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Shakirov A A., Yapparov R.R., Shakirov M.A.
Federal State Budgetary Educational Institution of Higher Education
«Kazan State Power Engineering University»

INSTRUMENTS AND METHODS FOR CONTROLLING THE PARAMETERS
OF ASPHALT CONCRETE SURFACES

Annomauus

This paper presents an overview of asphalt pavement inspection techniques and methods.

The principle of destructive pavement inspection is described and the advantages and

disadvantages are described. The device of georadar method of georadiolocation and back-
scattered radiation in quality control of asphalt concrete pavement is described.

KioueBble cj10Ba: Hepa3pymaAOMUKA KOHTPOJb, acPaabTOOETOHHOE MOKPBITHE, TPOTPAMMHO-
anmapaTHBI KOMIUIEKC, OOpaTHOPACCESIHHOE H3JIy4YeHue, paJMallMOHHBIA METOH, Teopanap,
TOYHOCTbD.

Keywords: non-destructive testing, asphalt pavement, hardware-software system, backscatter
radiation, radiation method, GPR, accuracy.

Controlling the quality of asphalt pavements is an essential task for the smooth functioning
of all areas of society. The condition of the roadbed directly affects the standard and quality of
life of citizens. This task in our country is regulated by GOSTs and carried out by state road
corporations (Rosavtodor and regional operators).

Monitoring the condition of road surfaces is an extensive complex of works that can be
divided into 2 components:

- Examination of the structural layers of the soil. This phase of the work is of paramount
importance both in the design of new highways and in the revision of existing highways. It is
necessary to understand the distinction between foundation soil and structural layers of
embankment or excavation. In the first case, the layers formed by geological processes in the
road construction area are studied. The second consists of layers of various inert materials (sand,
sand and gravel mixtures, crushed stone etc.) that are placed before the road surface.

- Inspection of the roadbed. This includes inspection of the supporting elements of the
roadway - bituminous concrete layer, concrete pavement (including slabs), crushed stone, sand
and gravel layer, etc, as well as surface treatment.

Roadway quality control techniques are divided into destructive and non-destructive. Both
methods are used in Russia:

- destructive methods are represented by core sampling from roads. This method is
effective for detailed and complete examination of asphalt concrete samples in laboratory
conditions. Its advantages are: the possibility of complete analysis of physical, mechanical and
chemical properties, but it has significant drawbacks in terms of examining only a small section
of the road and in terms of damage to the asphalt concrete surface, which can worsen the overall
condition of the road surface.

- Non-destructive testing is carried out using different methods of measurement: GPR,
radiation, ultrasound and others and video methods using pattern recognition technology have
now also started to appear (to evaluate the surface condition of the road).
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The inspection of supporting structures is carried out regularly, especially on federal roads.
In recent years, destructive inspection methods have been used most frequently for this purpose -
drilling followed by removal of cores in certain sections of the asphalt pavement.

Based on the information obtained, a decision is made on additional protective devices or
other works capable of preventing the spreading of detected defects and mass destruction of the
pavement in good time.

Just as important is the study of the subgrade, since subsidence or embankment washout
can have even more devastating consequences. And it is precisely this work that was always the
most difficult, as the investigation of the underlying layers of the embankment (excavation)
required expensive and time-consuming work. Moreover, drilling in individual areas cannot
always give an indication of existing reconsolidations, karst cavities, abrupt rise of the water
table and seasonal drift of clay and spilled soils, which may be sporadically deposited in
different volumes. In areas with severe hydrological and climatic conditions the roads therefore
have a much shorter lifespan and parts of them often deteriorate.

To cope with these problems engineers and builders needed high-performance non-
destructive testing methods for asphalt pavements, the first of which was seismic testing.

Seismic surveys are based on the properties of elastic waves, first applying overpressure to
the ground by hitting it with a small charge or using a special vibratory hammer. A seismic probe
then records the reflected wave and draws conclusions about the geology of the site based on the
strength of the wave and the timing of its propagation. This method is very productive, but gives
relatively general information, and also cannot be used in small populated areas, as vehicles,
factories and other infrastructure cause strong interference.

Electrical prospecting was then developed, based on measuring the electrical resistance of
various rocks. It is very effective in detecting groundwater, but of little use in studying coastal
layers. In addition, hidden objects and utilities create a lot of interference, which greatly reduces
the detection efficiency.

The most modern and efficient method is considered to be georadiolocation. It is based on
the study of electrical properties of various media - their electrical conductivity and dielectric
permittivity. The instrument used is GPR, which is a special complex equipped with antenna
units (receiving and transmitting), as well as control, monitoring and recording equipment.

This method is based on the principle of radar - radar that penetrates the ground emits short
electromagnetic pulses downwards, after which they propagate in the carrier and are reflected off
their borders. These are then captured by receiving antennas and converted into a digital signal
by the control unit. This signal is then sent to a data logger (essentially an embedded or attached
computer), processed, and from this data a radiogram - a three-dimensional or two-dimensional
image of the captured area - is created.

The radiogram can be displayed in either three-dimensional or cross-sectional form. Based
on this information it is possible to:

- construct cross-sections which will show structural and deeper layers as well as defective
spaces (cavities, decompaction, swelling and rising groundwater areas) with a high degree of
accuracy,

- construct maps of buried networks and utilities;

- determine the thickness, position and displacement of embankment and road base layers.

Based on the information obtained, potentially dangerous sections and significant road
defects in individual sections can be quickly identified.

Significant damage with costly repairs can be avoided if these problems are corrected in
good time. The results of the ground investigation are very precise and provide an excellent
overview of both the base course and the structural layers. With this information drilling and
other expensive works can be minimised.

The GPR method is characterised by its low cost, high accuracy and efficiency. With
additional equipment such as a rangefinder and a motion sensor, GPR can be mounted on a
vehicle and linked to a benchmark or other reference point. During the initial survey, which is
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carried out before road design begins, the sensing system can locate karst cavities, underground
tanks, wells, pits and pipelines. By including work to extract them in the design plan, problem
areas can be avoided in the future.

Modern GPRs are equipped with an interchangeable or adjustable antenna unit that can be
used to thoroughly survey the top layers or explore to depths of 20 metres or more. The GPR can
be moved by hand or by vehicle. The unit can be connected to the vehicle's odometer for
accurate trace measurement; depending on the scanning mode and antenna selected, speeds can
sometimes be between 20 and 70 km/h.

Radiation-based quality control methods make it possible to determine not only the density
but also the bitumen mass fraction in asphalt concrete. The control of bitumen content in asphalt
pavements is a very demanding task. So the bitumen mass fraction decreasing in asphalt concrete
mixture by 1 % from the optimum one bring to decrease of asphalt concrete surface performance
at repeated loadings on 20-40 %. The increasing of bitumen mass fraction decreases the shear
stability and there is a risk of rutting at total thickness of asphalt concrete surface and foundation
more than 15 cm.

Radioisotope surface moisture meter (RSMM-1) is also applicable for determination of
bitumen mass fraction in asphalt-concrete structural layer. In this mode of operation fast
neutrons with chemically bound hydrogen in bitumen are slowed down. The control procedure
remains the same as for measuring the moisture content of the subgrade. The bitumen content of
the asphalt concrete is determined from the measurement results using a graduation chart.

The instruments described above are used extensively in the metallurgical and mining
industries.
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AnTunua M.A., Mansnueckas JL.I'.
Cubupckas noxapHo-crnacarensnas akagaemusi [ TIC MUC Poccun

O PE3YJIbTATAX CTAHOBJIEHUSI SKCIHIEPUMEHTAJIBHOI'O METOJIA
NCCIEJOBAHUA TMHAMHUYECKHUX CBOUCTB 39KPAHOIIJIAHOB
«APKYTCKOMH IIKOJIbI SKPAHOILJTAHOCTPOEHMUSI»

Annomauus
Pazeumuro  nayunotl wkonvl s3xparonianocmpoenusi 8 HpKymckom 2ocyoapcmeeHHoM
MeXHUYeCKOM YHugepcumeme OOKMOPOM mexH. Hayk, npogeccopom A.H. Ilanuenxosvim
cnocobcmeosano Hanuuue 60auzu osepa batikan u HUpxymckoeo eodoxpanunuwa. I1oo ezo
PYKOBOOCMEOM 0bl1a CO30aAHA MEmOOO0I02Us NPOBEOeHUsl IKCHEPUMEHMOB8 NO ONpedesleHuUio
OUHAMUYECKUX CBOLUCME IKPAHONIAHO8 MemOoOOM OVKCUPOSBKU, d MAKJHCE CAMOXOOHbIX U
nuromupyemvlx mooeneil. B cmamve paccmompenvl OCHOGHbIE pPe3yIbmamvl CMAHOBIEHUS
IKCNEPUMEHMATILHO20 — Memood — UCCIe008aHUS.  OUHAMUYECKUX — CBOUCME  IKPAHONIAHOS
«UpKymcKoul wKoabl SKPAHONIAHOCMPOCHUAN- Memo0a OYKCUPOBKU MOOeell.

KiaoueBble ciioBa: OKPaHOILJIaH, a3pOAMHAMUYCCKAass KOMIIOHOBKA, IICPCXOIHBIC IIPOLCCCHI,
SKCHICPUMCHTAJIIbHBIC UCCIICAOBAHUA, MECTO/ 6yKCI/IpOBKI/I MOILGJIef/'I, JUHAMHUYCCKUEC CBOICTBA.
Keywords: ekranoplan, aerodynamic layout, transients, experimental studies, model towing
method, dynamic properties.

Crneunduka OKOJIO3KPAHHOTO II0JIETa SKPAHOIIAaHA, 3aKJIIOYAIOLasicsi B TOM, YTO
HEPOBHOCTH JKpaHa (OPMHUPYIOT AOIMOJHUTENbHBIE BO3MYIIeHHs [1], MEepHOANMYECKOro WU
UMIyJbCHOTO XapakTepa, TpeOyeT peuieHuss oco0oro Kiacca JUHAMHUYECKHX 3ajad,
BKIIIOUAIOIMX B CBOM COCTaB pa3HOOOpa3HbIe HCCIEAOBaHUS KOJIEOaHUH HKPaHOIIAHOB.
HeoObruaiiHo  mIMpPOKMI  1uana3oH pPEXUMOB  JIBKEHUS  OKPAHOIUIAHOB  YCIIOXKHSIET
DKCIEPUMEHTAIIBHOE HMCCIENOBAHUE M3-3a MPUHIUIIAAIBHO PAa3JIMYHBIX 3aKOHOB HW3MEHEHHUS
JIEUCTBYIOIIMX HA HUX CWJI U 3aKOHOB MojoOus siBiieHuil. Emie Oosiee CIOXHBI 171 U3YYCHUS
MIEPEXOAHBIE MPOLECCH IIPU U3MEHEHUU PEKUMOB JIBHKEHUsS. B COOTBETCTBUM € yKa3aHHBIMU
peXrMaMM  BeCbMa  pa3HOOOpa3Hbl M METOAbl  AKCHEPUMEHTAIbHOTO  HMCCIEIOBAHUSA
XapaKTEPUCTUK JTaHHBIX amnmaparoB. Ha cerogHsAmHMil 1eHb CYLIECTBYET HECKOJIBKO METOJIOB,
KAaK ONpEeJEIeHUsI adPOJUHAMUYECKNX XapaKTEPUCTHK SKPAHOIUIAHOB, TaK M MCCIIETOBAHUS UX
TUHAMHUKA. OTO HCHOBITAaHUS MOJENeH B THUApPOKAHAIaX U ad’pOAMHAMHUYECKUX TpyOax,
KaTamyJdbTUPYEMBIX U OYKCHPYEMBIX, KOPAOBBIX W PaaUOYNPABIIEMBIX CaMOXOJHBIX U
MAJIOTUPYEMBIX MOJIENIEH, HATYpHbIE MCHBITAHUS MOCTPOCHHBIX amnmaparoB. [lo MHeHuto psna
3apyOeXHBIX crnennanuctoB X. Beimamma, A. Jlunmuma TOIBKO TNpPUMEHEHHE MOjeen
pa3anYHOTO MacmTaba OT MPOAYBAEMBIX B a’poTpydax 10 MHOTOTOHHBIX CaMOXOJHBIX
MUIOTUPYEMBIX 00€CIeUMBaeT MOTYyYeHHEe HEOOXOAUMBIX JAaHHBIX JUIS JIOCTATOYHO HAJEKHOTO
npelacTaBieHuss 00 OXUIAeMbIX KauecTBaxX OJKpaHoruiana. OmnsaTh ke HauOoliee TMOTHbBIE
UCCJIEIOBaHMs JIMHAMUKA U CTaOWJIM3alMM 3KpaHOIUIaHA Ha BCEX PEXHMMax J[BHXKEHUS, OT
peXrMa IUIaBaHus 0 peKUMa OKOJIOIKPAHHOIO MOJIETa MOXHO IIPOBECTH TOJBKO C ITOMOLIBIO
OYKCHPOBKHU MOJIEIH SKpaHOILJIaHa B THApPOKaHaeE.
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