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INTRODUCTION

Pavement design has progressed significantly #iecearly 1900’s. This continual need to move toward more
sophisticated and complex prediction models has comedrmather poor correlation between observed and prddicte
performance. There are a large number of variabésaffect performance and therefore these modelsaly only
“best estimates” of what can be expected. A furtherptication is that performance models based on empirical
performance data in one region might need to be validaiddcalibrated for another region and therefore aesingl
performance model cannot typically be applied universaljthout modification. Further design or predictiool$o
should be applied with a thorough understanding of tred fmvement materials and not be used in isolation.
Geogrids are increasingly thought of as pavement fabteand are now widely used in pavement structures to
improve performance or reduce component thicknessétboufgh the pavement material types and local conditions
might be extremely variable, a geogrid can be installedoaovide uniform performance anywhere within a pavement
section, over the length of roadway or in any region atdhe world. This paper provides the universally ptemt
principles and mechanisms of geogrids and in what way theyasitively influence their pavement materials and
pavement performance and provides ways in which thesfitsecan be measured.

The geogrid influences both the mechanisticttedempirical components of the Mechanistic Empirisa&lE)
design method. There have been many attempts to eaptibenefits of geogrids in M-E design methods, but they
have failed to keep it simple. The geogrid mechanismssianple and often the developer of models create
sophisticated geogrid models to overcome a lack of pesioce testing data.  The short term and long term
improvements introduced by the geogrid need to be measuned esisting field and laboratory equipment.
Validating the geogrid mechanistic and empirical contidoubas highlighted some limitations with some but albt
of the existing validation test methods.

This paper explores some of the basic testingadst but concludes that if the geogrid industry wishesddhes
M-E design platform, then it will have to comply withetpractice of field or accelerated testing studies.

GEOGRIDSIN PAVEMENTS

A flexible pavement structure comprises a nunadbfdayers of unbound aggregates, stabilized aggregates
asphalt. These layers are combined to form a pavestreture that aims to protect the subgrade andqeavievel
of serviceability for the each of the layers.

There are two types of flexible paved pavementtires, and they are thin and thick asphalt structuites.
important to recognize the difference between thesestmature types as the pavement structure failurdamggms
are different. Both pavement structures fail in anlsimation of rutting and fatigue. The source of theirrgtis
primarily in the aggregate and subgrade in the thin asgtraltture and primarily in the asphalt in thick asphal
structure. Both pavement structures will ultimatekperience fatigue failure, which will signal the end bét
structural life.

Both base reinforcement and asphalt reinforcegeogrids can be used within a flexible pavement structure to
improve it's performance, however this paper willrbstricted to base reinforcement. Base reinforcémeogrids
can be incorporated into these pavement structuredeay lolgth the rutting and fatigue.

Geogrid benefit

Geogrids are by definition “a geosynthetic mateconsisting of connected parallel sets of tenshe with
apertures of sufficient size to allow strike-throughwfsunding soil, stone, or other geotechnical materiéderner,
(1998).

The most common uses of geogrids in pavement applis are for “Subgrade Improvement” and “Base
Reinforcement”. The scope of this paper will be limhite the use of geogrids for Base Reinforcement which can be
designed using the Mechanistic Empirical design methods.

Installing a single layer or multiple layers of geogpeheath or within the aggregate base or subbase couraes of
flexible pavement structure will improve the stiffnesfsthe aggregate material in close proximity to the Gesgri
Cavanaugh et. al. (2008). The goal is to reduce the amowaggoégate materials required (initial cost saving), to
increase the life of the pavement (life-cycle costragy or a combination of the two.

Geogrid location

The most common position for a geogrid in a flexipavement is at the interface of the subgrade and the
unbound subbase or unbound base course. However, this slobbiel considered the default location and therefore
the geogrid position should always be determined by estighatirere the maximum deformation will occur, or where
the benefit of increased stiffness can most betiediperformance of a critical or the weakest pavenaget |

Where the thickness of an unbound aggregate isyess than 300mm, then the geogrid will only be &blee
located at the bottom of the layer. If the unbound egggfe layer thickness is greater than 300mm then theideogr
can either be installed at the bottom of the layendhe middle of the layer. The thinnest unbound aggrdggbe
that can be reinforced is a 150mm layer.



The geogrids should not be installed beneath ki$apers, under or within treated or stabilized aggtedayers.

PAVEMENT DESIGN METHODS

The evolution of road design can be captured binhge in Fig. 1. Road design from the Roman era thraugh t
the 1930’s was based on engineering judgment or past exgerighe idea of providing a harder and stiffer surface
material with less stiff materials providing support wasceived by the Romans and forms the basis of desigry.
This philosophy forms the basis for our current neegrotect the subgrade and ensure serviceability gidkement
structure layers. In the 1930’s following the Great [Bepion and a proliferation in new technologies, the doased
design approach was developed, but still required a sigrifesaount of engineering judgment. It was only in the
1960’s that the $20million (1960’s) AASHO road test was perfdrarel led the way for the launch of the AASHTO
series of design methods. With these new more samiesd cover based design methods came a greater number of
design inputs. In the mid 1970’s the South African’s rekbasm®e innovative linear elastic mechanistic empirical
design method, which again increased the required inputs signderheyse, et. al. (1996). However, with this
increased level of design sophistication, came the reeechproved methods of field and laboratory testingvalt as
techniques of material characterization.
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Figure 1 : Evolution of Design Methods

Since the 1990's there has been a proliferafialesign methods that vary between purely empirical metteods
very sophisticated finite element - non linear - medtanempirical (M-E) design methods (e.g. MEPDG).slhow
possible to design using information as detailed asspleadt mix recipe for example. This continual developnoén
design methods has been driven by road asset ownersdleaighers’ need to more accurately predict performance,
better accommodate new material types and accouragatly changing traffic patterns. However, it shouldhbted
that there are many road asset owners that adoptdessticated empirical design methods with great suceds
are extremely successful in managing their roads. Threrafcshould be noted that a successful design approach ca
therefore not solely rely on sophisticated design talae, but needs to be combined with a thorough unddnstan
of the performance of local materials and local emnnental conditions.

To fully capture the benefit of a geogrid in a desigethod, the linear elastic M-E design approach best
accommodates and can capture the unique contributidre gfetogrid that influences the construction, the application
of a single load and the accumulation of deformation, Adi@a al. (2008). The M-E design approach is also better
suited to including a geogrid’s benefits, because the reqguipets force the user to better define their localamals
and provide a means by which the geogrid contribution bearvalidated post construction, during and after the
structural design life. The next section defines thE Blesign method in greater detail and addresses hayedueid
benefit can be captured within both the mechanistic argirieal components of M-E design.

THE MECHANISTIC EMPIRICAL DESIGN APPROACH

The M-E design method is a road performance gredimethod. The M-E design method name implies that
there are two key design components namely a Mechatistiponent and an Empirical component. Like most other
design methods, this design approach requires that the elesiggds to define the design input such as the pavement
layers, traffic and environmental considerations. eseEhtwo design components are essentially interdependent
calculation models that both require input and generate ouffiué. Empirical component output is then measured
against the original design hypothesis, and if it faliien by means of an iterative process, the desigmodsfied and
re-evaluated. The mechanistic and empirical compomeatdiscussed in greater detail below.



The M echanistic Component

The Mechanistic component of the Mechanisticighe®ethod can be likened to a giant complex calculation
engine. The user defines input that includes the pavestreisture’s geometry, the pavement material propegies,
the load. The input is sent to a calculation engine #ratgtract stresses and strains anywhere within themnt
structure. The critical stresses and strains aetiput from the mechanistic component or this calculatiodule.

The calculated critical stresses and strains arexanly referred to as mechanistic responses and carlitbated in
research projects using instrumentation and in the fielyuspls such as the Falling Weight Deflectometer (FWD).
The introduction of new materials such as geosyntheticsttter complex pavement materials always require
mechanistic response validation.

The performance benefits of geogrids have beenedefhn empirical design methods with relative ease, lsgt le
so in the Mechanistic Empirical design method. InNteehanistic model, the contribution of a thin geogriderat
to a pavement structure is much more complex to defidevardel, Perkins et. al. (2009). Even though a geogrid
increases the effective load footprint and thereby rediesertical compressive stresses beneath the getygsd,
benefit is not able to be measured or validated ugingentional field testing equipment. The geogrid alsdines
and thereby stiffens the aggregate, effectively meichlly stabilizing the aggregate, Kwon et. al. (2007he
stiffness increase is attributed to aggregate intertwcaggregate confinement during construction and trafficking.
The increased stiffness is also retained over tieeofifthe pavement, which accounts for the delay in tlsetoof
fatigue cracking in the overlying asphalt.

The Empirical Component

The Empirical component of the Mechanistic Design Modei be likened to the current empirical design
methods such as the AASHTO 93 design method (AASHTO, 19938ngle performance prediction equation is used
to estimate the life of the pavement. However inNteehanistic Empirical design approach, a number of equatio
are used within an analysis and are applied to the individormlponents of the pavement structure. The M-E
pavement design method is therefore more sophisticatedtiigaprevious empirical approach in that the design
addresses component serviceability as opposed to faeesserviceability only.

The way in which the pavement layers fail is represkite a “Transfer Function”, or otherwise called a
“Damage Model”. The Transfer Function is an equatiat calculates the predicted life of a layer and is dependent
on a critical parameter which is a key output of the raeigtic model. It appears obvious to simply assume tleat th
full contribution of a geogrid could be incorporated by ansfer Function, however this is not possible in hcases.

If a geogrid is included in a specific aggregate layer thiraasphalt flexible pavement the Transfer Functibn o
that layer needs to be able to relate to the measuré&ite performance from a pavement study. Cle&wdysource
of and types of distress that occur in various pavemerdtste types and will influence which Transfer Fuoiesi can
be used to account for the presence of geogrids.

In a thin asphalt flexible pavement for example, the aggedgaer and subgrade rutting accounts for a large
percentage of the total surface rutting. Typicallye thtal surface rutting in a thin asphalt flexible paeat is
accounted for by a Subgrade Transfer Function. Theréfaan be assumed that in order for the geogrid to infRienc
the Surface Rutting Transfer Function the geogrid shbaeldncluded in an aggregate layer within the pavement
structure. If the rutting will primarily occur in treggregate layers, then the Subgrade Transfer Functiostitdre
used to predict the life of the pavement. However, itldvdae better to locate the Geogrid in the area where the
maximum rutting will occur, which is not always in thébgrade, and could be higher up in the pavement structure.

In a thick asphalt pavement, the principles for applyiran$fer Functions still apply. The big differencénmsen
the thick and thin asphalt sections is that the rutbrignarily occurs in the asphalt layer. The testinghef thick
asphalt section also complicates the impact of tlogrigk on the surface rutting as the first cycle of rgttwll only
occur in the asphalt. By trying to account for the gelolgenefit by using the subgrade rutting model will not work.
Therefore for thick asphalt sections, the primary iibation of the geogrid will be to influence the onséfatigue
cracking. The additional and retained stiffness of the geogitforced aggregate will reduce the tensile stratheat
bottom of the asphalt layer and therefore increlasdife of the layer, Al Qadi et. al. (2008). It is assdhthat there
will be a Geogrid Reinforced Aggregate Transfer Functiat will demonstrate the stiffness retention anfthets
increase of the aggregate layer. This will have kengn performance benefits for the overlying asplagitis.

VALIDATION OF GEOGRID BENEFIT FOR MECHANISTIC EMPIRICAL DESIGN

As discussed earlier, the design of a pavemeng tisis sophisticated design approach provides two dimension
by which the design can be checked. The first desigrkat@oponent that can be checked is the response of the
pavement to load. The second design check componéet isgdasurement of the traffic to achieve a limitegel of
surface distress. These checks are applied to alingats and therefore the response and damage comnilafitihe
Geogrid should be able to be measured, and therefore tedlidahe process where the models are modified to
account for a discrepancy between the predicted andunega®sults, is known as calibration. In the authopinion,
an empirical model can be successfully applied in both thédfic or low traffic conditions if continuously valated
and calibrated. A poorly validated model, whether sohistd or not, will not be successful.

There are many tools that are used to valitteteesponse and damage for pavements. Some ofolseate
better suited to showing the benefit of geogrids and acusted in the following sections. Not all tools aited to
geogrids and these are also disclosed in the followicigpss.



During Construction

There are a number of tools available thatEused to determine the quality of construction obtiimrade or
aggregate layers. These include, but are not limitethdéddynamic Cone Penetrometer (DCP), the Lightirfeal
Weight Deflectometer (LFWD), the Plate Load BearingtTand the field CBR test. The geogrid has the whdit
influence the stiffness with depth, and therefore thlg testing equipment suited to evaluate the stiffnats depth
is the DCP. Although the impact of non uniformity witbpth can be measured with other devices at the spifee
depth of influence cannot be accurately determined.

The Dynamic Cone Penetrometer test can libpest construction, pre-trafficking and post-traffickinthis test
also clearly demonstrates the benefit of a geogriddease the allowable modulus ratio between layeypicdlly a
modulus ratio of 5 is used to define the maximum allowatsdulus ratio between aggregate layers. The addition of
a geogrid can increase this value to between 7 and 9.DTRecan also be used to demonstrate the benefitthat t
geogrid can bring to stiffness retention during traffickifidne following example is taken from a research studly an
is reported on elsewhere, Tutumluer et. al. (2009), Fig. 2.
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Figure 2 : DCP Test Data for University of lllinois Pavement
Test Sections (unreinforced and Geogrid reinforcedoses)t

Plate Load testing is also a useful field testirghod to measure the contribution of a geogrid. Althoting
results cannot be used directly in the M-E approach, thdtseclearly show the influence of the Geogrid on the
permanent deformation characteristics of the pavesten¢ture. This test is normally conducted on the agggega
layer following construction. The following field perfoance data taken from a section with a 400mm thick base
over a subgrade with a CBR of 8% ~ 80MPa, Fig.3. This tastperformed with a 200mm diameter circular plate
and the load was applied statically.
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Figure 3 : Plate Load Test on Reinforced vs Unreinforced
Field Sections - Carroll County CA June 2009



Field Performance

There are many methods of collecting perforraatata as shown in Fig. 4, Hugo et. al. (2004). However, th
value of the data depends on the type of testing. The dijpesearch needed to develop and validate a Transfer
Function needs to be full scale. Full scale testdimited to field studies and accelerated pavement perfocena
studies. In both these cases, the high cost of testingally results in a fairly limited test matrix or g and so it is
customary to expand the test matrix by undertaking smstigle laboratory studies or numerical modeling. When
performance models are developed for M-E with limited $olile research data, the industry tends to develop mor
sophisticated models, Perkins et. al. (2009). The proldeiat the validation of these models with performadtata
becomes more complicated. In the author’s opinion,|¢lel of variability of pavement materials and layer
thicknesses together with the fairly low sophisticatimh data collection is way behind the level of design
sophistication being proposed. The fact that many phisticated models that are being applied successfully in
Germany, Jooste (2009), shows that you can keep it simpktitibe successful.
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collectively and individually contribute to knowledge (Huegt al. 1991

Clearly, full scale pavement performance studies and aatefiepavement studies provide the best data with
which to develop performance models for M-E.

Full scale pavement performance and accekknedvement testing of thin and thick asphalt flexibleepsants
requires different approaches to be taken. For thin dgphaments, the traffic loading can be applied in asingl
phase, and structural failure will be achieved (bothngteénd fatigue). For thick asphalt pavements, the traffic
loading will only initiate a serviceability failure, gphalt rutting), in the first phase. To achieve stmadtfailure, the
pavement test section would have to be rehabilitatedrafiidked again - providing a second phase of traffic logdi
Depending on the thickness of asphalt, this could requivect more phases. Typically, due to cost, this le¥el
trafficking is not performed for accelerated pavemertingsesearch programs. This limitation prevenss titue
empirical benefit of geogrids to be accounted for inktlisphalt pavements over its structural life. Furttoeemthe
stiffness response benefits of the geogrid have notshéfitient opportunity to influence the long term fatigue
performance of the asphalt. Recent accelerated pavesnalies, have found that testing a 125mm asphalt section
using accelerated pavement testing devices have resulpddise 1 distress only, Henry et. al. (2008). Thisnmea
that no distinguishable structural distress could be obdenor could the contribution of the geogrid be measured.

There are a number of field studies that have bedartaken to evaluate the benefit of geogrids in pavemne
Aran (2006). Typically, the geogrid reinforced sectioresthinner than the unreinforced sections. Therefotenas
as the sections remain thin or thick, then at the énleostructural design period, the sections should pertbam
same with respect to rutting and fatigue. If the gedgaslbeen added to a thin asphalt unreinforced sectionhien t
geogrid reinforced section will exhibit delayed rutting andgtst. If the geogrid is added to a thick asphalt
unreinforced section, then the section will exhibit Bmasphalt rutting serviceability performance, but dheet of
structural fatigue will be delayed.

The Falling Weight Deflectometer (FWD) is et used to attempt to evaluate the response of the geogrid
reinforced pavement structure. This response datamsubed to establish the condition of the pavement dayer
Although the FWD is used toward the end of the seflific¢o understand or quantify the residual life in the pamet,
it is often also used to confirm the structural capafllowing construction. The geogrid has typically roeten
mobilized following construction, and therefore its cdnition is not able to be observed by a standard 9-10Kip FWD
load. If the intent is to validate or verify thentdbution of the geogrid following construction, then thehar
recommends that a wide range of load levels are usedo 1§Kip, and each drop should be duplicated. A further
use of the FWD to show the benefit of the geogrid fgerdodically measure the pavement, and the Geogritbread
base will show a delayed stiffness loss with time. sTdenefit is unfortunately not considered in most Meidtia
Empirical design approaches, but is applied in Multiple PRasement Analysis.

The FWD’s ability to demonstrate the benefita geogrid will become more evident as the industrgesoto
terms with the way in which the geogrid mechanismstfanc The use of artificial neural networks will hétpprove
the level of understanding and the ability to predicfgperance with Geogrids.



CONCLUSIONS

» A geogrid provides different benefits in both thin and thiakxible pavements, and therefore requires
different research approaches to quantifying the benefit.

* A geogrid's location should be based on the anticipatet zts maximum deformation or where the
improved and retained stiffness will provide maximumedit.

* Full scale pavement performance studies and accelerateth@at testing should be used to provide easily
validated performance models for M-E.

e The level of sophistication of the design method shadt be increased to offset a lack of pavement
performance data or accelerated pavement testing data.

« Each geogrid type should be tested with full scale pavengies to get their own performance models, as
no two geogrids perform alike.

* A validated and calibrated empirical design method camsbd as successfully as a validated and calibrated
sophisticated design method.

» A geogrid offers mechanistic benefit through the M conepbin M-E by offering stiffness improvement and
stiffness retention.

» A geogrid offers empirical benefit through the E componentl-E by delaying the onset of rutting and
fatigue.

e The geogrid’s contribution is best validated by a DCP atedbad test following construction of the section.

 The FWD can better capture the contribution of a gedgral pavement section by increasing the loads to
mobilize the strains in the geogrid. The FWD can atsoded to demonstrate the geogrid’s ability to retain
the aggregate stiffness over time.

FUTURE RESEARCH NEEDS

Geogrids can only be accounted for in both flexible agidl pavement structures using either shift factorseny v
complicated numerical analysis. Given these two extrappeoaches, the following should be considered as future
research needs:

» Develop a Subgrade Transfer Function for each geogridyfamihg an acceptable accelerated pavement
testing method for flexible pavements.

» Develop an empirical model that can account for therretbstiffness benefit for each geogrid family on the
surrounding materials.

» Develop the current “load and response” field testingpegent (e.g. Falling Weight Deflectometer) by using
multiple load levels and test locations (e.g. in artvéen the wheel paths) to enable the benefits arigto
families to be captured.

» Develop an accelerated pavement testing program thiagrveble geogrid families to be compared with one
another, and will allow transfer functions to be depel.

» Develop a long term pavement performance testing gobtwhich will enable the performance of geogrid
families to be validated and will allow for the calitipn of transfer functions.

» Develop an existing or new test method that can be usamitpace geogrids within a family, but would not
be used to measure the difference between geogriddamifccelerated full scale testing should be used as
the sole means of comparison between different geégmdies.
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