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AHoTamiss. Y CTAaTTi HABOAWTBLCA JOCBIJ BJAIITYBaHHSA Iapy IIeOEHEBO-
MAaCTUKOBOTO ac(anbToOeTOHy Ha JUISHII aBTOMOOUIbHOI noporu KwuiB-Kosemns-
Aronun kM 30+490 — xm 33+500.

OO0’€eKT MOCHIKEHHSI — TEeMIEpaTypHI PEKUMHU MPUTOTYBAHHS CyMIlIl IIeOeHEeBO-
MacCTHKOBOTO ac(hampTOOETOHY Ta BIAIITYBAHHS IIapy MOKPHUTTS.

Mera poOoTH — BH3HA4YE€HHS 1 OOIPYHTYBaHHS JOLIBHOCTI Ta MNPUAATHOCTI
IHHOBAIIIMHOT TEXHOJIOT1i, a TaKOX YCYHEHHsSI TEXHOJOTIYHUX HEAOMIKIB, IO
CYNPOBOKYIOTh Oy/11BHHUIITBO.

Meron MOCHDKEHHS — CTaTUCTMYHUNA Ta aHANITUYHUW aHali3 pe3yJbTaTiB
TETJIOBI31HOT 3HOMKH.

Pesynpratm  cTarri  MOXYyTh ~ OyTM  yOpOBaJPK€HI  OpU  MPUTOTYBaHHI
ac¢anbTOOETOHHUX CyMillIed Ta BIAIITYBAaHHI TOKPUTTIB.

[IporHo3HI TPUIYIICHHS MO0 PO3BUTKY 00’€KTa JOCTIKCHHS — TMOMIMIICHHS
TEXHOJIOTTYHOTO Mpoliecy OyAIBHUITBA acPaTbTOOCTOHHUX MOKPUTTIB.

Karouosi cJioBa: TeMIeparypa, TEIIOB130D, 1eOeHEBO-MAaCTUKOBUM

ac(anbT00ETOH, NPUPOAHUNA OITYM, KOHTPOJb SIKOCTI, OYIBHULITBO.

AHHOTamusi. B crarbe mNPUBOIUTCS OMBIT YCTPOHCTBA CJIOS IMEOCHOYHO-
MacTUKOBOTO acdaabToOeTOHAa HA y4acTKe aBTOMOOWIbHOU moporun Kues-Kosens-
Srogua xMm 30+490 — xm 33+500.
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OObeKkT wuccieoBaHUS — TeMIepaTypHble pEXUMBbl TMPUTOTOBICHUS CMECU
111€0€HOYHO-MaCTUKOBOT0 ac(abTOOETOHA U yCTPOUCTBA CII0SI IOKPBITHSL.

Ilenp paboThl — ompezaeneHue U 0OOCHOBAHME LIEIECOOOPA3HOCTH U IMPUTOJIHOCTH
MHHOBALIMOHHOM TE€XHOJIOTUH, A TaK K€ YCTPAHEHUS TEXHOJIOIMYECKUX HETO0CTATKOB,
YTO CONPOBOXKAAIOT CTPOUTEIBCTBO.

Meron wuccienoBaHus — CTAaTUCTUYECKHA W aHAIWTHYECKUM aHAIM3 PE3yJIbTATOB
TEIJIOBU3NOHHOW CHEMKH.

Pe3ynbrarhl cTaThbl MOTYT OBITH BHEAPEHBI MPU M3TOTOBJIECHUU ac()arbTOOETOHHBIX
CMECEU U YCTPOMCTBE MOKPBITHMA.

[Iporno3upyembie MPEANOI0KEHUS OTHOCUTENIBHO Pa3BUTHA 0OBEKTA MCCIIEIOBAHUS
— YJIy4lIeHHE TEXHOJOTMYECKOro TMpolliecca CTPOUTENbCTBA ac(aibTOOETOHHBIX
IIOKPBITHUM.

KaroueBble cioBa: TeMmieparypa, I[EeOCHOYHO-MACTHUHBIM  acganbToOETOH,

MPUPOIHBIN OUTYM, KOHTPOJIb KAYECTBA, CTPOUTEIBCTBO.

Annotation. The article presents the experience and results of stone mastic asphalt
preparation and building on-site km 30+490 - km 33+500 of Kyiv-Kovel-Yagodyn
highway.

Object of the study — temperature conditions of stone mastic asphalt preparation
pavement construction.

Purpose of the study — definition and foundation of innovative technology suitability,
technology flaws elimination that accompany construction.

Method of the study — statistical and analytical analysis of thermal recording results.
The results of the article can be incorporated under the preparation of asphalt mixes
and pavement construction.

Forecast assumptions about the object of study — improvement of asphalt concrete
pavement construction process.

Key words: temperature, thermal imager, stone mastic asphalt, natural bitumen,
quality control, construction.

Introduction
Road construction is complicated engineering process. The complexity is due
to a number of factors that influence and accompanying construction. Such as:
construction technology, property of materials, weather conditions, working process
organization, etc. [1, 2]. Solving this positions or not influences the final road quality
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level. The quality of pavement determined in accordance with normalized
parameters, such as equality, compaction ratio, roughness of pavement, required
modulus of elasticity, etc. These parameters are determined after pavement
construction, and their maintenance requires consideration of the above factors and
control during the construction. Technological development provides modern
technologies for road engineers that open up new possibilities in the field of
construction quality control. These technologies also include the thermal method.
Thermal imager is a device of non-destructive and operational control, which enables
to determine problem areas and make quick decisions to eliminate them, in addition,
the device allows you to identify and resolve a number of issues related to
technological flaws that are so far beyond the human eye [3].

In the countries of Western Europe and North America the natural bitumen
varieties are used as additives to artificial road bitumen sorts, improving their
properties.

Adding natural bitumen into a binder enhances pavement resistance to
deformation, shoving in high summer temperature conditions, occurrence of low-
temperature and fatigue cracks, which significantly extends the road operating
lifespan. Natural bitumen has an advantage on other bitumen additives through its
stability, usability and cost efficiency.

The field of application of natural bitumen is construction of upper layers of
asphalt concrete, producing poured asphalt, wearing and high-strength base courses.

Purpose of the study — definition and foundation of innovative technology
suitability, technology flaws elimination that accompany construction.

Research placing of pavement SMA-20 on bitumen BND 60/90 with new
modifier Selenizza SLN -120. Works carried out during the period from 26.09.2013
till 10.10.2013.

Location construction: Kyiv region, Kyiv-Kovel-Yagodyn road km 30+49 -
33+500, with exclusive of km 31+520 - 32+355 (LHS, 835 m using Kroton), km
52+223 - 52+770 (RHS of the roundabout, 547 m.), km 52+416 - 52+30 (on the
roundabout 564 m.)

Location of preparation: Borodyanka, Kyiv region.

Plant: - asphalt plant “LINTEC”, Germany.

- pneumatic - transporter with a batcher “Kredmash”, Ukraine

Manufacturer of the asphalt concrete mix: JSC “Evrascon”.
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1. Road pavement design on site

In accordance with the recommendations developed on the basis of inspection
of the existing road pavement condition, composition and intensity of traffic, on
07.06.2012 the Technical Board of the State highway agency of Ukraine accepted the
design on asphalt pavement layers, as described below.

1 — Stone mastic asphalt concrete, fine-grained SMA — 20 (fr. 20), dense, grade
I. According to DSTU B V 2.7-127-2006 h — 5 cm,

2 - coarse-grained dense asphalt concrete (fr. 25) with bitumen BND 60/90
with PAR additive, according to DSTU B.V.2.7-119-2003 b — 8 cm.

3 — coarse-grained porous asphalt concrete (fr. 40) with bitumen BND 60/90
with PAR additive, according to DSTU B.V.2.7-119-2003 b — 8 cm.

Base cold asphalt concrete mix of milled asphalt concrete 50% and 50% of sand
aggregate mix C7, strengthened with emulsion and cement M400, to achieve grade
M40, that is:

- regeneration of the existing pavement, thickness 0.15 m, applying cold
recycling technology, with addition of bitumen emulsion, cement and sand-
aggregate mix C7.

- 0.15 m; content by mass:

- Bitumen emulsion - 1.5%;

- Cement - 3.5%;

- Aggregate and sand mix C7 - 50%;

- Bitumen emulsion sprayed -0.6 l/m;
- Optimal aggregate and sand mix C5,

according to DSTU B B.2.7-30-95 -20cm;
- Medium grain sand, according to DSTU B B.2.7-32

(granite rock fines 100%) -25cm;
Strengthening provided of the following layers: Existing road pavement

- sand — 0.20 m;

- granite aggregates — 0.10 ...0.31 m;

- asphalt concrete — 0.17 ...0.30 m;

- milling the existing pavement — 0.05 ...0.10 m;

- regeneration of the existing pavement, thickness 0.15 m, applying cold
recycling technology, with addition of bitumen emulsion, cement and sand-
aggregate mix C7 — 0.15m;

Content by mass:
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- Bitumen emulsion - 1.5%;

- Cement - 3.5%j;
- Aggregate and sand mix C7 - 50%;
- Bitumen emulsion sprayed -0.6 I/m;

Upper asphalt concrete layers are described above.
According to calculations made, total thickness of the upper asphalt concrete layers
of road pavement is 50+80+80=210 mm.

2. Asphalt mix design

Stone-mastic mix SMA-20 with Selenizza SLN - 120 additive, prepared on the
basis of OJSC “Evrascon” mix design. Consumption of materials for 2500 kg of
SMA-20 is shown in the table 1.

Table 1 — Consumption and characteristics of materials, applied for SMA-20 2500 kg
batch preparation.

Screen size, mm 283

0-5 188

5-12.5 1602

Filler 282

Bitumen 60/90 (with PAR) 137.5
Stabilizing additive (Topcel) 7,5
Natural bitumen Selenizza SLN — 120 8,3
PAR Wetfix 0,2

3. Technical specifications for ACM (SMA) preparation and placing of
asphalt concrete pavement, using natural bitumen Selenizza SLN - 120

Preparation of ACM (SMA) with natural bitumen Selenizza SLN — 120 is
carried out with no alterations to the standard (ordinary) technology, applied by a
manufacturer, with the exception of application of the artificial polymeric modifier
“Kraton”.

Mix design of ACM SMA stays the same, including quantity of bitumen and its
grade BND 60/90 (70/100).

Natural bitumen Selenizza SLN — 120 is applied in the quantity of 6% of the
base bitumen weight, and replaces the equivalent quantity of the latter.

When the weight of ACM SMA in the asphalt plant mixer - 2 500 kg:

- weight of bitumen —5,5 £ 0,2 % of the weight of the mix 137,5 kg:
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- including the weight of natural bitumen Selenizza filled is — 6% of the weight
of bitumen - 8,25 + 0,3 kg (see enclosure).

Laboratory study of ACM SMA (SC 2-3) were carried out by JSC «Evrascony,
indicate conformity of its characteristics to the requirements of DSTU B.V.2.7.-89-99
and DSTU 2.7-127:2006.

Natural bitumen Selenizza SLN — 120 is fed to the weighting hopper by the
pneumatic transporter, and from there it goes to the preliminary storage hopper —
cumulating rock materials. Feeding takes place during the last stage of loading of
rock materials, which are of the temperature, as specified in SC 9. The weighting
hopper is automatically controlled, and it is synchronized with the controllers loading
rock materials.

After the end of the stage of loading the preliminary storage hopper — the
accumulator, the rock materials and the natural bitumen Selenizza SLN — 120 are
transferred to the mixer.

At the same time filler, fiber and received bitumen are fed to the mixer. In this
case the bitumen does not need any provisional preparation. The quantity of bitumen
should be adjusted in accordance with the above requirements.

After all the components are loaded, the mixing process takes place, and it lasts
37 seconds.

The temperature of the prepared mix should be 170+5 °C.

After completion of the mixing process the mix gets discharged.

Placing and compaction of the mix are carried out when its temperature is not
lower than 15045 °C, measured directly behind an asphalt paver and compactors on
any type, with the weight 8 — 13 t.

Checking of conformity of the process of production of the mix and placing of
the pavement, to the parameters, as outlined in the norm, is carried out in the course
of a trial section construction [5, 8].

Weather conditions

Air temperature + 5°C...+16 °C.

Temperature of the existing asphalt layer +10°C...19°C.

Adding to SMA Selenizza SLN -120 natural bitumen — powder, black color,
maximal diameter 5 mm, in 500 kg packages.
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The additive was integrated to the mixer on the asphalt plant with the help of
pneumatic dispenser, in automatic regime, in the amount 6% of the bitumen mass.
Batch — 2500 kg.

Temperature of asphalt mix coming out of the mixer 170...175 °C.

Temperature of asphalt mix at the beginning of compaction 150...130 °C.

Placing of asphalt mix was carried out by two asphalt pavers Vogelr 1900,
compaction — by four rollers: two rollers Bomag 141 — 8t, two rollers Bomag 161 —
11t.

The physical and mechanical the properties of the asphalt concrete mix SMA
20 were received in the laboratory of Evrascon are shown in the table 2.

Table 2 - Physical and mechanical the properties of asphalt concrete mix SMA-20

Readings identity Units Test results | Requirements of
No. DSTU BV2.7-127:
2006
1 Water saturation, by % 2,0-2,3 1,0-3,0
volume
2 Residual porosity % 2,9-3,2 15-35
3 Porosity of filler % 155-185 15-19
Limit of compressive
strength at temperature:
4 +20°C, not less MPa 3,3-3,7 2,0
5 +50°C, not less MPa 12-16 0,6
6 | Waterproofing coefficient - 0,75
at continuous water
saturation, not less
7 | Average density of samples | g/cm?® 2.480 — -
2,482
8 Compaction coefficient 0,98-1,03 0,98

Quality control of the technological process on the Asphalt Plant and on Site
was carried out in the process of construction. Examples with results of heat
monitoring of temperature behavior in the course of preparation of asphalt concrete
mixes and placing of asphalt concrete pavement are shown below.

1. Asphalt plant

In order to achieve high quality it is important to follow the specified
temperature pattern when producing asphalt mix and placing of asphalt concrete
pavement.
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According to the results of heat monitoring, on the first day of paving, when
failures in proportioning and mixing of natural bitumen took place, the asphalt mix
was partially overheated, which lead to evaporation of volatile fractions of the
binding agent. This was caused by the breaks in the process of the mix preparation,
that occurred due to repairs to the broken pneumodosimeter and a bearing
replacement.

This resulted in overheating of the rock materials. Usage of a pyrometer
“Nimbus”, which shows punctual surface temperature, also does not allow correct
measurement of temperature of a mass.

After correction of disorders, henceforth the temperature pattern on the Asphalt
Plant strictly followed the technical specifications 170 £5 °C.
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"C

03.10.2013p. 10:46 — Tyin=153 °C, Tay=167 °C, Tyax=170 °C

Figure 1 — Variation of asphalt mix temperature in a truck body on the territory of
the Asphalt Plant

2. Temperature of the mix in a dump truck body after transportation

During construction of the layer the mix delivered had the temperature
conforming to the requirements, however plant failures took place.
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Figure 2 — Variation of the asphalt mix temperature in a dump truck body, in the
course of loading the mix into the asphalt paver

3. Temperature of the mix, as it leaves an asphalt paver

In general temperature of the mix leaving the asphalt paver repeats the
tendency established at the asphalt plant, however there appear other issues related to
unforeseen circumstances on site. At present the temperature of pavement is higher
than the temperature specified for the mix leaving the asphalt plant.

Most of paving was carried out by two pavers, which resulted in a number of
issues: efficiency of two asphalt pavers is higher than the efficiency of the rollers and
the Asphalt Plant, the efficiency of the rollers is compensated by the efficiency of the
Asphalt Plant, since there was almost no stored mix on site, and the asphalt paver had
to make technological stops.

As the result of approximation of the pavement cooling down temperature
change readings, we received the following logarithmic relationship (fig. 5).
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03.10.2013p. 13:44 — Tmin =150 °C, Tay =152 °C, Tyax=154 °C
Figure 3 — Variation of asphalt concrete layer temperature behind the asphalt
paver

4. Temperature behavior in the course of asphalt mix compaction
5 ¥ i
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06.10.2013p. 14:49 — Temperature range during compaction 120 °C - 130 °C, after several roller
passages the temperature falls by =10 °C

Figure 4 — Variation of asphalt concrete layer temperature behind the asphalt paver
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Figure 5 — Results of the approximation of the pavement cooling down temperature
change readings

As an example, table 3 shows some results of the static analysis of the SMA 20
pavement placing technological process parameters, 05.10.2013.

Table 3 - Results of the static analysis of the SMA 20 pavement placing
technological process

Readings | Mix Transporta | Paving Temperature | Thickness

weight,t | tiontime, |time, hours | of the mix in | of SMA,

hours the truck cm
body, °C

Min 25 0:17:00 0:06:00 166,0 7,40
Max 45 0:53:00 1:02:00 175,0 5,10
Av 32,7 0:33:36 0:19:15 169,8 6,55
Standard 8,96 0:07:36 0:11:19 2,3 0,503
Variation 27,41% 15,08% 20,04% 1,3% 7,68
coefficient

In the conditions of production of asphalt concrete mix and placing of asphalt
concrete pavement, for the purpose of ensuring quality of pavement, it is important to
follow the temperature pattern specifications.

According to the results of the heat monitoring on the first day of paving, when
failures in weighing and mixing of the natural bitumen additive took place, the
asphalt mix was partially overheated, which lead to evaporation of volatile fractions
of the binding agent. There were instances, when the temperature of the mix in the
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pavement reached up to 200 oC. This was caused by the breaks in mix preparation,
due to repairs to the repairs to the broken pneumodosimeter and a bearing
replacement.

This resulted in overheating of the rock materials. Usage of a pyrometer
“Nimbus”, which shows punctual surface temperature, also does not allow correct
measurement of temperature of a mass.

After correction of disorders, henceforth the temperature pattern on the Asphalt
Plant strictly followed the technical specifications 170 £5 °C.

Temperature of the asphalt mix virtually did not reduce during transportation,
due to presence of a large quantity of mix in the tip-trucks (25 — 40t) and insulation of
the truck bodies with tent cloth. Attention should be paid to transportation of the
asphalt mix in a 25 t tip-truck, since due to a smaller body, at the first loading of the
mix, temperature shock occurs and a considerable heat loss for heating the truck
body, as well as ten cloth insulation failures. In the course of discharging of the
asphalt mix, containing natural bitumen Selenizza SLN 120, no material sticks to the
sides of the truck body, which is representative of mixes modified with polymeric
additives. In this case there is no need to additionally lubricate the truck body sides,
with light organic agents (diesel, kerosene) or with soap solution.

Reduction of volatile evaporation is observed in the process of paving, which is
a positive feature for the road workers and for the environment. Also reduced are the
symptoms of respiratory passages irritation, as well as strong smell. Reduced is the
number of complaints, regarding headache.

The asphalt mix temperature in the asphalt paver and at the beginning of
compaction was in accordance with the specification. 4 operating rollers ensured the
compaction temperature pattern in accordance with the technical specification.

When the air temperature is close to the allowed minimum (+5 - +10°C),
compaction should be more intense. The asphalt mix compaction should start
immediately after the asphalt paver and keep operating within 35 m from it. The
number of passages along one track should be not less than 6.

The asphalt paver needs to be modified. On the sides of the hopper the asphalt
mix cools down more quickly, so it does not get mixed by the augers and
consequently it is paved as a spot in the middle of a lane. Temperature of the mix in
the spot is 30-40 °C lower than the remaining mix temperature, which causes
undercompaction. In the areas, where the last portions of asphalt mix, from a truck
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body, were placed, the pavement looks more porous, which leads to water saturation,
and further defects, such as weathering and occurrence of pot holes.

On a lane 6,25 m wide, with SMA 5,0 cm thick, such defects occur every 50 —
55 m, for a 40 t. truck, and 25-30 m for a 25 t/ truck.

Therefore, heat monitoring method has proven itself to be efficient in terms of
quality control for production and placing of stone mastic asphalt pavement, with
natural bitumen additive.

For compliance with the temperature regime, efficient energy usage and
prevention of defects and deterioration, it is necessary to develop a methodology for
heat monitoring, and provide the necessary equipment to the quality control
authorities and scientific organizations.

Natural bitumen additive improves the technological process of preparation
and placing pavements of modified asphalt mixes, and is more environmentally
friendly compared to other chemical additives.

5. Result of visual inspection of the road section in the process of operation

In the process of operation, every 3 - 4 months, during years 2014 — 2015,
visual inspections were carried out on the trial sections, on which SMA 20 with
natural bitumen additive was placed.

Intense traffic of heavy vehicles (mostly 5 axle) is observed on this road (fig. 6
-7).

The road section is in good operational condition. No defects or deteriorations
have been were discovered (fig. 8 - 9).

Figure 6 — General view of the ramp Figure 7 — Heavy vehicles traffic
on PK 33+850 on a road section
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Figure 8 — Joint with SMA  Figure 9 — Lack of rutting on a straight section
including Kraton (profile)

General conclusions

According to the results of the trail we can outline a number of advantages of
the natural bitumen Selenizza, compared to other binding agents, used in production
of asphalt mixes:

1. Practical manifestation of the physical and mechanical properties of the
natural bitumen Selenizza is a considerable (1,5-2,5 times) increase of resistance to
rutting formation, failure resistance, deterioration resistance of the road pavement.
These are the factors that characterize mainly the workmanship of road construction
companies.

2. This becomes possible thanks to the natural composition of bitumen
Selenizza, for it contains more than 50% of natural asphaltene. The common ground
of Selenizza and the base bitumen ensures their rapid and homogenous mixing and
melting, which does not require introduction of any changes to the traditional
technologies for production and placing of Asphalt Mix. In fact, compaction of
Asphalt Mix on site is carried out faster and with higher quality.

3. Selenizza allows easy correction of the base bitumen drawbacks, developing
its parameters to the required ones, in each specific case, or to the parameters
stipulated by normative. Check parameters in this case are penetration and softening
point temperature. Therefore, for preparation of Asphalt Mix you get bitumen, which
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Is always of stable quality, despite the quality of base bitumen received from an oil
refinery. This circumstance indisputably influences the quality of product.

4. Selenizza also allows to change bitumen grade, for example from BND
90/130 to BND 60/90. Obviously this extends the scope of technical capacity, which
helps to optimize business planning for company, particularly in the unstable
conditions of Ukrainian market.

5. In accordance with the Technical Certificate No. 234 dd. 14.02.2013
Selenizza is classified as a bitumen modifier for preparation of Asphalt Mix, and is
used in the estimated quantity, within 4 - 12 % of bitumen weight.

6. The cost of Selenizza is higher than the cost of the base bitumen, therefore,
at first sight, it causes a certain increase in the cost of an Asphalt Mix. However,
there is a cumulative saving effect, which lies in increasing the speed of many
production processes, and corresponding saving of power, materials, plant and
equipment resources. Also, you get an opportunity to increase the quality of your
product, in terms of physical and mechanical parameters, and in terms of reliability
and durability.

7. Compared to other modifiers, that have chemical origin, of SBS type,
Selenizza does not require a long process of mixing with the base bitumen, and is
supplied directly into an Asphalt Plant mixer, or it can be mixed with the base
bitumen in tanks, with no limitations as to its further storage. This considerably
affects the dependence of your technological process on various factors beyond your
control, such as weather conditions, equipment failures, etc..

8. Selenizza is considered to be a “green bitumen”, ecologically friendly, so it
does not produce polluting exhalations, and even reduces the effect of polycyclic
hydrocarbons, which are contained in air-blown bitumen. This is very important for
health and safety of workers.
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