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Abstract. Deformations, caused by the axle loads of moving vehicles, are one of the main causes for pavement degradation.
Measurement of elastic deflections is the best way to identify this effect. Currently, pavement deflections are most widely
measured by the Falling Weight Deflectometer (FWD). Lithuanian standard LST 1360.5 “Soils for the motor roads” defines
the measurement of deformations by static testing equipment at the top of each structural pavement layer. Based on the
FWD-measured deflections at pavement surface, it is possible to calculate deformation moduli of structural pavement
layers. In Lithuania deformation moduli are calculated by the ELMOD (Evaluation of Layer Moduli and Overlay Design)
software. The results of experimental investigation of deformations of structural pavement layers by static and dynamic
devices showed that the structural strength of road pavement, measured by the FWD, is close to the strength, measured by
a static testing device. There is a linear relationship between E moduli, determined by static and dynamic methods. Investi-
gation shows that the Falling Weight Deflectometer is suitable to determine the structural strength of investigated road
pavements. However, more detailed investigations are necessary to identify the suitability of FWD to determine the struc-
tural strength of the other types of road pavement structures.
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1. Introduction

Road transport is the main communication mode for
carriage of people as well as cargo. Road transport in Lithua-
nia is one of the essential factors to determine the economic
and social development of the country.

The Lithuanian road network has a rather continuous
and sufficiently dense distribution. The current problems
of road development are often related to insufficient road
capacity or durability of road pavement. Pavement strength
is one of the main indicators determining the pavement
ability to carry traffic loads; therefore, it is very important
to know the bearing capacity of the existing pavement.

Research studies in various countries [1, 2, 3] have
indicated the relationships between load size, pavement
deflection and deformation (E) moduli of structural pave-
ment layers. These relationships, calculated by using stand-
ard load, can be used to evaluate pavement strength.

Deflections, caused by the axle loads of the moving
vehicles, are one of the main causes of pavement degrada-
tion. Measurement of elastic deflections is the best way to

identify this effect. Currently, pavement deflections are most
widely measured by the Falling Weight Deflectometer
(FWD). FWD measurements allow the road specialists to
describe and explain the behaviour of pavement structure.
This deflectometer has proved to be a powerful tool for a
detailed pavement investigation and evaluation.

At present in Lithuania, when preparing technical
projects for the new roads or roads to be reconstructed, pave-
ment structure is selected following the requirements of
STR2.06.03:2001 [4]. Construction Technical Regulation
”Motor roads‘ regulates the selection of only typical road
pavement structures according to the calculated indicator
of heavy traffic, taking no consideration of any other crite-
ria, such as deflections, deformations, pavement perform-
ance indicators etc. Frequently, the selected pavement struc-
tures do not meet the real operational conditions, therefore,
the use of typical pavement structures in road design, re-
construction and repair is often unsubstantiated.

Evaluation of the need for road pavement strengthen-
ing is the task of pavement design, only with different ini-
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tial conditions. When designing pavement strengthening, it
is necessary to evaluate the indicators of the existing pave-
ment strength, Lithuanian climatic conditions, specific char-
acter of vehicle loads as well as the building materials and
technologies. One should also take into consideration the
world-wide trends and the achievements in this field. The
experience of foreign countries becomes especially impor-
tant. EU seeks for the harmonisation of normative docu-
ments. Creation of common methods for the design of as-
phalt pavements is one of the objectives of these activities
in COST 333 [5].

Lithuanian standard LST 1360.5 “Soils for Motor
Roads” [6] defines the measurement of deformations by a
static testing equipment at the top of each structural pave-
ment layer. During testing it is necessary to assure the stand-
ardised measuring conditions. Such testing methods are used
for measuring deformations of structural layers for the new
pavements. However, this method cannot be used to deter-
mine deformation moduli at the top of each structural layer
for the already existing pavements. Based on the FWD-
measured deflections at pavement surface, it is possible to
calculate deformation moduli of structural pavement lay-
ers. FWD-measured deflections are re-calculated into de-
flection values meeting the standard measuring conditions,
and the deformation modulus is determined, for which a
seasonal factor is applied meeting the Lithuanian climatic
conditions [7].

In Lithuania deformation moduli are calculated by
using the ELMOD (Evaluation of Layer Moduli and Over-
lay Design) software, created by the company DYNATEST.
This software enables to calculate the deformation modu-
lus of each layer in two-, three- or four-layer pavement struc-
tures, using the transformed section method of Odemark—
Boussinesq [8-11].

The objective of the scientific research, presented in
this paper, is to carry out measurements of deformations
(deflections) of the structural layers of flexible pavement
by the static measuring device “Strassentest™ and the dy-

namic device — Falling Weight Deflectometer (FWD). Also,
to conduct a statistical evaluation of the relationship be-
tween the calculated deformation moduli, based on the re-
sults of the static measuring method, regulated by LST
1360.5 [6] and the FWD, used in Lithuania.

2. Investigation of structural pavement strength

For a more accurate determination of relationship be-
tween E moduli, obtained by applying the static (the static
testing device “Strassentest*) and the dynamic (FWD)
method, 2 types of road pavement structure were selected:

- 6,86-7,24 km test section of the road A5 Kaunas—

Marijampolé—Suwalki (Fig 1);
—  36,00-37,00 km test section of the road
225 Raseiniai-Baisogala (Fig 2).

To determine E moduli of individual pavement layers
20 measuring points were measured on the test section of
the road A5 Kaunas—Marijampolé—Suwalki. On the test
section of the road 225 Raseiniai — Baisogala only 6 meas-
uring points were measured, since, due to the changes of
meteorological conditions, it was not purposeful to con-
tinue measurements as the results would be unreliable.

To assure the reliability of measuring data by differ-
ent devices, deflections of road pavement structure were
measured under the same climatic conditions at the short-
est possible time interval.

During the measurement of deflections of structural
pavement layers the temperature of air, pavement surface
and asphalt concrete layer was recorded. It was used for
calculating E moduli of individual structural layers. The
results obtained are presented in Tables 1 and 2 and in Fig-
ures 3 and 4. It can be seen that E moduli above the indi-
vidual layers of Type I road pavement structure meet the
requirements of technical regulation STR2.06.03:2001.
However, the frost-resistant layer of Type Il road pavement
structure does not meet the requirements of the aforemen-
tioned regulation.

E()V

14 cm thick asphalt concrete pavement
El v

18 cm thick layer of crushed dolomite
Ez'

37 cm thick frost-resistant

layer
E3V

roadbed from frost-sensitive soils

Fig 1. Type I road pavement structure

Eov
6 cm thick, single-layer asphalt
El v
E,v dolomite

-

Esv \

concrete pavement

24 cm thick layer of gravel-crushed

30 cm thick frost-resistant layer

roadbed from frost-sensitive soils

Fig 2. Type Il road pavement structure
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Fig 3. Distribution of £ moduli of Type I road pavement struc-
ture (E, E,, E, — obtained by applying the static method and E,,

E,,, E4, — obtained by applying the dynamic method)

Table 1. Results of measuring data analysis

Fig 4. Distribution of £ moduli of Type II road pavement struc-
ture (£, E,, E, — obtained by applying the static method and £,
E,,, E;, — obtained by the dynamic method)

Table 2. Values of deformation moduli and their relationship
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conere-| - p 4 282 18 6,54 + Confidence interval (with 95 % probability) 01’8257_
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3. Analysis of results
When making analysis of measuring results it is nec-

. s o 2
essary to determine the data compatibility criterion X

, L@-8f &O-mXs)
X—é E 4 Pu(y,s) ’

where: X2 — compatibility criterion, O, — observable in-
terval values, Ej — probable interval values, X,S— val-
ues of normal distribution average and standard deviation,

pi (Y, S) — i-interval probability of normal distribution with
parameters X and S.

The compatibility criterion shows the correspondence
of the data values being analysed to the law of normal dis-
tribution. If the compatibility criterion meets certain con-
ditions (for 20 measuring values the compatibility criterion
shall be < 7,815, for 6 measuring values the compatibility
criterion < 5,991), it is possible to conduct a statistical analy-
sis of the measuring results by calculating the averages,

(1

standard deviations, variation coefficient etc.
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Fig S. Distribution of the average £ moduli of Type I road pave-
ment structure
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Fig 6. Distribution of the average £ moduli of Type Il road pave-
ment structure

After checking the data compatibility criterion it was
determined that the investigation data can be used for a
statistical analysis. Results of the analysis are given in Ta-
ble 1. They show that the structural strength of road pave-
ment, measured by the FWD, is close to the strength, meas-
ured by a static testing device.

In order to determine the relationship between E
moduli (Figs 5 and 6), calculated from the deflections of
road pavement structure and obtained by static and dynamic
methods, it is necessary to determine the coefficient K, of
deformation moduli. Table 2 shows the calculation results.

The calculated correlation coefficient allows to state
that there is a linear relationship between £ moduli, deter-
mined by static and dynamic methods.

Having measured deflections with the use of FWD, E
moduli can be calculated as follows:

E=KgxEq, )

where: E — deformation moduli according to the require-
ments of STR2.06.03:2001; K. — coefficient of relationship

E
E_d , E,— E moduli, determined by FWD.

Relationship coefficient K, (Table 2), determined dur-
ing this investigation, is suitable to Type I and Type II road
pavement structures (Figs 1 and 2). When performing in-
vestigations of the other type of road pavement structures,
it is necessary to determine the corresponding values of
coefficient K.

4. Conclusions

1. The investigation showed that:

—  Thelayers of Type I road pavement structure meet
the requirements of technical regulation
STR2.06.03:2001.

—  The frost-resistant layer of Type Il road pavement
structure does not meet the requirements of tech-
nical regulation STR2.06.03:2001.

2. Analysis of investigation results shows that there is

a linear relationship between E moduli, determined by static
and dynamic methods.

3. The relationship of E moduli of structural pavement
layers, determined by static and dynamic methods, shows
that the Falling Weight Deflectometer is suitable to deter-
mine the structural strength of both types of investigated
road pavements. However, more detailed investigations are
necessary to identify the suitability of FWD to determine
the structural strength of the other type of road pavement
structures.
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