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FIELD PERFORMANCE EVALUATION OF UNBOUND
GRANULAR MATERIALS USING THE FAST
FALLING WEIGHT DEFLECTOMETER

Silvia Giuntoli, Chiara Pratelli, Giacomo Betti, Alessandro Marradi
University of Pisa, Civil and Industrial Engineering Department, Italy

Abstract

The use of innovative lightweight unbound granular aggregates for road and airfield construc-
tions involves complex challenges related to their mechanical characterization and expected
field performance. To analyze the materials resistance to repeated loads the common prac-
tice is to perform tests using a large triaxial testing machines. On the other side, as reported
in the standards, the resulting ranking of the materials has to be confirmed by means of
systems able to provide parameters closer to their real long-term behavior. On these premises
a new procedure has been developed for the evaluation of field performance of an innova-
tive recycled lightweight material, the so-called Glass-foam, used for airport embankment
applications. The new approach arises from the specifications reported in UNI EN 13286-7
(Cyclic Load Triaxial Test for Unbound Mixtures) and involves the use of Fast Falling Weight
Deflectometer (FFWD). This new device has been specifically designed to speed up the testing
process (in comparison with the traditional Falling Weight Deflectometer-FWD) allowing the
application of a great number of load drops over the same location in a reduced period of
time and consequently it could be a feasible device for Accelerated Pavement Testing (APT).
The procedure includes the dynamic application at different load levels to measure both the
stiffness stress dependency and the relationship between the maximum stress condition and
the development of permanent deformations in the material. In this paper are presented the
APT field tests which have been performed at Fiumicino Airport (Italy) to validate glass-foam
aggregates performance. The new approach has allowed to develop a specific performance
criterion based on the accumulation of permanent deformations in the glass-foam layer.

Keywords: Accelerated Pavement Testing, Light Weight Aggregates, Glass foam, unbound
materials, Fast Falling Weight Deflectometer

1 Introduction

The prediction of settlement values non-complying with the minimum levels of functionality
is one on the major topic that must be considered for airport pavements construction. When
this type of infrastructures is realized over a highly compressive soil different approaches can
be considered to improve the bearing capacity of the entire structure and reduce the stresses
induced by the traffic loads and the resulting settlements. Among these different methods the
use of lightweight materials (such as Expanded Polystyrene EPS-blocks, expanded clay or the
recently developed glass-foam aggregates) for embankment realization appears a promising
possibility to reduce the vertical loads on weak subgrades and the settlement of the em-
bankment weight without compromising the strength of the structure, also avoiding expen-
sive structural solutions [1]. Granulated foamed glass (glass-foam) is produced by recycling
wasted glass and generally consists of 8 % by volume of glass and 92 % of gas bobbles. The
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use of glass-foam as a lightweight material both for road and airfield embankments appli-
cations requires a specific characterization of its field performance [2, 3]. The use of triaxial
testing machine is generally considered the best option to analyse unbound materials resi-
stance to repeated loads [4]. On the other side the resulting ranking of the materials need to
be validated using systems able to provide parameters more representative of their real long-
term behaviour [5]. In this paper are presented the results of a testing procedure performed to
investigate the in situ performance and material field properties of glass foam aggregates for
lightweight airport embankment construction, with regards to the specific case of Fiumicino
(FCO) Airport in Italy [6].

2 Objective and scope

In this research an innovative procedure for the evaluation of field performance of glass-foam
aggregates used for airport embankment construction is presented, involving the use of Fast
Falling Weight Deflectometer (FFWD) as an Accelerated Pavement Tests (APT) device to study
long term behaviour of the tested material [7]. The tests’ main aim is to evaluate the amount
of permanent deformations accumulated by the glass-foam layer as the number of load drops
applied grows. A relation between the maximum vertical stress and the allowable number of
load repetitions has been established. This approach allowed also to evaluate the glass-foam
endurance limit, which is the vertical stress level below which failure never occurs, even foran
indefinitely large number of loading cycles. This new approach is based on the specifications
reported in UNI EN 13286-7 (Cyclic Load Triaxial Test for Unbound Mixtures) [4].

3 Glass foam

Glass-foam crushed stone has been used since the middle of the 1970s as a subgrade li-
ghtweight material of pavements over soft soils. The material is 100 % produced from recycled
wasted glass, therefore it is sustainable and economical. The production process is based on
the concept of transforming finely ground glass powder from different glass sources mixed
with an activator like silica carbide into glass-foam. In the grinding process heavy metals are
separated out and recycled to metal melting plants. The powder is spread on a steel belt con-
veyor running through high temperature ovens whereby the powder expands above 4 times, to
leave the oven as a glass-foam material. When the product gets cold, after leaving the furnace,
it cracks and separates into smaller units, due to the temperature shock. The normal grain size
isin the range 10-60 mm. When placed and compacted the dry density is around 150-200 kg/
m?, depending on the compaction machinery and compaction efforts resulting more than 10
times lighter compared to traditional pavement material. Thanks to its insulating properties
the material is often used as a lightweight fill material and as frost protection layer/thermal
insulation in roads construction, [3-8].

4 Investigation method

The in situ testing program has been performed by means of the innovative Dynatest Fast
Falling Weight Deflectometer (hereinafter reported as FFWD), to apply on the trial pavement
sections a high number of load cycles in a short period of time[7]. The amount of cumulated
permanent deformations has been monitored during the test through topographic surveys.
The procedure includes the dynamic application of different load levels to measure both the
stiffness stress dependency and the relationship between maximum stress and the deve-
lopment of permanent deformations.
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4.1 Fast Falling Weight Deflectometer

The investigation of the airport embankment made by glass-foam has been conducted using
Dynatest FFWD, an innovative version of the traditional FWD with a new and speeder loading
lifting system; where the hydraulically driven components of the conventional FWD have been
replaced with an electric motor, allowing to speed up the testing process of more than 5 ti-
mes. FFWD has been used to record the deflections produced in the materials, investigating
different test points at different load levels [9-10]. Indeed, this new equipment allows to apply
a great number of load drops over the same testing location in a short period of time, up to
2600 drops per hour [7].

Figure 1 Fast Falling Weight Deflectometer — FFWD — on trial section

4.2 Description of the trial section

The APT test using Fast FWD has been undertaken at “Leonardo da Vinci” Airport, Fiumicino
(Rome, Italy), where the glass-foam gravel has been used in a weight-compensation geo-
technical design of the pavement structure subjected to permanent settlements. The trial
sections were located on the Runway 16L/34R, chainage km 0+625 to 0+750, characterised
by the presence of a glass-foam layer of 150 cm, used as light infill material, at a distance
from the centreline between 12 and 8 m [6]. The positioning of the trial sections is presented
in Figure 2. Two different test points have been investigated, in order to evaluate and confirm
the repeatability of the data acquired during the test.
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Figure 2 Trial section location and pavement structure

4.3 Test method

The experimental procedure has been developed starting from the standard UNI EN 13286-7
[4] regarding the evaluation of the performances of unbound mixtures. This protocol suggests
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the use of alternative testinstruments and devices in order to guarantee a better representati-
veness of the results towards the real behaviour of the material. Moreover, the same standard
prescribes to apply 10.000 repetitions for every test load level. In this research the FFWD has
been set up applying three different load levels corresponding to a contact pressure under
the loading plate of 450, 700 and 900 kPa (the 300 mm standard plate have been used). Each
test point has been investigated with 10.000 load repetitions, at the previous mentioned load
levels. To avoid localized failure and guarantee an adequate load spread the foam glass layer
(150 cm) was covered with a18-20 cm cement bound layer, assuming a no temperature depen-
dency of the material. The vertical stress over the glass-foam layer was calculated in a pre-test
phase using results of FFWD load application to backcalculate the pavement layers’ moduli.
To do that a two layer model on Dynatest ELMOD 6 software was used to run the backcalcula-
tion process using Odermark-Boussinesq MET method (Method of Equivalent Thickness). The
resulting levels of stress for the real pavement structure are reported in the subsequent table
where also the number of load repetitions for all the load levels are presented.

Table1 Test levels of stress and number of load repetitions

Test points  FFWD stress applied Resulting vertical stress on glass foam layer Number of drops

POINT1 LOW: 450 kPa 120 kPa 10.000
MEDIUM: 850 kPa 186 kPa 10.000
HIGH: 1300 kPa 250 kPa 5.000

POINT 2 LOW: 450 kPa 120 kPa 10.000
MEDIUM: 850 kPa 186 kPa 10.000
HIGH: 1300 kPa 250 kPa 3.000

The first load level is comparable to the nominal vertical stress limit of the glass-foam, assu-
med as 100 kPa from laboratory tests carried out by the University of Pisa (data regarding this
limit will be published in the near future). For the second load level is predictable that the
material will guarantee suitable levels of durability. The third load level was chosen in order
to produce a rapid failure of the material. For this reason, applying the third load level the test
was interrupted before reaching 10.000 drops, following indication provided by the standard,
UNI EN 13286-7: “When the stress paths are completed (or excessive deformations occur),
remove the measuring system...” [4]. Looking at the deflections measured on the pavement
applying the third load level, the test was interrupted when a rapid increase of deflections’
value was recorded and/or when the failure of the tested surface was observed (Figure 3).

i L, - TEST INTERRUPTION
TSt Prid . Taad Tieveld I PAVEMENT SURFACE AT 0 DROP

(INITIAL MOMENT)

PAVEMENT SURFACE AT TEST
. INTERRUPTION (FINAL MOMENT)

Detlections (jum)

Number of Load Repetitions

Figure 3 Method for evaluating the interruption of test progress
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The pavement settlement due to load application has been recorded through topographic
surveys carried out after O (reference one), 1000, 3000, 6000 drops and at the end of the test
(10000 load repetitions) or when failure occurred.

09 -- -
oz---02 - ‘ ‘

Figure 4 Scheme of the topographic survey

5 Results and Discussion

During the tests sessions the subsequent parameters have been recorded: i) surface deflec-
tions, recorded by FFWD geophones at different distances from the loading centre; ii) surface
settlements; iii) pavement settlements defined through the topographic survey carried out
during the test. The data output has been elaborated and combined in order to establish a
relation between the vertical stress level and number of load repetitions. This elaboration has
been realized considering some assumptions:

1) The pavement settlements measured by the topographic nail at 200 mm from the centre
of the loading plate have been considered as the settlements of the glass-foam layer. This
first assumption has been confirmed measuring the real settlement through a pavement
cut at the end of the test session.

2) Asettlement of 18 mm reached by the glass-foam layer has been considered as the failure
criterion for the material. This value is the rut depth limit prescribed by the Shell method’s
subgrade fatigue law: “the Shell permanent deformation criterion, originally based on a
terminal serviceability index of 2.5, corresponded to a rut depth of 0.7 in (1.8 cm)” [9].

3) The number of load repetitions that defines the glass foam layer’s settlement of 18 mm
(failure condition), has been determined by interpolation of the value observed during the
10°000 drops of each test session with different levels of load. In the figure below (Figure
5), Np values correspond to the number of load repetitions to reach the threshold defined
as failure condition, for each load level, assuming that the accumulation of damage due
to traffic loads generally produces an increase of vertical stress on top of the subgrade.

Rut Depth of 18 mm
18 mm

Load Level 3

Load Level 2

Load Level 1

Deformation [mm]

Number of load repetitions

Figure5 Scheme of the method followed to elaborate results
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The elaborations results are reported in the graphs below (Figure 6). Each settlement mea-
surement corresponds to double point series, considering that the surveys have been conduc-
ted on two series of topographic nails, placed in symmetrical position from the loading plate.
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Figure 6 Development of permanent deformations recorded by the nails placed at 200 mm from the loading
plate for a) test point 1 and b) test point 2

Applying the first load level the number of load repetitions which leads the glass-foam layer
to failure results significantly high and many orders of magnitude higher than the capacity of
an airport runway over a long-term horizon. The vertical stress on the glass-foam indicated
by the lowest load level applied by the FFWD is about 120 kPa. This value can then be consi-
dered as the “endurance limit” of the material. This means that when the vertical stress on
the glass-foam is lower than 120 kPa there is no risk for permanent deformation to reach a
critical value. The second (186 kPa) and third load level (250 kPa) lead to failure in a smaller
number of load repetitions. Those have been processed in order to define the trend of the
admissible number of load repetitions, as function of the vertical stress on the glass foam
layer. All these data have been used to develop limit curves, where the vertical stresses on
the glass foam layer are related to the allowable number of load repetitions, reported in the
graph below (Figure 7).

[g=m1maatn]

ertical stress [kPal

Vertical stress [kPal

e E4d LE-8

Number of load repetitions Number of load repetitions

Figure 7 Vertical stress development as function of number of load repetition for a) test point 1 and b) test
point 2

The limit curves, defined using the test results and considering a limit accumulation of perma-
nent deformations on glass-foam layer of 18 mm, could be used to identify the maximum num-
ber of passages related to a specific vertical stress on the glass-foam layer. If vertical stress on
the glass foam is less than 120 kPa the amount of permanent deformation accumulated will
not be significant. The limit curves of the two studied points are extremely comparable, thus
indicating an acceptable reproducibility of the experimental results of the two tests points.
The defined endurance limit should be considered cautionary; a repetition of this kind of test
using other load levels could probably lead to an optimization of this value.
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6 Conclusions

In the present study the long-term behaviour of glass-foam material has been analysed. Re-
sults are based on FFWD tests carried out on two different test points and on the surface
settlements measured with topographic surveys carried out at fixed loading steps. The goal
was to evaluate the amount of permanent deformations accumulated during the test and
correlate it with the vertical stress applied on the glass-foam’s layer. Results obtained allow
to fix the subsequent points:

« The vertical stress limit on the glass foam layer of 100 kPa, fixed as the nominal maximum
stress level on the material, to avoid excessive deformation can be confirmed by the results
obtained in the present study;

« Avertical stress lower 0f 120 kPa, considering the obtained results, does not lead to accumu-
lation of permanent deformations. This value can be considered as the endurance limit of
the glass-foam;

« The correlation between the vertical stress and the number of allowable load repetitions can
be used as a fatigue law for the glass-foam, to design thickness and characteristics of the
upper layer. The same type of approach can be used for other types of material.

To verify these conclusions, and optimize the shape of the fatigue law other tests need to be
carried out, using different load levels. The present research activity is still on-going with the
aim to verify the long-term performance of some other unconventional materials.
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