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The article discusses when applying the stamping method for the inspection of
roads, it is possible to identify the actual modulus of elasticity of the structural layers of
pavement and soil, to assess the homogeneity of materials, to determine the zones of
local deviations in the soil. Materials of research of a technical resource of the highway,
an unsatisfactory condition of its road clothes owing to its destruction are resulted.

OcHosHOIO 3a0auero Mepedci asmoMOOIIbHUX O0pie € PIGHOMIPHULL 0OCMYn 00
6y0b-5K0i mouxku Ha mepumopii Kpainu. AemomodinbHi dopoeu nosuHHi 3a6e3neuysamu
eexmugni ymosu 0Oesneunozo, 0e3nepepeHO2o, 3pYUHO20 Nepecy8anHs Niooel, ma
nepegesenna eanwmaoicis. Bpaxoeyiouu nocmitinuii picm Hasaumadjicenmv i weUOKOCHII,
3a2anvbHoi aHmMatConiouoMHocmi asmomooinie i ix Kitbkocmi uHuUKae nompeba y
6y 0igHUYMEI HOBUX opie i 30epieanHi iCHYIOUUX Oopie.

Acghanemobemon, webinb, nicox, yemenm, IPYHMuU ma IHWi mamepiaiu wapie
noKkpumms, AKi 6UKOPUCMOBYIOMbCA Npu OVOIGHUYMEI asmoMoOiIbHUX Oopie, Maromy
pizui ocobnugocmi pobomu 8 O0podiCHIU KoOHcmpykyii. Bci mamepianu no pisHomy
chpuiiMaroms HAGAHMADJICEHHA MA CUNOSI 6NAUBU AK CMUCK, 3¢V6 ma po3msa2. OcKinbku
acanemobemon €  OyOigeNbHUM — HENIHIUHUM 8 SI3KO-elaCMUYHO-NIACMUYHUM
mamepianom, 6 OCHOBHOMY CKAAOEHUM I3 YwinbHeHol cymiuii ujebenio, nicky,
MIHepanbHo20 NOPOWKY 3 OIMYMOM, 6 3HAUHIL Mipi 11020 61aCMU8OCMi 3anexcamsy 6io
memnepamypu.

HezaooginbHuii cman 00podcHb020 0052y 6HACTIOOK PYUHYBAHHS A8MOMOOITbHOT
00pocu € OCHOBHUM O00OMENCYBATbHUM (QAKMOPOM MeXHiuHo20 pecypcy Oopoeu. B
pe3yibmami KOHMAaxkmy 3 KOHCIMPYKYIEI0 00POACHLO20 NOKPUMMSL KOIC MPAHCHOPMHUX
3ac00i8, AKe 30IUCHIOEMbCA POOOUUMU HABAHMANCEHHAMU HA OOPOICHE MNOJOMHO,
8i00)6a€MbCs PYUHYBAHH KOHCMPYKYIL O0OPONXCHLO20 NOKpUmms, nio 0i€ro 6azamvox
YUHHUKIB, OCHOGHUM 3 AIKUX € eKCNIIyamayiline Ha8aHMadiCeHHsL.

Ilpu 3acmocysanui wmamnogozo memooy 011 00CMeHCeH . A8MOMOOINbHUX opie
60acmbCsl  GUABUMY  PAKMUYHUL  MOOYAb  NPYICHOCHI  KOHCMPYKMUBHUX — WADI6
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Q0POAHCHLO20 00512y | SPYHMIG 3eMAAHO20 NOJIOMHA, OYIHUMU 0OHOPIOHICMb Mamepianie,
BUSHAYUUMU 8 SPYHMAX 30HU JIOKANbHUX Gi0xunensb. Hagedeno mamepianu 0ocnioxcenns
MEXHIYHO20 pecypcy asmoMoObiIbHOL 00pocU, He3a008IIbHUL CIAH iT OOPOACHLO2O 0052y
6HACNIOOK 1020 PYUHYBAHHSL.

Key words: longitudinal covering profile, rough-ness, strength of road coatings.
Knrouosi cnosa: npoghine nokpumma, pienicme, MiyHicb OOPOHCHLO20 0052).

Introduction. Experience in the operation of roads shows that the stage of
their destruction, which consists of the occurrence and development of cracks,
begins long before the load-bearing capacity of the road is exhausted. This may
occur due to non-compliance with the requirements of structural parameters laid
down in the design of the road, violation of construction technology, the impact
of environmental factors, a complex stress-strain state in the road and so on. At
the same time, during the destruction, not only the structural strength of the road
is not exhausted, but also the strength of individual structural layers [1, 2].

The vast majority of Ukrainian roads were built in the 60's and 80's of the
last century in accordance with the standards and requirements in force at that
time. Due to the growing characteristics of vehicles, the design of pavement is
unable to withstand the dynamic loads that occur during the movement of
modern vehicles [3].

The main limiting factor of the technical resource of the road is the
unsatisfactory condition of its pavement due to its destruction. The destruction
of road structures occurs under the influence of many factors, the main of which
is the operational factor due to the workload on the roadway as a result of
contact with the wheels of vehicles. In the area of contact of the wheels with the
surface of the pavement there is a complex stress-strain state, complicated by
dynamic loading [4,5].

The task of studying the operational condition of pavement in the planning
of repair and restoration works of roads is to collect and analyze information
about the condition of pavement in terms of transport and operational indicators
and strength characteristics for compliance with operating conditions.

Special specificity in the work of the road structure is made by the
materials of the coating layers, which include bituminous concrete, cement,
rubble chippings, sand, soil, etc. [6, 7]. All of them are differently resistant to
tension, compression and shear, and bituminous concrete, in addition, in the
general case, is a nonlinear visco-elastic-plastic material, the properties of which
largely depend on temperature [8, 9].

Determination of operational reliability of the highway is carried out by
collecting data on the following indicators and parameters [10]:

« information about the road, geometric parameters of the highway;

» characteristics of traffic on the road (load, its size, quantity);
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» characteristics of pavement and coating (thickness of layers, modulus
of elasticity of each layer, total modulus of elasticity of the structure, vertical
stresses in the structural layers, the size of the deflection bowl);

» subgrade soil characteristics (modulus of elasticity; humidity, vertical
stresses in the core, the degree of compaction of the core soil);

« weather and climatic conditions (humidity, air temperature, coating
temperature);

» forecasting changes in the characteristics of roads and development of
recommendations for improving transport and operational performance.

Causes of destruction:

potholes - local destruction of the coating with a depth of 20 to 150 mm
and more with sharply outlined edges. They occur primarily due to insufficient
bonds between mineral and organic materials, undercompaction of the coating,
the use of poor quality materials (overheating of the asphalt mixture, the ingress
of untreated gravel into the mixture, etc.). The process of pothole formation is
especially active during the rainy season, which is facilitated by daily
fluctuations in air temperature and coverage, the presence of water in the pores
of the coating. Penetrating into the shells and microcracks of the coating, water
has a wedging effect. The bond between the particles of material weakens and
under the influence of the car's wheels a hole is formed, which can increase
rapidly.

longitudinal cracks - located in 20-40 cm from each other on the rolling
strips, in combination with transverse cracks in 1-4 m on the entire width of the
roadway. They are formed during heavy transport loads due to insufficient
strength of individual layers of clothing and soil base, excess loads and traffic
intensity compared to the calculated values;

transverse cracks - cracks with uneven edges across the width of the
coating. Arise as a result of air temperature difference and insufficient resistance
to temperature tension. They are located on the roadway at an appropriate
distance from each other (5-10 m);

reflected cracks - cracks that reflect the located cracks in the structure of
the pavement below. The reflected cracks can be located in different directions.

net cracks - a cracked coating that resembles a mosaic or crocodile skin.
net cracks is a set of polygons. Delayed repair work can lead to the formation of
potholes or significant deformation. In places of deepening water delayed, then
it gets under the pavement. Causes: insufficient load-bearing capacity due to soil
moisture, poor drainage, under-compaction of the base layers or the ground.

chipping - occurs due to the loss of individual grains of mineral material
and is associated with the loss of bond between the grains of the material.

As sections of roads for the study were selected sections of roads with
different state of coverage from 150 m to 800 m.

Coating tests were performed on the following sections of roads:
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P-77 Rivne - Tuchyn - Goshcha - Velbivno from 2 + 000 km to 2 + 800
km;

— P-62 Kryvorivnya - Chernivtsi PC 51 + 27 - PC 82 + 20;

— P-62 Kryvorivnya - Chernivtsi 15 + 000 km to 15 + 800 km;

— H-22 Ustyluh - Lutsk - Rivne from 11 + 000 km to 11 + 800 km.

Experimental studies

We will test device for determining the carrying capacity of 35-T0116 / C
"CONTROLS" according to the instructions. [5]

Loads on the surface of the tested structure are transmitted through a round
rigid stamp with a jack resting on the frame of the loaded car (Fig. 1,). The load
on the stamp is measured using a dynamometer built into the jack. The vertical
movement of the stamp is fixed by the movement indicator of the clock type, the
measuring rod of which is installed in the center of the stamp. In this case, the
jack on the three support struts is installed on the stamp. The indicators are
securely fastened to the rigid rail.

Fig. 1. Type of te of pvement by stmping method device 35-T0116 /
C "CONTROLS"

The load during the test is applied in levels to the maximum calculated
value of 0.5 MPa; in total there should be not less than 3 - 6 levels. Load
holding time - 60 s, pauses after unloading - 60 s, for loading and unloading - 20
-30s.
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The research results - the modulus of elasticity of the soil or material in a
homogeneous structure, as well as the total modulus of elasticity of the layered
structure, tested by loads with a rigid stamp, are calculated by the formula:

E, =0,25pD(L— u? )i
where p is the maximum (calculated) pressure from the stamp, MPa;
D is the diameter of the rigid stamp, cm;
u - Poisson's ratio (for soils p = 0.35, for base materials p = 0.25, and when
calculating the total modulus of elasticity p = 0.3); I- is the elastic deformation
corresponding to this load, cm.
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Fig. 2. Change of the modulus of elasticity of road pavement on the study

area Ne 1
400
200 '/V\\/-/v/ \v/
100
0 L L L L L L L L L L L L L L L L L L L 1
D H P H P Y DS H P
T A A A P R VA )

Fig. 3. Change of the modulus of elasticity of road pavement on the study
area Ne 2
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Fig. 4. Change of the modulus of elasticity of road pavement on the study area
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Fig. 5. Change of the modulus of elasticity of road pavement on the study
area Ne 4

Conclusions

1. On the pavement in the process of operation, under the action of
vehicles in the surface layers of the pavement, that is in the zone of
concentration of contact stresses, there is the formation of potholes, accumulate
irregularities that significantly worsen the transport and operational performance
of roads. The most common damages are: potholes, longitudinal cracks,
transverse cracks, chipping.

2. When using the stamping method for the inspection of roads, it is
possible to identify the actual modulus of elasticity of the structural layers of
pavement and soil, to assess the homogeneity of materials, to determine the
zones of local deviations in the soil.

3. The method of stamp tests significantly increases the reliability of road
structures by increasing the reliability of information, the obtained parameters of
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coverage in the future will calculate the value of the dynamic load on the
pavement.

Thanks to objective data on the strength of the natural base and structural
layers of the road surface, design engineers can identify and apply the necessary
measures to increase the strength and deformation characteristics of the
structure. Testing, with further adjustment of the existing project, will save
material, construction time, timely monitor the quality of work and thus obtain a
reliable and economical design of the foundation during its operation.
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