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EXPERIMENTAL INVESTIGATION OF LOADING
FREQUENCY INFLUENCE ON A STRENGTH OF
ASPHALT INTERLAYER BONDING
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The article presents a new approach to testing the strength of asphalt interlayer bonding. Two loading methods
were used: static load and cyclic load. Before carrying out static shear strength tests, the interlayer bonding was
subjected to cyclic loads with a constant number of cycles but with different frequencies. A number of layered
samples with and without geosynthetic interlayers were tested at the set temperature. The comparative analyses
allowed to determine the functions approximating the impact of the cyclic load frequency on the static strength
of bonding at selected interlayer contact conditions. It was also possible to indicate the frequency of cyclic load
at which this parameter has the largest and smallest impact on the static strength of the asphalt interlayer

bonding.
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1. INTRODUCTION

Road pavements are multi-layer systems. One of the factors significantly affecting the durability of
the pavement structure is the quality of interlayer bonding, including asphalt layer bonding. The
strength of interlayer bonding is related to mechanical interlocking of aggregate, gluing layers with
bitumen and possible impact of additional materials introduced into the interlayer bonding [1, 2,
3,4]. The strength of the bonding depends significantly also on the temperature, construction
conditions and parameters of the materials to be connected [5, 6, 7, 8, 9]. The weakening of the
interlayer bond causes a significant decrease in fatigue life of road pavements [10, 11].
Geosynthetics are commonly used in road pavement structures. In asphalt pavements, they can
perform two main functions: reinforcement and stress relief in areas of discontinuities of lower
layers. For this purpose, geogrids and geocomposites are often used [12, 13].

Various methods can be used to assess the state of interlayer bonding. These are both field and
laboratory methods [2, 5, 14]. The shear test is widely used in Europe, with an application of static
and cyclic loads in laboratory works [3, 15, 16, 17]. The application of cyclic loads enables the
determination of Wohler — Basquin curves for interlayer bonding [3, 5, 18]. Research on the impact
of geosynthetics use in the interlayer bonding for cyclic loads is also carried out in bending tests
[12, 19, 20]. In bent beams and plates, a properly selected geosynthetic delays the phase of crack
propagation and its growth, extending the fatigue life of the tested system. In shear tests, however,
geosynthetic causes a significant decrease in the interlayer bonding strength [3, 7].

The use of both static and cyclic loads enables application of various theoretical models in
mechanical analyses of pavement structures [21, 22, 23, 24]. It is also possible to analyse the load
bearing capacity of the pavement structure for various interlayer bonding conditions [4, 10, 11].
Hiirtgen [25] indicates that in the case of asphalt mixtures an effect of load frequency on the value
of the asphalt mixture complex modulus can be observed. Low frequencies (a few Hertz) cause
significantly different characteristics of modulus change compared to the case of high frequencies.
At frequencies of several dozen Hertz, the impact of load frequency on the modulus value is smaller.
The authors of this article have not encountered a similar study in the literature for asphalt interlayer
bonding. This paper presents new results of studies on the impact of cyclic loads of different
frequencies on the static shear strength of asphalt mixture interlayer bonding. This study forms
original contribution of the presented investigation. Layered samples with and without geosynthetic

intermediate layer are tested. Static tests are carried out according to the Leutner method [5, 15].
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The cyclic load frequencies are selected in a way representing situation associated with real speed
of vehicles. The load cycle characteristics are determined so that the shear stresses in the contact

zone correspond to the shear stresses in the pavement structure produced by wheels of heavy vehicles.

2. PROPERTIES AND METHODS OF THE LABORATORY TESTS

2.1. TEST PROPERTIES

Laboratory shear tests of interlayer bonding were carried out for two series of samples. The BK
series included samples made of two layers of different asphalt mixtures. A tack coat in the form of
bituminous emulsion was used in the interlayer bonding. In the DK series, samples were made of
the same types of asphalt mixtures as in the BK series. The difference was that between the asphalt
layers a geosynthetic was installed. 24 layered samples were tested in each series. Individual groups
of samples were subjected to cyclic loads with frequencies: 2 Hz, 5 Hz, 10 Hz, 20 Hz, 30 Hz and 40
Hz. After that, static tests of these samples were performed. Cyclic loads of 10000 cycles per
sample were applied with the following characteristics: mean value 0.8 kN and amplitude equal to
0.6 kN. Reference static tests without initial cyclic loading were carried out on a separate group of
samples. These samples were randomly assigned to individual series. The tests were carried out at
the temperature equal to 26 +/— 1 °C. The accuracy class of force transducers of the testing machine

equals 0.5 in a range of the force value from 1 % to 100 %.

2.2. TEST METHODS

A new approach was used in the research described in this paper. Two methods of sample load were
used, i.e. static loads and cyclic loads with controlled force. This approach cannot be find in the

literature according to the Authors knowledge.

2.2.1. STATIC SHEAR TEST

Static tests were carried out using the Leutner direct shear method according to the instruction [15]
with a load speed of 50 mm/minute. This method is based on the following assumptions: constant
shear stress distribution over the entire shear area, the shear area of the interlayer bonding does not

change during the test. Application of this method allowed determination of shear stress and



www.czasopisma.pan.pl P N www.journals.pan.pl
) N
-

200 J. GORSZCZYK, K. MALICKI

displacements parallel to the shear surface. Based on the obtained values, shear strength of

interlayer bonding was calculated according to formula (2.1) [15].

@.1) T =

> 1m

where:
F — maximum shear force in the contact surface between asphalt layers [N], A — initial surface area of the

interlayer bonding [mm?].

2.2.2. CYCLIC SHEAR TEST

The cyclic tests were carried out using a harmonic load with the ratio of cyclic load amplitude to the
mean load equal to A=0.75. The range of forces was chosen so that the values of shear stresses
induced in asphalt samples correspond to the values of shear stresses occurring in asphalt
pavements between the wearing and binding layers [18]. An example of cyclic loading that was

used in laboratory tests is shown in Fig. 1.
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Fig. 1. Examples of harmonic loads used in cyclic tests with the ratio of the cyclic load amplitude to the

mean load A=0.75 and a load frequency of 5 Hz (red line) and 40 Hz (blue line)

The laboratory stand based on the MTS servohydraulic testing machine was used in static and

dynamic laboratory tests. Fig. 2 shows the test stand and the Leutner’s device used.
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Fig. 2. a) Laboratory stand for static and cyclic testing, b), ¢) Leutner’s test device for interlayer bonding

testing
3. TESTED MATERIALS AND SAMPLE PREPARATION

The layered laboratory samples were made using the static method, obtaining the required layer
density [26, 27]. A static pressing machine was used that generates a constant load value required to
compact cylindrical samples. Two types of asphalt mixtures were used. The upper layers of samples
were made of stone asphalt mixture SMA 11 with polymer modified bitumen, PMB 45/80-65 in the
amount of 6.0 %. For the bottom layer of samples, an asphalt concrete AC 16 WMS with polymer
modified bitumen, PMB 25/55-60 in the amount of 5.0 % was used. The tack coat was made of
polymer modified bituminous emulsion. Bituminous emulsion in the amount of 0.2 kg/m* and of
0.3 kg/m? bituminous emulsion was used for the BK and the DK series, respectively.

The glass fibre geogrid was installed between asphalt layers. This type of geosynthetic is used in
pavement structures to reinforce asphalt layers [28]. The geosynthetic used in the study and the set
of samples prepared for testing are shown in Fig. 3.

a) b)

Fig. 3. a) Glass fibre geogrid, b) layered samples prepared for testing
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4. RESULTS AND DISCUSSION

Completed tests allowed determination of static strength of samples within individual series. The
test results for the reference series are given in Table 1.

In the reference series, samples without geosynthetic show significantly higher average static
strength values than samples with geosynthetic. The required strength of the interlayer bonding
between wearing and binding layer tested at 20 °C is equal to 1.0 MPa [15]. These tests were
carried out at a significantly higher temperature, resulting in reduced shear strength [5, 7].
Therefore, it should be stated that both tested series showed good interlayer bonding and met the

requirements for shear strength with a large margin.

Table 1. Test results of static shear strength of reference samples

BK DK
(without geosynthetic) (with geosynthetic)
Average static 1.83 MPa 1.04 MPa
strength
Standard deviation 0.11 MPa 0.29 MPa
Coefﬁc1§nt of 0.06 027
variation
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Fig. 4. Shear stress versus vertical displacement graph for selected samples after cyclic loading at variant
frequencies a) samples BK (without geosynthetic), b) samples DK (with geosynthetic)

In the next step, the results of samples subjected to cyclic loading were analysed. The dependence of
shear stress on the vertical displacement of the shear part of the sample can be represented as a graph.
Fig. 4 shows these results for selected samples subjected to cyclic loading at variant frequencies.

Collective results obtained for samples subjected to cyclic loadings are shown in Fig. 5.
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Fig. 5. Shear strength versus cycle load frequency for both tested series
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The obtained results show that with a decrease of cyclic loads frequency, the static strength of
interlayer bonding decreases. This observation remains valid for interlayer bonding with and
without geosynthetic. Although for bonding without geosynthetic the impact of cyclic load
frequency on the static strength of bonding is lower. Fig. 5 shows also curves found on the basis of
estimating regression procedure, which allowed to formulate functions approximating the

dependence between obtained results.

5. CONCLUSIONS

This article presents the results of studies on the impact of initial cyclic loading on the static
strength of asphalt layers interlayer bonding. Completed research and analysis allowed to formulate

the following conclusions:

e The influence of the frequency of initial cyclic loading on the static shear strength of
interlayer bonding was found for both tested series of samples and the assumed test
conditions.

e Low cyclic load frequencies significantly reduce static strength. A greater impact was found
for bonding with geosynthetic layer. High frequency loads do not reduce significantly static
strength. The effect of loads disappears as the frequency increases.

e The observed character of the influence of cyclic load frequencies is similar to that
presented by Hiirtgen [24] in tests of the asphalt mixture modulus using the compression —
tensile method.

e The developed approximation functions show a clear trend, confirming observations
formulated in above sentences. However, in order to achieve a better accuracy of found
functions it is necessary to conduct further tests on a larger number of samples.

e Recommendation of special care in the implementation of interlayer bonding with
geosynthetic in places where vehicles move at low speed can be treated as a conclusion

leading to practical applications.
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EKSPERYMENTALNE BADANIA WPLYWU CZESTOTLIWOSCI OBCIAZEN CYKLICZNYCH NA NOSNOSC
POLACZEN WARSTW ASFALTOWYCH

Stowa kluczowe: mieszanka mineralno-asfaltowa, zwigzanie migdzywarstwowe, wytrzymato$¢ na $cinanie, obcigzenia
statyczne i cykliczne, geosyntetyk, geosiatki, zbrojenie warstw asfaltowych, badania laboratoryjne.

STRESZCZENIE:

Jednym z czynnikow istotnie wplywajacych na trwato$¢ konstrukcji nawierzchni jest stan potaczen pomigdzy kolejnymi
warstwami, w tym réwniez pomigdzy warstwami asfaltowymi. Nosnos¢ potaczen zalezy od wielu czynnikéw. Do oceny
stanu polaczen migdzywarstwowych stosowanych jest wiele metod. Sa to metody zardwno polowe jak i laboratoryjne.
W Europie szeroko stosowana jest metoda $cinania. W badaniach laboratoryjnych przy uzyciu tej metody stosowane sg
zardwno obcigzenia statyczne jak i cykliczne. Badania wplywu zastosowania geosyntetykow w potaczeniach
migdzywarstwowych, dla obcigzen cyklicznych prowadzone sa rowniez w probach zginania. W zginanych belkach
i ptytach odpowiednio dobrany geosyntetyk opoznia faze¢ propagacji peknigeia i jego wzrostu wydluzajac trwatosé
zmeczeniows badanego uktadu. W badaniach $cinania geosyntetyk powoduje natomiast istotny spadek wytrzymatosci
potaczenia.

Zastosowanie obcigzen statycznych i cyklicznych w analizach mechanistycznych nawierzchni drogowych umozliwiaja
odpowiednie modele teoretyczne. Mozliwe sa rowniez analizy nosnosci konstrukcji nawierzchni przy réznych
warunkach kontaktu migdzywarstwowego. W przypadku mieszanek mineralno-asfaltowych wystepuje wpltyw
czestotliwosci obcigzenia na warto$¢ zespolonego modutu sztywnosci mieszanki. Niskie czgstotliwosci, rzgdu kilku
Hertzéw, powoduja inng charakterystyke zmiany modulu niz wysokie czgstotliwosci. Przy czgstotliwosciach rzgdu
kilkudziesigciu Hertzow wplyw czgstotliwosci obcigzenia na wartos¢ modutu jest juz bardzo maty.

W niniejszym artykule przedstawiono wyniki badan wptywu obcigzen cyklicznych o réznych czestotliwosciach na
wartosci statycznej wytrzymatosci na $cinanie potaczen migdzywarstwowych mieszanek mineralno-asfaltowych.
Badaniom poddano probki warstwowe z potaczeniami z geosyntetyczna warstwa posrednig oraz bez tej warstwy.
Badania statyczne przeprowadzono wg metody Leutnera. Czgstotliwosci obcigzen cyklicznych dobrano w taki sposoéb,
aby nawigzywaly do rzeczywistych predkosei ruchu pojazdéw samochodowych, a charakterystyke cyklu obcigzenia
ustalono tak, aby naprezenia styczne w strefie kontaktu odpowiadaty napr¢zeniom stycznym w konstrukcji nawierzchni
od obciazenia kotem pojazdu cigzkiego.

Laboratoryjne badania $cinania potaczen przeprowadzono dla dwdch serii probek. Seria BK obejmowata probki
wykonane z dwdch warstw réznych mieszanek mineralno-asfaltowych. W potaczeniu wprowadzono warstwe sczepna
w postaci emulsji asfaltowej. W serii DK wykonano probki z tych samych rodzajéw MMA, co w serii BK z t3 réznica,
ze w potaczeniu wprowadzono dodatkowo warstwe geosyntetyczna. W poszczegoélnych seriach przebadano po 24
probki warstwowe. W kazdej serii, grupy probek poddano najpierw obciazeniom cyklicznym o czgstotliwosciach: 2 Hz,
5 Hz, 10 Hz, 20 Hz, 30 Hz, 40 Hz i statym wspotczynniku asymetrii cyklu, a nastgpnie badaniom statycznych wg
metody Leutnera. Zastosowano obcigzenia cykliczne z liczba cykli 10.000 na probke.

Laboratoryjne probki warstwowe wykonano metoda statyczna uzyskujac wymagane wskazniki zaggszczenia warstw.

Wykorzystano dwa rodzaje mieszanki mineralno-asfaltowej. Na warstwg gorna probek uzyto mieszanke¢ typu SMA 11
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z asfaltem modyfikowanym polimerem typu PMB 45/80-65 w ilosci 6.0 %. Na warstwe dolng wykorzystano beton
asfaltowy na warstwe wigzaca AC 16 WMS z asfaltem modyfikowanym polimerem typu PMB 25/55-60 w ilosci 5.0 %.
Warstwe sczepng wykonano z emulsji asfaltowej modyfikowanej polimerami. Dla serii BK zastosowano emulsj¢
asfaltowsa w ilosci 0.2 kg/m” Dla serii DK uzyto emulsj¢ asfaltowa w ilosci 0.3 kg/m”. W polaczeniu zastosowano
geosyntetyk z widkien szklanych stosowany do zbrojenia warstw asfaltowych.

Przeprowadzone badania umozliwity wyznaczenie wytrzymatosci/no$nosci statycznych probek w poszczegdlnych
seriach. W serii referencyjnej probki bez geosyntetyku wykazaty istotnie wyzsze Srednie wartosci wytrzymatosci
statycznej niz probki z geosyntetykiem. Dla potaczenia warstwy Scieralnej z wigzaca wymagana jest warto$¢ wynoszaca
1.0 MPa przy badaniu w temperaturze 20 °C. Niniejsze badania zostaly zrealizowane w znaczenie wyzszej
temperaturze, powodujacej obnizenie wytrzymatosci na $cinanie. A zatem nalezy stwierdzi¢, iz obydwie serie spenity
wymagania dotyczace wytrzymatosci na §cinanie z duzym zapasem.

Zrealizowane badania i analizy pozwolity na sformutowanie nastgpujacych wnioskow:

e Stwierdzono  wystepowanie  wpltywu  czgstotliwosci  wstgpnego  obcigzenia  cyklicznego  na
wytrzymato§¢/nosnos¢ statyczng potaczen migdzywarstwowych dla obu badanych serii probek i przyjetych
warunkéw badania.

e Niskie czgstotliwo$ci obcigzen cyklicznych powoduja istotne obnizenie wytrzymatosci/nos$nosci statycznej.
Wigkszy wptyw stwierdzono tu dla potaczen z warstwa geosyntetyczng. Obciazenia o wysokiej czestotliwosci
nie wplywaja istotnie na obnizenie wytrzymatosci/nosnosci statycznej. Wplyw obcigzen zanika wraz ze
wzrostem czgstotliwoscei.

e Uzyskany charakter wplywu czgstotliwosci obciazen cyklicznych jest podobny do prezentowanego w
literaturze, w badaniach modutu mieszanek mineralno-asfaltowych.

e Opracowane funkcje aproksymacyjne wskazuja wyrazny tren. Jednak w celu uzyskania lepszego dopasowania
funkcji konieczne jest prowadzenie dalszych badan na wigkszej liczbie probek.

e  Whnioskiem praktycznym jest zalecenie szczegolnej starannosci w wykonaniu potaczen migdzywarstwowych

z geosyntetykiem w miejscach, w ktorych pojazdy poruszaja si¢ z niska predkoscia.
geosyntety! ] yeh pojazdy p! Y p

Received 07.09.2019, Revised 07.09.2019



