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PREFACE {

in this Volume were presented at the 4t

. The papers contained
us Mixtures and Pavements that

International Conference on Bitumino
took place in Thessaloniki, Greece in April 2007. The papers reflect the

most up to date advances in highway materials technology and

engineering.
Today, more than ever, the en
only to design and construct the pavements properly and economically

but also to make them last as long as possible. This implies a thorough
understanding of materials behavior, appropriate use of them in the
continuously changing environment of the project, and implementation of
improved technologies and methodologies.

The papers cover the recent developments worldwide in the areas of

pavement materials, pavement design, construction and maintenance,
characteristics and other related subjects in highway

gineers are facing the challenge, not

recycling, surface
engineering.

The distinguished Members of the Scientific Committee worked hard,
and with matchless colleague zeal, providing invaluable work by

papers. I thank them a lot for their outstanding work.

reviewing the
ference, worked with

The Organizing Committee, the heart of the Con

great enthusiasm in order to ensure the success of the Conference. My

gratitude is also extended to every single one of them, personally.
Also, T would like to thank the Sponsors for their kind contributions
that made possible to organize this Conference at a low participation fee.

I thank the Authors for their high scientific level contribution,

Finally,
] those who

the Participants for attending the Conference and in general al
worked and contributed to the success of this Conference.

Thessaloniki 19/4/2007

Prof. A. F. Nikolaides
President of the Conference
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BSTRACT

Grouted macadams form a semi-flexible class of composites whose behaviour
lies somewhere between concrete and conventional asphalt materials, having
both excellent rut resistance and a degree of flexibility. This paper presents a
series of pavement design computer simulations, based on results obtained from
laboratory fatigue and stiffness tests on grouted macadam and conventional
asphalt mixtures. The design variables explored include the application of
grouted macadams both as surface and binder/base course layers. Comparisons
were made with conventional asphalt surface and base course constructions.
The resultant stresses, strains and fatigue lives were determined based on four
classes of pavement foundations with increasing bearing capacity. In order to
simulate traffic loading more realistically, the fatigue characterisation tests
carried out on the grouted macadam mixtures incorporated and examined the
effect of rest periods on fatigue performance. This paper discusses key findings
and includes results in the form of design charts for both composite types. The
main conclusion drawn from this project was that the incorporation of grouted
macadams is likely to provide an economical solution in many pavement design
circumstances owing to their superior stiffness and fatigue characteristics.

ed concrete
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KEY WORDS: Pavements, grouted macadam, design, fatigue, shift factors.



240 4o Awebvic Suvedpio Acportikdv Myypdrov kot Odootpeudoy, Osooarovikn 19-20/4/2007

1. INTRODUCTION

The design of flexible and flexible composite pavements has traditionally been
carried out by using design charts whereby the thickness of each layer is
obtained as a function of the design traffic [1, 2]. Furthermore, this approach
has recently been used in a revision of the design methodology [3, 4] in order to
improve the pavement design principles to respond to the evolution of traffic
characteristics. Thus, following the same principles, several design charts
should be developed for pavements incorporating grouted macadams, which
show enhanced properties when compared with conventional asphalt mixtures,
The results obtained in the present study allow a comparison between
conventional bituminous mixtures and grouted macadam mixtures. The
following sections describe the approach used and present the design charts
obtained for pavements with surface or base courses incorporating grouted

macadams.
2. DESIGN PRINCIPLES CONSIDERED

The mean annual temperature at low altitudes across England varies from about
8.5 °C to 11 °C [5]. However, pavement design is traditionally carried out at a
reference temperature of 20 °C [2, 4]. In the present study, the fatigue life
equations were obtained from laboratory tests carried out at 20 °C, by Oliveira
[6], which have shown that fatigue life of grouted macadams is not susceptible
to temperature variations between 0 and 20 °C. Therefore, temperature has more
influence on the value of stiffness used for design, which also depends on the
loading frequency. According to the Highways Agency [4], pavement design
should be carried out at a reference condition of 20 °C and 5 Hz. Indirect
Tensile Stiffness Modulus (ITSM) and four-point bending tests carried out at
5Hz, by Oliveira [6], have shown similar stiffness results for the same
temperature. Increasing the frequency in four-point bending tests resulted in
increased stiffness moduli.

In this study, the value of stiffness chosen for pavement design was obtained
from tests carried out at 10 Hz, being the same frequency used for determining
the fatigue lines. Thus, 8000 MPa (which is a conservative value) has been used
in the calculations. Nonetheless, this may be assumed as an adequate value to
use in pavement design, since Oliveira [6] obtained similar values in ITSM tests
(corresponding to a frequency of approx. 5 Hz) carried out at 20 °C, in 2-year-
old specimens.

In this investigation, four pavement foundation classes were considered
(Figure 1), as suggested by Nunn [3], on top of which one or two new layers
would be applied. The design characteristics to be used for each foundation are
shown in Table I. Some of the results obtained in this study are based on
pavement response calculations carried out using a multilayer linear elastic
analysis computer program — BISAR 3.0 [7].
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Figure 1: Example designs for foundation classes 1 to 4 on 5% CBR
subgrade [3]

design ch : Table 1: Design characteristics of pavement foundations
ating grou ‘ Foundation Class | Stiffness (MPa) | Poisson’s Ratio
1 50 0.35
2 100 0.35
3 200 0.35
‘ 4 400 0.35
ies from ab
arried out at The grouted macadam layer was used in the calculations in two different

sitions, either as a surface course or as a base/binder course. A Dense
tumen Macadam (DBM50) base course and a Hot Rolled Asphalt (HRA) or
tone Mastic Asphalt (SMA) surface course were considered as comparative
naterials to the grouted macadam, respectively used as base or surface course.
heir mechanical properties are summarised in Table 2, according to the values
btained by Oliveira et al. [8] and specified in the new HD26/06 [4].

epends on
vement des

Table 2: Mechanical properties of considered materials

Material Stiffness (MPa) | Poisson’s Ratio
Grouted Macadam 8000 0.25
DBMS50 5400 0.35
HRA or SMA 3100 0.35

Relationship between laboratory results and field performance

major difficulty with fatigue testing is developing a meaningful relationship
etween the results of laboratory tests and field performance. Laboratory tests
sually use sinusoidal loading and fixed strain or stress amplitude during a
gle test, whereas in practice, the mode of loading is randomly’ distributed,
luding rest periods and the effects of lateral wander of vehicles. Temperature
iations in the asphalt layer and healing effects, due to intermittent loading,
so influence the field performance of asphalts. In order to take these effects
0 account, correction factors (also known as shift factors) are usually applied.
owever, determination of the correct shift factor is fairly complicated, since it

:quate valu
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wo new lays
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depends on the type of test, mode of loading, testing temperature and type of
mixture {9, 10].

The ultimate value used in the present investigation was 45, which resulted
from a previous study [11]. This value concurs with that suggested by Ekdahi
and Nilsson [12] for flexible pavements. Nevertheless, the shift factor of 45 is
still considered a conservative value due to the particular behaviour of grouted
macadams, in terms of crack propagation [11].

2.2 Fatigue life predictions

The fatigue life calculations of the grouted macadam layer were made according
to the laboratory results obtained by Oliveira [6], and multiplied by the shift
factor mentioned above, which resulted in Equation 1. On the other hand, the
fatigue life of bituminous mixtures was calculated according to the fatigue
criterion specified by Powell et al. [1] and Nunn [3], which represents the field
performance of asphalt mixtures (Equation 2).

N=27x107 .57 (1

N =4.169x10710. g*16 )
where:

N = Number of equivalent standard axle loads (ESALs);
&, = Tensile strain induced at either surface or underside of bound layers.

3. DESIGN OF PAVEMENTS WITH GROUTED MACADAM SURFACE
COURSES

As previously stated, four pavement foundations were used in a multilayer
linear elastic analysis to study the response of each structure to the application
of a standard wheel load (40 kN). In this case, a conventional bituminous base
(DBMS50) was used on top of the foundation, over which a 40 mm thick surface
course was applied (comprising either a conventional (HRA or SMA) or a
Grouted Macadam mixture).

The response of the pavement was analysed from two perspectives: failure of
the base by fatigue (maximum strain at the bottom of the layer); failure of the
surface course by fatigue (surface originated cracking). The latter is a result of
tensile strains developed under the side of the tyre, near the pavement surface,
which assume significant values in pavements with thick bound layers. In order
to determine the maximum strain, a mesh of points was created, as illustrated in
Figure 2, since its location can change slightly with changes in base thickness.
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Figure 2: Typical pavement structure used in BISAR to determine the critical
tensile strains induced by a standard wheel load

Several iterations were made for each surface course, increasing
consecutively the thickness of the bituminous base, and determining the
expected fatigue life of both base and surface course, according to the obtained
tensile strains.

The results of this study are presented in the following figures, on a
comparative basis, in terms of the material used in the surface course. Thus,
Figures 3 and 4 represent the design of the base and the influence of its
thickness on the appearance of surface cracking.
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Figure 3: Design of base under a 40 mm HRA or SMA surface course, for both
the traditional fatigue criterion and the appearance of surface cracking

From Figures 3 and 4, it can be observed that for thicker pavement bases,
~ when a bituminous surface course (HRA or SMA) is used, the critical failure
criterion is the fatigue of the surface course. The same cannot be applied if a
grouted macadam surface course is used instead, due to lower values of strain
occurring at the surface as a consequence of its higher stiffness, and due to the
extended fatigue life of the mixture itself.
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Figure 4: Design of base under a 40 mm Grouted Macadam surface course,
“taking into account the traditional fatigue criterion and the appearance of
surface cracking

In Figures 5 and 6, a comparison is made between the results obtained for
both types of surface course, and their influence on the design of the base
thickness is presented. The benefits of using a grouted macadam surface course
are evident from the analysis of these figures, although more significantly in
terms of fatigue cracking originated at the surface than in terms of fatigue of the
bituminous base. Nonetheless, a longer fatigue life can be expected from
pavements incorporating grouted macadam surface ¢courses.
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Figure 5: Influence of the type of surface course on the design of the base,
considering the traditional fatigue criterion (at the underside of the base)
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Figure 6: Influence of the type of surface course on the design of the base,

considering fatigue of the surface course (surface cracking)

4. DESIGN OF PAVEMENTS WITH GROUTED MACADAM BASE
COURSES

A methodology similar to that described in the previous section was used to
study the design of pavements incorporating grouted macadam base courses. In
this case, the material used in the surface course was a traditional HRA or SMA
mixture. The results are shown in Figures 7 and 8, respectively for the standard
grouted macadam mixture and for a stiffer grouted macadam (e.g., resulting
from a reduced binder content), with a Stiffness Modulus of 12000 MPa, as

those obtained by Oliveira et al. [8].
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Figure 7: Design of a standard grouted macadam base course under a 40 mm
HRA or SMA mixture, considering fatigue of base and surface cracking
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As it can be observed from Figure 7, surface cracking (fatigue of the
bituminous surface course) is the critical design criterion for pavements with
bases thicker than 200 mm. In the case of a stiffer grouted macadam,
particularly for pavements with less stiff foundations, surface originated
cracking can be even more critical, as shown in Figure 8. For the case of
Foundation Class 1 (50 MPa), the thickness of the base is always governed by
fatigue of the surface course, whereas for the other foundation classes the
critical criterion can be either of them (surface cracking for pavements with
bases above 150 mm thick). Nonetheless, an extended fatigue life can be
observed for pavements incorporating grouted macadam base courses, and this
is most evident for stiffer grouted macadam bases.

g 350 : 1 ", Foundation |1 2 3 4. Fatigue
= 300 { . ; . PRRERUUN. 200, 20, S5 of Base
% 250 - f
= | 1
s 2007 | |
§ 150 - 1
£ 100 - 1 :
= Foundation 1 2 i3 4 - Swfice cracking
= 50 l ,
0.1 { 10 100 1000 10000
Number of Load applications (million ESALS)
-~ Fatigue of base (Found!) ~= Surface cracking (Foundl)
- Fgtigue of base (Found2) - Surface cracking (Found2)
—— Fatigue of base (Found3) ~— Surface cracking (Found3)
—— Fatigue of base (Found4) -— Surface cracking (Found4)

Figure 8: Design of a stiffer grouted macadam base course under a 40 mm HRA
or SMA mixture, considering fatigue of base and surface cracking

A comparison with the results obtained for pavements with bituminous base
courses (from Section 3) is made in Figures 9 and 10, using the standard
grouted macadam mixture. Again, pavements incorporating grouted macadam
mixtures show extended fatigue life, which could even be longer if a stiffer

grouted macadam mixture is used.
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Figure 9: Influence of material type on the fatigue life of the base

One issue that may arise from this pavement design study is the feasibility of
nstructing grouted macadam layers thicker than 200 mm. Contec [13] claim
t they have achieved 210 mm, but full grout penetration may become more
fficult to obtain in such thick layers. Thus, the application of consecutive
yers may be necessary in order to obtain pavements with up to 300 mm thick
e courses (e.g., 150 + 150 mm).
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Figure 10: Influence of base material on the fatigue of the surface course
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i) extended fatigue lives for pavements incorporating a grouted macadam
surface course can be obtained if the same base thickness is used, in
comparison with HRA or SMA surface courses. Alternatively, a lower base
thickness is necessary to obtain the same fatigue life;

ii) surface originated cracking may be significant in pavements with thick
bound layers;

ii)a different application of grouted macadam, as a base course, was also
studied. Design charts have been developed for two types of grouted
macadam: the standard mixture (8000 MPa) and a stiffer mixture
(12000 MPa). Both mixtures have shown better performance than traditional
DBMS0 mixtures, with reduced base thickness or extended fatigue life
resulting from the stiffer grouted macadam mixture, as expected;

iv)a particular issue that should be highlighted is the dominance of surface
cracking above a certain base thickness (200 mm and 150 mm, respectively,
for the standard and the stiffer grouted macadam mixtures). Thus, only the

surface layer would need to be subjected to future maintenance operations.
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The Proceedings contain the papers presented at the 4" International
Conference on Bituminous Mixtures and Pavements that took place in
Thessaloniki, Greece, in April 2007. The Proceedings consist of two
Volumes and contain 83 papers in total, from international and national
experts. The papers presented reflect the most up to date advances in
highway material technology and engineering. ‘

Volume | contains 46 contributions and is divided into four parts: part
one contains papers in the plenary sessions. The rest of the parts contain
papers per session: Pavement materials, Pavement design, construction
and maintenance and Bituminous mixture.

Volume Il contains 37 contributions and is divided into four parts, as the
number of sessions: Highway and pavement management systems and
network operation systems, Pavement recycling, geotextiles, safety at
works and effects of roadworks to the environment, Pavement
assessment and surface characteristics and Specifications, road safety,
street furniture and road marking materials.
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