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Abstract. The article discusses a destructive method for determining the actual compaction coefficient of asphalt concrete
layers of road pavement. General concepts and provisions, the procedure for performing the work are given. The compaction
quality of hot mix asphalt concrete is assessed by the average coefficient of compaction of the material (density) and its homo-
geneity (compaction variation coefficient). The values of these characteristics depend on the type of mixture, the type of road
compaction equipment used, its operating modes, etc. The characteristics of the devices and equipment used, as well as the

values of the required compaction coefficient, are given.
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1. Introduction

A highway is an object of transport infrastructure intend-
ed for the movement of vehicles and includes land plots
within the boundaries of the right of way of the highway and
structural elements and road structures located on or under
them, which are its technological part, protective road struc-
tures, production facilities, elements of road construction.
The quality of roads determines traffic safety, the comfort of
passenger transportation, the efficiency of road transport, and
the service life of road structures. Particular attention must be
paid to improving the quality and safety of the transport
network, the level of which must meet modern standards and
requirements. The problem of the quality of road construc-
tion exists and requires a solution.

The role of soil compaction in ensuring the stability of
the subgrade and the strength of road pavements. Soil com-
paction in the roadbed structure is one of the most critical
technological operations. The quality of soil compaction in
an embankment or in the working layer of excavations de-
termines the stability of the subgrade, which ultimately en-
sures the reliability, strength and durability of the road
pavement. The reasons for the violation of the stability of the
roadbed may be insufficient density of the soil, given to it
during construction or obtained during operation due to the
negative impact of factors of the water-thermal regime of the
roadbed and loads from vehicles. The main technological
measures that ensure the stability of the roadbed include:
layer-by-layer and uniform compaction of the soil using
compacting machines and mechanisms, the implementation
of measures to regulate the water-thermal and technological
regimes of the roadbed.

High-quality compaction of subgrade soils allows you to
increase their strength and thereby reduce the thickness of
the road pavement. This ensures the operation of the struc-

ture in the elastic stage, regardless of the season of the year
and the geographical conditions of the area where the high-
way is laid, and also reduces its cost.

1.1. Data

Asphalt concrete mixture - is a rationally selected mixture
of mineral materials (crushed stone/gravel and sand with or
without mineral powder) with bitumen, taken in certain pro-
portions and mixed in a heated state.

Asphalt concrete - is a compacted asphalt concrete mix-
ture. Mixtures and asphalt concrete, depending on the indica-
tors of physical and mechanical properties and the materials
used, are divided into grades: Hot (High-density - I); dense
(types: A - I, 11; B, D - I, 11, 1ll; C, D - 11, 1l1); porous and
highly porous - I, 1I; Cold (types: Bx, Bx - I, II; Gx - I, 1I).

2. Materials and methods

Depending on the viscosity of the bitumen used and the
temperature during installation, mixtures are divided into: hot,
prepared using viscous and liquid petroleum road bitumen and
laid at a temperature of at least 120°C; cold, prepared using
liquid petroleum road bitumen and laid at an air temperature of
at least +10°C in autumn and +5°C in spring [1].

Compliance with the technology of laying and compact-
ing asphalt concrete mixtures is the basis for the quality of
asphalt concrete in the bases and coatings of highways and
bridges. The role of compaction is undeniable. This compac-
tion process is the final stage of coating formation. As a
result, an asphalt concrete structure is formed that can with-
stand traffic loads and withstand atmospheric factors during
the service life of the pavement.

The essence of the compaction process is that, under the
influence of mechanical forces, mineral grains are rearranged
relative to each other, as a result of which small particles fill
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the voids between larger ones. At the same time, redistribu-
tion (squeezing out) of the asphalt binder and free bitumen
occurs, which leads to the displacement of trapped air and a
decrease in the porosity of the asphalt concrete mixture.
After compacting the asphalt concrete mixture, the coating
acquires the necessary density, strength, water resistance and
water resistance.

Quality control of the compaction of asphalt concrete
layers can be carried out both by non-destructive methods
(using radioisotope and ultrasonic devices) and destructive
methods (cutting method), which are discussed in this
work.

Instruments and equipment used: core sampler, heating
cabinet, spoon or spatula, hydraulic press, mold and two
liners, squeezing device, caliper, vibrating platform, vessel
with water, laboratory scales of the 4th accuracy class with a
device for hydrostatic weighing (for cuttings).

The quality of compaction of the asphalt concrete layer is
determined by the indicators of cores (cuttings) in three plac-
es per 7000 m? of pavement. Cuttings, or cores, should be
taken in layers from hot asphalt concrete 1-3 days after com-
paction, and from cold ones — after 15-30 days, at a distance
of at least 1 m from the edge of the pavement.The character-
istics of the samples depend on the composition. In sandy
asphalt concrete, the sample must have a size of at least 50
mm in diameter and a total mass of 1 kg. If it is a fine-
grained material, then you need to use 70 mm and 2 kg.
Coarse grain requires 100 mm and 6 kg. From the samples
for experiments, 3 parallelepiped-shaped samples are select-
ed. Side length is 50-100 mm.

To determine what coefficient of compaction of asphalt
concrete will be in this case, use the following algorithm:
First, dry the samples to constant masses, then cool and hang
in the air. Then the actual density is calculated. Next, calcu-
late the average value for 3 samples. Samples with cores are
heated in thermal cabinets. The temperature for this proce-
dure is determined separately for each type of mixture. Then
the samples are crushed, distributed into molds, compacted
under a press with a pressure of 40 MPa, and then the height
is measured. Samples of hot mixtures are compacted by
vibration, and then additionally compacted under a press.
Based on the data obtained, the density of the deformed sam-
ples is determined. Average standard indicators are calculat-
ed. Compaction coefficients are calculated from the actual
density to the standard one.

If it turns out that the value is insufficient, then it is con-
sidered that the calculation of asphalt concrete compaction is
incorrect: the surface is poorly compacted.

The compaction coefficient of the structural layers of the
road pavement on the site under construction (actual) must
not be lower than the values of the required compaction
coefficient: — 0.99 — for dense hot-mix asphalt concrete of
types A and B; — 0.98 — for dense asphalt concrete from hot
mixtures of types B, G and D, porous and highly porous
asphalt concrete; — 0.96 — for asphalt concrete from cold
mixtures [2].

The compaction coefficient K,,, is calculated accurate to
the second decimal place using the rounding method using
the formula:

1)
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where is p,, - the average density of the sample from the

structural layer (actual density), g/cm?; p,'n - average density

of the remolded sample (standard density), g/cm?.

To take samples from the structural layers of the road
pavement, select a section of the pavement at a distance of at
least 1.0 m from the edge of the pavement or the axis of the
road and with a size of no more than 0.5%0.5 m. Sampling is
carried out in the form of rectangular cuttings or drilled cy-
lindrical cores (Figure 1).
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Figure 1. Appearance of the core sampler

Core sampling is carried out at a distance of at least 1 me-
ter from the edge of the coating or the axis of the road and at
least 0.2 m from the seam. Core sampling is carried out over
the entire thickness of the coating with further separation of
layers in the laboratory. Sampling is carried out at the rate of:
1 sample from every 3000 m? or 3 samples from every 7000
m2 of coverage. Asphalt samples are taken using a special
apparatus - a core sampler. It cuts small cylinders (cores)
from the road surface. To check the thickness of the asphalt,
no special instruments are required - the cylinder is measured
with a simple ruler. And to check the quality, the cores are
taken to the laboratory. The asphalt layer on busy highways
should be at least 80 mm, and on large highways up to 100
mm. In this case, asphalting of large highways is carried out
layer by layer with a thickness of the first coating of 40-80
mm, the second - 40-60 mm.

Quality control of road base layers. When installing addi-
tional base layers, it is necessary to monitor the compliance
of the quality of the materials used with current regulatory
and technical standards and project requirements:

Cylindrical cores are drilled through the full thickness of
the coating (top and bottom layers together) using a drilling
rig and the layers are separated in the laboratory.

3. Results and discussion

The dimensions of the cutting and the number of drilled
cores from one place are set according to the maximum grain
size and based on the number of samples required for testing.
In this case, the mass of cuttings or cores taken from one
place must be at least kg: 1.0 — for sand mixtures; 2.0 — for
fine-grained mixtures; 6.0 — for coarse-grained mixtures. The
diameter of the cores must be at least, mm: 50 — for samples
of sandy asphalt concrete; 70 — for samples of fine-grained
asphalt concrete; 100 — for samples of coarse asphalt con-
crete [3].



A. Zhangabylova et al. (2024). Architecture and Civil Engineering, 1(3), 30-34

Cutting samples (cores) and remolded samples (Figure 2)
are tested to determine the actual compaction coefficient of
mixtures in the structural layers of road pavements.

Figure 2. Appearance of remolded samples

Three samples with an undisturbed structure are cut or
cut from the cutting to determine the actual coverage density
of the structural layers of the road pavement. The samples
must have a shape approaching a cube or rectangular paral-
lelepiped with sides from 5 to 10 cm. The presence of cracks
in the samples is not allowed. Core samples are tested entire-
ly. If necessary, cores can be sawed or cut into pieces.

Before testing, samples are dried to constant weight at a
temperature of no more than 50°C. Each subsequent weigh-
ing is carried out after drying for at least 1 hour and cooling
at room temperature for at least 30 minutes.

The actual density of the asphalt concrete pavement is de-
termined by the formula:

m

O]

where m - is the mass of the sample, g; V — sample vol-
ume, cm?.

The mass of the sample is determined by weighing it on a
balance. The volume of the core sample is calculated using
geometric formulas for determining the volume of a cylinder.
The volume of samples obtained from cuttings and having an
irregular shape is determined by hydrostatic weighing. The
essence of the method is to determine the volume of dis-
placed water when a sample is immersed in it.

The result of determining the average value of the actual
density is taken as the arithmetic mean value of the results of
determining the average density of three samples, rounded to
the second decimal place. If the discrepancy between the
largest and smallest results of parallel determinations ex-
ceeds 0.03 g/cm?, then repeat tests are carried out and the
arithmetic mean of six values is calculated [4].

The tested cores and samples from the cuttings, as well as
the remaining parts of the cuttings and the remaining cores
are used to make remolded samples.

To determine the standard density of the material, cylin-
drical samples are made by reshaping cores or parts of cut-
tings brought from the work site. The cuttings, or cores, are
heated in a sand bath or in a heating cabinet to a temperature
of 200°C, and then crushed with a spoon or spatula.

Compaction of samples from mixtures containing up to
50% crushed stone by weight is carried out by pressing under
pressure (40.0+£0.5) MPa on hydraulic presses in molds.
When compacting, two-way application of the load must be
ensured, which is achieved by transferring pressure to the
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compacted mixture through two liners that move freely in the
mold towards each other.

When making samples and hot mixtures, molds and liners
are heated to a temperature of 90-100°C. When making sam-
ples from cold mixtures, the molds are not heated. A test
sample is made. The mold with the bottom liner inserted is
filled with an approximate amount of mixture in accordance
with the Table 1.

Table 1. Approximate amount of mixture per sample

Sample dimensions, mm Approximate amount of

diameter height mixture per sample, g
50.5 50.5+1.0 220-240

714 71.4+1.5 640-670

101.0 101.0+2.0 19002000

The mixture is evenly distributed in the mold by bayonet-
ing with a knife or spatula, the upper liner is inserted and,
pressing the mixture with it, the mold with the mixture is
placed on the lower plate of the press for compaction (Figure
3), while the lower liner should protrude from the mold by
1.5-2.0 cm.

Figure 3. Compaction of the mixture on the press

The upper plate of the press is brought into contact with
the upper liner and the electric motor of the press is turned
on. The pressure on the compacted mixture is brought to 40
MPa for 5-10 s, after (3.0 + 0.1) minutes the load is removed,
and the sample is removed from the mold with a squeezing
device and its height is measured with a caliper with an error
of 0.1 mm (Figure 4).

Figure 4. Measuring the height of the remolded sample with a
caliper
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If the height of the sample does not correspond to that
given in the Table 1, then the required mass of the mixture m'
for forming the sample is calculated using the formula:

®)

m' =my—,

hy

where m, - is the mass of the test sample, g; h — required

sample height, mm; ho — height of the test sample, mm.

Samples with edge defects and non-parallelism of the up-
per and lower bases are rejected. Compaction of samples
from hot mixtures containing more than 50% crushed stone
by weight should be done by vibration, followed by addi-
tional compaction by pressing.

In this case, when making samples, the molds, heated to
90-100°C, are filled with the mixture, placed on a vibrating
platform, and firmly strengthened on it with a special device
(the design of the device for strengthening depends on the
type of vibration platform). The inserts should protrude from
the mold by 2-2.5 cm. The mixture in the mold vibrates for
(3.0+£0.1) minutes at a frequency of (2900+100) min-1, am-
plitude (0.40+0.05) mm and vertical load on the mixture
(30+5) kPa, which is transmitted to the mixture by a load
freely hung on the upper mold liner.

At the end of vibration, the mold with the sample is re-
moved from the vibration platform, placed on the press plate
for additional compaction under pressure (20.0+0.5) MPa
and maintained at this pressure for 3 minutes. Then the load
is removed and the sample is removed from the mold using a
squeezing device.

Molded samples - cylinders are weighed and their volume
is found to determine the standard density:

'
, m

/?m=W

The compaction coefficient Ky, is calculated accurate to
the second decimal place using the rounding method according
to formula (1).

The value of the actual compaction coefficient is compared
with the required value and a conclusion is given about the
degree of compaction of the asphalt concrete pavement.

Determination of compaction coefficient of asphalt concrete
mixture. Determining the compaction coefficient of asphalt
concrete most directly affects the subsequent characteristics of
the surface. It is used both in the repair of coatings and in their
construction. At the moment, advanced technologies and formu-
las for calculating the compaction coefficient of asphalt concrete
make it possible to most often complete the task of constructing
a road successfully. The coating is smooth and quite dense. The
average compaction coefficients of asphalt concrete, for exam-
ple, for the city of Almaty over the past 5 years were 0.98-0.99.
Seal defects rarely exceeded 3-5%.

List of requirements:

The compaction coefficient of asphalt concrete according
to GOST 9128-09 must meet a number of requirements.
Among them are the following indicators:

(4)
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More than 0.96 — for cold mixtures.

More than 0.98 — for hot mixtures of type B.

More than 0.99 — for hot mixtures of types A and B.

It is important and correct to use the technological
scheme for compacting the road surface [5-6].

4. Conclusions

If the actual compaction coefficient is lower than the re-
quired one, the reasons that caused the under compaction of
the layer are analyzed: the compaction temperature is below
the critical value (give the critical temperature value for this
composition); insufficient number of rollers passes (give the
recommended number of passes); insufficient weight of the
roller, etc.

So, quality control of work at all stages of construction
requires special attention and strict compliance with the
requirements of regulatory documents and the project. A lot
depends on the quality of work, for example, traffic safety
and comfort, the service life of the road, construction and
repair costs, etc.

It is necessary to follow the path of mandatory improve-
ment of the soil properties of the subgrade and underlying
foundation, maintaining their stable properties throughout the
entire period of operation of the road. From an economic
point of view, costs for improving soil properties can have an
effect in reducing the thickness of road pavements. Moreo-
ver, the additional costs will be offset by a reduction in oper-
ating costs for major repairs of road pavement, as well as
replacement of subgrade soils during operation on problem
sections of roads.
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Anparna. Makanazaa ol )kaObIHBIHBIH ac(aibTOSTOH b KabaTTapbIHBIH HAKTHI THIFBI3ATy KOI((OHUIUCHTIH aHBIKTaYAbIH
JIECTPYKTUBTI 9fici KapacThlpbuiaasl. JKanmbl TYCIHIKTEp MEH epeKenep, JKYMBICTBI OpbIHAAY TopTiOl Kenripiiared. blcThik
apanac acaJbTOCTOHHBIH HBIFBI3IANTY Carnachl MaTepUaibIH OpTalla THIFBI3AATY KOA(QQUIUEHTIMEH (THIFBI3ABIFBI) KOHE
OHBIH OipTeKTiTIriMeH (HBIFBI3IAYABIH BapHalms KodpoumueHTi) OaramaHanbl. byn cumattamanapaslH MOHIEPI KOCHAHBIH
TYpiHe, NaiijaJaHpUIaTBIH JKOJABI THIFBI3AY KAO0IBIFBIHBIH TYPiHE, OHBIH )KYMBIC PeXXHUMIICPiHE JKoHe T.0. OallJIaHBICTHI eKeHIiH
aHbIKTalAbl. KoNoaHBUIATBIH KYPBUIFBUIAP MEH JKaOIBIKTAapABIH CHIATTaMajapbl, COHOal-aK KaXKeTTi TBIFBI3IAY
K03 pHUIMeHTIHIH MOHIEP1, Oepinei.

Hezizzi co30ep: mac sicon, acghanbmbemon Kocnacsl, acganrbmbemon, mvigvl30ay Kosguyuenmi.
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AnHoTanus. B cratee paccMoTpeH paspymaromuii croco6b onpeneneHust GakTHIecKoro Ko QUIMeHTa yIUIOTHEHUS ac-
(habTOOETOHHBIX CIIOEB JOPOXKHOM oexkbl. [IprBeneHbl 00IIre NOHITHS U MOJIOKEHNMS, HOPAJIOK BEITOJHEHUs padoThl. Ka-
YECTBO YIUIOTHEHMS TOPIYUX ac(habTOOCTOHHBIX CMECeH OIIEHMBAETCA 10 cpeJHeMy Kod((UIMeHTy YyIUIOTHEHNS MaTepuaia
(II0THOCTH) M €r0 OHOPOAHOCTH (KO3(PUIIMEHT Bapuanny yIJIOTHEHN). 3HAaYEeHHS JaHHBIX XapaKTePUCTHK 3aBHCAT OT THIIA
CMECH, BH/A IIPUMEHAEMOH YIUIOTHSIONIEH JOPOKHOI TEXHUKH, PEKUMOB €€ padoThl U Jp. J[aHbl XapaKTepHCTHKU UCTIONb3Y-
eMBIX PUOOPOB U 0OOPYIOBAHMS, & TAKIKE 3HAUCHHUS TPeOyeMOro ko3 ulreHTa yjaoTHEHHS.
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