Scientific Herald of the Voronezh State UniversifyArchitecture and Civil Engineering. Constructiamd Architecture

DESIGNING AND CONSTRUCTION OF ROADS,
SUBWAYS, AIRFIELDS, BRIDGES AND TRANSPORT TUNNELS

UDC 625.084

Tambov State Technical University

PhD student of Dept. of City Construction and Highways R. V. Kupriyanov

D.Sc. in Engineering, Prof. of Dept. of City Construction and Highways A. F. Zubkov
D.Sc. in Engineering, Prof of Dept. of City Construction and Management V. |. Ledenev
Russia, Tambov, tel.: +7-920-236-10-00;

e-mail: r.kupriyanoff@yandex.ru

R. V. Kupriyanov, A. F. Zubkov, V. I. Ledenev

A STUDY OF TEMPERATURE MODESAND STRENGTH CHARACTERISTICS
OF STONE-MASTIC ASPHALT

Statement of the problem. An increasing use of stone-mastic asphalt and ¢tddketailed tech-
nology of the device of covering of this materisla problem faced by road industry institutions.
Therefore there was a need to study the temperandestrength characteristics of stone-mastic
asphalts in order to develop the technology ofdéeice of asphalt concrete coverings of stone-
mastic asphalts.

Results. In the present paper, an attempt is made baseldeoexperimental data to establish the
links between the limits of strength and tempemtifrstone-mastic asphalts, as well as the influ-
ence of the thickness of a layer on the tensikengtth. The dependencies of the temperature of the
mixture and strength characteristics during congioesand shear are presented.

Conclusions. A lower temperature limit of the effective impadttbe load on the sealing layer of
coating wasexperimentally determined. The dependencies otéhgerature of the mixture and
physic-mechanical characteristics of stone-massighalts-10, of stone-mastic asphalts-15, of
stone-mastic asphalts-20 were obtained. The olatalata can be used in the calculation of the pa-
rameters of the technology of laying and compactibmasphalt coatings with the application of
stone-mastiasphalts.

Keywords. stone-mastic asphalt concrete, tensile strengthntdogy, temperature, laying technology.
Introduction

Growing transportation in this country causesramdasingly heavy traffic with larger
axial loads on road surfaces. In order to provataraffic safety, there are growing demands
for transportation and operation of roadways wlaahto be met in the construction process.

54



IssueNe 1 (21), 2014 ISSN 2075-0811

A growing transportation capacity of vehicles cauaageduction in transportation costs
but results in larger loads on road surfaces tbsslting in failure and destruction of road sur-
faces, lower transportation and operation perfocaanf roadways and there arises a need for
extra investments for keeping the roadways in aery condition. Stone-mastic asphalt con-
crete mixes are increasingly used in road surfaosteuction. The above trends in the devel-
opment of transportation network cause new demtmdbe performance of asphalt concrete
surfaces which is due to new road constructiondesed and new and improved technolo-

gies being introduced into the construction of mignd surfaces.

Stone-mastic asphalt is one of the varieties ofalsphalt. Unlike hot asphalt mixes with
from 60 % stone of the total mass, stone-mastibalsjgontains 70...80 % of stone with an
improved cube-like grains which gives rise to thrersgth of the carcass when a surface is
compacted. A higher percentage of a binding mdtéram 5.5% to 7.5% of the total mass)
and mineral powder (8...15 %) accounts for fewer gnspaces in the compacted layer of the
surface. Short-wave mineral powder and 0.5-1.9 ralose fiber is often used for stabiliza-
tion [1]. This type of asphalt concrete has a bettear resistance, waterproof and roughness
protection performance. According to the guideljr&sne-asphalt concrete is used in a 20-
40mm layer which is most likely to undergo destiatt Highway construction practices sug-

gest that it is also used for surface layers afou@Omm [2].

The existing technologies of surfacing stone-agpt@icrete make use of the previous
experiences of highway construction using hot a$phixes with no consideration of the pa-

rameters of stone-asphalt concrete mixes [6].

1. Determining the temperature of the end of the effective load effect on the com-

pacted surface layer

The guidelines provide for the use of differentdypf materials and appropriate tem-
perature of making and laying stone-asphalt coaargkes.The analysis of the temperatures
for stone-asphalt concrete mixes showed that tggesied values are higher for hot asphalt
mixes. The suggested temperature at the end afgastone-asphalt concrete mixes was not
scientifically proven and ranges from 120 to 60 Which affects the quality of compaction
and organization of the works. The analysis ofdkisting guidelines on laying and compac-
tion temperatures of stone-asphalt concrete minewad that the compaction depends on the
type of bitumen and ranges from 175...140 th terms of organizing the works and provid-
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ing the compaction parameters, the important paeme the effective temperature of the

end of compaction which provides high parametethefcompaction of the layer. The exist-

ing wide range of numerical values of the tempeestof the end of compaction of stone-
asphalt concrete mixes (120...60 Yequires a comprehensive approach to this pasarfiat

3]. The attained density of the material under @icyoad is known to depend not only on

contact strains but also on the time. Using thaddrd methods for determining the strength
limit of asphalt concrete, the required time forking a sample with a specified density in

different temperatures of stone-asphalt concretevas identified. The results are in Fig. 1.

Each point in the graph is a mean value of theiobteresults in the tests of 3 samples.
They suggest that as the temperature of the hotdnmugs to 110C, it takes more time to
reach the specified density. In the temperaturgeast 170...110 C the required time to
reach the specified temperature remains the saasedBon it, we conclude that the minimum
temperature of the effective compaction of a hohstasphalt concrete mix is in the range of
110...115 €. It was also found that a change in the thickruéss layer and type of a stone-
asphalt concrete mix does not influence the typa dépendence. The temperature of the ef-
fective end of compaction of stone-asphalt concneite is thus higher than for hot asphalt
concrete mixes. Compare the temperature of theoémrdfective compaction of hot asphalt
concrete wittbH/] bitumen 60/90 is 85...9@°
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Fig. 1. Load-temperature dependence to achieve the eehsirength of asphalt concrete:
stone-asphalt concrete mix -10, stone-asphalt etaonix -15, stone-asphalt concrete mix -20,
h=70 mmD =70 mm,P = 40MPa, S= 3 mm/min,BH/I bitumen 60/90
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2. Effect of the thickness of the laid layer on the deformation and strength cha-
racteristics of stone-asphalt concrete mix

Depending on construction parameters of road sesfate thickness of a laid layer of
the material can varyhe guidelines provide for compression strengthtsirfor hot asphalt
mixes the materials used are to conform to. Comisigehe type of a mix, the sizes of kerns
are different but the height of a sample equaldidasneter. In order to make the effect of the
thickness of a layer on the compression strengiit nore clear, samples of varying height
were made (Fig. 2).

Fig. 2. Stone-asphalt concrete mix samples for definingeffext of the thickness of a road surface

layer on the strength parameters

The results suggest that the thickness of a laflreinces the strength characteristics of

road surfaces. The obtained results are in Fig..3—5
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Fig. 3. Dependence of the compression strerfgthne-asphalt concrete mix -10,
stone-asphalt concrete mix -15, stone-asphalt etaaonix -20) on the relative thickness of a layer

(temperature — 8009
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The mathematical dependencies and approximatiaficagions obtained in the study

of the strength limit are identified in Table 1.

Table 1
Mathematical dependencies of the compression strdingjt
on the relative thickness of a layer
Type of a stone-
asphalt concrete Dependence Approximation verificatiti

mix

Stone-asphalt

_ y = 0.3514¢ - 3.2146& + 7.278 0.9913
concrete mix -10
Stone-asphalt
. y = 0.320% - 3.369% + 8.948 0.9869
concrete mix -15
Stone-asphalt
y = 0.320% - 3.369% + 8.948 0.9869

concrete mix -20
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Fig. 4. Dependence of the shear strength limit
(stone-asphalt concrete mix -10, stone-asphaltrebmenix -15, stone-asphalt concrete mix -20)

on the releative thickness of the layer (tempeeatu80 €)

58




IssueNe 1 (21), 2014 ISSN 2075-0811

The mathematical dependencies and approximatighcagions obtained as a result of

the study of the shear compression limit are inldab

Table 2
Mathematical dependencies of the shear comprebsidn
on the relative thickness of the layer
Type of stone-
asphalt concrete Dependence Approximation verificatiti
mix
Stone-asphalt
_ y = 0.0014¢ - 0.0846 + 0.49 0.9984
concrete mix -10
Stone-asphalt
_ y = -0.0022% - 0.054k + 0.486 0.999
concrete mix -15
Stone-asphalt
_ y = -0.005¢ - 0.035 + 0.47 1
concrete mix -20
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Fig. 5. Dependence of the strength increase
(stone-asphalt concrete mix -10, stone-asphaltrebmenix -15, stone-asphalt concrete mix -20)

on the relative thickness of the layer (temperat80 C)
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A strength limit of a standard kern is accepte@ amit (the diameter equals the height
of the sample). The above data suggests that iwsohgp the parameters of compaction
machines for laying thin layers of road surfaces necessary to account for the thickness of

the layer as it is responsible for providing thguieed compaction conditions.

3. Effect of the temperature on deformation and strength characteristics of stone-

asphalt concrete mix

A strength limit of hot asphalt is known to depeordits temperature. The analysis of
the guidelines on road surface cosntruction usioigasphalt mixes (GOSTQCT) 9128-
2009) and chip-mastics asphalt mixes (GOBD(T) 31015-2002) showed that there are dif-
ferences in strength limits of hot asphalt concdstpending on its temperature. So, if at com-
pression test temperature of 50 & strength limit for hot asphalt concrete is nssl¢han
0.9...1.0MPa, for stone-asphalt concrete mixes it is 0.6..MFa [4, 5].

Compression strength limits at the test temperatir0 T are almost identical
(2.0...2.5). Strength characteristics of hot storfghak concrete mixes are largely dependent
on its temperature. The above values of the gundslconform to the operation temperatures
of a road surface. Asphalt concrete has a higlpéeature in the distribution and compaction,
which influences its strength characteristics.

Considering the required condition, it is necesstrgt contact strains under the
oeprating body of the compaction machine are doske strnegth limit of the material being
compacted. In order to make compaction really #éffecit is necessary that a certain ratio of
developing contact strains under the operating lmddire compaction machine and strength

characteristics of the material being compactectivis as follows
o, :(0,9— 1,()[0'] ,

wheres, are contact strains under the drum of the ralli?a; [o] is the strength limit of the ma-

terial being compacte®{Pa [6].

The dependence of the compression strength limittiee temperature is in Fig. 6. The
dependence of the compression strength limit oretimperature are in Fig. 7. The data from Fig.
6, 7 suggests that as the temperature of hot asptra@ases, its strength characteristics undergo a
drastic change and are governed by the dependdrmmesTable 3. This should be taken into
account in the construction of road surfaces usiioige-asphalt concrete mixes.
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Fig. 6. The dependence of the compression  Fig. 7. The dependence of the shear strength

strength limit on the temperature limit on the temperature

Table 3

Mathematical dependencies of the compression agal strength limit on the temperature

Compression strength limit Shear strength limit

Type
Stone-
asphalt Mathematical

concrete dependencies
mix

Mathematical
dependencies

Approximati
on verificationsR?

Approximation
verificationsR?

Stone-
asphalt )
, y=0.0944% - 1.7074 + 7.6373 0.9887|y = 0.0446 - 1.017% + 10.302| 0.9918
concrete

mix -10

Stone-
asphalt )
t y =0.099%" - 1.812% + 8.1892 0.9862|y = 0.0744¢ - 1.404% + 12.609 0.9967
concrete

mix -15
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End of Table 3

Compression strength limit Shear strength limit

Type &% & U
Stone- g2 =
asphalt Mathematical E 8 Mathematical E 8
concrete dependencies 38 dependencies 38

mix ) % S %

< > < >
Stone-
asphalt )
y=0.098 - 1.810% + 8.4533| 0.9811y = 0.069 - 1.395% + 13.093| 0.9929
concrete
mix -20
Conclusions

1. A detail study was carried out into the tempeetand strength characteristics of
stone-asphalt concrete mix-10, stone-asphalt ctenonex-15, stone-asphalt concrete mix-20.
The dependencies of compression and shear strémg$ on the temperature and thickness

of the layer of different types of stone-asphaliaete mixes.

2. Based on the study, it was found that the sthewbaracteristics of stone-asphalt
concrete mix depends on the temperature of a mixtlaickness of a layer of road surfaces,
these dependencies should be taken into accowttaosing an element of thempaction

machine.

3. The temperature of the end of effective compaabf stone-asphalt concrete mix with
BH/I bitumen 60/90 is 115...110C°and is identical for all types of stone-asphalhaete

mixes.
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