CETRA?=°4

3" International Conference on Road and Rail Infrastructure
28-30 April 2014, Split, Croatia

Road and Rail Infrastructure lll. -
Stjepan LakuSi¢ — EDITOR e

Organizer

= 8 University of Zagreb
Faculty of Civil Engineering
S

Department of Transportation




CETRA?Z°
3" International Conference on Road and Rail Infrastructure
28-30 April 2014, Split, Croatia

TITLE
Road and Rail Infrastructure I11, Proceedings of the Conference CETRA 2014

EDITED BY
Stjepan Lakusic

ISSN
1848-9850

PUBLISHED BY

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Kaciceva 26, 10000 Zagreb, Croatia

DESIGN, LAYOUT & COVER PAGE
minimum d.o.o.
Marko Uremovic - Matej Korlaet

PRINTED IN ZAGREB, CROATIA BY
“Tiskara Zelina”, April 2014

COPIES
400

Zagreb, April 2014.

Although all care was taken to ensure the integrity and quality of the publication and the information herein,
no responsibility is assumed by the publisher, the editor and authors for any damages to property or persons
as a result of operation or use of this publication or use the information’s, instructions or ideas contained in
the material herein.

The papers published in the Proceedings express the opinion of the authors, who also are responsible for their
content. Reproduction or transmission of full papers is allowed only with written permission of the Publisher.
Short parts may be reproduced only with proper quotation of the source.



Proceedings of the
3 International Conference on Road and Rail Infrastructures — CETRA 2014

28-30 April 2014, Split, Croatia

Road and Rail Infrastructure Ill

EDITOR
Stjepan Lakusi¢

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Zagreb, Croatia



CETRA?Z°
3" International Conference on Road and Rail Infrastructure
28-30 April 2014, Split, Croatia

ORGANISATION

CHAIRMEN

Prof. Stjepan Lakusié, University of Zagreb, Faculty of Civil Engineering
Prof. Zeljko Korlaet, University of Zagreb, Faculty of Civil Engineering

ORGANIZING COMMITTEE

Prof. Stjepan Lakusi¢

Prof. Zeljko Korlaet

Prof. Vesna Dragcevic

Prof. Tatjana Rukavina
Assist. Prof. Ivica Stanceri¢
dr. Maja Ahac

Ivo Haladin

dr. Sasa Ahac

Josipa Domitrovi¢

Tamara DZambas

All members of CETRA 2014 Conference Organizing Committee are professors and assistants of the Department
of Transportation, Faculty of Civil Engineering at University of Zagreb.

INTERNATIONAL ACADEMIC SCIENTIFIC COMMITTEE

Prof. Vesna Dragcevi¢, University of Zagreb

Prof. Isfendiyar Egeli, Izmir Institute of Technology

Prof. Rudolf Eger, RheinMain University

Prof. ESref Gacanin, Univeristy of Sarajevo

Prof. Nenad Gucunski, Rutgers University

Prof. Libor Izvolt, University of Zilina

Prof. Lajos Kisgyorgy, Budapest University of Technology and Economics
Prof. Zeljko Korlaet, University of Zagreb

Prof. Zoran Krakutovski, University of Skopje

Prof. Stjepan Lakusié, University of Zagreb

Prof. Dirk Lauwers, Ghent University

Prof. Zili Li, Delft University of Technology

Prof. Janusz Madejski, Silesian University of Technology

Prof. Goran Mladenovié, University of Belgrade

Prof. Otto Plasek, Brno University of Technology

Prof. Vassilios A. Profillidis, Democritus University of Thrace
Prof. Carmen Racanel, Technical University of Civil Engineering Bucharest
Prof. Tatjana Rukavina, University of Zagreb

Prof. Andreas Schoebel, Vienna University of Technology
Prof. Mirjana Tomici¢-Torlakovié, University of Belgrade

Prof. Audrius Vaitkus, Vilnius Gediminas Technical University
Prof. Nencho Nenov, University of Transport in Sofia

Prof. Marijan Zura, University of Ljubljana



CETRA?Z04 28-30 April 2014, Split, Croatia
31 International Conference on Road and Rail Infrastructure

EFFECTS OF CLIMATIC FACTORS
ON THE SHAPE OF DEFLECTION BOWL

Csaba Téth, Ibolya Szentpéteri
Department of Highway and Railway Engineering,
Budapest University of Technology and Economics, Hungary

Abstract

Although the pavement structures can be characterized by several condition parameters and
thus qualified, some kind of load-bearing capacity parameteris one of the most important fe-
atures. Nowadays there are many theoretical approaches and practical methods to define but
the detection of the deflection of the structure caused by vertical load is still the most widely
used. Presently the dynamic falling weight equipment is not only becoming more common
but it is accepted in addition to the previous and widely recognized, so-called Benkelman
beam method. This type of equipment called FWD is available in Hungary since the 90’s. It is
well known that this device can record not only the deflection under load, but the deflections
also at arbitrary distance from load axle. So the new overlay design method that is currently
under development by Hungarian Road Administration has been established based on this
tool and, contrary to the previously used on, it experienced, requires the recording of the
deflection bowl.

However, the deflection bowl and the shape factors describing it depend not only on the
load-bearing capacity of the pavement structure and the magnitude of load force, but also
the measurement conditions also, especially the climatic conditions during the measure-
ment (e.g. temperature, precipitation conditions) have significant impacts on it. Because of
these effects are quite environment specific, it is advisable to study their impacts through
a more thorough examination of trial section so the distorting effect of these factors can
be eliminated. In this paper, evaluations of four-year of meteorological data and deflection
measurement series on a Hungarian road section were carried out to examine the change of
the deflection bowl’s parameters at different time points during the tests. In particular, the
study focuses on the development of a correction factor that would be made based on the
evaluation of the measuring results.

Keywords: pavement deflection, subgrade modulus, temperature, precipitation, seasonal effect
1 Introduction

The application of seasonal coefficient during the evaluation of deflection data is very impor-
tant. The bearing capacity is one of the most important condition parameters of the pavement
structures. This definition refers to a theoretical limit, showing the unsuitable condition for its
intended use. It follows that this value cannot be measured directly in practice. Although today
several measurement methods are available to make conclusions on the actual load-bearing
capacity of the pavement structure, the deflection measurement is the most common method.
The pavement condition can be characterized just limitedly by a single deflection value it,
may even be misleading, so it would be more appropriate to record the whole deflection bowl.
This problem has been overcome by the development of measurement method and appea-
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rance of falling weight deflectometer and that is widespread in the recording of the deflection
curve. Two external factors complicate largely the study of the relationship between the de-
flection bowl and the load-bearing capacity of pavement.

One of the parameters is the strong temperature dependence of pavement layer. The instanta-
neous temperature of asphalt layers affects significantly the shape of deflection bowl. Several
methods are available to overcome this effect, but the complexity of the problem does not
allow the creation of a universal formula. The other important effect is the condition of the
subgrade. The deflection measurement examines the integrated condition of pavement and
subgrade, thus the condition change of subgrade influences the measured deflection data.
Fig. 1illustrates the influence of these two dominant effects on the deflection bowl.
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Figure1 Deflection bowls of different pavement structure types [1]

Although this effect depends on the geographical location, but the period, when the highest
deflection values can be measured because of the weak bearing capacity of subgrade after
the wetting, occurs at the late winter snowmelt and the spring rains in the typically European
climatic condition. This period is considered critical in terms of the remaining service life of
pavementand these deflection values are considered as characteristic for the performance of
structure. This critical period is also called as “spring deflection” in the literature. The deflecti-
on measurements are concentrated in this period in 60’s and 70’s, but later this measurement
period extended to the summer and autumn months. As a result, the use of seasonal has
seemed to be necessary.

According to the current Hungarian Standard [2], the deflection measurements must be done
in the most unfavourable spring period March to May by reason of wetting before the year
of overlaying. The results measured other periods must be converted for the most adverse
period. The determination of correction factor is recorded in a Hungarian Standard [3]. It can
be calculated using monthly measured deflection values at least for a year on a similar pave-
ment structure, and comparable soil and hydrological condition, between 1 March and 15 June
measured values divided by the values recorded at the time of measurement.

If it is not possible, correction factor's approximate values can be taken of Table 1.The sea-
sonal factors can be obtained depending on the type of soil and the date of measurement.
The value of seasonal multiplier equals to 1.0 in the characteristic period. The coefficients
are good for the case of dry and wet region and hot mix asphalt layers above 100 mm total
thickness, in other cases the values in brackets on Table 1 can be used.

However, the observed changes of climatic condition in the past decade have raised the need to
update this element of Hungarian Regulation. Accordingly, the standards draft under development
has a new approach. The correction of the standard subgrade condition is recommended to per-
form on the basis of the precipitation before measurement with the correction values indicated
on Table 2. It means that the deflection values should be increased with the values on Table 2 that
depend on the precipitation amount of previous two months (60 days) and the soil type.
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Table1 The seasonal correction factors [2]

Soil classification The month of deflection measurement

April May June, July August, September October, November
I-11. 1.0 1.0 1.0 1.0 1.0
1. 1.1 1.1 1.2
IV-V. 1.1 1.3 (1.4) 1.5 (1.6) 1.5 (1.6)
VI-IX. 1.1 1.0 1.1(1.2) 1.2 (1.4) 1.3 (1.5)

Table 2 Proposed correction values of the critic subgrade condition [4]

Soil Negative difference of 60-day precipitation balance before deflection measurement multi-year average

class.

No or positive difference Below 10% Below 20% Below 30% More than 30%
I-11. 1.0 1.0 1.0 1.0 11
1. 1.0 1.0 1.1 1.1 1.2
IV-V. 1.0 1.2 1.4 1.5 1.6
VI-IX. 1.0 1.1 1.3 1.4 15

This paper examines how close relationship can be observed between the precipitation con-
ditions before measurement and the subgrade modulus estimated from FWD results. First, the
deflection measurement results carried out every hour at the same cross-section in spring and
summer reviewed, in order to estimate the effect of daily temperature fluctuation on subgrade
modulus. Then it will be examined which relationship can be found between the measured
data and the meteorological conditions of the period before measurement by using deflection
series measured on Hungarian motorway traffic lanes.

2 The relationship between the temperature and the shape
of deflection bowl

It is known that the temperature affects pavement layers moduli, thus also its load-bearing
capacity and deflection. Earlier the relationship between the air and pavement temperature
and deflection was investigated. The measurement was carried out by FWD device, therefore,
it could be analysed the relationship between the temperature and not only the central de-
flection, but the whole deflection bowl. The measurements were carried out between 6 a.m.
and 7 p.m. in April and August.

Fig. 2 shows the hourly deflection results. It can be seen that the deflection measured at any
distance from load axle continuously progressively increased as temperature rise during the
day, and then slowly reduce. The rate and extent of increasing and decreasing are not the
same, because the changes of air and pavement temperature are at the same either. Diffe-
rence of approximately 40% between the maximum and the minimum value of the central
deflection has been experienced on the test days. The difference between the maximum and
minimum values decreases gradually moving away from load centre. This difference can be
even 15-18 % at the distance of 600 mm, while the fluctuation within a day is less than 10%
at 900 mm and greater distance.

Temperature correction is generally used just for the deflection of first 4-5 sensors. Jansen
developed correction formula for the deflection in 0, 200, 300, 450, 600 mm from load centre
[5]. If the deflections (Fig. 2) under back sensors measured in April and August are compared,
it can be seen that there is no relevant difference between the values, which is confirmed,
that the temperature correction is not necessary for the deflection above 900 mm distance.
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Figure 2 Hourly measured deflections

If the deflection bowls are plotted as a function of hourly recorded deflection, it can be seen
that the shapes of the bowls are almost the same from the distance 900 mm. Many conclusi-
ons can be drawn for each pavement layer using the parameters (SCl, BDI, BCl) deduced from
the shape of deflection bowl. While the difference between DO and (typically) D300 provides
information about the condition of top layer, the bearing capacity of subgrade can be estima-
ted from the deflection values measured in a distance 900 mm or more. Hereafter the paper
deals the relationship between the subgrade condition and deflection bowl.

3 The evaluation of subgrade condition using FWD measurement results

The performance of flexible pavements under load can be examined by the Boussinesqg-for-
mula with a good accuracy approximation, [6]. However, it is the generally accepted relati-
onship that the modulus at distance “r” from the load centre is the same as the modulus of
layerin depth “z=r" under the load centre.

(171/2)00a2
Eeq(r) = r*do (1)
where:
Eeer equivalent surface modulus at distance r from the load centre, MPa;
r distance from load centre, mm.

German researchers [7] analysed the currently used evaluation correlations of FWD test. The
surface modulus calculated from the deflection at the distance 0f 1200 mm from load axle has
chosen as the best characteristic of subgrade bearing capacity. It can be determined on the
basis of Eq. (1). Jendia proposed the application of the deflection values of sensors in higher
distance from load centre [8]. Jendia introduced the subgrade indicator (Ul) as a definition.
According to Swedish research works, the subgrade modulus can be properly estimated by
the following formula [9]:

52000

subgrade = d1,5 (2)
900

E
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4 The subgrade modulus test series on a motorway section

The proposed Hungarian regulation takes into account the seasonal fluctuations because of
the climatic effects with the correction in Table 1. However, just few measurement results are
available to validate of these values; therefore the results of measurements carried out for
other purposes were also examined here.

Forfouryears, every sixmonths the deflections of a Hungarian motorway section were compa-
red with the precipitation of the given period. The FWD measurements were carried out in each
(travel, overtaking lane, paved shoulder) lane, every 100 m, 45 cross-sections per lane (4500
m). Two-two measurements were done in November and December, and others in summer
months. 6 million ESAL (100 kN) ran on the travel lane during the investigation. According to
the weather station close to the section, the total amount of rain was 3000 mm. The temporal
distribution of the last five years precipitation in each month is shown on Table 3.

Table 3 Cumulative monthly precipitation amount, [mm]

Year/Month 2009 2010 2011 2012 2013 Average Total

1 53.6 82.9 22.9 30.9 58.8 49.82 249.10
2 48.2 71.5 15.0 22.9 84.5 48.42 242.10
3 48.8 20.9 43.5 0.4 92.8 41.28 206.40
4 1.8 7.7 20.3 18.5 19.9 26.44 132.20
5 411 160.6 40.9 23.6 106.8 74.60 373.00
6 84.5 83.9 59.0 95.0 61.5 76.78 383.90
7 34.9 87.8 57.6 98.3 0.1 55.74 278.70
8 46.8 77.9 5.3 1.1 39.0 34.02 170.10
9 14.4 95.5 1.1 48.5 24.7 36.84 184.20
10 28.3 24.7 14.9 77.0 42.2 37.42 187.10
1" 89.2 73.3 0.0 15.4 42.7 4412 220.60
12 43.6 121.7 69.9 48.9 1.1 57.04 285.20
Total 535.2 972.4 350.4 480.5 574.1 582.52 -

Extremely rainy months were not observed. The maximum of cumulative precipitation amount
of the test period is in June, although this month was not the wettest in any of the five years.
This is slightly different from our expectations, because April or May is considered the wettest
months. Anotherinteresting anomaly is that the wettest month of 2012 was the driest in 2013.
These results did not confirm to the existence of the critical spring period, therefore the revi-
sion of Table 1is justifiable. It is noted, that the impact of late winter snowmelt has not been
taken into account. However, the deflection measurements were performed between May and
December, so this effect does not influence the following results.

Many options are available to estimate the load-bearing capacity of pavement layers, as
shown in Section 2. Other correlations also use D,  or D,, .. These values have strong corre-
lation with each other, so the determined correspondences would be justified for the appli-
cation of other estimation formulas of subgrade modulus. The estimated subgrade moduli
were determined by Eq. (2), after that the characteristic was calculated. The strength of the
relationship between subgrade moduli and the rain amount of 30, 60, 90 days before the
measurement was examined. In the case of the overtaking lane, the subgrade moduli had a
close correlation with the precipitation amount of 30 or 60 days, but this close relationship
was not detected for 90-day values, Fig. 3 and Table 4 s that. The correlation between the 30-
day precipitation and the subgrade moduli of paved shoulder is detectable, but it was not
clear neitherin the case of 60 and 90-day data, nor the results of travel lane.
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Figure 3 Correlation of overtaking lane
Table 4 Correlation between cumulative monthly precipitation amount and subgrade modulus
Number of examined days Overtaking lane Travel lane Paved shoulder
30 0.85 0.21 0.64
60 0.82 0.12 0.38
90 0.34 0.00 0.08

In accordance with the above mentioned close relationship between the subgrade moduli
based on deflection bowl and cumulative precipitation amount of the days prior to the me-
asurement can be detected only under certain conditions. The results show that the closest
connection was in the case of 30-day period before measurement, and worst values arose
in the 90-days period. Furthermore, it is an important statement that the highest correlation
was seen at the overtaking lane and the paved shoulder. Both lanes are connected directly to
the unpaved shoulder and central reserve with one of their edges helping the direct entering
of rain under these traffic lanes obviously. In case of paved shoulder, this connection is in-
fluenced by the condition, size and slope of shoulder, the height of embankment, etc. In our
opinion, these factors affect the degree of wetting of paved shoulder together, so it results
in weaker relationship. In this regard the situation of travel lane is special because it is not
connected directly to the central reserve thereby it reacts slightly the precipitation preceding
the measurement that the estimated moduli are not correlated with the cumulative 30-day
amount of rain. It increases the importance of this statement that the traffic load of this lane
is the characteristic in the course of overlay design. The temperature correction developed
on this traffic lane does not correct but even worsens the results of load-bearing capacity.
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5 Conclusion

The current Hungarian overlay design method is under revision, and our investigation shows
thatitis possible to convert the deflection results to “spring deflection” using factors depen-
ding on the actual month. The meteorological data and the accumulated experience show
that the distorting effect of this approach can be significant.

In accordance with a new approach, the seasonal fluctuations of load-bearing capacity of
pavement would be advisable to correct it using the amount of precipitation before measure-
ment, itinfluences the subgrade modulus. The associated tests were done on low traffic load,
2*1lane road with low height of embankment. The aim of this paper is the investigation that
the proposed corrections can be applied if the drainage of motorway section functions well
and the section is located on embankment.

In accordance with our results, it is verifiable that there can be a close relationship between
the characteristic subgrade moduli and the previously cumulative precipitation. Although,
based on our analysis, the relationship is closer in the case of the amount of 30-day preci-
pitation than the 60-day one. The implied water movement will be different on a multi-lane
motorway located on high embankment from that based on the behaviour of minor roads.
Our proposal is that the correction mentioned could not be used for design of travel lane of
motorway; separate correction should be created for it.
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