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Abstract. This article studies the effect of each season on the structural condition values of bituminous pavements. 
Testing of bituminous pavements was carried out by the falling-weight deflectometer DYNATEST 8000 FWD. The 
following values of pavement strength were used: the equivalent resilient modulus of the road pavement Eekv; deforma
tion modulus of the roadbed soil Eg; pavement structural number SN; subgrade structural number SNSG; a modified 
structural number SNC. In the process of work the structural condition values of spring and autumn were detennined 
and a statistical analysis of these values was presented. The analysis of the three-year research results showed that in 
spring the pavement condition weakens in respect of all criteria of pavement structural condition. Therefore, for the 
future analysis only the structural condition values of spring are suggested to be used. The a1iicle gives also the critical 
period adjustment factors for each structural condition value on the selected test road sections with different pavement 
structure. The article gives recommendations for the practical use of research results. 
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1. Introduction 

When planning road maintenance actions it is very 
important to collect information necessary for evaluating 
the road pavement structure. At present Lithuania has 
80 000 km of roads. State-owned roads (21 312 km) are 
managed and maintained by the Lithuanian Road Ad
ministration. A major part of them (11 100 km) includes 
roads with bituminous pavement [ 1]. 

Road pavement is one of the most important road 
elements. Static and dynamic transport loads and envi
ronmental factors continuously affect it. The effect of 
traffic and environment causes variations in the physical 
and mechanical properties of roadbed soils and struc
tural pavement layers [2-4]. 

Spring and winter are the periods for the most criti
cal conditions when, under the effect of frost, pavement 
materials become brittle while in the period of thawing 
they exhibit plastic properties due to increased moisture. 
An especially unfavourable situation may occur in spring 
when the unbound layers of pavement structure still keep 
the accumulated excess of moisture and asphalt concrete 
pavement warms up [5, 6]. 

The strength of asphalt concrete pavements on 
Lithuanian state roads has approximately decreased by 
2% per annum. Strengthening road pavements should be 
effective, comply with pavement condition and climatic 
conditions [7]. 

In order to preserve a satisfactory condition of roads 
in the situation of insufficient financing the Lithuanian 
Pavement Management System DA V ASEMA has been 
used since 1997. The strength of bituminous road pave
ments is determined by the deflectometer DYNATEST 
8000 FWD. In the same year a research program was 
started aiming at determining the effect of environment 
and traffic on the durability of bituminous pavements and 
ensuring reliability of the FWD results under Lithuanian 
conditions [7]. 

2. Deflection measurements 

Dynamic deflections of the road pavement were 
measured by the falling-weight deflectometer Dynatest 
8000 FWD [2]. Measurements were taken on both traf
fic lanes of each test section (a total of 23 test sections) 
by measuring deflections on two test points of each traf
fic lane (four points on each test section). During testing 
the load of 40 kN is applied on the road pavement. De
flections are recorded by 9 sensors (geophones). Spac
ing of sensors from the centre of the loading plate are: 
0, 200, 300, 450, 600, 900, 1200, 1500, 1800 mm. On 
each test point 5 measurements were taken. The average 
number of 14 measurements were taken annually on each 
test section. The schedule of testing was based on dif
ferent climatic conditions (in summer - once per month, 
during spring thaw - once per week, no measurements 
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were carried out in winter time). When measuring de
flections the bituminous pavement temperature was also 
measured. Deflection measurements on test road sections 
has been carried out since June 1997. 

3. Calculation of deflection measurement data 

All the measurement data were calculated after it 
had been determined that the relationship between de
flection and loading is linear [3]. Deflection values were 
calculated at 708 kPa pressure, corresponding to the load 
of 50 kN. 

The average pavement temperature is used to deter
mine a temperature adjustment factor, required for cal
culating pavement deflection values at an assumed refer
ence temperature of 20 oc [4, 8]. The average pavement 
temperature is measured by an electronic thermometer 
TE-l 00. The depth where the average temperature of 
bituminous pavement layers is measured equals half the 
thickness of bituminous pavement layers. The pavement 
temperature is measured in a drilled out bore-hole. 

The temperature adjustment factor gives the oppor
tunity to correct the deflection obtained at any tempera
ture into the deflection at a reference temperature (20 °C). 
The diagram of adjustment factors is given in Fig 1 [2]. 

The temperature adjustment factor could be de
scribed by an empirical relationship obtained from the 
diagram of adjustment factors: 

kr = ( -0.0027 * ha I b + 1.063)e(O 0002*hatb-0.0065)Td '(1) 

where kr is the temperature adjustment factor; Td IS 

mean bituminous pavement temperature, °C; halb IS 

thickness of bituminous pavement layer, mm. 
All the calculations are carried out for the load of 

50 kN, taking the temperature adjustment factor into 
account. 

0 10 20 30 T, oc 40 

Fig 1. Relationship between the temperature adjustment 
factor and bituminous pavement temperature (I - ha/b = 

160 mm; 2 - ha/b = 140 mm; 3 - ha/b = 120 mm; 4 - h31 
b = II 0 mm; 5 - haJb = I 00 mm;) at different thicknesses 
of bituminous pavement layer 

4. Factors of the road pavement structural condition 

Based on the method selected, various factors could 
be used for evaluating and comparing structural condi
tion of the road pavement. The current Lithuanian Road 
Design Codes and Regulations PNT-K 95 [9] are regu
lating the modulus of stiffness on the surface of differ
ent structural pavement base layers. When using a world
wide AASHTO design method [10, 11], road pavement 
structural condition is characterised by the following fac
tors: SN (Structural Number of the Pavement), SNSG 
(Structural Number contribution from the subgrade) and 
SNC (Modified Structural Number). 

The equivalent resilient modulus of road pavement 
structure (EekJ and deformation modulus of roadbed soil 
(E ). Calculations were carried out by using ELMOD 
software (Evaluation of Layer Moduli and Overlay De
sign) designed by the DYNATEST. The software enables 
to calculate resilient modulus of each layer in the pave
ment structure of two, three or four layers by using 
Odemark-Boussinesq transformed cross-sectional method 
[8]. To calculate the resilient modulus for a four-layer 
pavement structure it is necessary either to know the ratio 
between the modulus of the second and the third layer 
or to calculate it by using the above-mentioned software 
from thickness of the second and the third layer. In the 
latter case a relationship developed by Dormon and 
Metcalf is used [5]: 

~=02h 045 
. ll 

En-1 
(2) 

where E is the modulus of the upper layer with thick-
n 

ness h
11

; E
11

_
1 

is the modulus of the lower layer. 
In calculating the resilient modulus from the deflec

tions, the layer thickness should be not less than 80 mm, 
therefore thinner layers should be joined together. Bitu
minous pavement resilient modulus depends merely on 
the temperature; seasonal variations are not taken into 
account. The equivalent road pavement resilient modu
lus E k is calculated from the following formula [ 12]: e v 

E kv = 2(1-f.l2)qa' (3) 
e Do 

where f.l is Poisson's ratio; q is pavement pressure by a 
measuring device (kPa); a is the radius of the loading 
plate (mm); D0 is the centre deflection ( f.l m). 

The roadbed soil deformation modulus Ea is calcu
lated by the method, presented in reference [S]: 

E = (l-f.l2)qa2 ' 
g rxD(r) 

(4) 

where r is the distance from the load centre (mm); D(r) 
is deflection at a distance r from the load axis ( f.l m). 

A modified structural number of road pavement 
(SNC): 

SNC= SN +SNSG. (5) 
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The structural number of all pavement layers (SN) 
IS determined by the relationship developed by G. W. 
Jameson [2]: 

842.8 42 94 
SN = 1.69+----+-·-. 

Do - D1soo D9oo 
(6) 

SNSG = 3.5llog(CBR)- 0.85(log(CBR)) 2 -1.43, (7) 

where log(CBR) = 3.264 -1.018log(D900 ); CBR is Cali
fornia Bearing Ratio. 

5. Calculation of the changes in structural condition 
due to seasonal factors 

The decrease in pavement structural condition on 
each test section due to seasonal factors (ie critical pe
riod adjustment factors) is calculated by the algorithm, 
the scheme of which is shown in Fig 2. 

The maximum and minimum values of pavement 
structural condition were determined during the three
year research on each test section [ 1, 6, 7]. 

The seasonal factors were determined according to 
the data of a specific year of research. The following 
values of pavement strength were used [13]: 

• the equivalent resilient modulus of the road pave
ment Eekv; 

Table 1. Seasonal factors based on three-year research results 

Test section, 
km 

KEekv KEg 

1* 2 3 1 2 3 

Calculation of the structural condition values of the test 
section 

l 
Calculation of the mean structural condition values of the test 

section 

I 
Determination of the maximum and minimum values of 

pavement structural condition 

l 
Calculation of the seasonal factor for each structural 

condition value. The seasonal factor (SF)= the minimum 
structural condition value/the maximum structural condition 

value 

Fig 2. The scheme of the seasonal factor calcula 

• deformation modulus of the roadbed soil Eg; 
• pavement structural number SN; 
• subgrade structural number SNSG; 
• a modified structural number SNC. 
Seasonal factors based on the three-year research 

results are presented in Table 1. 
In the course of work the structural condition val

ues of spring and autumn were determined. A statistical 
analysis of the values is given in Tables 2 and 3. The 

Seasonal factors 

KSN KSNSG KSNC 

1 1 2 3 1 2 3 1 2 3 

Road AS Kaunas - Marijampoli: - Suvalkai 

35.2- 35.5 0.81 0.71 0.74 0.95 0.91 0.82 0.84 0.73 0.74 0.97 0.94 0.871 0.88 0.79 0.80 

19.0- 19.3 0.79 0.70 0.68 0.96 0.81 0.90 0.87 0.81 0.77 0.99 0.89 0.96 0.91 0.84 0.82 

Road A6 Kaunas- Zarasai- Daugpilis 

15.3- 15.6 0.45 0.65 0.53 0.83 0.88 0.82 0.64 ! 0.80 0.70 0.93 0.96 0.94 o.71 i o.8s I o.77 

16.8- 17.1 0.49 0.66 o.s4 1 0.76 0.85 0.80 0.69 0.81 0.74 0.93 0.96 0.96 0.75 0.85 0.80 

32.7- 33.0 0.69 0.83 0.84 0.81 0.82 0.84 0.78 0.88 0.88 0.81 0.92 0.94i 0.83 0.89 0.90 

34.5- 34.8 0.76 0.80 0.82 0.54 0.72 0.75 0.83 0.84 0.87 0.78 0.90 0.92 0.87 i 0.88_~ 
Road AS Panevezys - Kedainiai - Cinkiskiai 

26.7- 27.0 0.81 0.71 0.70 0.86 0.84 0.78 0.87 0.80 0.73 0.93 0.93 0.92 0.89 i 0.84 0.77 

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 

Road 208 Southeast Utena by - pass 

0.1-0.4 0.49 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 0.42 0.66 0.42 0.79 0.83 0.79 o.7o 1 o.82 0.70 0.83 0.87 o.83 I 0.74 0.83 0.74 

Road A17 Panevezys 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 0.91 0.86 0.87 0.82 

7.9-8.2 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 

7.2-7.5 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 

'I, 2, 3 refers to the year of research 
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Table 2. The results of statistical analysis of spring factors 

The range of reliability 
Median Factor The average 

-0.05 +0.05 

KEckv 0.69 0.67 0.72 0.70 

KEg 0.81 0.80 0.83 0.82 

KsN 0.79 0.78 0.81 0.80 

KsNsG 0.91 0.90 0.92 0.92 

KsNc 0.83 0.82 0.84 0.83 

Table 3. The results of statistical analysis of autumn factors 

The range of reliability 
Median Factor The average !------· 

-0.05 +0.05 

KEokv 0.77 0.74 0.79 0.77 

KEg 0.88 0.86 0.89 0.87 

KsN 0.84 0.82 0.86 0.85 

KsNsG 0.94 0.93 0.95 0.95 

KsNc 0.87 0.85 0.88 0.87 

tables show that in spring pavement condition weakens 
in respect of all criteria of pavement strength, therefore, 
only the structural condition values of spring were used 
for further analysis. 

The means values of seasonal factors and standard 
deviations determined for different pavement condition 
values are given in Fig 3. 

6. Conclusions 

I. Deflection measurements by the falling-weight 
deflectometer DYNATEST 8000 FWD and calculations 
of resilient modulus of pavement layers allow to deter
mine the structural condition of the existing pavement. 

2. The seasonal tests of pavement deflections show 
that: 

• under Lithuanian conditions the critical period 
for pavements is March - April, when the fro
zen ice crystals thaws in the roadbed; 

Fig 3. The mean values and standard deviations of sea
sonal factors 

Minimum Maximum 
Variation Standard 

factor deviation 

0.42 0.94 0.012 0.11 

0.54 0.96 0.005 0.07 

0.61 0.95 0.005 0.07 

0.77 0.99 0.002 0.04 

0.68 0.96 0.003 0.06 

Minimum Maximum 
Variation Standard 

factor deviation 

0.45 0.97 0.013 0.11 

0.76 0.98 0.004 0.06 

0.65 0.97 0.005 0.07 

0.81 0.99 0.001 0.03 

0.72 0.98 0.004 0.06 

• a stable period of pavement structural condition 
is usually observed in a summer period (June -
August); 

• the calculated seasonal factors for Eekv• Eg, SN, 
SNSG, SNC are different. 

3. Based on the three-year research results, the 
values of seasonal factors were determined for the above
mentioned values, which are the difference between the 
average spring value and the value of standard devia
tion. The critical period adjustment factor for each pave
ment structural condition value is: 

• for the equivalent resilient modulus of the road 
pavement Eekv - 0.58; 

• for deformation modulus of the roadbed soil Eg 
- 0.74; 

• for pavement structural number SN - 0.73; 
• for subgrade structural number SNSG - 0.87; 

• for a modified structural number of the road 
pavement SNC - 0.77. 

4. To select a proper and economically justified 
type of pavement strengthening, it is necessary: 

• to determine the existing condition of pavement 
strength based on FWD data; 

• to measure pavement deflections during the 
stable summer period, since the seasonal fac
tors are calculated as a ratio between the value 
of strength factor during the most critical pe
riod and its value during the stable period; 

• to calculate the critical resilient modulus of the 
existing pavement structure, when the thick
nesses of structural pavement layers are known 
and the seasonal factors are taken into consid
eration; 

• when calculating SN, SNSG and SNC used by 
Highway Development and Management Tools 
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HDM-III, HDM-IV and the Lithuanian PMS 
DA V ASEMA to take into account the seasonal 
factors. 

5. On the level of the road network it is recom
mended: 

• based on the current pavement quality data 
(roughness and results of visual inspections), to 
select a number of road sections for determin
ing their pavement structural conditions; 

• on the selected road sections, where pavement 
structural conditions are planned to be identi
fied, pavement deflections shall be measured 
every 100 m on the right (outside) path of the 
traffic lane adjacent to the shoulder; 

• according to deflection testing results to calcu
late the equivalent resilient modulus of road 
pavement structure Eekv and a modified struc
tural number SNC; 

• data on the strength factors of the Lithuanian 
state road network shall be accumulated in a 
Lithuanian Road Data Bank. 

6. Data on structural condition, followed by rough
ness (IRI) and visual inspection data enables the design 
organisations and road maintenance services to methodi
cally determine condition of bituminous pavement pave
ments, to predict pavement deterioration and to deter
mine the urgent measures for pavement management. In 
the process of design these data allow to select the opti
mal pavement structure and define the types of strength
ening. 
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