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Abstract. Grids are increasingly used. They have proved #féitiency, but there
is presently no widely accepted design method éalipt the long term life of grid
reinforced pavements. This paper describes a €allesexperiment carried out on
the large pavement fatigue carrousel of IFSTTAR, tést simultaneously 3
pavement sections with different types of grids;egmparison with an unreinforced
pavement structure. The tests are carried outminalyFrench low traffic pavement
structures. Results up to approximately 800 000ddoare presented. The
experiment is planed to continue to load the testiens up to at least 1 million
loads. During the experiment, the behaviour of plawement sections has been
followed by deflection and rut depth measuremeais] surface distress analysis
(observation of cracks and other degradationspl®rved on the circular APT for
low traffic pavements with thin bituminous layersrack development was
following a transversal orientation. This experimehows the necessity to better
understand the grid behaviour by means of modelxgeriments and use of new
measurement techniques as planned in the new Ri&18IB and TC-MCD.

Introduction

Grids are increasingly used, both for reinforcenafrgxisting pavements, and for
improving fatigue and reflective cracking resis@anaf new pavements. These
techniques have proved their efficiency, but regttention to achieve a good
bonding between the system and the pavement ldyeirsg construction. There is
presently no widely accepted design method to pteatlie long term life of grid
reinforced pavements. Therefore, full scale testsreeded to evaluate both the
construction procedures and the long term perfoomarf these products [1] [2].
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This paper describes a full scale experiment chroet on the large pavement
fatigue carrousel of IFSTTAR in Nantes, to test idiameously 3 pavement
sections with different types of grids, in companiswith an unreinforced
pavement structure. The paper presents the cotistiuinstrumentation of the
pavements, and the first results of the tests.

Description of the full scale experiment

The objective of the experiment is to test and camsimultaneously the fatigue
behaviour of 4 flexible pavement sections, undpicigl French axle loading (half
axles loaded at 6.5 tons with dual wheels), fastaltof 1 million load cycles. The
pavement fatigue carrousel of IFSTTAR is a larga@lescircular outdoor facility,

unique in Europe by its size (120 m length, 6 mtijicand loading capabilities
(maximum loading speed 100 km/h, loading rate lionilcycles per month, 4
arms equipped possibly with different wheel confidions, lateral wandering of
the loads to reproduce real traffic) [3].

Test sections and material characteristics

The tests are carried out on typical French lowvfitrgpavement structures [4]
consisting of an 80 mm thick bituminous wearingrsey over a granular subbase
(300 mm thick), and a sandy subgrade soil, withearing capacity of about 80
MPa. Four structures, each 10 m long, are testgadesenting 1/3 of the whole test
track. Structures A and B are reinforced with gridsorporating a special film
designed to ensured good bonding and replacingtatle coat. Structure C is
reinforced with a traditional grid with a tack cod&tructure D is a reference
structure without reinforcement. The three différgrids are placed in the lower
part of the bituminous layer, 2 cm above the igesf(Figure 1).
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Figure 1 Pavement test sections and implementation obsens

The bituminous mix is a standard French 0/10 mmriwgacourse bituminous
material, (BBSG 0/10). This material contains 5.%fgrade 35/50 bitumen. The
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mechanical behaviour of this mix was characterisgdlassical complex modulus
and fatigue tests on trapezoidal specimens (EN 2-389and EN 12697-24). The
specimens had an average void content of 6.2 %rd&feeence complex modulus
of the mix at 15°C and 10Hz is 11320MPa. The Huete§h viscoelastic model
parameters obtained for this mix are presentedablel'l. These parameters can be
used for viscoelastic pavement structure calculat[6].

Table 1.Material characteristics
Eo Eint d k h Ao Ay A,
(MPa) | (MPa) (s) (s.°Ch (s.°C?
10.0 27180, 2.29 0.22 0.5 4.0617 -0.38792 0,0016399

The fatigue law of the mix is approximated by E¢f).

8/86 = (N/lOG)b @)

With: g5 the strain leading to failure for 1 million loadmd b, the slope of the
fatigue curve. Experimentally, the fatigue paramgetebtained for the mix are
€6 = 116pstrains and b = - 0.206.

Characteristics of the tested grids

The three grids tested are all a high-strength offeerglass geogrid custom
knitted in a stable construction and coated witlpagent-pending elastomeric
polymer and self-adhesive glue (Tensile Strengd®kiN/mx100kN/m). The mesh
of grid from test section A is half smaller tharogk from test section B and C
(25x25mm). Grids of the test section A and B contain a papending, highly
engineered film designed to replace the need tack coat. These two new grids
have shown a better behaviour during specific tgménding fatigue tests [6].

Construction and instrumentation of the test sastio

The pavement structures were built on the exissoggrade of the test track,
which is a sand with 10 % fines, sensitive to watdre granular base consisted of
30 cm of 0/31.5 mm unbound granular material (UGKter construction, this
base was covered by a spray seal. A 2 cm thickrirtous layer was first laid and
compacted on all 4 sections. This layer cooleddigpdown to about 10 °C
(ambient temperature - March 1st, 2011). On sestidnand B, the grids were
placed without tack coat, due to the adhesive film.sections C and D (see Figure
2 a-c) a tack coat with 300g/nof residual bitumen, was applied. Then,
longitudinal and transversal strain gauges werdampptace (Figure 2.d). The final
6 cm thick bituminous layer was laid on the 4 smwj and compacted
successively with a steel drum vibrating roller andubber-tyred roller. To ensure
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melting of the film attached to grids from sectibrmnd B, the bituminous mix was
put in place at temperatures above 150°C. Aftengaxction, the average in situ
void content of the mix was about 7.0 % (0.8 % ntbemn for the specimens tested
in the laboratory). The 4 test sections were imsgmted with longitudinal and

transversal strain gauges placed on the top ofitids (at 6cm depth — see Figure
2.d); temperature sensors and vertical strain gaafj¢he top of the UGM layer

and of the subgrade (Figure 1).

Figure 2 Construction: a) Grids of section A and B ; bjdSrafter compaction;
c) Tack coat application; d) Placement of straingges before overlay.

The circular shape of the test sections requireztdhe grids in relatively narrow
bands, 5 m long by 1.5 m wide. To cover the testige, one 1.5 m wide band was
placed in the centre of the wheelpath, and thensiwaller bands on each side (see
figure 2 a). Due to this layout, some construcpooblems occurred on section A,
and potentially on section B, during the laying amdnpaction of the bituminous
overlay, and the results obtained on section A wit be presented. Thorough
investigations will be made on section B after ctatipn of the testing to verify
the state of the grid and of the interface.

Initial measurements and test programme

The modulus of the subgrade has been measuredyritimic plate load test and
results are shown on Figure 1. These moduli haven bemeasured during
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construction, during a rainy period, and it is @bly the reason of their
variability. After construction, drainage has takglace, and the bearing capacity
has become more homogeneo@antrols after construction have indicated an
average thickness of the bituminous layer of 70 instead of 80 mm. The end of
section D is thinner than the other sections, beeitls the end of the construction
zone, and the transition with another existing paet structure, which makes the
control of the thickness more difficult.

The loading programme started in April 2011. Un@&eptember 2011,
approximately 800 000 loads have been applied.igutine experiment, loading
has been stopped approximately every 100 000 cyoleerform various distress
measurements. Response of internal transducersl$@m$been recorded regularly.
The ambient temperature conditions were practiaalystant throughout the tests,
with daily temperatures in the range 10 to 28°ddreummer). The rainfall on the
test site is presented on Figure 3. It can be edttbat around 600 000 cycles, the
rainfall level was 2.5 higher than during the otheriods.

%iz 1 I I
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Load cycles
Figure 3.Rainfall measurements on the test site

The four arms of the fatigue carrousel have bearppgd with standard dual

wheels, loaded at 65 kN (standard French equivabdietload). The tyres used are
Dunlop 1200 R20 SP321, inflated at 850 kPa (Fighrérhe loading speed was 6
rounds/minute (43 km/h). Its lateral wandering w#$2.5 cm. Between 50000

and 150000 load cycles, one arm was also equiptacawide single tyre; loaded

at 40 or 50 kN, in order to compare strain distiitms under single and dual tyres.
Measurements under the wide single tyre will notliseussed here.
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Figure 4.Dual wheel load and its dimensions in mm
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First results
Deflection measurements:

Deflection measurement between the two wheels veafonmed every 3 meters
using a Benkelman beam, under the 65 kN load attab&m/h. For temperatures
varying between 20 and 28°C, Figure 5 shows thabugB1 000 load cycles, the
mean deflection levels were close to 70 mm/100hentlree sections with some
scatter which may be due to temperature variatibles significant difference in
deflection was observed between the reinforcedimect(B, C) and the
unreinforced section (D). After 537 000 load cyckbg mean deflection on section
B increased to 83 mm/100. On sections C and Dd#fkection level remained
practically constant up to 813 000 loads. Theranseto be some relationship
between deflection levels and pavement cracking.s€ation B, the first cracks
appeared after 600 000 cycles, and simultaneoaslyincrease of the deflection
was observed. On sections C and D, where verg litthcking was observed, the
deflections remained constant.
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Figure 5 Results of deflection measurements on the 3meti

Rut depth measurements

Due to the lateral wandering of the loads, the kvidf the circulated area is
approximately 1.6 m. The transversal profile of pla@ement is measured using a 2
meters long ruler, every 3 meters. For each meammepoint, the maximum rut
depth is determined as the maximum vertical digtametween the ruler and the
pavement surface. Maximum rut depths measured @rBtkections, at different
load levels are presented on Figure 5. These mexasumts indicate that, at the
beginning, sector B presents a lower rut depth tharother sections, until about
600000 cycles. At this stage, heavy rainfall ocedrfFigure 3), and this may
explain an increase of the rate of rutting on secB. At, 600000 cycles, section B
already presented some cracks (Figure 6), whidwalll water to infiltrate in the
pavement foundation contrary to the other sectiatsch still presented no
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damage. On sections C and D, the rut depths ane sierilar. After 600 000
cycles, the evolution of rutting is the same on3aflections, with an average final
rut depth of 14.3 mm.
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Figure 6 Rut depth evolution on the 3 sections

Crack monitoring

The first cracks were observed on section B, afterut 600 000 load cycles, and
then on section D after 800 000 load cycles. Sediiqresents no cracking up to
now. Crack patterns were very similar on sectiorenB D: first, very fine isolated
transversal cracks appeared. Then, under traffeset cracks started to open, and
fines started to come out. Other thin transversatks developed nearby. The
transversal orientation of the cracks is typicafaifgue cracking observed on the
carrousel, for pavements with thin bituminous laygf]. Figure 7 presents the
evolution of the extent of cracking, as a functiofi the level of traffic. It
corresponds to the percentage of the length opélvement affected by cracks (for
a transversal crack, the affected length is consttiarbitrarily, to be 500 mm).

g -+ ™ sector A
=

3 6 —-4—-sector¢ - - - - - - - -~} -/
o >sector[j------------- S

0 200000 400000 600000 800000 1000000
number loadings 65 Kn
Figure 7. Extent of cracking, in percent, on the 3 sections
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Strain measurements

Longitudinal and transversal strain measuremeatsa temperature of about 20°C
(at 40 mm depth) and a loading speed of 43km/hpezeented on Figure 8. On
section C, no measurements are available becaasstrin gauges were broken
during the compaction. The sensors were locatedermiddle of the wheel path,
at position y = 0 mm, and their measurements wecerded for different lateral

positions of the dual wheels, varying between -&86 + 550 mm. Positions y = -
210 mm, and + 210 mm correspond to the situatioenwthe centre of one wheel
is located on the top of the sensors (Figure 4).
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Figure 8 Maximum longitudinak, and transversal strains measured:
a) and b)g, ander at 12000 cycles, 19.2°C; g) at 152000 cycles, 21.1°C;
d) g, at 676000 cycles, 21.6°C

At the beginning of the test, at 12000 cycles, (Fég8 a-b), longitudinal strains
measured on section B (gB) (gauge L14) are arowtidtine longitudinal strains
measured on section D without grid (wg) (gauges, LP®D, L21). For transversal
strains, there is no clear difference between thasurements on section B (gauge
T14) and on section D without grid (gauge T19). $action D, longitudinal and
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transversal strains are of the same level of madeitOn the reinforced section,
longitudinal strains are lower.

At 152000 (Figure 8.c), the longitudinal strains sections B have increased and
they are similar to those on section D without gAtl676000 cycles (Figure 8 d),
the longitudinal strains measured on section Bgaeater than those measured on
section D. The same trend is observed for the clidle (Figure 5), which is higher
on section B, after 530 000 cycles, than on sediioifhis increase of the strains
and deflection can be due to the development atksras shown on Figure 7. For
transversal strains, no significant evolution iseved at the different load levels,
and the response of sections B and D remains simila

Elastic back calculations have been made to estitieg moduli of the unbound
granular material and of the soil from deflectioeasurements. The ALIZE design
software used is based on Burmister's multi-layeedr elastic model [8].
Simulations have shown that the soil modulus is BaMAccording to the French
pavement design method, the modulus of the unbguemular materials has been
taken equal to 200 MPa (modulus of the soil mu#iblby 2.5). The longitudinal
strainsg, and transversal strairgg calculated under the centre of the dual wheel
axle (position y = 0) are respectivady = 8qudef ander = 15udef. These results
are of the same order of magnitude as the stramasured at the start of the
experiment, on section B. After a significant leeéltraffic, the measured strains
increased on section B, indicating a probable detgion of this section, due to
traffic.

Conclusion

In this experiment, several different grids werstdd as reinforcement of new
pavements, with relatively thin bituminous laye89 (mm); the objective was to
compare the behaviour of the reinforced sectiamgoimparison with a reference
section without grid.

During construction, there were some difficultiesptace the grids on the circular
test track, which obliged to cut the grids in riedalty narrow bands. Due to this
layout, some construction problems, leading pogsitd debonding of the

reinforced layer, occurred on section B.

Concerning the behaviour of the pavements, it wasd that:

- Cracking appeared first on section B after a ragiayiod, after around 60000
cycles, and section D (without grid) after 800 @8@les. Section C presents
no cracking up to now. The worse performance ofi’sed may be related
with the construction problems.

- Rutting was somewhat lower on section B up to 600 €ycles, and after that,
the levels of rutting were very similar on the 8tmns;

- Strain measurements indicated lower longitudingiss on the reinforced
sections at the beginning of the experiment, big difference disappeared
after about 150 000 cycles, leading to similar defitions on all sections.
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As the experiment is not finished, it is only pbé$sito conclude that a positive
effect of the grids on the resistance to crackingliserved on one section (C). It is
planned to continue the loading until at least lliomi loads, in order to attain
higher levels of damage, and confirm the differsroetween the 3 tested sections.
At the end of the experiment, detailed investigatigcores, trenches, FWD) will
be made to understand the possible cracking soenamd explain the behaviour
of section B in particular, which may be due toa®ding problems.

These observations, as those reported elsewhelr@-19], will also be completed
by means of additional modelling, and non destwectesting, in relation with the
two new Rilem Technical committees TC-SIB (TG4 —vadced interface Testing
of Geogrids in Asphalt Pavements) and TC MCD (Medras of Cracking and
Debonding in asphalt and composite pavements) in 3®n “Advanced
Measurement Systems for Crack Characterization”
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