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Abstract. A new partial conditional optimization method which enables to select the best ratio of imported fillers not
only while designing the composition of asphalt concrete mixture but also while adjusting the composition of the
produced asphalt concrete mixture according to the actual quality of hot fractions is presented.

The constructed mathematical model, algorithm and the solved task prove that irrespective of the number of fillers (from
2 to 7 and more) the ratio of their mass can be selected which enables to produce an asphalt concrete mixture which
meets the requirements of the composition project best. The mass ratio A, of imported fillers 4; and reclaimed dust
A, , which settled and accumulated in the dry purification equipment of an asphalt concrete plant presented in Regula-

tions DAT.AD-96 was taken into account for the first time.

Methodological scientific novelty and a possibility to apply it in practice can improve the control of asphalt concrete

mixture production.
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1. Introduction

To produce asphalt concrete mixture of the set mark
according to properties identified by laboratory tests of
aggregates and organic binder, the mass ratio, which pro-
duces the best physical and mechanical indices of the
designed mixture, which comply with the requirements
of norm [1] is selected. The curve of grading of designed
asphalt concrete mineral aggregate obtained from those
indices shall be smooth and shall pass between (prefer-
ably through the median) of the normalized curves of
the selected type of asphalt concrete mixture. The opti-
mum bitumen content is first calculated according to the
bitumen capacity (absorption) [2, 3] or other approxi-
mate formulae. Then it is specified by experiments hav-
ing prepared and tested 3-5 portions of asphalt concrete
mixture [4, 5] of the same grading but with a different
binder content.

The bitumen content of a series of samples tested
in a laboratory which have the best properties of asphalt
concrete mixture is considered optimum and is recom-
mended to be used when producing asphalt concrete
mixture in an asphalt plant. Such method of selecting
the grading of asphalt concrete mixture is suitable only
during the designing process, but not when it is produced.

To select the ratio of aggregates which compose an
asphalt concrete mixture, several mathematical methods

which are based on various principles were constructed
a few decades ago or have just been constructed [6-12,
3]. It proves that it is not easy to select the optimum
grading of an asphalt concrete mixture and is not an one-
faceted problem.

The grading of the mixture designed in a laboratory
shall be precisely ‘carried out” when producing it in an
asphalt plant. With regard to 15 models of 99 asphait
concrete plants operating in Lithuania of various effi-
ciency, structure, the scheme of mixture production tech-
nology, the type of fuel used, servicable life as well as
other factors, we could consider that the quality of as-
phalt concrete mixture production varies and different
methods are required to effectively manage it.

Most of operating asphalt concrete plants produce
the hot asphalt concrete mixture of various types accord-
ing to the traditional technology [13, 14]. The essence
of this technology is that the asphalt concrete mixture
content is made up not of initial cold aggregates accu-
mulated in the stacks of the asphalt concrete mixture in
the plant territory but of hot mineral materials of indi-
vidual 3-5 fractions of discrete batched portions techno-
logically screened in the asphalt plant.

If the quality of asphalt plants is very high, dry dust
is segregated and accumulated from dry and heated ag-
gregates flow during the technological process of mix-
ture production in the batcher of air purification equip-
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ment. The effectiveness of dust segregation depends on
the equipment construction, work regime, technical con-
dition and grading of materials [15]. Segregated dust from
air flow and accumulated in a batcher (reclaimed dust,
RD) can be used to produce asphalt concrete mixture by
identifying ratio A of imported fillers (IF) and their
batches. If ratio A of aggregates mass is not specified,
all models of the same grading which had been con-
structed before make it possible to use only one material
which does not comply with the requirements of asphalt
concrete mixture technology.

When the reclaimed dust settles in the bin and is
batched, it can have one of the three input balances. First,
more dust settles than it is used; second, the settled con-
tent is used; and third, less dust settles than it is used.
Such mass balances change very often during one work
shift by transferring from one level to another due to the
change of initial cold aggregates grading as well as due
to the stochastic origin of parameters of production tech-
nological operations carried out in an asphalt plant. The
change of balance levels enables the operator of an as-
phalt plant to change not only the ratio of IF and RD
but also the mass of hot fraction batches.

When solving the task of material mass selection,
various mathematical models of simulating the mixture
composition can be used. For instance, the general model
[3] would be suitable for that; however linear relation
shall be set up between IF and RD and this relation shall
be inserted as an additional condition. The analysis of
asphalt concrete production technology gave grounds to
assess the selected ratio A in practice for the first time.
In our research, an original evaluation algorithm of re-
quired technological ratio of IF to RD is presented.

The research aims to construct the conditional opti-
mization mathematical model of finally batched constitu-
ent aggregates mass ratio of the produced asphalt con-
crete mixture grading, when the grading of screened hot
fractions, cold IF and RD is known and any technologi-
cal ratio A of the fine disperse materials mentioned above
is selected. The insertion of this ratio ) as an additional
condition is called 'conditional’ optimization. Having this
model, calculation algorithm and software, during each
work shift such finally batched constituent aggregates
mass ratio can be selected precisely and immediately from
screened hot fraction grading effective control data in an
asphalt plant due to which grading of asphalt concrete
mixture complies with the requirements stipulated in
Regulations DAT.AD-96 and the project.

2. The causes of instability of finally discretely batched
aggregates grading

Hot fractions grading and their contamination with
particles of adjacent fractions depend on the construc-
tion of an asphalt concrete plant screen, grading of dried
and heated mineral mixture distributed through techno-
logical screens and the delivered unit per time unit of
this mixture which settles on the screen, ie actual effi-

ciency of cold and hot elevators [16, 17]. When the am-
plitude of fluctuations of the screened hot aggregate mix-
ture grading and loading of technological screens with
this mixture is very wide, particles of various sizes are
screened from the hot bin sections of asphalt plant (Fig 1),
contamination of which during the work shift and be-
tween shifts changes considerably.

Guidelines of Asphalt Concrete Production Process
DI-04 in Civil Engineering Regulations [ 18] are not com-
plete since the actual grading of hot fractions screened
through different technological screens in an asphalt con-
crete plant is not taken into consideration. This docu-
ment shows how to estimate the obtained content of hot
fractions from the curve of grading of asphalt concrete
mixture aggregate designed in a laboratory. Here only
approximate difference of technological and laboratory
screens mesh sizes are indirectly taken into consideration
by comparing the size of technological screen with the
size of particles passing through its mesh. The guide-
lines stipulate that hot fractions are contaminated with
finer particles than required; however, data about such
contamination are not given. Following the presented
methodology and sample calculation, possible quantity
in per cent of hot fractions obtained through screening
can be estimated approximately (not required for
batching), the usage of which enables to estimate the
initial values of fixed positions determined by discrete
batches of those fractions.

3. Asphalt concrete aggregates, mineral elements and
their labelling

Asphalt concrete and its mixture are made up of
aggregates and organic materials. Aggregates have cer-
tain grading defined as partial residue on laboratory
screens, full fractions on laboratory screens or cumula-
tive residue through those screens in per cent. Those who
draw up normative documents, designers of asphalt con-
crete mixture composition, technologists of its produc-
tion or quality controllers shall decide which of the three
characteristics of grading shall be used with regard to
traditions and aims.

Each aggregate is composed of the whole complex
of both polished and (or) unpolished particles classified
into narrow fractions according to the size of laboratory
screen mesh. One or several adjacent narrow fractions
make up the mineral element of an aggregate. Following
the theory of asphalt concrete structure, its mineral part
is always made up of two mineral components: mineral
fillers (grains): less than 0.09 mm or 0.071 mm, and sand-
grains with a diameter of 2-0.09 mm or 5-0.071 mm.
The structure of asphalt concrete is often formed by the
third mineral element: crushed stone (grains less than 2
or 5 mm). These two or three mineral elements make up
not only asphalt concrete and its mixture but aggregates
as well. Therefore, terms 'aggregates' and 'mineral ele-
ment' are not synonyms since they define different prod-
ucts in terms of their quality. Taking that into consider-
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ation, it could be stated that asphalt concrete mixture or
any other aggregate j (j =1,..,m) is made of k£ mineral
elements (i =1,...,k). In most cases, k is 2 or 3. To evalu-
ate their quality by using the whole grading, the number
of laboratory screens with a bottom corresponds to the
mineral elements. Therefore, aggregates in an asphalt con-
crete mixture are its constituent parts and mineral ele-
ments are its additional parts. It is only bitumen which
is both a material (when not added to aggregates) and
an element (when added to aggregates and is in the pro-
duced or to be produced asphalt concrete mixture).

Since cold activated or inactivated IF are used in
any type of asphalt concrete mixture, it is reasonable to
apply index 4; to them (Fig 1).

Hot aggregates
mixture

=)

Unreclaimable waste

6

Ay Ay

Fig 1. The circuit of technological screens of the screen
of asphalt mixing plant TELTOMAT-160 and its multi-
section hopper, containing discretely finally dozen screened
hot fractions, and also hoppers of cold RD and IF

The RD is accumulated only in asphalt plants with
air and gas dry cleaning from dust as well as equipment
necessary to store and batch it. (Teltomat-5, Teltomat-
160, Ammann Euro A 240, ir 160 Global H, Marini, etc.).
It 1s marked as index A, .

When asphalt concrete mixture of any type is pro-
duced, the finest hot fraction 0-2 mm screened through
technological screens is always used. Therefore, it shall
be marked as 4.

When batching all hot fractions in the common
weight batcher following the principle of adding their
masses, the adjacent coarser hot fraction is added to the
finest fraction Aj; therefore, it is purposeful to mark it
Ay (hot fraction of 2-5 mm). If the third material is used
to produce asphalit concrete mixture (5-8 mm) which is
coarser than the finest or the second by its size, it is
marked A4s. With regard to the permitted diameter of
the coarsest particles of the produced asphalt concrete
mixture and the number of technological screens of as-
phalt concrete plant sifter (the number of obtained hot
fractions), the fourth hot fraction can be obtained and
used (8-11 mm) 44 and the last fifth hot fraction (11-
16 mm) 4y.

4. Mathematical model of asphalt concrete aggregates
optimum mass ratio

The task is solved in practice, when the required
type of an asphalt concrete mixture of optimum compo-
sition which complies to the composition stipulated in
Regulations DAT.AD-96 with regard to the used produc-
tion technology shall be produced from aggregates j,
taking into consideration their actual grading.

Grading of all j aggregates is known from labora-
tory research, ie their partial sieve residue particles in
unit parts (could be in per cent) d; on laboratory screen
i (=1..k) (Table 1).

These data are identified in the laboratory of an
asphalt concrete plant periodically or when the param-
eters of the technological process of production changes
(when the composition of an asphalt concrete mixture to

Table 1. The summary of aggregates partial residues on laboratory screens mass estimates

The length of the Mineral Partial sieve residues of aggregate A4, (] = l,..,,m) Partial sieve
side of square mesh element ) residues of
of laboratory screen a; (l =1,..k ) standard mixture

dimmi=1..k a0

A A, Ay | e A,
d, Crushed a), ay ap | o a, a0
stone (> 2
dy mm) asy an 3 | Aom a2
d Sand a a Aan | e a a
'3 (2-0,09 31 32 33 3m 30
R T R T S
dy l\/fl_ilr;eral Ay A2 Qz | Am 4ro
illers
Bottom (<0,09 mm) £ 1 fio | fn fo
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be produced is changed or when the grading of its con-
stituent aggregates changes).

In most cases, asphalt concrete mixture production
technology and the methodology of its composition de-
sign is based on the condition that:

1) the sum of all aggregate mass 4; equals one
(or 100%), and the quantity of bitumen is calculated in
per cent: 100% or parts of unit more than one:

m
2A4;=1; (1)
j=1

2) the total mass f, of particles of the size less
than 0.09 mm in the whole designed mixture is known
(presented in a designing task):

_§1A = 1o @
j:

S is mass of particles less than 0.09 mm in aggregate
J 1n parts of unit (or per cent).

The total partial sieve residue Z; of the designed
asphalt concrete mixture is made up of all aggregates
m partial sieve residues on i laboratory screen

m

Zi= 248 ok,
j=1
Partial sieve residues g;; of the designed type of
asphalt concrete mixture grading normative curve on {
laboratory sieve are known from normative documents,
for example, Regulations DAT.AD-%6.
When using conditions (1)-(2), differences W, [5]
of calculated Z; and normative g;; partial sieve resi-
dues can be expressed:

m
W,=Z;—a;g= 3 AB; —Bio, 3)
Jj=3

k
2
When reducing (minimising) the sum 2V of qua-
i=1

dratic partial sieve residues W; and using the method of
smallest squares for all laboratory screens and by com-

k
. . .. 2.
paring partial derivatives of the sum 2V with respect
i=1
to all constituent aggregates 4; to zero (j=3,...,m),

the following is obtained:

2
a[fw,-z] 0 i(ZAJBU _BiO]
i=l —

i=1{_j=3 o
04; 04,
or
k m k
ZiBil 23[5;'] j=zi[3i1l3io, I=3, .m @)
i= Jj= i=
Matrix [C] of system (4) is symmetric
[CHA]=[D]:
k ) k k
Zﬁi?) ZBBBM ZB[BBim
k:—l t—lk i 1:1
[c]=| ZBiabis  XBia 2 BiaBim
i=] i=1 i=]
L L k...2
zBimﬁiB ZﬁimBM zﬁim
i=1 i=l i=l
and

k k P T
wk@ﬁ&agmm.~z%mj.
i= i= i=]

Having solved system (4), we will obtain values
A;,.., 4, , and the values of other 4, and 4, will be
obtained from conditions (1) and (2).

Calculation algorithm would be as follows:

1. We take two from f; #0, (fi#0and f, #0);

fi
2. We calculate K =1—~fi (j=2,..,m) as well;
1

3. We calculate 0 and 1-—L (j=3..m)
. We calculate —L and 1-— (j =3,...,m);
K K,

4. We calculate
K K;
Bij=aij_K—2ai2— I_K—z i, (j=3,...,m)

and construct matrices [B]=[B;| and [Byl=[B;.
=1,k j=3,.,m);

5. We construct the system of linear equations
[CHAI=[D}; here [C]=[B7}(B], [p]=[67}iB,),
[A]=[d45, 4g,.. A, ]

6. Having solved the system we obtain 43,...,4,, ;

7. We calculate

K, 1o
Ay = K—Z—K—2]§3AJ’K1 5)
and
m
4 =1-34; ®
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Asphalt concrete mixture production technology pre-
sented in Requirements on Asphalt Concrete Mixtures
[1] specifies the mass ratio of two batched finer disperse
aggregates (reclaimed dust and imported filler), which
can be expressed by the coefficient of proportion 2. If
4 is a quantity of batched cold IF in the produced as-
phalt concrete mixture, and A4, is a required quantity of
batched RD

Al = 7\. . Az . (7)

Following technological specifications presented in

Regulations DAT.AD-96, the mass ratio of these fine

disperse aggregates in a mixture of various types of as-
phalt concrete is

1€A<3.

Having taken that into consideration, the first two

columns 4; and 4, shall be changed by one common

column (Zl ) in the initial table of data (Table 1). Those

values which are obtained from the sum of two aggre-
gates are marked by the line above the symbol of an
estimate:

1.€.

My + 4y = A, Of Ay(A+1)= 4. ®)

Values a of column Z and relevant value f]
shall be estimated.
Then a;4; +a;4; =ay4; and with the help of

formulae (7)-(8) we obtain

4+
a; = a121‘:}\'a11 . (9)
By analogy
= _[atM (10)
Si= 1+

Value f; can be estimated in a different way:

— k.
fi =100—za“
i=l

The results of calculations according to both for-
mulae coincide.

5. A sample of mathematical model application by
adjusting the composition of mineral element of as-
phalt concrete mixture in an asphalt concrete plant

Asphalt concrete mixture is made of seven aggre-
gates (five hot fractions 43,44, As, Ag, A7, teclaimed
dust 4, and imported fillers 4, ), the grading of which
is presented in Table 2.

The solution of the task when the mass ratio of im-
ported fillers and reclaimed dust is not identified was made
for the following fractions in the scientific report [5]:

A3 =0,3314; Ay =0,1634; A5 =0,1225;
A =01178; 4, =0,1926 . However, the required quan-
tity A, of reclaimed dust, estimated according to (5)
was negative (even though very small): 4, =-0,0552.

Therefore, we will solve this sample with the help
of conditional (because we are taking into consideration
additional condition A) optimization methodology and
by applying Maple-5 or Maple-6 software package [19,
20], when different ratios L of imported fillers 4, and
reclaimed dust 4,, ie A=1273.

Taking into consideration equations (9) and (10),

we will estimate g, and £ (Table 3).

Table 3. Narrow fractions lump 4 j in percentage obtained
by batching imported fillers and reclaimed dust

Labor- Partial sieve Particle mass 4; obtained
atory residue on from imported fillers and
screen |laboratory screen, | reclaimed dust %, when ratio

No % L is accepted
i A, A, | A=1] rA=2] xr=3
1-6 0 0 0 0 0
7 0,1 0,05 0,0333 0,025
8 0,7 1,2 0,95 0,8676 0,825
9 14,4 224 18,4 17,076 16,4
j;. 84,9 76,3 80,6 82,0 82,8

Case A=1 complies with the condition when
A =4,.

Particles of size from 22,4 mm (;=1) to 2 mm
(i=6) are absent in imported fillers 4, and reclaimed
dust A4, ; therefore zeros are written in the first six line.

The following system of linear equations is obtained:

635,554, +2929,87 A5 + 22342145 +2065,47 47 = 2279,80
2929,874, +9664,16 A5 +3780,714¢ +2920,62 4; =2678,20
2234214, +3780,7145 +9780,29 4¢ +4001,50 47 = 2754.82
2065,47 Ay +2920,62 As +4001,50 4 +11021,5347 =3992,21.

The solution of the system is as follows:
A, =0,1925; A5 =0,1229; 4¢=0,1177; 4; =0,1925.

According to (5), A; =0,2906 and according to (6)
4, =0,0837, ie A4 =d4, =0,0419.

We have estimated quantities of all batched aggre-
gates mass in unit parts when A =2 and A=3 is se-
lected.

Findings are presented in Table 4.

In Table 5 values of screened cumulative residues
of the designed optimum grading asphalt concrete mix-
ture when the selected ratio A of imported fillers and
reclaimed dust is changed from 1...3. The graph (Fig 2)
of the designed asphalt concrete mixture grading is con-
structed from them when A =1, and it shows that hav-
ing taken into consideration the actual grading of the used
aggregates A,...,A4; it is optimum since it hardly differs
from the normalized composition of wearing course of
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asphalt concrete 0/16S-V. Values of the designed asphalt
concrete mixture laboratorically screened cumulative resi-
dues are close to normalized values of relevant labora-
tory screens of the curve which divides tolerance field
and is placed between the permitted upper 7, and lower
T4 limits.

Table 4. The optimum mass ratio of discretely batched aggre-
gates, when | is changed

Mark of Selected mass ratio A of imported fillers
aggregate A, and reclamed dust 4, and the
corresponding ratio of all batches
A=1 A=2 A=3
Z 0,08373 0,08067 0,07993
4 0,04186 0,05378 0,05995
A, 0,04186 0,02689 0,01998
B A, 0,29065 0,32147 0,32231
4, 0,19249 0,16468 0,16458
| A 0,12290 0,12291 0,12291
A 0,11774 0,11776 0,11776
4, 0,19249 0,19251 0,19251
7 1,00000 1,00000 1,00000
2.4
J=

Table 5. The optimum grading of the designed asphalt con-
crete mixture

Size of | Lower and | Interval| Cumulative residue on
laborato- upper mean laboratory screens %
ry screen | normalized when ratio of imported

mcsh values of fillers and reclaimed

d.- mm asphalt dust is selected

concrete

mixture

0/168-v

A= A= A=

22,4 100 100 99,83 | 99,83 | 99,83
16 90-100 95 99,49 | 99,49 | 99,49
11,2 71-85 78 81,57 | 81,57 | 81,57
8 60-75 67,5 70,21 1 70,22 | 70,22
5 50-62 56 57,65 | 57,777 | 57,77
2 35-45 40 38,30 | 40,42 | 40,42
0,71 21-35 28 29,94 | 31,78 | 31,77
0,25 11-25 18 18,45 | 19,21 | 19,17
0,09 6-10 8 7,91 7,77 7,66

6. Conclusions

1. Since the methods of quality control and regula-
tion of asphalt concrete mixture production are not per-
fect yet, very often the products do not comply with the
requirements stipulated in Standards, Regulations and

100 - e T
Al 4 g - - b
90 '\/ /7 N i
) / ! : ' i
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4 A4 ! t i
A2 ! LA
70 s ,
LL-A3 / ' !
60 ! ! / ;
] 1
7 ' i
1
1

Percent passing
W
(=]

!

t
L
!
1

'l
'
'
‘
] /
" I v !
:

/
40 II 6 ‘:
30 a + L
/// / ,‘/AS H :‘/A7
'
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Sieve of laboratory screens’ square mesh, mm

Fig 2. The normalized curves of optimum grading of
asphalt concrete mixture 0/16 S-V  and designed of 7
aggregates with A =1 of wearing course

Work Instructions. Beside mass of continuous batchers
which deliver flows and yields of initial cold aggregates,
mass of finally batched hot fractions screened through
technological screens, cold imported fillers and reclaimed
dust portions measured by discrete batchers shall be es-
timated with reference to the actual grading of these
aggregates. Since the grading of aggregates changes, its
mass shall be changed as well. It is rational to estimate
the best quantities of all aggregates mass by applying
conditional optimization mathematical model presented
in the work which takes into consideration ratio  of
imported fillers and reclaimed dust selected in the as-
phalt concrete mixture production technology.

2. Synthesis of mathematical optimization theory and
technological process of asphalt concrete mixture pro-
duction enabled to solve the problem of asphalt concrete
mixture production quality both theoretically and practi-
cally by applying the new methodology of required mass
estimation of aggregates measured by asphalt concrete
plant discrete batchers as well as its practical implemen-
tation algorithm.

3. To optimize the quantity of aggregates, the crite-
rion of the least deflections squares between normalized
and calculated asphalt concrete mixture mineral part grad-
ing of partial sieve residues on laboratory screens was
applied. Therefore, when solving this optimization task,
only one best quantity of used aggregates in the mixture
which complies with this criterion is obtained.

4. The presented algorithm is original and new and:

¢ enables to use all available materials in the pro-
duction of the mixture. Having evaluated the actual grad-
ing of aggregates hot screened fractions according to the
laboratory tests, the mass ratio of imported fillers and
reclaimed dust is estimated efficiently and precisely.
Therefore, asphalt concrete mixture which complies with
the requirements stipulated in composition design and
Regulations DAT.AD-96 is produced best;
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e enables to apply the requirements of normalized
asphalt concrete mixture production technology since the
necessity has been substantiated and the selected ratio
of cold imported fillers (IF) 4; and reclaimed dust (RD)
which settled on dry air purification equipment and ac-
cumulated in the reservoir of asphalt concrete plant re-
turning dust 4, has been taken into consideration for
the first time;

e s easily applied in practice since at the end of
each working day, Head, Technology Director or Head
of Laboratory of asphalt concrete mixture production can
immediately calculate the required ratio of materials mass
on PC based on the laboratory data on hot fractions grad-
ing (quality of screening) according to the presented new
methodology, algorithm and programme, and an opera-
tor of an asphalt concrete plant can appropriately adjust
the position of batches fixing hands or asphalt concrete
plant computer management programme.

5. The mathematical model and algorithm can be
applied when improving the Instructions on Asphalt Con-
crete Production DI-04 2235248.01:1999 of Construc-
tion Regulations or when constructing upgraded univer-
sal asphalt concrete mixture production quality control
methodology in an asphalt concrete plant.
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