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ABSTRACT
Introduction. The effect of adhesion additive and nature of filler on fatigue life and interfacial interaction in mastic is analyzed in 
this paper. Materials and methods of research. Frequency sweep from 0.1 to 100 rad/s at strain 0.05% at temperatures from 30 to 
–10°С with a step 10°С and cyclic tests (LAS test) at temperatures from 16 to 1°С with a step 3°С for bitumen grade BND 100/130 and 
mastics based on it, containing fillers of different nature, were performed on the dynamic shear rheometer. Mastics were prepared 
by mixing bitumen (3 min; 160°С and 600 rpm) and filler (filler volume fraction – 0.275). Adhesion additive in an amount of 0.7%, 
was introduced into bitumen before the filler to investigate the effect of AD on the properties of bitumen and AB. The damage 
characteristic curve under cyclic loads was calculated using two models of VECD theory (Viscoelastic Continuum Damage Modeling 
System): dissipated strain energy and pseudo-strain energy. Results and Discussion. The influence of nature and properties of filler, 
adhesive additive, temperature and frequency of tests on the parameter of interfacial interaction K-B-G* and thickness of adsorbed 
layer has been investigated. The intensity of damage in the specimen under cyclic loads and the behavior of fatigue parameters as 
a function of test temperature at two variants of determining the parameter α have been analyzed. Conclusion. It is shown that an 
increase in the interfacial layer thickness in asphalt mastic leads to an increase in their resistance to damage accumulation (Damage 
Intensity) during fatigue testing (LAS), and lowers the rate of pseudo-deformation energy growth.
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INTRODUCTION

The interfacial interaction between bitumen and stone 
materials of asphalt mix (crushed stone of differ-

ent fractions, sand, and fine filler) largely determines 
the performance and service life of the pavement. In 
the process of asphalt mix preparation the selective ad-
sorption of bitumen components occurs immediately 
after the surface wetting of stone materials. The activ-
ity of adsorption is controlled by the nature, dispersity 
and specific surface area of stone materials, chemical 
composition of bitumen, and surfactants widely used to 
improve adhesion and the adsorbed bitumen composi-

tion is characterized by an increased concentration of 
the most high molecular weight and polar components 
compared to volume bitumen [1].

For many decades, the attention of researchers has 
been targeted to develop effective methods for evaluating 
the adhesion of bitumen with stone materials [2]. In re-
cent years, the relationship between interfacial interac-
tion and rheological properties of mastics consisting of 
a matrix phase of bitumen and finely dispersed filler is 
actively studied [3–6].

Using the Palierne emulsion model [7], that had 
been developed for a system of solid particles dispersed 
in a viscoelastic a matrix, the physicochemical interaction 
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between filler and bitumen can be characterized by the 
interfacial interaction parameter K–B–G* through the 
complex modules of the constituent components: 

 , (1)

where φ – filler volume fraction; G*c and G*m – val-
ues of complex modulus for mastic and matrix (bitumen 
binder) depending on frequency.

One of the main types of pavement failure is the for-
mation of fatigue cracks at so-called average operating 
temperatures. The content of mastic in asphalt mixes is 
only about 10-15%, but mastic is component that can 
break down first and have a direct effect on the fatigue 
life of the pavement under cyclic loadings.

The linear amplitude sweep (LAS) test [8–9] by means 
of a dynamic shear rheometer is widely used to evaluate 
the fatigue properties of bitumen binder and mastic. In 
the first stage of the test, the viscoelastic characteristics 
of the specimen are determined from the frequency sweep 
results in the LVE range region. At the second stage, when 
the specimen is subjected to a series of oscillatory load 
cycles with increasing strain amplitude, the accumulated 
damage intensity is determined. This provides an ability to 
determine the fatigue characteristics that are close to the 
real deformation conditions of bitumen binder or mastic 
during the operation of pavements [10].

Fatigue properties are analyzed in accordance with the 
VECD theory (Viscoelastic continuum damage model-
ing system), based on the Schapery potential theory [11], 
where the intensity of damage accumulation (D) depends 
on the potential energy (W), which is related to the dam-
age intensity and the parameter α defining by the ability 
of a given material to accumulate damage:

. (2)

The main element of this theory is the construction 
of the dependence linking the damage intensity with the 
function characterizing the integrity of the material under 
cyclic loading. The damage intensity at a certain failure 
level, determined by the selected failure criterion, is used 
in the definition of the coefficient A in the fatigue law to 
determine the fatigue parameter Nf:

, (3)

where Nf is the number of cycles to failure, B = 2α – 
characterizes the undamaged state of the material, it is 
determined on the basis of experimental data of LAS test 
in its first part at minimum deformation, and γmax is the 
maximum deformation at a given pavement design, which 
is usually taken as 2.5, 5 or 15% [12].

The damage intensity is designed using various VECD 
theory models based on the energy that determines the 

damage intensity [13–16]. The latest AASHTO T391-20 
[12] standard adopts a model based on dissipated strain 
energy, where the loss modulus is used as a function char-
acterizing the material integrity:

, (4)

and the damage intensity from test time is determined 
by the formula (5):

, (5)

where ID is the value of complex modulus G* at strain 
of 1%; γi, Gi ,δi  and ti– current values of strain, complex 
modulus, phase angle and time in the linear amplitude 
sweep test (second part of LAS test).

The second, widely used calculation model is based 
on pseudo-strain energy, and pseudo-stiffness is used 
as a function of material integrity under cyclic loading 
[17–18]:

, (6)

where γR is pseudo-deformation, C – material integ-
rity defined as pseudo-stiffness by formula (7):

, (7)

where |G*|in and |G*i|(t) – initial (determined at the 
second point) and current values of the complex modulus 
obtained in the second part of the LAS test.

The intensity of damage accumulation in this case:

, (8)

, (9),

 , (10)

where γp
R is the pseudo-strain at τp, α – parameter 

characterizing the undisturbed state of the sample (the 
first part of the LAS test); τp – the strain determined at 
τp on the curve τ(γ) in each load cycle, and DMR is de-
fined as:

 , (11) 
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where |G*|LVE – the value of the complex modulus 
determined in the frequency sweep test (the first part of 
the LAS test).

To determine the parameter B, the slope of the de-
pendence of the logarithm of the relaxation modulus on 
time (m) is used. There are difficulties in determining the 
relaxation modulus, therefore the relaxation modulus is 
usually obtained by transformation methods or, simplify-
ing, by plotting the dependence of the complex modulus 
or storage modulus (Gʹ) on frequency. Note that the de-
pendence of B on the slope angle (m) is left open. For 
asphalt concrete, В = 2α is usually taken, with α = 1/m, 
whereas for binders, both this formula and the formula 
α = 1/(1+m) are used [12, 19].

The goal of this work is to investigate the effect of 
adhesive additive and the nature of mineral filler on the 
interfacial interaction in asphalt mastic based on road 
bitumen BND 100/130 and to evaluate the influence of 
the thickness of the adsorbed layer of bitumen on the 
fatigue life of mastic.

MATERIALS AND METHODS

Materials

The work has been used:
• Oil road bitumen of BND 100/130 grade according 

to GOST 33133 [20]: penetration at 25°С – 115 dmm; soft-
ening point on the Ring and Ball – 46°С; Fraas breaking 
point – minus 23°С. The group chemical composition of 
bitumen determined by liquid adsorption chromatography 
with gradient displacement [21] is presented in Figure 1.

• Fillers:
– mineral powder of carbonate rocks of MP-1 grade 

according to GOST R 52129-2003 [22] (H1);

– powder obtained by mechanical crushing of non-
carbonate rocks (gabbro) (H2). 
The size distribution of filler particles was detected by 

laser diffraction of particles in liquid flow. The measure-
ments were carried out on an ANALYSETTE 22 NanoTec 
plus instrument using FRITSCH MaS control software. 
The obtained results are presented in Figure 2 and Table 1.

The specific surface area of the fillers was carried out 
on a NOVA Series 1200e Quantachrome (USA) by low-
temperature nitrogen adsorption. The specific surface area 
and pore volume of the studied samples were obtained 
from the analysis of N2 adsorption-desorption isotherms 
at –196°C (77K) measured in the region of equilibri-
um relative vapor pressures (P/P0) from 10–3 to 0.995. 
The samples were pre-degassed at 180°С for 3 hour. The 
true density, specific surface area and porous structure 
parameter values of the fillers determined by the BET 
method are presented in Table 1. The measurement error 
did not exceed 5–7%.

In accordance with the IUPAC classification [23], the 
average pore diameter of both fillers is characteristic of 
a structure with a predominance of mesopores. The re-
sults showed that filler H2 differs from filler H1 in having 
larger particle size, higher true density and lower values 
of specific surface area, pore volume and pore size.

• Adhesion Additive:
A surfactant applied in road construction to improve 

the adhesion of petroleum road bitumen to stone materi-
als of both acidic and basic rocks was used as an adhesion 
additive (AD).

The IR spectrum of the adhesive additive was carried 
out on a Thermo Scientific Nicolet iS50 FT-IR spectrom-
eter, it is shown in Fig. 3. 

When studying the IR spectrum of the adhesive ad-
ditive, well-defined peaks at 2952, 2922 and 2852 cm–1 

Fig. 1. Group chemical composition of bitumen: paraffin-naphthenic hydrocarbons (S), aromatic hydrocarbons (Ar), 
resins (R), asphaltenes (A)
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Table 1
Basic parameters of fillers

Parameter
Filler

Н1 Н2

Size distribution
D50, µ 7 120
D75, µ 13 160
D90, µ 21 201

True density, ρ, g/cm3 2.71 3.05
Specific surface area, SBET, m2 /g 4.214 1.437
Total pore volume at relative pressure Р/Р0 = 0.99, Vt , cm3/g 0.0106 0.002742
Average pore diameter, Dpore, nm 10.1 7.63

Fig. 2. Differential (1, 2) and integral (3, 4) curves of filler particle size distribution: H1 (1, 3), H2 (2, 4)

Fig. 3. IR spectrum of the adhesive additive
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corresponding to -CH3, -CH2 and -CH groups were ob-
served. The presence of weaker in intensity peaks at 1457 
and 1377 cm–1 indicates a significant content of saturated 
and aromatic hydrocarbons (paraffins, oils, etc.). The 
absorption band in the region 3005–3007 cm–1 is formed 
by valence C–H vibrations manifested in unsaturated fatty 
acids. The broad absorption band at 3300 cm–1 refers to 
the valence vibrations of О–Н bonds of phenol. The ab-
sorption band at 1743 cm–1 characterizing carbonyl groups 
of esters of saturated acids is clearly expressed. Absorption 
bands in the region of 1600–1560 cm–1, are characteristic 
of functional groups C=O of amino acids. The peak at the 
wave number 1065 cm–1 refers to the valence vibrations 
of C–N bonds.

Preparation of samples for rheological tests

It is known that the thermal history of samples, plate 
size, thickness of the gap between the plates of the rhe-
ometer, etc., can affect the results of rheological measure-
ments [24]. Therefore, all samples for rheological tests 
were prepared and tested under the same conditions.

Sample B was bitumen BND 100/130, heated to 160°С 
and stirred at this temperature for 3 minutes at a stirrer 
speed of 600 rpm.

Sample B-AD was prepared in a similar manner by 
adding 0.7 wt.% adhesion additive to the bitumen before 
heating it.

Mastics AB1 and AB2 were prepared by mixing BND 
100/130 bitumen (B) and filler (H1 and H2, respectively) 
preheated to T = 160°С for 3 minutes at a stirrer rotation 
speed of 600 rpm. The mass of fillers was selected taking 
into account the true density so that the volume fraction 
(φ) of fillers in AB was the same and amounted to 0.275.

When preparing samples of mastic AB1-AD and AB2-
AD containing adhesion additive and filler H1 and H2, 
respectively, AD was preliminarily introduced into bitu-
men in the amount of 0.7 wt.% before its heating.

Immediately after preparation, the samples were 
poured into 8 mm diameter silicone molds to eliminate 
the reheating procedure, left for 24 hours at room tem-
perature and then used for rheological tests. 

Test methods

Rheological tests were performed on a dynamic shear 
rheometer “MCR 702e” (“Anton Paar”) with parallel 
plate geometry with a diameter of 8 mm. The measur-
ing gap was 2 mm. Samples were removed from silicone 
molds, and placed between rheometer plates heated to 
64°С. The specimens were trimmed at the same tempera-
ture. The discrepancy of the measured parameters from 
the average value did not exceed 3–7%.

Frequency sweeps were performed over a frequency 
range of 0.1 to 100 rad/s at a strain (γ) of 0.05% at tem-

peratures from 30 to –10°С in steps of 10°С to evaluate 
the interfacial interaction. The strain of 0.05% was chosen 
because it is in the LVE range for all samples at –10°С 
(the minimum value observed for AB was 0.15%). The one 
specimen was used, which was thermostated after reaching 
the specified test temperature for 10 minutes.

Parameter K–B–G* characterizing physicochemi-
cal interaction between mineral powder and bitumen by 
means complex modulus was determined by formula (1). 
When determining the ratio of complex modulus of mastic 
to matrix (G*c /G*m) for AB1 and AB2, the data for bitu-
men were used as a matrix, and for AB1-AD and AB2-
AD – for bitumen with adhesion additive (B-AD).

The thickness of adsorbed layer (d) was determined 
by formula (12):

 , (12)

where φeff = φ•(K–B–G*) – effective volume frac-
tion of filler, i.e. filler together with adsorbed bitumen 
layer, φ – volume fraction of filler; ρ –density of filler, 
s – specific surface of filler.

Fatigue tests by linear amplitude sweep (LAS ac-
cording to [12] were performed in the temperature range 
from 16 to 1°С with a step 3°С. The upper temperature 
of the test range was chosen so that the initial value 
of loss modulus (G*sinδ) of bitumen or bitumen with 
adhesion additive exceeded 5–6 MPa. A new speci-
men was used for each temperature. The first part of 
the test was performed in frequency sweep mode (ω = 
0,2–30 Hz at strain of 1%). Then, using the same speci-
men, the second part of the tests was performed in the 
mode of stepwise linear amplitude sweep at the fre-
quency of 10 Hz in the strain range of 0.1%; 1% and 
further in steps of 1% to 30% (100 cycles at each strain 
value, total 3100 cycles).

RESULTS

Interfacial interaction and adsorbed layer thickness 
in mastics

In the first stage of the work, the interfacial interaction 
by the К–B–G* parameter in mastics without adhesive 
additive (AB1 and AB2) and in its presence (AB1-AD, 
AB2-AD) was investigated by the frequency sweep meth-
od. A testing feature was that a single specimen was used 
for sequence measurements at five temperatures, starting 
from 30°С and up to –10°С in increments of 10°С and 
with the specimen thermostated at each temperature.

As can be seen in Figure 4, at the same filler volume 
fraction (0.275), a value of the K–B–G* parameter is 
higher for the AB1 sample both without and in the pres-
ence of the adhesion additive, i.e., when H1 carbonate 
mineral powder was used as a filler. 
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The K–B–G* parameter of mastic AB2 based on the 
filler of non-carbonate rock powder (gabbro) H2 was 
more sensitive to the adhesive additive. At the same time, 
the sensitivity to the effects of temperature and frequency 
was less for the AB2-AD sample than for the AB1-AD 
sample.

Figure 5 is shown plots of the dependence of adsorbed 
layer thickness (d) on temperature and test frequency for 
all mastics. The adsorbed layer thickness in samples with-
out adhesion additive ranges from 60 to 30 nm for AB1 
and from 75 to 10 nm for AB2 (see Figures 5a and 5b).

The introduction of an adhesion additive (AD) into 
the mastics increases d in both cases (see Figs. 5 c and 
5 d). This effect is seen to a lesser extent for the AB1-AD 

sample, which includes the filler H1. At the same time, it 
can be noted a tendency to increase the dependence of the 
adsorbed layer thickness on temperature compared to the 
AB1 sample without the adhesive additive. For AB2-AD 
based on H2, an increase in the thickness of the interfacial 
layer by more than 2 times (up to 190–150 nm) can be 
noted in comparison with AB2.

Fatigue tests

The range of test temperatures is recommended to 
be selected so that the complex shear modulus is in the 
range from 12 to 60 MPa where the failure mechanism 
is based on the fatigue properties of the material without 

Fig. 4. Plots of dependence of the interfacial interaction parameter K–B–G* on the test frequency (ω) for samples: 
AB1 (a), AB2 (b), AB1-AD (c), AB2-AD (d) at temperatures 30 (red), 20 (green), 10 (purple), 0 (blue), and –10°С 
(black)

а

c d

b
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the influence of plastic flow and loss of adhesion [25]. 
Table 3 shows the relationship of the parameters G* (ID) 
and G*sinδ (C0) to the test temperature. According to the 
conventional approach, ID was defined as the initial value 
of the complex modulus G* at a strain of 1%; and С0 as 
the average value of G*sinδ at a strain of 0.1%. 

As can be seen from Table 3, the bitumen sample (B) 
has С0 = 6.6 MPa at temperature 16°С, which is quite 
close to the values characterizing not fatigue behavior, 
but plastic flow during testing. It can also be seen from 
the above data that the introduction of fillers into bitumen 
resulted in an increase in ID and equi-stiff (or close to it) 
were found when tested 6 degrees higher. The introduc-
tion of adhesion additive in bitumen and AB decreased 
the ID value of the samples and equi-stiff samples were 
found in all cases when tested 3 degrees lower. 

Thus, for example, the values of ID parameter close 
to 22 and 32 MPa correspond to test temperatures 10 
and 7°С for bitumen, 7 and 4°С for B-AD, 16 and 13°С 
for AB1 and AB2, 13 and 10°С for AB1-AD and AB2-
AD. At the same time, as can be seen in Figure 6, which 
shows the plot of shear stress (τ) versus strain (γ), during 
fatigue testing, the behavior of equi-stiff specimens with 
and without adhesive additive differs significantly.

Thus, in Figure 6a, curves 1 (bitumen, at 10°С) and 
4 (bitumen with adhesion additive at 7°С) correspond to 
equi-stiff specimens. Decreasing the test temperature for 
samples B and B-AD leads to an increase in the maximum 
shear stress and a decrease in the corresponding strain. 
The introduction of the adhesive additive into the bitu-
men reduces the maximum shear stress, which should 
have a positive effect on fatigue life, but changes the 

Fig. 5. Plots of dependence of adsorbed layer thickness d on test frequency (ω) for samples: AB1 (a), AB2 (b), 
AB1-AD (c), AB2-AD (d) at temperatures of 30 (red), 20 (green), 10 (purple), (0 (blue) and –10°С (black)

а

c d

b
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post-peak behavior of the curve, which apparently may 
reflect a more rapid failure of the specimen during testing. 
A similar trend of sharper decrease in τ after passing the 
maximum can be observed by comparing the curves τ(γ) 
of equi-stiff AB and AB-AD specimens (Fig. 6b).

The Damage Intensity Curve (Damage Curve) is ana-
lyzed to characterize the fatigue life in VECD theory as 

its behavior reflects the loss of structural integrity of the 
material under cyclic loading. Figure 7 plots the Damage 
Curve as a function of the ratio of the parameter C (cur-
rent loss modulus (G*•sinδ) in the model of dissipated 
strain energy (see Fig. 7a and 7b) or complex modulus 
(G*) in the model of pseudo-strain energy (see Fig. 7c and 
7d), to its initial value С0. It should be remembered, con-

Table 2
Dependences of ID and С0 parameters on test temperature

Parameter Sample
B B-AD АВ1 AB1-AD AB2 AB2-AD

ID, MPa

Temperature,
°С

16 10.2 22.1 21.4
13 14.5 33.8 24.8 35.8 19.6
10 22.1 12.3 53 29.4 48 31
7 31.7 20.2 61.8 50.6 59.5 43.5
4 42.1 31.6 76.2 63.8

С0, MPa

Temperature,
°С

16 6.6 15.9 15.7
13 9.0 22.9 16.3 24.7 13.5
10 12.6 7.4 32.5 17.9 29.1 20.0
7 16.8 11.0 35.5 30.9 36.6 26.0
4 21.4 16.5 40.7 36.7

Note: cell toning was performed for two groups of equi-stiff (or close to it) samples

Fig. 6. Dependence of shear stress (τ) on strain (γ) for samples: a) bitumen (1, 2) and B-AD (3, 4) at temperatures 
10 (1, 3) and 7°С (2, 4); b) for AB1 (1) and AB2 (2) at 13°С and AB1-AD (3) and AB2-AD (4) at 10°С.

а b

http://nanobuild.ru/ru_RU/


http://nanobuild.ru info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2024; 16 (5): 
415–430

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

423

Fig. 7. Dependence of С/C0 on Damage Intensity: (a) at temperature 16°С (a, c) and 10°С (b, d) for samples: B (1), 
AB1 (2), AB2 (3) according to the models of dissipated strain energy (a, b) and pseudo-strain energy (c, d).

а

c d

b

sidering the presented data, that that the value of С/C0 = 1 
corresponds to the strain γ = 0.1%, and the minimum 
value of С/C0 for each curve is fixed at γ = 30%. The ap-
pearance of cogs is probably related to the peculiarities 
of Damage Intensity calculation by different models and 
edge effects at large shear strains.

As can be seen from Fig. 7a and 7c, bitumen shows the 
least damage intensity for both calculation models at tem-
perature 16°С, while for mastic samples there is practically 
no difference between the curves when calculated by the 
pseudo-strain energy method. At lower temperatures (see 
Figs. 7b, 7d and Fig. 8), as well as at the introduction of 
an adhesive additive (Fig. 8), the advantage of the AB2 
sample is manifested, which may be due to the thicker 
adsorbed layer.

It should be noted that at 7°C the resistance to fracture 
of bitumen sample without adhesive additive deteriorates 

(Fig. 8 a, c), so that the curve of bitumen is close to the 
curve AB2. It is possible to assume that in this tempera-
ture range patterning processes are occurring associated 
with crystallization of n-alkanes (paraffins), taking into 
account the high (15.6%) content of paraffin-naphthenic 
hydrocarbons in bitumen (see Fig. 1). [25]. Bitumen pat-
terning leads to the appearance of new interfaces, along 
which microcracks can also nucleate. The inclusion of 
an adhesion additive seems to shift bitumen patterning to 
lower temperatures, and at 7°C (Fig. 8b and 8d), bitumen 
with an adhesion additive again has an advantage over 
mastic with the same AD.

Figure 9 shows the curves of dependence of Damage 
Intensity on temperature. The calculation was performed 
using the model of dissipated strain energy and two variants 
of the failure criterion (failure) – С/C0 = 0.65 [12] and С/
C0 at τmax on the curve τ(γ) in the amplitude sweep test. The 
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Fig. 8. Dependence of С/C0 on Damage Intensity: (a) at 7°C for specimens without AD (a, c) and with AD (b, d): 
B (1) AB1 (2), AB2 (3) according to models I (a, b) and II (c, d)

а

c d

b

parameter α, included in the calculation of Damage In-
tensity, was defined in two ways: α = 1+1/m and α = 1/m.

Figure 10 shows similar curves calculated using the 
pseudo-strain energy model for the failure criterion – 
С/C0 at τmax on the curve τ(γ) and for the two variants of 
the parameter α: α = 1+1/m and α = 1/m.

For all variants of calculations, failure criteria and 
variants of the parameter α, it is possible to find the gen-
eral tendencies that at one temperature the ranking of 

specimens in the order of decreasing accumulated damage 
(Damage Intensity) is as follows: AB1, AB2, AB1-AD, 
AB2-AD. Comparing the data shown in Figures 9–10 
and Figures 5 and 7–8, one can see a certain correla-
tion between the thickness of the adsorbed layer (d) and 
Damage Intensity: an increasing in d leads to a decreasing 
Damage Intensity.

Unfortunately, the application of both VECD models 
for calculation of the parameter Nf did not give an unam-
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Fig. 9. Dependence of damage accumulation (Damage Intensity) on temperature at α = 1+1/m (a, b) and α = 1/m (c, 
d) and failure criteria: С/C0 = 0.65 (a, c), С/C0 at Τmax on the curve τ(γ) (b, d) for samples AB1 (1), AB2 (2), 
AB1-AD (3), AB2-AD (4)

biguous result. Figure 11 shows the temperature depen-
dence of the parameter number of cycles to failure (Nf) 
for strains of 2.5, 5, and 15% for mastic specimens using 
the strain energy dissipation model at α = 1+1/m and 
α = 1/m and the failure criterion at τmax on the curve τ(γ). 
For all specimens, Nf decreases with decreasing tempera-
ture. In the absence of adhesion additive, the Nf values 
for specimen AB1 are close to bitumen (curve not shown) 
and exceed the Nf values for specimen AB2. Addition of 
adhesion additive slightly decreases Nf for bitumen (curve 
not given) and AB1, while an increase in fatigue life is 

observed for AB2, regardless of which formula is used to 
calculate the parameter α.

The plots of Nf dependence on temperature have the 
same character when calculated by the pseudo-deforma-
tion energy model for samples without adhesive additive, 
but there is practically no difference between samples 
AB1 and AB2, regardless of the way of the choice of the 
parameter Α. The AB2-AD specimen shows a slightly 
higher fatigue life compared to AD1. But the curve Nf(t) 
of the bitumen sample with adhesion additive shows an 
increase with decreasing temperature (the curve is not 

а

c d

b
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Fig. 10. Dependence of damage accumulation (Damage Intensity) on temperature at pseudo-deformation energy model 
calculation at α = 1+1/m (a) and α = 1/m (b) and failure criterion С/C0 at Τmax on the curve τ(γ) for samples 
AB1 (1), AB2 (2), AB1-AD (3), AB2-AD (4)

Fig. 11. Dependence of the number of cycles to failure (Nf) when calculated by the dissipated strain energy model 
at α = 1+1/m (a, b) and α = 1/m (c, d) and by the pseudo strain energy model at α = 1+1/m (e, f) and α = 1/m 
(g, h) at failure criterion (failure, failure) τmax on the curve τ(γ) for specimens AB1 (1), AB2 (2); AB1-AD (3), 
AB2-AD (4) at strains of 2. 5% (1-4), 5% (1’-4’) и 15% (1’’-4’’)

а b

given), which makes us doubt the applicability of this 
calculation method for predicting fatigue life in such 
samples.

Thus, it was possible to see only some trends in the 
influence of the adsorbed layer thickness in mastic and 

mastics containing an adhesive additive on damage ac-
cumulation (Damage Intensity) but not on the fatigue 
parameter Nf.

An interesting consistency was observed in the param-
eter F, which actually refers the rate of pseudo-deforma-

а b
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Fig. 11. The End
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tion energy build-up. It was shown earlier that a lower 
value of the F parameter is related to a higher fatigue life 
of the specimen [26]. As can be seen in Figure 12, the use 
of filler H2 leads to a stronger regression in the fatigue life 
of bitumen compared to H1. The use of adhesive additive 
leads to a decrease in the value of F for mastic, i.e. in-
creases the fatigue life, and this increase is more marked 
for AB with filler H2, which has a thicker adsorbed layer. 
It should be noted that for bitumen the effect of adhesion 
additive on this parameter is practically not present.

CONCLUSION

Standard mineral powder of carbonate rocks (H1) and 
filler of non-carbonate (gabbro) rocks (H2) differing from 
H1 by larger particle size, higher true density and lower 
values of specific surface area, pore volume and pore size 
were used. At the same filler volume fraction (0.275) in 
asphalt mastic based on BND 100/130 bitumen, a higher 
value of the K–B–G* parameter, both without and in 
the presence of the adhesive additive, was observed for 
the mastic (AB) sample based on H1 filler. The use of 

adhesive additive (AD) into the mastic based on H2 filler 
resulted in a greater increase in the K–B–G* parameter 
compared to H1-based AB, and a decrease in its sensi-
tivity to temperature and test frequency. The thickness 
of adsorption layer significantly increases in mastic with 
filler H2 by using adhesion additive

Different models of VECD theory, fracture criteria 
and variants of the unbroken structure parameter α were 
used to estimate fatigue life from LAS test results. For 
all versions of the calculation For all versions of calcula-
tions the tendencies of saving the ranking of samples by 
resistance to accumulation Damage Intensity at one tem-
perature are observed: AB1 < AB2 < AB1-AD < AB2-AD. 

Unambiguous data on the dependence of the fatigue 
life parameter – the number of cycles to failure (Nf) on 
temperature failed to be obtained. It is shown that an in-
crease in the thickness of the adsorption (interphase) layer 
leads to an improvement in fatigue resistance determined 
by the fatigue criterion F.

The work will be continued with expansion of the 
range of investigated objects: bitumens, fillers and adhe-
sion additives.

Fig. 12. Temperature dependence 
of the parameter F for samples: 
bitumen (1), AB1 (2), AB2 (3); 
B-AD (1’), AB1-AD (2’), 
AB2-AD (3’)
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