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RESEARCH OF TEMPERATURE CHANGE
OF PAVEMENT HEATING IN THE
PROCESS OF HOT IN-PLACE RECYCLING
OF ASPHALT CONCRETE

O6’ckmom docniodcernis € mexnoL0zis 2apauoi pezenepayii acharvmobemony memoodom <in-places. Temnepa-
MypHi peicuMu posizpieanis acPharbmobemoninozo NOKPUMms € O0OHUMU 3 KIIOUOGUX MEXHOJI0ZIUHUX NaApaAMempis,
KL BNAUBAIOMb HA AKICMb BUXION020 Pe2eneposanozo acharbmobemony. 3 Memor 6CMAanoGieHHs 3aieHCHOCTNI
memnepamypu posizpieanis NOKPUMms na piauitl 2aubuni 6io wacy posiepisanis nposedeni namypii 00CaioNcenns
Geanocepednvo nid uac euxonanms podim 3 2apauoi pezenepauii acharvmobemony memodom Reshape. Po6omu
BUKOHYBANUCH NPU MeMNePamypi HABKOIUWIb020 cepedosuiya 25—30 °C ma bessimpsaniii nozodi. Pezeneposana
zapsva acarbmobemonna cymiul, wo SUKOPUCMOBYBALACH NPU NPOBedenii O0CIIONCeHD, 3a 3EPHOGUM CKAAOM
ma emicmom 6imymy eionosioana cymiui zapsuiil, Opionosepuucmiil, acgaromobemon wironuil, muny A, nenepe-
pusuacmoi zpanyromempii, mapxu II éionosiono do J[CTY B B.2.7-119:2011. Buicm 3aiuwuxo60z0 6imymy po3-
nywenoi acarvmobemonnoi xpuxmu cmanosus 6,0 %. Ilpu nposedeni docrioicens sUMIPIOBans NPOBOOUILU
npu pisnit weuokocmi pyxy (1,8 m/x6 ma 2,1 m/x6) mepmiunoi ycmanosxu 0is posiepisy achaivmobdemoniozo
noxpumms Wirtgen HM 4500 (xpaina supobnuux — Himewuuna). Ompumani epagiuni sanejcrnocmi ma mame-
Mamuyi Moodeni 0anu 3moey SUSHAYUMU, WO ONMUMALLHUM DEHCUMOM PO3iZPi6aHHs NOKPUMMSL € NOCMYNOBULl
posizpis. Taxuii pexcum 003601UMb YHUKHYMU GUNATIOEAHN OiMymMy ma 3abe3nevumu po3izpieanis 00poACHbOZ0
NOKPUMMS. HA PI6HI OCHOBU Pe2EHEPOBAH0Z0 WAPY, WO OYdHce BANCIUBO NPU BUSHAUCHHT MEeMNEPAMYPU Nepemiuy-
sanms cymiwi. Ananis zpaixie ma mamemamuunux MoOeiei 0ae 3M02Yy NPUNYCIUMIUL, U0 SMEHULEHIS MeMNepa-
mypu posizpiey nokpumms xoua 6 na 10—20 °C npussede 0o 36invuienis npooyKmueHocmi podomu mepmiunoi
ycmanosxu. B maxomy sunaoky 36invuenis npodyxmusnocmi moce ckaadamu 6io 20 % do 25 %, wio smenuwumno
sumpamy 2a3y ma, 6i0noeiono, cobisapmicmv podim. Taxum uuHoOM, OMPUMAIT 3ALEHCHOCTNL MONCYMb OYMU BUKO-
PUCMAi npU ONMUMI3AUTT MEXHOL02iUI020 NPOUECY 2apauoi pezenepaii acarvmobemony memodom <in-places.

Kmouosi cnoga: pezenepayis acarvmobemony, asmomodiivia dopoza, acGharbmobemore noOKPUmms, 2apauuil
Ppecaixiine, NOMOYHUL PeMOHM, eKOHOMIUHA ePeKxmuUsHicmb.
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— Remix method — regeneration with a change in the
composition of old asphalt concrete by adding new
materials in an amount up to 30 % (mainly up to
20 %) by weight;

— Remix Plus method — regeneration with a change
in the composition of old asphalt concrete and the
simultaneous installation of a layer of new asphalt con-
crete mixture in one pass.

According to [4], the economic effect of the application

1. Introduction

Given current trends in the rise in the cost of road-
building materials, an urgent task is their reuse [1]. One
of the ways to solve this problem is the introduction of
technology for the hot regeneration of asphalt concrete.
In the world practice of road construction, the focus of
state policy on resource conservation is the main engine
for introducing technologies for the industrial recovery

of asphalt concrete [2].

Depending on the method of preparation, there is a dis-
tinction made between the technology for preparing hot
regenerated asphalt mixes at the factory and directly on
the spot («in-place»). According to the world practice
of road construction, hot recycling technology for road
asphalt in place is classified depending on the type and
purpose of work, manufacturing processes and the use of
regenerated mixtures as follows [3]:

— Reshape method — profiling;

— Repave method — profiling with restoration of the

wear layer;

of on-site hot recycling technologies is 20-30 % compared
to traditional technologies for repairing asphalt concrete
pavements. The authors of [5] argue that the savings from
using this technology can be up to 35 %. Studies [6]
also show a reduction in the time taken to complete the
work compared to traditional methods. However, they
note about the unsuccessful experience of application. The
main reason is called improperly selected areas for repairs,
since the existing position of the pavement is not properly
taken into account. At the same time, important factors
in the cost-effectiveness of technology and the quality of
work performed are the correct choice of the technological
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process and the accuracy of assessing the condition of
objects and materials at the stage of engineering sur-
veys [7]. One of the key components of the technological
process of hot recycling of asphalt concrete using the
«in place» method is the heating of the asphalt concrete
pavement to a certain depth and, as a consequence, the
mixing temperature [8].

The issue of the influence of pavement preheating on
the quality of the regenerated material and the performance
of the regeneration process itself is considered in [9]. The
minimum temperature of the pre-heating of the pavement
is established according to the research results — 120 °C,
which can guarantee the quality of the regenerated pave-
ment. Providing a temperature on the surface of the asphalt
concrete pavement of 160—180 °C, the depth of asphalt
concrete warming up to a plastic state (such that it al-
lows reformation) reaches 4—6 cm at certain dimensions
and the speed of the asphalt-pavement moving.

It is noted in [10] that the cost of hot recycling of
asphalt concrete using the in-place method substantially
depends on the gas consumption for pavement heating (in
the case of pavement heating with infrared radiation burners).

Despite the large number of publications on this topic,
questions of studying the influence of technological pa-
rameters on the temperature of the pave-

4) pavement moisture;

5) wind speed.

The most important of these are the first three factors.

In order to establish the dependence of the tem-
perature of the pavement heating at different depths
on the heating time, field studies are carried out di-
rectly when performing work on the hot regeneration of
asphalt concrete using the Reshape method. The work
is carried out at an ambient temperature of 25-30 °C
and calm weather. The regenerated hot asphalt mix,
which is used when conducting studies on the grain
composition and bitumen content, corresponded to a hot,
fine-grained mixture, dense asphalt concrete, type A,
continuous granulometry, grade II, in accordance with
DSTU B B.2.7-119:2011. Content of residual bitumen
loosened asphalt crumb is 6.0 %. During the research,
measurements are carried out at different speeds (1.8 m/min
and 2.1 m/min) of the thermal installation for heating the
Wirtgen HM 4500 asphalt concrete pavement (country of
origin — Germany).

3. Research results and discussion

The research results are given in Table 1.

ment heating is relevant. Establishing the Tahle 1
laws of such an impact will determine the The results of experimental studies

optimal temperature conditions of the re- r—— Value

mixer, which will reduce the gas con- -

sumption for pavement heating is and, Speed of movement 1.8 m/min

as a result, the cost of the work. So, the |Warming up time, min 12|34 5|68]7 |8
object of research is the technology of Surface heating temperature, °C 82 | 110 | 127 | 142 | 148 | 167 | 170 | 185

hot asphalt concrete regeneration by the

Heating temperature at a depth of 3 cm, °C | 45 | 49 | 51 | 57 | 87 | 107 | 130 | 135

in-place method. The aim of research is

Heating temperature at a depth of Scm, °C | 45 | 47 | 49 | 51 | 55 | 68 | 77 | 85

to conduct field studies of changes in the

Speed of movement 2.1 m/min

pavement temperature, depending on the

Warming up time, min 1 2 3 4 5 B 7 8

speed of the thermal installation for heat-

Surface heating temperature, °C 75 | 100 | 120 | 135|142 | 160 | 150 | -

ing the asphalt concrete pavement and

Heating temperature at a depth of 3 cm, °C | 45 | 48 | 51 | 54 | 80 | 98

108 | -

the heating time.

Heating temperature at a depth of 5 cm, °C| 45 | 47 | 48 | 50 | 54 | 66 | 75 | -

2. Methods of research

When performing the work, the following research me-
thods are used:

— selective monitoring of the process of work;

— control measurements of basic physical quantities;

— analysis of the source data;

— expert assessment method;

— economic assessment in determining the cost indicators.

In practice, the pavement heats unevenly at depth.
The heating temperature on the surface should not exceed
180 °C to prevent the burning of bitumen. In this case,
it is necessary to ensure a minimum heating temperature
at the level of the base of the regenerated layer, which
will allow the mixture to be roasted without breaking
crushed stone. The estimated minimum temperature in
this case is 75-90 °C.

On the basis of practical observations, analysis of lite-
rary sources, as well as expert evaluation, the main fac-
tors that influence the heating process of asphalt concrete
pavement are established:

1) air temperature;

2) time and intensity of heating;

3) type of pavement;

Based on the obtained measurement data, graphical
dependences of the temperature of asphalt concrete on the
duration of heating by infrared radiation are constructed,
which are shown in Fig. 1.

The obtained measurement results make it possible to
establish mathematical models characterizing the functions
of temperature change depending on the heating depth.
Dependencies are modeled in Excel. In order to assess
the suitability of the obtained models, the reliability pa-
rameters of the approximation were determined. For each
of the models, this indicator is close to 1, so the model
is of good quality:

Y1 =63.214+23.738x—1.11942,
RI=0.9879,
Y2=70.571-31.869x+10.22x> - 0.6497,
RI=0.985,
Y3=46.982-2.3512x+0.9107x?,
RI=0.9853,
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Y5 =44.857+32.25x —2.3929x42,
RI1=0.9831,

Y5=62-21.722x+7.1905x2 —0.4444x°,
RI1=0.9741,

Y6=49.286-4.1667x+1.119x2,
RI1=0.9822.

Analyzing the graphs in Fig. 1, it is possible to conclude
that the temperature of the heating of asphalt concrete
significantly depends on the heating duration. The longer
the heating process, the higher the heating temperature of
the pavement on the surface. However, thermal efficiency
can’t increase too high, since the structure of bitumen
located in asphalt concrete is disturbed by heating and its
plastic properties are lost. At the same time, it must be
taken into account that the heating curve at the base level
of the regenerated layer does not grow so fast. Therefore,
a large optimal heating mode is gradual heating.
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Fig. 1. Graph of the temperature of the heating of asphalt concrete on the
duration of heating, at the speed of movement of the thermal device:

a - 1.8 m/min; b - 2.1 m/min

In Fig. 1: A — the heating temperature; B — the warm-up
time; 1, 4 — dependence of the temperature of heating on
the surface; 2, 5 — dependence of the heating temperature
at a depth of 3 c¢cm; 3, 6 — dependence of the heating
temperature at a depth of 5 cm.

Having analyzed the graphs in Fig. 1 and mathematical
models, it can be assumed that a decrease in the pavement
heating temperature by at least 10-20 °C will lead to an
increase in the performance of the thermal installation. In
this case, the increase in productivity can be from 20 %

to 25 %, which will reduce the gas consumption and, ac-
cordingly, the cost of work.

4. Conclusions

In the course of the work, field studies of changes in
the temperature of the pavement heating depending on
the speed of the thermal device for heating the asphalt
concrete pavement and the heating time are carried out.
The obtained graphical dependencies and mathematical
models can be used to optimize the process of hot asphalt
concrete regeneration using the in-place method, which
will reduce gas consumption and the cost of work.
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