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Abstract. A mathematical model of dynamic stress-strain state of a multilayer half-space, and a method
for constructing and adjusting the design bowl of dynamic deflections under shock loading were developed
to solve the problem of determining the elastic moduli of layers of non-rigid road pavement at the stage of
its operation. Using this method, the actual dynamic elastic moduli of pavement layer materials were
determined for a test section of road. In conclusion, the development prospects of the presented method
are discussed as a result of analysis of amplitude-time characteristics of displacements recorded on road
pavement surface under shock loading.

1. Introduction

Diagnostics of roads is one of the most technologically advanced and rapidly developing sectors of
the road industry. An important task to be solved at the stage of road operation is adoption of rational repair
measures to ensure the estimated service life of non-rigid road pavements. To solve this problem, one
needs information on the actual state of both the pavement as a whole, and its individual layers.

In-depth experimental studies of stress-strain states of non-rigid road pavements and their
temperature and moisture operation modes were carried out in the works of B.B. Teltayev [1, 2]. The results
of these works made it possible to directly determine the actual values of stresses and strains at critical
points of pavement structure.

In [3-6], the theoretical foundations of backcalculation method for elastic moduli of non-rigid road
pavement layers are presented. It combines instrumental measurements for recording elastic deflection
bowls on surfaces of road structures and mathematical modeling for construction of design deflection bowls
on surfaces of non-rigid roads pavements.

The works [7-11] consider the advantages and disadvantages of mathematical models, which are
basis of software systems for construction of deflection bowls. It is noted that for the most part, they all
solve the problem of determining the stress-strain state (SSS) in a multilayer half-space under a load
uniformly distributed over a circular plate. Solutions for determining the dynamic SSS of road pavements
are rarely implemented despite their obvious advantages, in particular, the possibility of taking into account
the different time of dynamic load impact and the nature of dynamic impact pulse from various shock loading
installations.

In [12—20], the authors analyze software systems for backcalculation of elastic moduli of structural
layers of non-rigid road pavements. They consider the Evercalc, Wesdef, Julea software which are
universal systems (not associated with specific installations), and Elmod, Primax software, which are
specialized systems, i.e. supplied with shock loading systems FWD (falling weight deflectometer) Dynatest
and PRIMAX. However, all software systems are mainly based on static models of stress-strain state of the
multilayer half-space, which does not correspond to the actual test conditions. Moreover, the shock loading
installations are of great diversity, they vary significantly in the impulse time of impact on the pavement,
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and in the parameters of the fall height and the load mass. Another point is perspectivity of the approach,
which takes into account the viscoelastic behavior of materials when determining the elastic moduli of the
road structure layers. So, development of a method for determining the elastic moduli of layers of non-rigid
road pavements, based on application of SSS dynamic model of a multilayer half-space, is of current
interest.

To achieve this goal, it is necessary to solve the following tasks:

— To develop an algorithm for constructing and adjusting the design deflection bowls relative to the
experimental ones recorded by shock loading installations in the field conditions;

— To test the proposed method for determining the elastic moduli of layers of non-rigid road
pavements for the operated section of road,;

— To recommend additional indicators characterizing the structural properties of layers of road
pavements.

2. Methods

The methods considered in this work are solutions and algorithms obtained by the authors and
embedded in the AEM software package. The process of determining the elastic moduli of structural layers
of non-rigid road pavements can be represented in the form of a diagram (Fig. 1). The FWD shock loading
unit used at the first stage is a semi-trailer with a shock loading mechanism mounted on it with
5-10 geophone sensors, as a rule. The geophones placement scheme has various configurations. The
most common scheme is when geophone sensors are spaced at intervals of 30 cm at a distance from the
shock loading point. Under the shock impact at the FWD unit, the impact of the calculated load from the
vehicle wheel on the pavement surface is simulated. At the same time the deflection bowl on the pavement
surface is recorded by geophone sensors.
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Figure 1. Method for calculation the elastic moduli of structural layers
of non-rigid road pavements at the operational stage.

The mathematical model is based on the solution of problem of determining the dynamic SSS of a
multilayer half-space under a shock load. The proposed algorithm for solving this problem is based on the
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works of I.I. Vorovich, V.A. Babeshko, A.N. Belokon, E.V. Glushkov, M.G. Seleznev, S.K. lliopolov,
H. Grundmann, J. Prozzi, M. Schanz et al. [21-27]. The statement of the problem is written as follows.

Road pavements is a N -layer elastic half-space D=D,uD,uU..uDy, described in cylindrical

coordinate system (R, 0, Z) as (Fig. 2):

D, ={Re&(0,+x),0&(0,2r), 2 <0}

j

is a half-space; D; :{Re(0,+oo),96(0,2n),Ze(zj_l,zj)}, zj=2Nh; (h,=0) is the j-th
i=1

layer (j = 2,...,N).

The elastic properties of mediain D;, j=0,1,...,N are determined by density p; elastic modulus

Ej Poisson’s ratio Vj expressed in terms of Lame parameters /1j WM -
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Figure 2. Multilayer half-space in a cylindrical coordinate system.

The displacement of medium under the action of an impact load is described by dynamic Lame
equations. The viscous properties of layers are taken into account by introducing the tangents of loss angles
of longitudinal and transverse waves, when determining the reduced vibration frequencies.

2

_ 03 . .
VVU“MQ—E¥VXVXMDU)HﬁNURﬂZQ o
j2
9?1 = 0’ /VF?J- ,0 ?2: w? /VSZJ- are the reduced vibration frequencies,

Vp; :\/(7»1- +2uj)/pj, Vsj = /pj/pj are the velocities of longitudinal and transverse waves
propagations in the j—th medium.

The solution to this system of equations is the Hankel integral transformation in the form:

- 2 i ~, j
VIMR,e)= [ JWR) Y PUM (1,2) X" (uyudu
n=1

)
F+
where J is Bessel function;
P(J’n) is the core of the integral representation for a multilayer half-space;
J— 'ln
X(J ) are the Hankel transforms for voltage at the boundaries of layers (N = 1,2), determined from

the boundary conditions.
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Figure 3. Frequency response of displacement of surface points of aroad structure.

A solution is constructed for each characteristic frequency ) (Fig. 3) calculated as:
oy =kn/ (T +1) ®3)

where T is the time of observation over the deformation of the road structure surface under shock loading,
selected from the damping conditions of the previous pulse, s.

T is the duration of the loading pulse, s;

K is the amount of decomposition harmonics, determined from conditions of accuracy for shock
loading pulse approximation P(t).

The multiple layers of medium are taken into account via the superposition principle. It implies the
replacement of variables for a homogeneous half-space by variables of the j-th layer in the equation, and
the components of displacement vectors at the boundaries of the road pavement layers are set equal.

The amplitude-time characteristics (ATC) of displacements (Fig. 4) at given points on the pavement
surface are calculated using the formula

M
UMRH=Y pk{—cosnk Im[UN (R,mk)exp(—iwkt)}sin N Re[UN (R,mk)exp(—imkt)}} (4)
k=1
for all observation points on the surface of a multilayer half-space. Here Pk are the coefficients of the shock
loading pulse P(t) expansion into the Fourier series, calculated by the formula:

T

Pk = | sin(wyt+mn, )P (t)dt (5)
0

N =0.5-k-n-T/(T +71), (6)

and Re(U(N)(R,mk), Im(U(N)(R,mk)are the real and imaginary parts of the vertical displacement

vector at given frequencies @y .
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Figure 4. The amplitude-time characteristics of displacements.
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The final stage of construction the calculated bowl of maximum dynamic deflections is to select the

maximum amplitudes of vertical displacements of the medium surface points max UZ(N)(R’t) . Itis selected
t

within the studied time interval for each of the observation points set on the road structure surface. Further
these values are put on the final plot of dynamic deflection bowl (Fig. 5).

— cale
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Figure 5. The calculated bowl of dynamic deflections of road pavement.

The resulting calculated bowl of maximum dynamic deflections is constructed for the design values
of the elastic moduli of the structural layers of the road pavement. Further it is corrected taking into account
the experimental bowl of dynamic deflections recorded in field conditions. The inflection points on the graph
show the locations of geophone sensors, in accordance with the setup configuration selected for testing.

To integrate the software package with FWD impact loading installations, a batch mode was
developed. It allows exporting data on the actual deflection bowls recorded during impact loading from the
output file of the installation software in *.fwd format.

The method of adjusting the calculated deflection bowl relatively to the experimental one is
implemented in the form of a first-order method for an iterative process that includes the following sequence
of actions:

ou, (xf(o), © g, E§°>)

O,

1. One numerically finds , ] =1,2,3, according to the calculated bowl

of maximum dynamic deflections for the design values Ej = EEO).

2. These values are compared with those obtained from processing of experimental data. Based on
this comparison, one identifies the points X = x&o) at which their maximum divergence takes place. The

number of points should coincide with the number of defined parameters (in this case k=12, 3).

3. The main terms of expansion of the left side of equation (1) — the calculated bow! of maximum
dynamic deflections — are determined in increments of unknown parameters.

3 au, (xE,EP EY
(0)g(0)g(0) -
Uy(x,E1 EQEO)+ 3 5
j=1 OE}
This expression in nodes X = X, must be equal to the experimentally obtained maximum dynamic

deflections in the corresponding points. As a result one gets the following system of linear algebraic
equations for AEJ- determination.

v, (xﬁo), (0 gl0) g0

i o)

)AE j ™

)AEJ =p(x)-U, (Xﬁo), e e D), k=123 ®
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J
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Using values AEJ- obtained as a result of solving the system, one obtains the first approximation of

the desired elasticity models
EW =9+ AE;, 9)

4. The bowl of maximum dynamic deflections is calculated for the obtained values of Egl), and the
procedures 1-3 are repeated until the required accuracy is achieved.

To compare the results obtained by the presented mathematical model using the software package
that implements it, we used the engineering approach presented in the draft of the Belarusian normative
document TKP 140 “Roads. Diagnostic procedure”. This document makes it possible to calculate the elastic
moduli of layers of road pavements based on deflection bowls recorded in the field conditions. The elastic
modulus of the asphalt-concrete (a-c) layer is defined as:

D(E -E
— ( total base) (9)

E - i)
a-c 0.3h

where h is the thickness of an assembly of asphalt-concrete layers, cm;

Eiotal is the total elastic modulus of the surface of road pavements, MPa;

Ebase is the total elastic modulus of the base layer surface, MPa;

D is the diameter of the calculated wheel print, cm.

The elastic modulus of the base layer surface is:

Epase = K - Etotal - (10)
K is the coefficient considering the thickness of asphalt-concrete layers and the ratio of deflections
under geophones 2-4.

The elastic modulus of subgrade soil is calculated using deflections recorded by the sensors 4-9 of
the shock loading installation

p-D?-(1-p?)

(11)
4-1 lga.9)

Es.s.(4—9) =
Ist(4-9) are the static deflections recorded by the sensors 4-9;

D-diameter of load circle;

I is the distance from the center of load application to geophones 4-9,

P is the pressure on the surface, kPa.

3. Results and Discussion

To assess the adequacy of results obtained by this method, the elastic moduli of road pavement
layers calculated using the AEM software package were compared with that calculated by the Belarusian
technique described in Belarusian normative document TKP 140 “Roads. Diagnostic procedure”. The
comparison was carried out for a section of the 3 category road in the Rostov region. This road section
was completed by major repairs in 2017. The construction of road pavements on this site includes two
layers of asphalt-concrete with a total thickness of 12 cm, and an incoherent base layer with a thickness of
35 cm. The surface temperature during testing was 8 °C. The FWD PRIMAX 1500 impact loading apparatus
was used to register experimental elastic deflection bowls [20].

The determined actual elastic moduli using both methods are presented in Fig. 6.
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Figure 6. The actual elastic moduli of road pavement layers calculated using
the AEM software package and according to the TKP-140 technique.

The plots show that elastic moduli of road pavement layers calculated using the AEM software
package and using the technique described in TKP 140, are generally described by a common pattern of
changes along the length of the examined section of road. We believe it confirms the adequacy of the used
bowl processing algorithms.

At the same time, differences in the absolute values of actual elastic moduli of individual layers of
road pavements are obvious. The dynamic elastic moduli of the asphalt-concrete layer calculated in the
software package significantly exceed that obtained using the TKP 140 method [28]. The latter is based on
reduction of the calculated elastic moduli of pavement layers to static values at the design temperature of
10 °C. The character of this phenomenon is known and is associated with the fact that the modulus of
elasticity of asphalt concrete depends on temperature and frequency, which was noted in many works [29,
30]. The elastic moduli of layers of the unreinforced base and subgrade soil, determined both by the
TKP-140 methodology and calculated using the AEM software package, are quite close to each other.
Nevertheless, it should be emphasized that layers of non-cohesive materials operate in conditions of all-
side compression, and the layer elastic modulus is essentially non-linear along their depth. Currently, there
exist methods for taking into account the nonlinearity of elastic modulus of a granular material. However,
they all imply the division of one layer of a non-cohesive material into a number of sublayers, and the elastic
modulus is calculated within each of them taking into account octahedral stresses. This problem is relatively
easy to solve at the stage of designing road pavement, but it is quite complex in terms of configuration of
these sublayers at the stage of pavement operation. Now the authors are working to improve the proposed
algorithm.
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The field results should be refined from the standpoint of assessing the structural properties of
individual layers of road pavements. It can be made based on analysis of the amplitude-time characteristics
(ATC) of displacements recorded under shock loading. To confirm this conclusion, we examined the ATC
displacements on the surface of road pavements. As test systems we used a new section of road without
defects, and a road section with critical defects on the asphalt-concrete pavement, which has been in
operation for 6 years (Fig. 7, 8).
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Figure 7. The amplitude-time characteristic of displacements recorded under
a shock impact on the pavement surface without defects.
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Figure 8. The amplitude-time characteristic of displacements recorded under
a shock impact on the pavement surface with defects.

As it can be seen from the plots, the time delay between the extrema of amplitude-time characteristics
of displacements on a road section with defects significantly exceeds the time delay between peaks of ATC
displacements recorded on pavements without defects.

It is possible to quantitatively characterize the obtained results by calculating the damping
coefficients of individual layers of road pavements using formulas:

3 d

Jen?is?

8=Inﬁ-At_1,
A

where O is the damping logarithmic decrement;

A, A, are the extrema of amplitude-time characteristics of displacements recorded in field
conditions;

At is the delay time between the extrema of amplitude-time characteristic recorded by individual
Sensors.

We presented the results of numerical modeling in [31]. It showed that the greatest influence on
change in time delay in the zone closest to the impact point (0-0.25 m) is associated with a change in
mechanical parameters of the asphalt-concrete layers. The changes in time delay in the middle and in the
far zones relative to the impact point are mainly associated with mechanical characteristics of layers of
base and subgrade soil, respectively. Thus, the data recording and determination of mechanical
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characteristics, taking into account analysis of the amplitude-time characteristics of displacements recorded
under shock loading, are an urgent task requiring further detailed study.

4. Conclusion

1. A mathematical model of dynamic stress-strain state of a multilayer half-space in an axisymmetric
setting has been developed. It allows constructing design bowls of elastic deflections on the surface of non-
rigid road pavements, for installations with various parameters of impact loading;

2. The developed method was tested in the field conditions on a section of the M-4 DON highway.
The developed mathematical model was used as a base for AEM software package creating. The elastic
moduli of road pavement layers were calculated using the AEM software package created by the authors
and they were compared with that calculated by the Belarusian technique described in normative document
TKP 140. It was established that the obtained results are generally described by a common pattern of
changes along the length of the examined section of road. We believe it confirms the adequacy of the used
bowl processing algorithms.

3. The damping coefficient is proposed to use as an additional indicator characterizing the structural
state of road pavement layers. It is calculated based on the ratio of amplitudes between the extrema of the
amplitude-time characteristics and the time delay between them. For the asphalt concrete layers it is
calculated in the zone near to the impact point (0-0.25 m), for the base layers (0.25-1.25 m.) itis calculated
in the middle zone, for the soil subgrade it is calculated in the far zone (1.25-2.25 m). These results were
obtained using mechanical and mathematical modeling, the results of which are presented in [31]. Within
the framework of the presented task, the obtained results can be used to further improve the presented
approach with regard to determine the actual elastic moduli of the road pavement layers, as well as the
actual damping coefficients.

References

1. Teltayev, B.B., Liu, J., Suppes, E.A. Distribution of temperature, moisture, stress and strain in the highway. Magazine of Civil
Engineering. 2018. 83(7). Pp. 102-113. DOI: 10.18720/MCE.83.10

2. Teltayev, B.B., Aitbayev, K.A. Modeling of transient temperature distribution in multilayer asphalt pavement. Geomechanics and
Engineering. 2015. Vol. 8(2). Pp. 133-52.

3. Lytton, R. Backcalculation of Pavement Layer Properties. Nondestructive Testing of Pavements and Backcalculation of Moduli.
ASTM International, 2008. Pp. 7-7-32.

4. Ma, X., Dong, Z., Yu, X., Chen, F., Cao, C., Sun, J. Monitoring the structural capacity of airfield pavement with built-in sensors
and modulus back-calculation algorithm. Construction and Building Materials. 2018. 175. Pp. 552-561.
DOI: 10.1016/j.conbuildmat.2018.04.198

5. Zhang, Y., Roesler, J. Improved Backcalculation Procedure for Continuously Reinforced Concrete Pavement. Transportation
Research Record. 2018. 2672(40). Pp. 336—347. DOI: 10.1177/0361198118758010

6. Kheradmandi, N., Modarres, A. Precision of back-calculation analysis and independent parameters-based models in estimating
the pavement layers modulus-Field and experimental study. Construction and Building Materials. 2018. 171. Pp. 598-610.
DOI: 10.1016/j.conbuildmat.2018.03.211

7. Solatifar, N., Kavussi, A., Abbasghorbani, M., Katicha, S.W. Development of dynamic modulus master curves of in-service asphalt
layers using MEPDG models. Road Materials and Pavement Design. 2019. 20(1). Pp. 225-243.
DOI: 10.1080/14680629.2017.1380688.

8. El-Raof, H.S.A., El-Hakim, R.T.A., El-Badawy, S.M., Afify, H.A. Simplified Closed-Form Procedure for Network-Level
Determination of Pavement Layer Moduli from Falling Weight Deflectometer Data. Journal of Stomatology. 2018. 144(4).
DOI: 10.1061/JPEODX.0000080

9. Dalla Vvalle, P., Thom, N. Improvement to method of equivalent thicknesses (MET) for calculation of critical strains for flexible
pavements. International Journal of Pavement Engineering. 2018. 19(12). Pp. 1053-1060.
DOI: 10.1080/10298436.2016.1238698

10. Ng, K., Hellrung, D., Ksaibati, K., Wulff, S.S. Systematic back-calculation protocol and prediction of resilient modulus for MEPDG.
International Journal of Pavement Engineering. 2018. 19(1). Pp. 62—74. DOI: 10.1080/10298436.2016.1162303

11. Uddin W., Barros R., Jaafar Z.F.M. Sensitivity analysis of mechanistic-empirical pavement structural design methods considering
climate impacts on layer modulus values //Bituminous Mixtures and Pavements VII: Proceedings of the 7" International
Conference Bituminous Mixtures and Pavements (7ICONFBMP), June 12-14, 2019, Thessaloniki, Greece. — CRC Press, 2019.
—-357p.

12. Devulapalli, L., Kothandaraman, S., Sarang, G. Erratum to: A review on the mechanisms involved in reclaimed asphalt pavement.
International Journal of Pavement Research and Technology. 2019. 8(5). DOI: 10.1007/s42947-019-1024-x

13. Miller, H., Daniel, J.S., Eftekhari, S., Kestler, M., Mallick, R.B. Research on Sustainable Pavements: Changes in In-Place
Properties of Recycled Layers Due to Temperature and Moisture Variations. Airfield and Highway Pavements 2017: Pavement
Innovation and Sustainability — Proceedings of the International Conference on Highway Pavements and Airfield Technology.
2017-August. Pp. 69-78. DOI: 10.1061/9780784480946.007

14. Huang, H., Luo, J., Moaveni, M., Qamhia, I.I., Tutumluer, E., Tingle, J.S. Advanced analytical tool for flexible pavement design
and evaluation. Airfield and Highway Pavements 2019: Design, Construction, Condition Evaluation, and Management of
Pavements - Selected Papers from the International Airfield and Highway Pavements Conference 2019. Pp. 61-71.
DOI: 10.1061/9780784482452.007

Tiraturyan, A.N., Uglova, E.V., Nikolenko, D.A., Nikolenko, M.A.



15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.
27.

28.

20.

30.

31.

Magazine of Civil Engineering, 103(3), 2021

Plati, C., Georgiou, P., Papavasiliou, V. Simulating pavement structural condition using artificial neural networks. Structure and
Infrastructure Engineering. 2016. 12(9). Pp. 1127-1136. DOI: 10.1080/15732479.2015.1086384

Elbagalati, O., Elseifi, M., Gaspard, K., Zhang, Z. Development of the pavement structural health index based on falling weight
deflectometer testing. International Journal of Pavement Engineering. 2018. 19(1). Pp. 1-8.
DOI: 10.1080/10298436.2016.1149838

Enhanced Analysis of Falling Weight Deflectometer Data for Use With Mechanistic-Empirical Flexible Pavement Design and
Analysis and Recommendations for Improvements to Falling Weight Deflectometers 2017.

Zhang, R., Ren, T., Ashrafuzzaman Khan, M., Teng, Y., Zheng, J. Back-Calculation of Soil Modulus from PFWD Based on a
Viscoelastic Model. 2019. DOI: 10.1155/2019/1316341.

Fan, Q., Li, S., Xu, X. IOP Conference Series: Earth and Environmental Science Bearing capacity evaluation of asphalt pavement
based on dynamic deflection equivalent Bearing capacity evaluation of asphalt pavement based on dynamic deflection equivalent.
DOI: 10.1088/1755-1315/300/5/052041

Uglova, E. V., Tiraturyan, A.N., Shamraev, L.G. Modern approach to assessment of transport and operating condition of roads
implemented in State Company “Russian Highways.” CAD&GIS for roads SAPR i GIS avtomobilnykh dorog. 2016. (1(6)).
Pp. 38-51. DOI: 10.17273/cadgis.2016.1.7

Vorovich, |., Babeshko, V., Pryakhina, O. Dynamics of massive bodies and resonance phenomena in deformable media. 1999.
Babeshko, V.A. Dynamics of inhomogeneous linearly elastic media. The science. Ch. ed. Phys.-Math. lit., 1989.

lliopolov S.K., Seleznev M.G., Uglova E.V. Dynamics of road structures: monograph. Rostov-on-Don: Publishing house of Rostov
State University of Civil Engineering, 2002. 258 p.

Grundmann, H., Lieb, M., Trommer, E. The response of a layered half-space to traffic loads moving along its surface. Archive of
Applied Mechanics. 1999. 69(1). Pp. 55-67. DOI: 10.1007/s004190050204

Xu, Q., Prozzi, J.A. A time-domain finite element method for dynamic viscoelastic solution of layered-half-space responses under
loading pulses. Computers and Structures. 2015. 160. Pp. 20-39. DOI: 10.1016/j.compstruc.2015.07.005

Schanz, M. Poroelastodynamics: Linear models, analytical solutions, and numerical methods. 62(3)05-2009.

Uglova, E.V, Tiraturyan, A.N., Lyapin, A.A. Integrated approach to studying characteristics of dynamic deformation on flexible
pavement surface using nondestructive testing. PNRPU Mechanics Bulletin. 2016. 0(2). Pp. 111-130.

Burtyl, U.V., Leonovich, I.I. Improving methods for assessing the transport and operational condition of roads. Highways and
Bridges. 2010. No. 8. P. 95-105.

Kirillov, A.M., Zavialov, M.A. Modeling of change in asphalt concrete dynamic modulus. Magazine of Civil Engineering. 2015.
54(2). Pp. 70-76. (rus). DOI: 10.5862/MCE.54.8.

Yashnov A.N., Polyakov S.Yu. Analysis of computational models for determining the modulus of elasticity of asphalt concrete.
Politransport systems. 2017. Pp. 73-79.

Uglova, E.V, Tiraturyan, A.N. Calculation of the Damping Factors of the Flexible Pavement Structure Courses According to the
In-place Testing Data. Procedia Engineering. 2017. 187. Pp. 742—748. DOI: 10.1016/j.proeng.2017.04.431

Contacts:

Artem Tiraturyan, tiraturjanartem@gmail.com
Evgenia Uglova, uglova.ev@yandex.ru
Denis Nikolenko, d.a.nikolenko@mail.ru
Maxim Nikolenko, twinmax@mail.ru

© Tiraturyan, A.N., Uglova, E.V., Nikolenko, D.A., Nikolenko, M.A., 2021

Tiraturyan, A.N., Uglova, E.V., Nikolenko, D.A., Nikolenko, M.A.



	Model for determining the elastic moduli  of road pavement layers
	1. Introduction
	2. Methods
	3. Results and Discussion
	4. Conclusion


