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Abstract. Since 2000 the Equivalent Axle Loads on the main Lithuanian roads have increased twice. Deflections in asphalt
concrete pavement, caused by the axle loads of the moving vehicles, is one of the essential causes of pavement degradation.
Pavement deflections are widely measured by the Falling Weight Deflectometer (FWD), since, based on the measured
deflection data, it is possible to calculate the deformation modulus of the whole pavement structure as well as separate
structural layers. When designing pavement strengthening, values of the pavement deformation moduli are required, de-
scribing the weakest pavement condition. Today it is an urgent task to determine the effect of Lithuanian seasonal factors to
the FWD-measured deflections in order to estimate the critical deformation modulus of the road pavement. According to the
FWD-measured pavement deflections on the experimental road sections at a different time of the year the effect of seasonal
factors was determined for the indices of structural strength of asphalt concrete pavements. Using the relationships of the
effect of Lithuanian seasonal factors, determined by FWD measurements, it is possible to calculate the minimum indices of

pavement structural strength.
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1. Introduction

The rapidly increasing traffic volume on Lithuanian
roads has changed the road network development priori-
ties. Lithuanian road network has a rather uniform distri-
bution and is sufficiently dense, though the earlier con-
structed roads are not able to hold out the increased loads
and the growing traffic volume. The current road problems
are mainly related to insufficient road capacity and dura-
bility.

On the main Lithuanian roads the Equivalent Axle
Loads since 2000 have increased twice, whereas the total
traffic volume by nearly 30 %.

Due to the increasing traffic volume and a significantly
growing heavy traffic, the durability of road pavements has
been decreasing.

The process of pavement deterioration is speeded up
by the following main factors:

*  a high traffic volume of heavy vehicles;

* theincreased vehicle axle loads, which often sig-
nificantly exceed the specified axle loads, earlier
used in pavement design;

*  the overloaded vehicles exceed the currently per-
missible axle loads.

Under the effect of the above-mentioned factors there
is a need to strengthen road pavement, which was designed
following the lower permissible axle loads (10 tonnes), set
by the technical specifications of that time.

At present the main normative document, regulat-
ing the design of asphalt concrete pavements, is the Regu-
lation on Motor Roads STR 2.06.03:2001 [1]. Requirements
of this regulation are implemented following the recom-
mendations R34-01 “Foundations of motor roads* [2] and
R35-01 “Asphalt concrete and gravel pavements of motor
roads® [3]. The mentioned documents regulate the selec-
tion of only typical road pavement structures based on the
calculated indicator of heavy traffic. Pavement strengthen-
ing is not described in these documents. A bearing capacity
of the existing pavement structures and the need for pave-
ment strengthening are mostly determined by the investi-
gations of pavement surface condition and structural
strength. However, Lithuania has no experimentally justi-
fied and approved methodology, which would enable to
determine an actual bearing capacity of the existing pave-
ment structures and the methods and models for their
strengthening. Road pavement strength is one of the main
indices, describing the capacity to hold out the traffic-gen-
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erated loads. For this purpose experimental investigations
of the pavement structural strength were carried out by us-
ing the Falling Weight Deflectometer Dynatest 8000 FWD
[4].

Deflections, caused by the axle loads of the moving
vehicles, is one of the essential causes of pavement degra-
dation. Thus a measurement of elastic deflection is the best
evaluation of this effect. Today, pavement deflections are
widely measured by the Falling Weight Deflectometer
(FWD). Measurements, carried out by this device, make it
possible for the road engineers to describe and explain the
pavement structure behaviour. Based on FWD measured
deflection data, it is possible to calculate the deformation
modulus of the whole pavement structure as well as sepa-
rate structural layers. Before the use of FWD, deflections
in Lithuania were measured by a Benkelman Beam and
dynamic deflectometer Dina-3M. Measurements were usu-
ally taken during the spring thaw, in order to calculate the
deformation modulus of pavement structure at the weakest
period. This period in Lithuania is very short, whereas the
measurement procedure lasts long. Evaluation of the need
for pavement strengthening is the task of pavement design,
only under different initial conditions. When designing
pavement strengthening, evaluation of the existing pave-
ment strength is necessary. A constantly increasing amount
of pavement strengthening design requires the values of
the pavement deformation moduli, describing the weakest
pavement condition. Therefore the FWD Dynatest 8000 is
used in Lithuania to quickly measure deflections and deter-
mine the existing pavement strength [4]. Besides, the FWD
measurements use a different input data about the climate,
equivalent temperature values and frequency of design
loads. All the European design methods are empirically
calibrated and adjusted to the local climatic factors, build-
ing practise and the materials used [5]. This creates diffi-
culties in applying design methods in other countries. It is
an urgent task to determine the relationships of Lithuanian
seasonal factors and, based on data of FWD deflection
measurements at any time of the year, to estimate the value
of the pavement deformation modulus, corresponding to
the weakest pavement condition.

The aim of our investigation was to determine the de-
crease in pavement strength due to seasonal effects for dif-
ferent strength indices on the selected experimental road
sections with different pavement structures.

2. Deflection measurements and evaluation of
measuring results

Correction of deflections under standard conditions
enables to compare the deflection data and to determine
standard deviation of the deflections.

Measurements of asphalt concrete pavement deflec-
tions shall be corrected for a certain loading system and
predicted climatic conditions. The loading system coeffi-

cient depends on the non-destructive device, loading fre-
quency and level of the load. It is also well-known that the
most critical seasonal factor, having the effect on the de-
flections of flexible pavement structures, is the tempera-
ture of asphalt layer [6].

During measurements all actual deflection values were
reduced to deflection values, corresponding to the standard
load and standard mean temperature of asphalt concrete
pavement.

All the measurement data were calculated after it had
been determined that the relationship between deflection
and pressure is linear [7] (Fig 1). Deflection values were
calculated at 708 kPa pressure, corresponding to the load
of 50 kN.

In Lithuania deflections were measured at different
periods of the year under different climatic conditions. The
mean pavement temperature is used to determine a tem-
perature adjustment factor, required for the calculation of
deflection values at an assumed standard temperature of
20 °C [8]. The mean pavement temperature is measured by
the electronic thermometer TE-100. The depth, where the
mean temperature of asphalt concrete pavement layers was
measured, is equal to half the thickness of asphalt concrete
pavement layers. Temperature was measured in a bore-hole
of the pavement.

When a direct calculation of deformations is carried
out by the measured deflection data, the measured deflec-
tion basin shall be adjusted to a standard asphalt concrete
temperature. The temperature adjustment factor depends
on the thickness of asphalt concrete layer, temperature and
distance from the FWD loading centre.

Deflections are divided by the temperature adjustment
factor and, thus, the deflections and deflection differences
are obtained at a standard temperature:

ap ay 2
TAF =1+ y+-= TA—20)+ ag+— TA‘ZO) ,
hy by

)

where: TAF — temperature adjustment factor, 7, — asphalt

Deflection, mm

Fig 1. Relationship between deflection and pressure (» — distance
from the loading centre, mm)
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concrete temperature (°C), /i, — thickness of asphalt con-
crete layer (mm), a,, a,, a,, a, — factors in Table 1.

Adjustment factors a,, a,, a, and a, in Table 1 were
determined for the centre deflection and several differences
in deflection values. The standard temperature was selected
as +20 °C.

Various indices could be used for evaluating and com-
paring the structural strength of road pavement. This paper
analyses the deformation modulus E of the pavement struc-
ture and the pavement strength indices SN, SNSG and SNC,
described in the world-wide used AASHTO [9] design
method.

For comparing the readings of central sensor were used,
re-calculated for the load of 708 kPa, taking into consid-
eration the temperature adjustment factor.

Measuring results were calculated using the ELMOD
(Evaluation of Layer Moduli and Overlay Design) software,
designed by the DYNATEST company. This software ena-
bles to calculate the deformation modulus of each layer in
a pavement structure of two, three or four layers using the
Odemark—Boussinesq transformed cross-sectional method
[10]. In order to calculate the deformation moduli for a four-
layer pavement structure it is necessary either to know the
ratio between the moduli of the second and the third layer
or to calculate it by using the above-mentioned software
from the thickness of the second and third layer. In the lat-
ter case the ratio developed by Dorman and Metcalf is used
[11]:

En

Enfl

= O,Zhn0’45, 2)

where: £ — modulus of the top layer with thickness 4 ;
E, , — modulus of the lower layer.

In calculating the deformation modulus from the de-
flections, the layer thickness shall be not less than 80 mm,;
therefore the thinner layers should be joined together. As-
phalt concrete deformation modulus depends merely on the
temperature; seasonal variations are not taken into consid-
eration. The pavement equivalent deformation modulus E,.
is calculated by the formula [12]:

2(1-u?)ga
Eequw, 3)
Do

where: @ — Poisson’s ratio; ¢ — pavement pressure by a
measuring device (kPa); a — radius of the loading plate
(mm); D, — the centre deflection (um).

Structural number of all pavement layers (SN) is de-
termined by the relationship developed by Jameson [7]:

8428 N 42,94
Do—Disoo  Dooo

SN =169+ @)

Table 1. Temperature adjustment factors for the FWD deflections

Variable | a, (°C') |a, (mm/°C)|a, (0,001 °C")|a, (mm/°C)
d, 0,01661 -0,67095 0,28612 -0,01408
d,-d,, 0,05955 -2,73223 1,48011 -0,08171
d,-d,, | 005398 -2,61130 1,28439 -0,07493
d,—d,, | 004720 -2,39175 1,05022 -0,06371
d,—d, | 004190 -2,15168 0,87228 -0,05301

Subgrade structural number (SNSG):
SNSG = 3,5110g(CBR) — 0,85(|og(CBR))2 -143, (5)

where 10g(CBR) = 3,264—-1,018l0g(Dggg) ; CBR — Cali-

fornia Bearing Ratio.
A modified structural number of road pavement
(SNC):

SNC = SN + SNSG. (6)

3. Statistical analysis of measuring results and
determination of the seasonal factors reliability

The decrease in pavement strength on each experimen-
tal road section due to seasonal effects (further — seasonal
factor) is calculated by the algorithm, the scheme of which
is shown in Fig 2.

Table 2 gives the maximum and minimum values of
pavement strength during the three-year investigations of
each experimental section.

The seasonal factors were calculated for the follow-
ing strength indices:

+  theequivalent deformation modulus of road pave-

ment Eeqv;

. deformation modulus of the roadbed soil Eg;

*  structural number of the pavement SN;

*  subgrade structural number SNSG;

*  modified structural number SNC.

In the process of investigation the values of spring and
autumn seasonal factors were determined. A statistical
analysis of these values is given in Tables 3, 4. The tables

Calculation of the strength indices
of the experimental sections

Calculation of the mean strength
indices of the experimental sections

Determination of the maximum and
minimum values of strength indices

Calculation of the seasonal factor for each strength index.
The seasonal factor (SF) = the minimum value of strength
index/the maximum value of strength index

Fig 2. The scheme for calculating the seasonal factor



70 G. Siaudinis, D. Cygas / THE BALTIC JOURNAL OF ROAD AND BRIDGE ENGINEERING — 2007, Vol II, No 2, 67-72

Table 2. Seasonal factors based on the three-year investigation results

Seasonal factor

Road section, km KEel Kgg Ky Ksnsa Ksne

I [ o] 3 1 [ 2 ] 3 | % ] 3 1 | 2 | 3 1 | 2 ] 3
A5 Kaunas — Marijampolé — Suwalki
35.2-355 0,81 1 071 | 0,74 | 095 ] 091 [ 082 ] 084 | 0,73 |1 0,74 | 0,97 | 0,94 | 0,87 | 0.88 | 0,79 | 0,80
29,2-29.5 094 | 0,77 [ 0,86 | 095 | 0,83 | 0,87 | 0,95 | 0,82 | 0,87 [ 096 | 091 | 0,92 | 096 | 0,84 | 0,90
24,0 -243 0,62 | 0,53 | 0,63 | 0,81 | 0,87 | 0,77 | 0,72 | 0,61 | 0,70 | 0,92 | 0,93 | 0,86 | 0,77 | 0,68 | 0,75
20,0-20,3 088 10731075109 | 086 | 087|092 | 08208209 |09 |09 | 093 | 085 ] 0,85
19,0-19,3 0,79 | 0,70 | 0,68 | 096 | 0.81 | 0,90 | 0,87 | 0,81 | 0,77 | 0,99 | 0,89 | 0,96 | 091 | 0,84 | 0,82
A4 Vilnius — Varéna — Grodno
101,1-101.4 0,87 | 0,61 | 0,77 | 093 | 0,71 | 0,87 | 091 | 0,75 | 0,87 | 0,95 | 0,77 | 0,92 | 0,92 | 0,75 | 0,88
101,4 -101,7 0,68 | 0,64 | 0,67 | 090 | 0.82 | 0,88 | 0,84 | 0,78 | 0,79 | 0,94 | 0,91 | 0,95 | 0.88 | 0,82 | 0,83
A6 Kaunas — Zarasai — Daugavpils
153-15.6 045 | 0,65 | 0,53 | 0,83 | 0,88 | 0,82 | 0,64 | 0,80 | 0,70 | 0,93 | 0,96 | 0,94 | 0.71 | 0,85 | 0,77
16,8 —17.1 049 | 0,66 | 0,54 | 0,76 | 0.85 | 0,80 | 0,69 | 0,81 | 0,74 | 0,93 | 096 | 0,96 | 0.75 | 0,85 | 0,80
32,7-33.0 0,69 | 0,83 [ 0,84 | 081 | 0,82 | 0,84 | 0,78 | 0,88 | 0,88 | 0,81 | 092 | 094 | 0,83 | 0,89 | 0,90
34,5-34.8 0,76 | 0,80 | 0,82 | 054 | 0.72 | 0,75 | 0.83 | 0,84 | 0,87 | 0,78 | 0,90 | 0,92 | 0.87 | 0,88 | 0.88
A8 Panevézys — Kédainiai — CinkiSkiai
26,7270 081 071 070086 [084]078]087]08 [073]09 0937092708 [0847]0.77
28,7 28,0 0731079 | 078 | 082 | 0,83 | 0,75 | 0,82 | 0.87 | 0,85 | 0,90 | 0,94 | 093 | 0,84 | 0,89 | 0,88
32,2-32,5 0,66 | 0,67 | 0,68 | 0,84 | 0,85 | 0,81 | 0,76 | 0,76 | 0,77 | 0,92 | 0,90 | 0,91 | 0,80 | 0,80 | 0,80
208 south-eastern Utena by-pass
0,1-04 049 |1 0,71 | 0,57 | 0,84 | 0,74 | 0,81 | 0,72 | 0,84 | 0,74 | 0,88 | 0,88 | 0,93 | 0.77 | 0,87 | 0,79
1,5-1,8 042 | 0,66 | 042 | 0,79 | 0,83 | 0,79 | 0,70 | 0,82 | 0,70 | 0,83 | 0,87 | 0,83 | 0,74 | 0,83 | 0,74
206 (A17) Panevézys by-pass
9,9-10,2 0,74 | 0,77 [ 0,70 | 0,83 | 0,76 | 0,72 | 0,83 | 0,84 | 0,79 [ 0,90 | 0,92 | 091 | 0,86 | 0,87 | 0,82

79-82 0,79 | 0,81 | 0,74 | 0,78 | 0,79 | 0,70 | 0,85 | 0,85 | 0,81 | 0,91 | 0,94 | 0,92 | 0,87 | 0,88 | 0,84
72-17,5 0,79 | 0,81 | 0,74 | 0,81 | 0,77 | 0,73 | 0,85 | 0,84 | 0,80 | 0,93 | 0,94 | 0,93 | 0,87 | 0,87 | 0,83
160 TelSiai — Varniai — Laukuva
1,0-1,3 0,71 | 0,65 | 0,65 | 0,87 | 0,67 | 0,74 | 0,83 | 0,79 | 0,77 | 091 { 0,82 | 0,88 | 0,85 | 0,80 | 0,80
1,7-2,0 0,60 { 0,67 | 0,69 | 0,83 | 0,73 | 0,77 | 0,77 | 0,78 | 0,80 | 0,88 | 0,87 | 0,91 | 0,81 | 0,80 | 0,83
129 Antakalnis — Jieznas — Merkiné
73,0-73.3 - 0,65 | 0,60 - 0.83 | 0.81 - 0,74 | 0,69 - 0,91 | 0,92 - 0,78 | 0,75
73.3-73.6 — 0,60 | 0,60 ~ 0.82 | 0.82 — 0,71 | 0,71 - 0,92 | 0,91 —~ 0,76 | 0,75

* The numbers 1, 2, 3 refer to the year of investigation.

show that in spring the road pavement is in the weakest The mean values and standard deviations of seasonal
condition by all the criteria of pavement strength; therefore ~ factors based on three-year investigation results are given
for further analysis the spring seasonal factors were only  in Figs 3-8.

used.

Table 3. Results of the statistical analysis of spring factors

Factor Mean Range of reliability Median Minimum Maximum Variation Star}de}rd
-0,05 +0,05 factor deviation
K., 0,69 0,67 0,72 0,70 0,42 0,94 0,012 0,11
K., 0,81 0,80 0,83 0,82 0,54 0,96 0,005 0,07
K 0,79 0,78 0,81 0,80 0,61 0,95 0,005 0,07
Kiven 0,91 0,90 0,92 0,92 0,77 0,99 0,002 0,04
Ko 0,83 0,82 0,84 0,83 0,68 0,96 0,003 0,06

Table 4. Results of the statistical analysis of autumn factors

Range of reliabili iati
Factor Mean g A Median Minimum Maximum Variation Star.ld?rd
-0,05 +0,05 factor deviation
K. .. 0,77 0,74 0,79 0,77 0,45 0,97 0,013 0,11
K., 0,88 0,86 0,89 0,87 0,76 0,98 0,004 0,06
Ky 0,84 0,82 0,86 0,85 0,65 0,97 0,005 0,07
Kovsa 0,94 0,93 0,95 0,95 0,81 0,99 0,001 0,03
Koo 0,87 0,85 0,88 0,87 0,72 0,98 0,004 0,06
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Fig 3. Mean values and standard deviations of seasonal factors

Fig 6. Distribution of the seasonal factors of a modified structural
number SNC of pavement structure
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Fig 4. Distribution of the seasonal factors of the deformation modu-
lus of road bed soil E,

Fig 7. Distribution of the seasonal factors of the subgrade struc-
tural number SNC
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Fig 5. Distribution of the seasonal factors of the equivalent defor-
mation modulus E, v of pavement structure

A statistical analysis showed that the seasonal factor
of the equivalent deformation modulus of road pavement
structure could be characterised by a largest dispersion of
results. Therefore the analysis was carried out bythe rela-
tionship between the distribution of this factor and the maxi-
mum equivalent deformation modulus of the existing road
section. Fig 9 shows the results.

As a result of investigations, the values of seasonal
factors were determined for different strength indices. The
values are given in Table 5.

Fig 8. Distribution of the seasonal factors of the structural number
SN of pavement structure
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Fig 9. Relationship between the seasonal factor of the equivalent
deformation modulus of road pavement structure and the maxi-
mum equivalent deformation modulus of the existing road section
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Table 5. The values of seasonal factors for different strength
indices

Strength index Value of seasonal

factor

The equivalent deformation modulus
0,58
of road pavement E_
Deformation modulus of the roadbed
. 0,74

soil E,
Structural number of the pavement SN 0,73
Subgrade structural number SNSG 0,87
A modified structural number SNC 0,77

4. Conclusions

1. When measuring pavement deflections of the Lithua-
nian roads, a modern device DYNATEST 8000 FWD is
used, meeting the European Union requirements (COST
324, COST 325).

2. Based on the three-year investigations, the value of
seasonal factors, determined by the strength indices E.p
Eg, SN, SNSG and SNC, is the difference between the mean
value of the spring factor and the value of standard devia-
tion.

3. The results of three-year investigations on Lithua-
nian roads and the statistical analysis enabled us to:

*  determine the asphalt concrete pavement condi-
tion by the Falling Weight Deflectometer and,
taking into consideration the seasonal factors, to
calculate the strength indices of the existing road
pavement structure;

» to take into consideration the seasonal factors
when calculating the strength indices SN, SNSG
and SNC, used in HDM-III, HDM-IV and Lithua-
nian DAVASEMA systems for describing pave-
ment structural strength;

*  toselect a proper and economically justified type
of pavement strengthening, to calculate additional
thicknesses for the road structure to be strength-
ened.

4. Data on the strength indices allows to methodically

and substantially evaluate the condition of asphalt concrete
road pavements, to forecast pavement deterioration and to
determine the necessary measures for a rational use of road
pavements.
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