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CALCULATION PECULIARITIES
OF RE-PROCESSED ROAD COVERING UNIT COST

Izmaylova D.K., Seliverstov N.D.

In the article there are considered questions of economic expedien-
¢y of non-waste technology application for road covering repair and
restoration. Determined the conditions of asphalt-concrete processing
at plants. Carried out cost changing analysis of asphalt granulate con-
sidering the conditions of transportation and preproduction processing.
Given an example of expense calculation of one conventional unit of as-
phalt-concrete mixture volume preparation with and without processing.
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Introduction

Reduction cost of construction, repair and restoration of road surfac-
es is ensured at the stage of project planning, by optimizing the mecha-
nization, parameters and operating modes of individual units. The dis-
location of asphalt mixing equipment from the site of production deter-
mines the formation of mechanization complexes [4]. The restoring cost
of the road coverage is made up of the cost of machine-hours and the
cost of building materials with delivery to the place of production [2, 3,
7, 8]. The unit cost of production is determined by the equation:

Cyy :C7W+CMJ, rub./m?, (1)

C,,, — the prime cost of complex’s operation machine-hour, rub./h;
IT — operating capacity of the complex, m3/h;
C,,; — cost of building material with delivery, rub./m?.

To estimate expenditures of restoring road surface using a non-
waste technology there are several ways of implementing the repair
process:
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1) without recycling old pavement materials;

2) during cyclic processing on a remote mixing equipment (sta-
tionary / mobile plant / asphalt mixing plant);

3) during continuous recycling by the recycler in the process of
removing / laying the coating in conjunction with machines that
are feeding binder and / or cement-water suspension.

In the first and second options, there are used dump trucks and
front loaders to transport materials between cycles. In the last two
options, the percentage of recycled material in the new mixture is
preset.

The volumes of finished products and transportation conditions of
asphalt-concrete mixture to the place of work affect its production.
Stationary plants are usually constructed in regions with a high con-
stant demand for building materials. In uncertain conditions of mix-
ture production volumes there are used mobile asphalt plants with
various mobility.

The cost of 1 ton of a new hot asphalt mix without processing the
granulate is determined by the equation:

cll¢=C,+C,, +Cy, rub. (D)
C,,— cost of a sand component in a ton of mixture, rub;
C,,, — cost of a mineral powder component in a ton of mixture, rub;
C,, — cost of a binder component in a ton of mixture, rub.

An example of calculating the material cost in an asphalt-concrete
mixture without granulate is given in Table 1.

Table 1.
Calculation of the material cost in asphalt-concrete mixture without granulate
Content of th
Composi- ontent of .e Amount, Price, Total,
Ne Component . component in
tion, % ; kg rub./ton rub.
mixture, %
1 |Sand 80 74,6 745,6 307,64 | 229,38
2 | Mineral powder 20 18,7 186,4 1356,0 252,76
Bitumen BND
3 60/90 7,3 6,7 68,0 6688,19 | 454,80
Total: 100 1000 - 936,94
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The main condition of economically efficient processing is the ex-
cess of a new hot asphalt mixture cost without granulate processing
C/i¢ the mixture cost on the basis of the processed granulate C/" con-
sidering granulate and mixtures transportation between the work place

and asphalt-concrete plant:
TAC

C
Clif 2 L or o 2)

M

The preparation of a new mixture with the use of asphalt granu-
late provides for its fragmentation into smaller fractions, sieving into
fractions and surface processing [6, 9]. Calculating the cost of asphalt
granulate crushing that goes to asphalt-concrete plant after milling is
given in Table 2. Different RAP fractions, depending on the crushing
degree can replace sand, mineral powder or both mineral components
in the new mixture.

The mixture cost on the basis of RAP is determined by the equation:

Cé‘);IH = Crin +C pos + Cpr rub 3)

C,,,, — the asphalt granulate cost in a ton of the mixture with delivery

to the plant, rub.;
CﬂPOE — the cost of asphalt granulate crushing supplied to the plant

after milling, rub.;

C,, — cost of binder component in a ton of mixture, rub.

Table 2.
Calculation of asphalt granulate crushing cost supplied to the plant after milling
No Expenditures Total, rub.
1 Salaries 1837,85
2 Salary charges 524,60
3 Electricity 6751,36
4 Dump truck (15 t) 6413,80
5 Front loader 9597,72
6 Repairing costs 1182,50
7 Total direct costs 26297,83
8 Overhead (15%) 3944,67
9 Total 500 tons 30242,50
10 Total 1 ton 60,49
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The above crushing regimes provide a fraction that replaces the
sand components in the new mixture. To obtain a finer fraction of the
mineral powder component, additional crushing and costs are neces-
sary. Consider the option of the maximum use of asphalt granules in
a new mixture on the plant. In this case, while calculating the cost of
crushing an asphalt granulate that arrives at the plant after milling,
a dimensionless correction coefficient is used, which value is in the
range k = 1,5+4 and is selected depending on the production condi-
tions [5].

Asphalt granulate is obtained by removing the coating layer. The
cost can be considered zero, since the removal of the old layer is a
technological operation of repair / reconstruction of the road and is
performed regardless of the repeated use of the materials obtained in
construction.

The cost of asphalt granulate (RAP) is formed during its delivery
to the place of mixture preparation and is determined by the equation:

n C.. - C.. -
Csz? _ Z[CP,4H Qo + M4 Qrin ]: MY Qrin rub/m3
i=1

lec Ve Q’IZC Ve
The asphalt granulate cost calculated based on weight:
C. -l
CEn = S T Qpun rub./kg

Orc Vie P pan
p,,, — the density of asphalt granulate, kg/m’ (for black rubble
granulate p,,, = 1600, kg/m*); other notation were given earlier.
Considering special options of granulate delivery for one transport
operation and delivery of granulate in a larger volume, at the first op-
tion (one transport delivery) we receive:

QPAH = QTC’

oz -l

Coung = 0 , rub./kg, 4

rc Ve " Ppan

Examination of the RAP cost changing for the given delivery con-
ditions (Table 2) with a variable transportation distance / = var de-
pending on the distance between plant and place where the RAP was
obtained (Figure 3):
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CMWI = 2000, rub./h; O =15, m’; Vie=45, km/h; Py = 1600, kg/m?’;

oag = % -1285-10° -1, rub./kg,
PERK-10°3-
o2 851044, rub.fton

Examination of the RAP cost changing when it is necessary to de-
liver the granulate in several transport operations. For given delivery
conditions with variable transportation distance / = var we get:

Cquz =2000, rub./h;
0,,,= 1000, m’;

O, =15, m’
V,.=45, km/h;
Py, = 1600, kg/m’;
The cost calculations of asphalt granulate based on weight:
Cluy = 200010007 _y 534,10 -1, rub./kg.

152 -45000-1600
NZ.. =0,1234-1 rub./t.

A cost comparison of asphalt granulate on plant in particular de-
livery options in one transport operation and granulate delivery in a
larger volume is shown in Fig. 1.

7000

6170
g 6000 5553 M |
% 4936 | W
£ so00 23—
g [ |
=, 4000 3702
- 3085 M
é 3000 2468 M
= 1851 H
2 2000 1234 H
1000 617 M
1284 @& 10 15 20 25 30 35 40 45 50
0o oo o o o o ¢ o o
0 20 40 60 80 100

Remoteness of the plant, km

@ Delivery of 15 m3 RAP

M Delivery of 1000 m3 RAP

Fig. 1. Price change of asphalt granulate at plant for delivery of 15 m® and for delivery

of 1000 m?, depending on the remoteness of the plant from the place of receipt

of the granulate and the specified conditions for the transportation mechanization.
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Consideration of a special option of using asphalt granulate after
crushing (Table 3),where the cost of a ton of granulate is determined
mainly by the fragmentation cost of the fraction.

Table 3.
Cost calculation of the materials
in an asphalt mix using asphalt granulate after crushing
Content of
Composi- | the compo- | Amount, | Price, Total,
N Component tiorf % | nentin lflix— kg rub./ton | rub.
ture, %
Asphalt granulate
1 | (crushed) 63 399,47
Sand 93-95% | 940,0 375.5
Asphalt granulate
2 | (crushed) 17 399,47
Mineral powder
3 | Bitumen BND 60/90 6,2 5,84 58,4 6688,19 | 390,59
Total: 100 1000 - 766,1

* — Limitation. Calculating the final RAP cost, mathematical models do not take
into account the cost of RAP sieving into different fractions, as well as the addition of
surfactants and plasticizers.

The decision to use the technology of re-use of asphalt granules
while processing it on plant is made on the basis of inequality (2) after
calculating the preparing costs of 1 ton of asphalt mixture without
granulate and with granulate. Example is given in Table 4 [5].

Table 4.
Cost calculations for preparation of 1 ton of asphalt-concrete mixture (type D)
. Composition

N Expenditures With no granulate With granulate

1 | Raw materials 936,94 766,1

2 |Fuel 43,97 43,97

3 | Electricity 224 224

4 | Basic salary 40,07 40,07

5 | Social insurance deductions 11,22 11,22

6 | Depreciation 19,37 19,37

7 |Rent 36,79 36,79

8 | Security 3,16 3,16

9 | Overheads 129.48 129.48

10 | Production cost 1243,04 1072,39
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In the case of asphalt granules maximum use in the new mixture
while preparing on plant, the amount of binder is comparable. Inequal-
ity (2) can be simplified to the form:

Cp+Chun2Chry + CﬂPOB;
CatCun 5 (5)
CPAIY + C/_’ZP()E

Based on inequalities (2) and (5), transport conditions and maxi-
mum transportation distance are determined, which ensures the eco-
nomic processing efficiency.

Conclusion

To determine the production cost, calculations for each nomencla-
ture are made separately. Based on the production cost calculation,
settlement prices are set, which in turn are the basis for the organiza-
tion of the system of mutual settlements of production units.

The granulate cost C,,, is determined mainly by the volume of
RAP delivery, the distance of transportation and operating character-
istics of the vehicle (transport time, body / hopper volume). The RAP
cost can vary from zero to infinity. Under certain conditions, the use of
RAP becomes irrational due to the cost excess of the mixture based on
the RAP compared to the cost of the new hot asphalt mix.
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