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Abstract. In Lithuania, since 2007 the suitability of aggregates, used for producing asphalt mixtures, has been tested in
accordance with the requirements of TRA MIN 07:2007 The List of Technical Requirements for the Mineral Materials of
Roads. When analysing mechanical-physical properties of aggregates the tests of different type of aggregates of different
manufacturers were carried out to determine the resistance of aggregates to freezing and thawing (F value), resistance to
fragmentation by the Los Angeles Test (LA value) and the Impact Test (SZ value), the polished stone value PSV, resist-
ance to wear M, and dry particle density p, ; value. Taking into consideration mineral materials, available in Lithuania
and used in road building, the suitability tests were carried out and the requirements for their properties were described.
When testing mineral materials, used in road building, the suitability of each test method was assessed for Lithuanian
climatic conditions. Having made statistical estimations the hypotheses were tested on the correspondence of the same
(mechanical-physical) quality indices of different type crushed rock (granite, dolomite and gravel). Having analysed the
results of statistical estimations correlation dependencies were determined between the values of mechanical-physical
properties F, LA, SZ and p,; quality indices of aggregates of the same origin. Based on the histograms of frequencies of
the impact test values and dry particle density values the hypotheses were tested whether the test data of these quality
indices are distributed by normal distribution. It was determined that in Lithuania mechanical-physical properties of
crushed gravel, used for producing asphalt mixtures, have not been sufficiently tested, therefore, it is necessary to carry
out more comprehensive tests and analysis of crushed gravel of various fractions. The mechanical strength of mixture
is simulated and experimentally validated by various techniques developed for sandy soils, namely: strength and defor-
mation properties.

Keywords: aggregates, mechanical-physical properties, asphalt pavement, strength, asphalt mixtures, resistance to
freezing and thawing, fragmentation, polished stone value, dry particle density, statistical estimations, normal distribu-
tion, hypothesis, correlation dependence.

1. Introduction

In order to improve road pavement properties as well as
traffic conditions on roads the scientists of Lithuania and
other countries carry out researches of structural pavement
layers, analyze the effect of their properties on pavement
performance, mechanical-physical properties of asphalt
mixtures and materials used for structural pavement lay-
ers (Amsiejus et al. 2010; Amsiejus et al. 2009; Butkevicius
et al. 2007; Ceylan et al. 2009; Petkevicius et al. 2009;
Petkevicius et al. 2008; Radziszewski 2007; Sivilevicius et
al. 2011; Vaitkus et al. 2009). Crushed rocks — granite, do-
lomite and gravel — differ by their size, shape and function-
ing conditions in structural pavement layers that depend
on loading size and nature, temperature, environmental

aggressiveness and other factors. In asphalt mixtures most
commonly the more expensive but more durable aggre-
gates (crushed granite and crushed dolomite) are used,
therefore, the suitability of crushed gravel has not been
sufficiently investigated. Using more strong aggregates the
service life of road pavement structure becomes longer,
pavement structure is more reliable and requires more
thin structural layers, material expenditures are lower.
The selected aggregates shall be inexpensive and easily ob-
tained. In Lithuania the most commonly found is gravel,
more rarely - dolomite. These rocks not always meet the
requirements for mineral materials used in asphalt mix-
tures. Crushed granite is transported from the neighbour-
ing countries; therefore, it is most expensive. In separate
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cases the mechanical-physical properties of crushed gravel
are better than those of crushed dolomite, and in rare cases
they come very approximate to the properties of crushed
granite (Bhasin et al. 2009; Bulevicius et al. 2010).

In order to properly select aggregates the multipur-
pose decision-making methods shall be used (Sivilevi-
Cius et al. 2008; Zavadskas et al. 2008) and optimum so-
lutions shall be applied for loads acting in circular plane
and causing shear (Atkocitnas et al. 2004). This article
gives the statistical analysis of mechanical-physical pro-
perties of crushed granite, crushed dolomite and crushed
gravel.

The articles studies normative quality indices ap-
plied for asphalt aggregates when performing tests in
accordance with LST EN 1097-6+AC:2003, LST EN 1097-
6+AC:2003/A1:2005 ,,Determination of Particle Density
and Water Absorption”, LST EN 1097-1:2002, LST EN
1097-1:2002/A1:2004 ,,Determination of the Resistance
to Wear (Micro-Deval)”, LST EN 1097-2:1999, LST EN
1097-2:2001/A1:2006 ,,Methods for the Determination of
Resistance to Fragmentation”, LST EN 1097-8:2009 ,,De-
termination of the Polished Stone Value“ and LST EN
1367-1:2007 ,,Determination of Resistance to Freezing and
Thawing*.

2. Testing and analysis of mechanical-physical
properties of aggregates

In the result of various tests of crushed granite, crushed
dolomite and crushed gravel of different manufacturers
the LA, SZ, PSV and F values were determined. The fol-
lowing results were obtained having analyzed the results
of tests to determine resistance to fragmentation: 94% of
all aggregate specimens, tested by the LA method, meet
the requirements of LA, for asphalt pavement, 88% of
test results of crushed dolomite specimens gets between
the requirements LA, and LA,5. The limit of LA;, re-
quirements is exceeded by 33% of all crushed gravel
specimens. The requirements for asphalt pavement are
satisfied by 69% of all aggregate specimens tested by the
Impact test method. The limit of SZ, 5 is exceeded by 27%
of the tested crushed granite specimens, the limit of SZ,,
is exceeded by 36% of the tested crushed dolomite speci-
mens, and the limit of SZ, is exceeded by 23% of the
tested crushed gravel specimens. The largest part (83%)
of specimens, tested to determine the polished stone
value, meets the requirements for PSV;, and PSV,, of
asphalt pavement. All the crushed granite specimens
meet the highest category of PSV;,. The limit of PSV,,
requirements is exceeded by 17% of the tested crushed
dolomite specimens. All aggregate specimens, tested
to determine their resistance to freezing and thawing,
100% meet the requirements of F; and F, for asphalt
pavement. 91% of test results of crushed granite speci-
mens do not exceed 1/10, 80% of test results of crushed

1
dolomite specimens do not exceed EFI All the results of

crushed gravel tests get between the requirements F; and
F, (Bulevicius et al. 2010).

3. Statistical analysis of mechanical-physical properties
of aggregates

For all studied types of aggregates the statistical character-
istics of their quality indices were calculated which are giv-
en in Table 1. For the analysis of aggregate properties, used
in asphalt mixtures, the samples of statistical data of differ-
ent quality indices were worked out. The sample of the F
values of resistance to freezing and thawing quality index
was made of 123 individual data (n = 123). The F values
are given in Fig. 1. They are grouped by the type of rock.

Fig. 2 gives the LA values. The sample was made of 59
individual data (n = 59). In the Fig the LA values are grouped
by the type of rocks. The dark points show the values rejected
(due to strong difference) from further statistical estimations.

The SZ values are given in Fig. 3. The values are grou-
ped by the type of rock. The sample of the SZ values was
made of 238 individual data (n = 238). The dark points
show the SZ values rejected (due to strong difference) from
further statistical estimations.

In order to make a more detail as possible analysis of
p,q of aggregates, the data sample of 8/12.5 mm fraction
was formed. Density of this aggregate fraction was de-
termined by a pyknometer method according by LST EN
1097-6+AC:2003, LST EN 1097-6+AC:2003/A1:2005. Data
on dry density measurements (fr. 8/12.5 mm) is given in
Fig. 4. The sample of p,; was made of 178 individual va-
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Fig. 1. F values of resistance to freezing and thawing of
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Fig. 2. LA values of resistance to fragmentation of aggregates
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Table 1. Summary of mechanical-physical properties quality indices values
Quality index
Statistics Notation Crushed rock F LA SZ PSV Mpg Prd
Value
Granite 0.50% 19 19.7% 50 9 2.64 Mg/m?
X min Dolomite 1w.00% 26 26.3% 41 16 2.63 Mg/m?
Gravel 1.50% 35 26.7% - 20 2.60 Mg/m?
Index X
Granite 0.02% 12 14.8% 53 6 2.76 Mg/m?
X max Dolomite 0.10% 19 18.9% 47 14 2.78 Mg/m?
Gravel 0.20% 21 19.1% 14 2.65 Mg/m?
Granite 0.48% 4.9% 3 0.12 Mg/m?
Amplitude Xinax — Xmin  Dolomite 0.90% 7.4% 6 2 0.15 Mg/m?
Gravel 1.30% 14 7.6% - 6 0.05 Mg/m?
Granite 0.13% 15.53 17.23% 51.47 6.76 2.713 Mg/m3
Mean X Dolomite 0.24% 21.10 22.23% 44.10 15.71 2.723 Mg/m?
Gravel 0.70% 27.05 23.47% - 17.80 2.702 Mg/m3
Granite 0.078% 2.112 1.126% 0.884 0.750 0.022 Mg/m3
Standard \ Dolomite 0.134% 1.556 1.356% 1,578 0.547  0.028 Mg/m3
deviation
Gravel 0.478% 3.992 2.189% - 1.222 0.023 Mg/m3
Corrected ' Granite 0.079% 2.170 1.133% 0.915 0.768 0.022 Mg/m?
standard Sx Dolomite 0.135% 1.594 1.361% 1.663 0.561 0.028 Mg/m?3
deviation Gravel 0.507% 4.115 2.253% - 1265  0.024 Mg/m3
Granite 0.006 (%) 4.460 1.268 (%)? 0.782 0.562  0.001 (Mg/m?)?
Dispersion Sf Dolomite 0.018 (%)2 2.419 1.838 (%)2 2.490 0299  0.001 (Mg/m?)?
Gravel 0.229 (%)? 15938  4.793 (%)? - 1.493  0.001(Mg/m3)?
Sample Granite 12.410 -0.833 0.140 -0.484 2.336 1.683
asymmetry 81 Dolomite 14.060 3.397 0.719 0.784 3.182 1.321
coefficient Gravel -1.202 -0.178 -0.655 - 6.312 8.432
Granite 3.280 -0.332 0.008 0.113 1.184 —-0.942
Sample excess 5} Dolomite 2.807 1.304 0.526 -0.014  -1.920 -0.821
coeflicient
Gravel 0.708 0.587 -0.599 - -1.769 2.450
Granite 47 19 81 15 21 65
find““dual n Dolomite 67 21 135 10 21 95
ata sample
Gravel 9 17 18 - 15 16
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lues (n = 178). The dark points show the p, ; values rejected
(due to strong difference) from further statistical estima-
tions.

Due to a low variety, i.e. a low dispersion, of values or
due to insufficient number of investigation data no further
estimations were performed for the polished stone value
and Deval indices.

A statistical analysis of the values of mechanical [pro-
perties quality indices of the studied aggregates was car-
ried out (Table 1). Dispersion of values of the resistance
to repeated freezing and thawing of all 3 types of aggre-
gates was not large: the corrected S, varied from 0.079%
to 0.507%. Especially small S, of investigation data was
represented by crushed gravel. This shows inconsidera-
ble variation in test data of the resistance of aggregates to
environmental impact. The means of crushed granite and
crushed dolomite test data did not exceed 13% and 25%,
respectively, of the max value of category F; (F; meets the
mass loss up to 1%). The obtained low values of quality in-
dices show that the tests of resistance to repeated freezing
and thawing to determine aggregate suitability to asphalt
mixtures are insufficient. The arithmetic means of F values
of crushed granite and crushed dolomite differ insignifi-
cantly. The average value of test data of crushed gravel spe-
cimens was 5 times higher than that the arithmetic mean
of crushed granite and 3 times higher than the arithmetic
mean of crushed dolomite. This shows that crushed gra-
vel is less resistant to the impact of ambient temperature
compared to crushed granite and crushed dolomite. The
values of arithmetic mean of LA and SZ of crushed grani-
te and crushed dolomite are approximate. The highest va-
lues of S, were represented by crushed gravel. This shows
the highest variation in the quality indices of the studied
physical properties of this type of aggregates and that the
strength properties of the imported granite and dolomite
are more stable compared to the properties of crushed
gravel extracted in Lithuania.

S,ZC and S, of the polished stone value of crushed gra-
nite, compared to that of crushed dolomite, differ twice -
this shows a larger stability of PSV of crushed granite.

The amplitude of values of M, of all 3 studied types
of aggregates is approximate. This shows an approximate
variation of results of studied property all 3 types of aggre-
gates and an assumption could be made that this method
is suitable to determine the values of Mpp. The arithme-
tic means of My, values of crushed dolomite and crushed
gravel differ insignificantly, and this shows a low resistance
of crushed dolomite, like that of crushed gravel, when test-
ing specimens by this method (when rock is mechanically
affected in water). Similarity of properties of the resistance
of these types of aggregates to wear in water is proved also
by approximate S, of this quality index. S,, of M values
of all 3 types of aggregates are low - this shows a small data
variation when testing specimens by Deval method.

A statistical analysis of the p,; values was carried
out too. The highest arithmetic mean of p,; values was

obtained for crushed dolomite, the lowest - for crushed
gravel. The obtained means of p,; values of the studied ag-
gregates correspond to the DPD values of respective ag-
gregates established by the list of technical requirements
TRA MIN 07:2007. The amplitudes of p,; values of the
studied types of aggregates vary within narrow limits
(0.05-0.15) Mg/m?, this shows a small dispersion of the
DPD. Standard deviations of p,; values of all 3 types of ag-
gregates are similar — this shows a similar variation of the
values of this quality index. Therefore, it could be stated
that physical properties of the specimens of the same rock
are similar.

Asymmetry coefficient g; is a measure of symmetry
of statistical frequencies distribution or a measure of his-
togram symmetry. The histogram is symmetrical when
g = 0. The sample excess coefficient g, is a measure of
flatness (or sharpness) of the statistical distribution histo-
gram. When g, > 0 the histogram is sharp, i.e. data disper-
sion about the mean is lower than that for normal (Gaus-
sian) curve. When g, < 0 the histogram is flat and data
dispersion about the mean is higher than that for normal
curve. When the empirical asymmetry and excess coeffici-
ents are approximate to 0 the histogram could be treated as
being approximate to the graph of density function of the
normal distribution. When both coeflicients are approxi-
mate to 0 it is up to the purpose to test a hypothesis that
the sample of studied value is distributed by normal dis-
tribution.

4. Testing of hypotheses on the approximate of values
of the same quality indices of different types of
aggregates

When analyzing data of mechanical-physical properties
quality indices of the studied types of aggregates (crushed
granite, crushed dolomite and crushed gravel) the hypoth-
eses were formulated on the correspondence of the means
of F, SZ and p,; (Table 2). The formulated hypotheses were
tested using statistical estimations. When testing hypoth-
eses on the approximate of means of the strength quality
indices the following Eq was used for the statistical esti-
mations:

T, - }i—Y 2 mn(m—:-n—Z)) (1)
Jn-Ds2 +(m-psz Ve

where X, Y — means of the quality indices of aggregates

being compared; n, m - samples of quality indices (num-
ber of data selected for testing); S,zc, S)zj - dispersions of qu-
ality indices.

The hypotheses were tested when the significance le-
vel of the criterion o = 0.05. Index g — indicates the value
of quality index of crushed granite, d — of crushed dolomi-
te and gr — of crushed gravel.
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Table 4. Summary of hypotheses on the normal distribution of the values of quality indices
Individual | Number Value
Hypo- data of inter- Length of Stati Criti
Quality | YP°" | Crushed intervals, L tatis- | Criti-
: thesis sample, vals, Mean Standart deviation tical cal
index rock
status ) )
" k h Tstat Tcrit
rejected | granite 81 5 0.98 }52 =17.24(%) ng =1.123(%)? 7.77 5.99
SZ
rejected | dolomite | 135 5 1.48 X5z =22.61 (%) S2,-3583 (%)2 | 3791 | 599
no ranite 67 5 0.024 |y 2 411 | 599
rejected 8 ) Xp,, =2713 (Mg/m?) Sp = 0.001 (Mg/m3)? ) )
Prd
rejected | dolomite 93 5 0.03 Xp,, =2.722 (Mg/m?) S;i - 0.001 (Mg/m3)? 9.96 5.99

5. Determination of correlation dependencies between
the values of mechanical-physical properties quality
indices of different types of aggregates

According to the TRA MIN 07:2007 The List of Technical
Requirements for the Mineral Materials of Roads, for the
same type of asphalt mixtures different permissible me-
chanical-physical properties quality indices of aggregates
are set, therefore, it is necessary to test and determine cor-
relation dependencies between the different quality indi-
ces of the studied aggregates. Correlation dependencies
were determined according to the correlation coefficients
given by Cekanavic¢ius and Murauskas (2000): when cor-
relation coeflicient values is 0.00-0.19 — type of correla-
tion dependency is very weak correlation or no correlation
at all, when 0.20-0.39 — weak correlation, when 0.40-0.69
average correlation, when 0.70-0.89 — strong correlation
and when 0.90-1.00 — very strong correlation. For statis-
tical testing only those specimens were chosen for which
from 2 to 5 quality indices, used for calculations, were
studied. Correlation dependencies of mechanical-physical
properties quality indices of crushed granite and crushed
dolomite were determined between LA and F, SZ and F,
p,gand F, LA and SZ; LA and p, ;, and SZ and p,; (Table 3).
In Lithuania the most common aggregates, used for pro-
ducing asphalt mixtures, are crushed granite and crushed
dolomite. Due to the lack of values statistical estimations
were carried out not for all quality indices.

Since the value LA,, of LA significantly differed from
the remaining values it was rejected. Due to the same rea-
son the value SZ,; 5 of SZ was also rejected. For further
estimations the samples without those values were used.
Having rejected the mentioned LA and SZ values the fol-
lowing results were obtained (Table 3). For the estimation
of correlation dependencies between LA and SZ values 16
specimens of crushed dolomite were chosen (n = 16). In
this sample the strongly different value X; , = 12 was re-
jected. It was excluded from the later studied samples. If
correlation dependence is very weak it could be stated that
the studied indices have almost no influence on each other.

6. Testing of hypotheses on the normal distribution
of data

Hypotheses that the frequencies of studied quality indices
in histograms are distributed by normal distribution were
tested having assumed the significance level o = 0.05. Hy-
potheses on the normal distribution of frequencies were
tested only for those quality indices the frequencies of
which were distributed in a tendency of normal distribu-
tion. If when drawing a histogram the curve takes an ap-
proximately symmetric shape of bell the hypothesis that
data is distributed normally is usually proved. The more
factors affect the value of quality index the higher prob-
ability that the data of quality index will be distributed by
normal distribution (Beutnens 1969). Having accepted
the hypothesis that data is distributed by normal distri-
bution it could be stated that probability that any sample
value will deviate from the sample mean at a distance not
larger than 25, is 0.95. Consequently, the assumption on a
normal distribution of studied data diminishes probability
of the extreme variations of values. Summary of the values
of hypotheses on the normal distribution of current data is
given in Table 4.

The histogram of frequencies of SZ values was drawn
without the significantly different values that were rejected
(13.5, 21.4, 21.5). The histogram of SZ values of crushed
granite is given in Fig. 5. The length of interval & was de-
termined by the Eq (2):

h — max min , (2)

where h — the length of interval; X — max value of qual-
ity index; X, ;, — min value of quality index; k — the num-
ber of intervals.

The histogram of frequencies of SZ values was drawn
for the sample where n = 135. Hypothesis was tested whe-
ther the results of resistance to fragmentation test are dis-
tributed by normal distribution. The histogram of SZ va-
lues of resistance to fragmentation of crushed dolomite by
impact test method is given in Fig. 6.
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Hypothesis was tested that the measurement results
of p,; value of crushed granite (Fig. 7) and crushed dolo-
mite (Fig. 8) are distributed by normal distribution.

7. Conclusions

1. Having determined by statistical estimations the PSV
and Mg, a low dispersion of their values was obtained.
The number of intervals being less than 5 it is beside
the purpose to estimate histogram of the distribution of
frequencies of values, therefore, hypothesis on the nor-
mal distribution of those values were not analyzed.

2. Tested hypotheses on different F, SZ and p,; values
means of crushed granite, crushed dolomite and crushed
gravel shows there was no reason to reject hypotheses on
the approximate of means of SZ values for crushed granite
and crushed gravel. Further hypotheses on the approxima-
te of means of SZ values for crushed dolomite and crus-
hed granite, and for crushed dolomite and crushed gravel
were rejected. Also, hypotheses were tested whether the
means of p,; values for crushed granite, crushed dolomi-
te and crushed gravel are approximate. It was determined
by statistical estimations that there were no reason to re-
ject hypotheses on the approximate of means of p,; values
for crushed granite and crushed dolomite, and for crushed
granite and crushed gravel. Hypothesis that the means of
DPD of crushed dolomite and crushed gravel are approxi-
mate were rejected. Hypothesis that the means of F values
of crushed granite and crushed dolomite are approximate
were also rejected. Calculations showed that mechanical-
physical properties of granite and gravel are approximate
because of granite particles contained in gravel, whereas,
the respective properties of gravel and dolomite are diffe-
rent.

3. Analysis of correlation dependencies of mechani-
cal-physical properties quality indices of crushed grani-
te, crushed dolomite and crushed gravel was carried out.
The following dependencies between the LA and SZ va-
lues were obtained: of average strength — for crushed gra-
nite, strong - for crushed dolomite and crushed gravel.
The obtained dependencies of these strength indices prove
the identity of LA and SZ indices indicated in the list of
technical requirements TRA MIN 07:2007. The following
correlation dependencies between the LA and p,; values
were obtained: no dependency - for crushed granite, de-
pendency of average strength — for crushed dolomite and
very weak — for crushed gravel. The following dependen-
cies were obtained between the LA and F values: no depen-
dency - for crushed granite, very weak dependency - for
crushed dolomite. The following correlation dependencies
were obtained between the SZ and p,; values: of average
strength - for crushed granite, no dependency - for crus-
hed dolomite and weak dependency - for crushed gravel.
The following correlation dependencies were obtained
between the SZ and F values: very weak - for crushed gra-
vel and weak - for crushed dolomite. The following cor-
relation dependencies were obtained between the F and
p,q values: very weak - for crushed granite and weak -
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for crushed dolomite. Since correlation dependencies of
the remaining indices are weaker than the average, the
assumption that physical properties of the studied rocks
have a strong influence on their mechanical properties is
rejected.

4. Having made statistical estimations the hypothesis
was tested whether the impact test data of crushed granite
and crushed dolomite is dlstrlbuted by normal distribu-
tion. Since it was obtained that Tstat >T, C,,t » this hypothe-
sis was rejected. Also, the hypotheses were tested whether
the histograms of p, ; values for crushed granite and crus-
hed dolomite are distributed by normal dlstrlbutlon It was
obtained by the estimations of p,; data that Tstat < Tmt,
therefore, there was no reason to reject this hypothesis.
Consequently, the assumption that the studied data is dis-
tributed by normal distribution diminishes probability of
the extreme variations of values. For crushed dolomite the
statistical value of this quality index was higher than criti-
cal, thus, the hypothesis was rejected.

5. In Lithuania mechanical-physical properties of
crushed gravel, used for producing asphalt mixtures, have
not been sufficiently tested, therefore, they need a more
comprehensive investigation.
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