a~if obtained during the ex­

periment, the calculated values of variance CJ~i comply 
with actual values: quantity of crushed stone 

0~ 1 = 11,30 %, and a~lf =9,86-17,53 %; quantity 

of sand 0~2 =8,30 %, and ab2f=9,04-17,60 %; 

quantity of mineral filler ab3 = 1,44 %, and 

ab3f = 0,60-1,79. Obtained data enables to state that 

the constructed model (8) is dependable and shows the 
influence of separate factors on the stability of mineral 
part of asphalt concrete mixture. 

The influence of separate factors on the stability of 
asphalt concrete mixture as well as the sequence of error 
transmission presented in graphs (Fig 3-5) show that 
variations of crushed stone (CS) quantity in it depend on 
dosing errors of hot fraction 5-15 mm (57,5 %), stabil­
ity of its grading (23,7 %) as well as stability of hot 
fraction 0-5 mm grading (18,7 %). They hardly depend 
on dosing errors of fraction 0-5 mm (0,1 %). Errors of 
dosing and stability of grading of mineral powder does 
not influence on the variation crushed stone quantity in 
asphalt concrete mixture. 

Stability of sand (S) quantity in the produced as­
phalt concrete mixture mostly depends on the stability 
of grading of fraction 0--5 mm and fraction 5-15 mm 
(35,7% and 33,1 %, respectively), dosing errors of frac­
tion 0-5 mm (28,2 %). It hardly depends on dosing er­
rors of fraction 5-15 mm (2,6 %) and almost does not 
depend on dosing errors and stability of grading of min­
eral powder (0,3 % and 0,1 %, respectively). 

Stability of grading of fraction 0-5 mm (57,3 %) 
and dosing errors of mineral powder) (37,8 %) have 
greatest influence on the variation of mineral filler (MF) 
quantity in asphalt concrete mixture. It hardly depends 
on dosing errors of fraction 0-5 mm (2,2 %) and stabil­
ity of grading of fraction 5-15 mm (2,1 %) and almost 

Table 3. Technological factors making up calculated values of average quadratic deviations of asphalt concrete mixture compo­
nents quantity and their influence in percent 

Calculated values of separate production factors average standard The 

deviations 0. variance CJ 
2 and their part in percent calculated 

Mineral 
Due to variation of finally sieved Due to dosing errors of finally sieved 

influence of Variance of 
component of all mixture production 

asphalt 
mineral materials grading mineral materials 

production 1 

concrete Cold factors on the 
errors CJ Gif 

Hot Hot Hot Hot Cold 
mixture fraction fraction mineral fraction fraction mineral values of obtained 

0-5 mm 5-15 powder 0--5 mm 5-15 mm powder mineral from 

(J Fr0-5 mm Mp (J Fr0-5 (J Fr5-15 (JMp 
component experimental 

!(.S (J Fr5-15 
(J g.s d.k d.k d.k quantity data in% 

IP' stability 
2 

CJc; I CJc;% 

Crushed stone I ,45/2,10 1,64/2,69 010 0,11/0,012 2,55/6,50 010 3,36/11,30 9,86-17,53 
(grains larger 
than 5 mm) 18,7 23,7 0 0,1 57,5 0 - 100 100 

Sand 1,72/2,96 1,66/2,74 0,09/0,008 I ,53/2,34 0,47/0,22 0,16/0,026 2,88/8,30 9,04-17,60 
(grains from 

0,071 to 5 mm) 35,7 33,1 0,1 28,2 2,6 0,3 - 100 100 
Mineral filler 0,91/0,82 0,17/0,03 0,09/0,008 0,18/0,031 0,04/0.002 0,74/0,541 I ,20/1,44 0,60-1,79 

(grains smaller 
than 

O,Q71 mm) 57,3 2,1 0,5 2,2 0,1 37,8 - 100 100 
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crf~16.38% 
cr 1 ~4.05% 

crb ~ 5,08% 23.7% 

0.1% 

Fig 3. The diagram of technological factors importance influencing the variation of crushed stone (CS) quantity contained 
in asphalt concrete mixture produced from hot mineral materials of tractions of 0-5 mm and 5-15 mm as well as cold 
mineral powder weighed in the same dosing equipment in sampling action asphalt concrete mixing plant 

SAND (S) 

cr~ = 12,03% 

cr 2 =3.47% 

(cr:~ )
2 = 0.026% 

0.3% 

2,6% 

35.7% 

Fig 4. The diagram of technological factors importance influencing the variation of sand (S) quantity contained in asphalt 
concrete mixture produced from hot mineral materials of fractions of 0-5 mm and 5-15 mm as well as cold mineral powder 
weighed in the same dosing equipment in sampling action asphalt concrete mixing plant 
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MINERAL 
FILLER(MF) 

GJ = 2.09% 

(J3 = 1.45% 

ak, = 0.65% 

2.2% 

Fig 5. The diagram of technological factors importance influencing the variation of mineral filler (MF) quantity contained 
in asphalt concrete mixture produced from hot mineral materials of fractions of 0-5 mm and 5-15 mm as well as cold 
mineral powder weighed in the same dosing equipment in sampling action asphalt concrete mixing plant 

does not depend on the stability of grading of mineral 
powder (0,5 %) and dosing errors of fraction 5-15 mm 
(0,1 %). 

When values of mathematical model (8) are changed, 

values of variance crbi and the influence in percent of 
summands making it up change as welL When increas­
ing homogeneity of asphalt concrete mixture composi­
tion, the parameters of those technological factors due 

to which values of variance crbi increase shall be im­
proved at first 

6. Conclusions 

I. In most European countries as well as in Lithuania 
asphalt concrete mixture is produced following the tra­
ditional technology in which the dried and heated mix­
ture of original mineral materials is sieved into 3-5 hot 
fractions through technological sieves of asphalt concrete 
mixing plant, which are dosed in one bin by summing 
the mass of their portions. The main objective of sieving 
technological operation is to obtain purer and more ho­
mogeneous hot fractions than original mineral materials 
of analoguous size is not achieved or only partially 
achieved. 

2. The grading of hot fractions is mostly worse (they 
are more contaminated with by-grains and are not ho­
mogeneous due to high segregation) than the grading of 
original cold mineral materials. Hot fractions of 0-5 mm 
sieved in asphalt concrete mixing plants are contaminated 
with grains larger than 5 mm llij = 5,8% (from 0,94 to 
13,72 %) and mineral filler finer than 0,071 mm, 
llu = 9,8 %(from 6,22 to 13,37 %) on average. Hot frac­
tion of 5-15 mm is contaminated with grains finer than 

5 mm llu = 16,8 %(from 4,59 to 32,76 %) on average. 
In finer than 5 mm its grains there are llij = 1,4% of 
mineral filler (from 0,20 to 3,00 %) on average, the quan­
tity of which shall be taken into account when finally 
dosing materials. 

3. Variation of grading of finally dosed mineral 
materials and their dosing errors make up the largest part 

cr~i of variance crT of asphalt concrete mixture mineral 
components quantity which depends on the production 

technology. Variance crbi of crushed stone quantity in 
asphalt concrete mixture is mostly influenced by dosing 
errors (57,5 %) and stability of grading (23,7 %) of hot 
fraction of 5-15 mm sieved through technological screens 

of asphalt concrete mixing plant. Variance crbi of sand 
quantity depends by 35,7 % on the stability of grading 
of fraction 0-5 mm and by 33,1 % on the stability of 
grading of fraction 5-15 mm as well as by 28,2 % on 
the dosing errors of fraction 0-5 mm. Almost more than 

half of variance crbi of mineral filler quantity depends 
on the stability of grading of fraction 0-5 mm (57,3 %) 
and by 37,8 % on dosing errors of mineral powder. 

4. When reducing the value of variance crbi which 
depends on the production technology of asphalt con­
crete mixture, 

• equipment reducing segregation of materials in sec­
tion of hot fractions bin could be used; 

• mineral powder could be dosed by a separate dos­
ing unit or technological means by reducing their 
dosing errors in essence; 

• the actual productivity of asphalt concrete mixing 
plant could not be reduced more than optimal (nomi­
nal); 
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• condition of technological sieves could be periodi­
cally checked and in case they are damaged, shall 
be replaced by new screens; 

• the same slightly changing quantity of hot fractions 
in bin section could be maintained during the work­
ing shift and they should not pour over the parti­
tions of the bin; 

• the work could be carried out as long as possible 
by avoiding frequent stopping of the equipment; 

• grading of hot fractions sieved through technologi­
cal screens could be controlled more frequently, and 
accordingly the quantity of all finally dosed mineral 
materials could be optimised by using the method­
ology developed by us [46]; 

• compliance with asphalt concrete mixture produc­
tion technological regulations and work discipline 
could be guaranteed. 
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