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lzvlecek

Clanek opisuje, na kaksen nacin lahko izboljisamo uporab-
nost fleksibilnih voziscnih konstrukcij z uporabo geocelic.
V ta namen smo z laboratorijskimi preizkusi preizkusali
dva tipa vozisénih konstrukcij (z in brez ojacitve z geoce-
licami), ki smo jih obremenjevali z dinamicno obtezbo,

ki je simulirala prometno obremenitev. Preizkusance smo
obremenjevali istocasno tako z vertikalno kot horizona-
tlno obremenitvijo z namenom vzpostaviti kompleksno
napetostno stanje (rotacija smeri glavnih napetosti). Pred-
stavljena je primerjava med obnasanjem konvencionalne
fleksibilne voziscne konstrukcije in voziscne konstrukcije
ojacene z geocelicami. Izdelan je bil numericni model
laboratorijskih preizkusov in predstavljena je primerjava z
rezultati laboratorijskih obremenilnih preizkusov. Labora-
torijski preizkusi so bili izvedeni z napravo TLS - simula-
torjem prometnih obremenitev, medtem ko je bilo nume-
ri¢no modeliranje izvedeno z uporabo naprednih modelov
po metodi koncnih elementov (MKE), ki opisujejo trajne
deformacije in napetostno stanje nevezanega nosilnega
sloja iz kamnitega materiala. Razvoj trajnih deformacij
vozis¢ne konstrukcije brez in z ojacitvijo z geocelicami je
prikazan na numericnem modelu in preverjen z rezultati
eksperimentov.
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Abstract

This article details how the serviceability of a flexural
pavement structure is improved by incorporating the
Cellular Confinement System (geocells). For this purpose,
two different pavement structures, with and without
embedded geocells, were manufactured in a laboratory
and an accelerated traffic type of loading was applied.
The vertical and horizontal cyclic loads were applied
simultaneously to simulate the effect of principal stress
rotation. A comparative study between the conventional
flexible pavement and the geocell-reinforced flexible pave-
ment is presented. Additionally, numerical models of the
laboratory tests were built and the results were compared.
The simulation of the experimental tests using the Traffic
Load Simulator (TLS) are carried out using the FEM
and advanced models that describe the permanent strain
behavior of the unbound granular material. The develop-
ment of permanent deformation within the pavement
structure, with and without the geocells, is also presented
through the numerical model, which was verified by the
experimental results.

1 INTRODUCTION

A pavement structure is a geometrically simple, multi-
layered structure. The upper layers are formed by a
bound material such as asphalt or concrete, while the
lower-base and sub-base layers consist of unbound

stone aggregate mixtures. The sub-grade layer under the
pavement structure is an embankment or natural ground
with features created by geological processes. Reinforce-
ment can be introduced into the pavement structure to
improve its cost-effectiveness and to extend the service-
able life of the structure.

Within the research presented in this article, geocell
reinforcement is used to optimize the resources used to
construct a solid, stabilized base and sub base for the
pavement. The research goal was to prove the reduction
of lateral as well as vertical movements of the soil parti-
cles in a pavement structure when a three-dimensional
geocell confinement is used. [1].

Experimental and theoretical studies, which investigate
the reinforcement mechanisms and failure modes of
pavements reinforced with geocells, are described in the
literature [2], [3]. Experimental studies carried out by
Pokharel et al. [4] show that the installation of a geocell
with a higher elastic modulus increases the stiffness and
bearing capacity of a pavement. Accelerated pavement
testing of unpaved roads with geocell-reinforced sand
bases have been presented by Yang et al. [5]. Based on
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the test results, they concluded that geocells significantly
improve the stability of unpaved roads with sand bases
and reduce the amount of permanent deformation.
However, less experimental studies have been carried
out on paved structures reinforced with geocells. An
analysis and design methodology for the use of geocells
in flexible pavements was proposed by Babu et al. [6].
Menegelt et al. [7] show the effect of the geocell on

the resilient modulus dependent on the infill material.
Resilient modulus tests were conducted on two coarse-
grained soils (gravel and sand) and a fine-grained soil
(lean silty clay) in a large-size cell with and without the
geocell confinement. Singh et al. [8] presented a compar-
ative study looking at a conventional flexible pavement
and a geocell-reinforced flexible pavement. The results
show a significant improvement in the bearing capacity
when using geocell reinforcement.

This article presents the laboratory test results for a
flexible pavement structure subjected to traffic load-
ing, which was simulated by applying a synchronized
vertical and horizontal cyclic load. A special testing
device, named the Traffic Load Simulator (TLS), was
constructed at the Slovenian National Building and
Civil Engineering Institute (ZAG) for this purpose. In
contrast to other similar experimental researches the
TLS introduces vertical and horizontal cyclic loads to
take into account the specifics of traffic loading, which
results in vertical and horizontal normal stresses as well
as non-zero values of the shear stress. The latter causes

Figure 1. Scheme of a pavement structure reinforced with
geocells.
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the rotation of the principal stress axis. The impact of
embedded geocells (Fig. 1) upon the rutting develop-
ment, permanent deformation of the pavement structure
and its vertical distribution in the base layer are
presented. Additionally, this article presents a model for
the rutting prediction based on a mechanistic-empirical
method for flexible pavements using the layered elastic
model. The developed model is compared to the experi-
mental results of TLS tests to determine the accuracy of
the proposed model.

2 EXPERIMENTAL PROGRAM

The arrangement of the laboratory test, the materials
used and the details of the experimental program are
described in this section. The laboratory test equipment
with the Traffic Load Simulator (TLS) is presented in
Fig. 3. Two specimens of paved road sections, 0.4 m
long, 0.4 m wide and 0.51 m deep, were constructed

for the purposes of the experiments in the laboratory.
To enable particularities of the traffic load simulation
with the principal stress axis rotation, specimens were
constructed within 17 rigid aluminium frames. Free,
non-frictional movements of the frames were allowed in
the horizontal direction. The height of each aluminium
frame is 3 cm and the internal layout dimensions are

40 cm x 40 cm. The loading in the vertical direction was
applied with a full rubber tire attached to a hydraulic
piston. The pavement structure was placed on the base of
the loading frame and thereby rigidly supported in the
vertical direction. The horizontal loading was applied
through the lower aluminium frame with a horizontal
hydraulic piston. The horizontal force is measured at the
rigidly supported, upper aluminium frame.

Two accelerated pavement tests with multiple stage loading
were performed on test specimens without geocells (TLS1)
and with geocells directly under the asphalt layer (TLS3).

Figure 2. Test specimens without geocell and with geocell
reinforcement.
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Figure 3. The laboratory test equipment: Traffic Load Simulator (a); Scheme of apparatus (b).
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2.1 Material properties

2.1.1 Properties of asphalt

The impact of the type of asphalt used in relation to the
deformation characteristics of the pavement was not
researched in this study. Thus it was an aim to disable

the asphalt effect by using the same type of asphalt layer
in the case of the geocell-reinforced and unreinforced
specimens. The asphalt mix, AC8 surf B50/70 A3, was
prepared in a fixed asphalt mixing plant and left to cool.
It was delivered to the laboratory in containers. When the
test specimens were constructed in the laboratory, asphalt
was heated up to approximately 150°C and manually
compacted into 3-cm-thick surface layers. Details about
the characteristics of the asphalt layer after the compac-
tion are presented in Table 1. The main aim of preparing
the asphalt layer was to minimize the possible differences
between the asphalt layers of both test specimens.

Table 1. Characteristics of the material being compacted into
test specimens.

TLS 1 TLS 3
Asphalt density, p (kg/m?) 2401 2274
density, p (kg/m?) 2160 2090

Gravel
Water content, w (%) 551 5.70

2.1.2 Properties of Geocells

Geocells (Fig. 4) are recognized as a suitable geosyn-
thetic reinforcement for granular soils to support static
and moving wheel loads on roadways. The stiffness of
the geocells has been identified as a key influencing
factor for geocell reinforcement, and hence the rigidity
of the entire pavement structure. Laboratory wheel load-

Figure 4. Geocells used in this study.
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ing tests have shown that the performance of geocell-
reinforced bases depends on the elastic modulus of the
geocell. The Salvaverde type [9] of geocells has been used
in this laboratory test. They are manufactured from a
high-density polyethylene (HDPE) material. The height
of the Geocells used was 5 cm, size (50 cm x 50 cm), the
acceptable load stated by the manufacturer is 350t/m?,
the yield strength, f,,, and the modulus of elasticity E of
the material used are 28 MPa and 850 MPa respectively.

2.1.3 Properties of the unbound bearing layer

Test procedures for the investigation of mixtures of stone
grains, which are intended for unbound bearing layers,
are provided by European specifications [10], [11], [12],
[13] and [14]. The general characteristics of the gravel
material used for the unbound layer are described in
more detail elsewhere [12], while a comparison of the
densities achieved during compaction are presented in
Table 1. The capacity of the unbound base layers was
measured through plate-loading tests to determine the
values of the deformation for the E,; and E,, modules
[TSC 06.200]. The required values of the deformation
modules for the unbound bearing layers must meet

the requirements in Table 1. It should be noted that the
values for the deformation modules are slightly differ-
ent than expected due to the specimen’s preparation
particularities. The results for the plate-loading tests
measured during the first two cycles for TLS 1 and TLS 3
are presented in Table 2 and Fig. 5.

Table 2. The deformation modules for unbound bearing layers.

D =155 mm TLS 1 TLS 3

Determination of E,; module

u; (mm) 1.350 1.264

U, (mm) 1.481 1.372
o1 (MN/m?) 0.257 0.257
0, (MN/m?) 0.356 0.356
E,; (MN/m?) 87.853 106.563

Determination of E,, module

u; (mm) 1.626 1.440

U, (mm) 1.69 1.529
o1 (MN/m?) 0.254 0.255
0, (MN/m?) 0.349 0.347
E,, (MN/m?) 172.559 120.168

E/E, 1.96 1.13

The required values of deformation modules for unbound
bearing layers

E,» (MN/m?) >90 >90

E,»/E, <24 <24
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It is clear from the results presented in Table 1 and 2 that
the unbound bearing layer in the case of specimen TLS
3 exhibits a lower density and stiffness compared to TLS
1. Similarly, the asphalt in the surface layer was slightly
less compacted in the case of TLS 3 compared to TLS 1.
Thus, the more deformable behaviour of specimen TLS
3 (if the effect of the geocell reinforcement is neglected)
would be expected during traffic loading.

2.1.4 Properties of subgrade

The commercially available, closed-cell elastomer mate-
rial Sylodyn [15] has been used to simulate soft ground.
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Figure 5. The plate-load test result for the first two cycles for the
subgrade layer (a) and the base layer for TLS 1 (b), and TLS 3 (c).

A 5-cm-thick layer of this elastic material enabled
equal and constant subgrade conditions for both speci-
mens. Its properties have been tailored in order to meet
the requirements for a very low deformation modulus.
A typical result of the plate-loading test (loading-blue,
unloading-red and reloading-green) of an elastomer
material in a subgrade layer is given in Fig. 5a. As can
be seen, no permanent deformation developed during
cyclic loading of this layer. The Plate Loading Test

was carried out in accordance with [16]. It consists of
loading a steel plate of known diameter and recording
the settlements corresponding to each load increment.
The results of the plate-loading test give the modulus of
the elastomer material in the subgrade layer equal to 4
MPa. The deformation modulus of the unbound bear-
ing layer of specimens TLS 1 and TLS 3 was measured
using the same test method.

2.2 Preparation of the test pavement samples,
setup and test procedure

In the first step, a 5-cm-thick elastomer material

was positioned to simulate the sub-grade. Next,

the unbound granular material was installed and
compacted at the moisture content given in Table 1.
Approximately 97% (TLS 1) and 95% (TLS 3) of the
maximum dry density defined by a modified Proctor
compaction test was reached. In the first pavement
specimen (TLS 1) only the asphalt layer was installed
without any reinforcement. In the second pavement
specimen (TLS 3), the geocells were incorporated on
the top of the base layer. A very good jointing between
the geocells and the asphalt (during the installation
phase warm asphalt embraced the top edge of the
geocells) was reached. The preparation steps and the
installation of the materials for TLS 3 are shown in
Fig. 6.

The cyclic loading was then applied through the wheel,
through cyclic loading in the vertical and horizontal
directions (Fig. 7). Five loading sequences were
applied. Vertical loads varied in each loading cycle
between the minimum and the maximum value. The
minimum value was set to 2 kN for all the loading
steps, while the maximum values were 15 kN to 35

kN (see Fig. 7b). The loading process, which includes

a load piston and rubber tire, is shown in Fig. 7a. The
amplitude of the cyclic horizontal load was approxi-
mately one quarter of the vertical amplitude for all the
loading steps, while the time diagram of both loads was
somehow simultaneous to simulate the rotation of the
principal stress. The loading frequency was approxi-
mately 0.5 Hz.
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8.

Figure 6. Preparation of test pavement specimen.
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Figure 7. The loading process for the pavement sections (a)
and the loading steps (b).

2.3 TLS test results

Before the application of the cyclic load, a plate-loading
test on the asphalt layer for TLS 1 and TLS 3 was
performed. The settlements obtained in the second cycle
were compared with the settlement obtained using a
numerical model. The development of the permanent
deformation of the pavement structure without geocells
(TLS 1) was measured. Fig. 8a presents the result of the
plate-loading test on the asphalt layer for the first two
cycles. Fig. 8b shows an increasing amount of permanent
deformation at the specimen surface, which arises from
the deformations of the whole tested structure after

each loading step. Since the test specimens differenti-
ate noticeably only in the presence of the geocells, the
observed differences in permanent deformation can be
contributed to the effect of the geocells. The develop-
ment of the permanent deformation of the pavement
structure with geocells in the contact between the
unbound layer and the asphalt layer (TLS 3) is presented
in Fig. 9. The increase in the permanent deformation at
the asphalt surface with an increasing number of loading
cycles is shown in Fig. 10a for both specimens. For the
first 4000 loading cycles, a load of 15 kN was applied.
After that, an additional 4000 cycles were applied with

a load of 20 kN. For loads of 25 kN, 30 kN and 35 kN,

a 1000 load cycles were applied sequentially. The incre-
ments of the axial permanent deformation €1 given as

a function of the number of loading cycles N is a good
indicator of further long-term deformation. Fig. 10b
shows the increments in the vertical permanent defor-
mation &1 for all the loading steps for the number of
loading cycles N=1000. The increments arising from Fig.
10a indicate that the installation of the geocells reduced
the permanent deformation of the flexural pavement
from 12.9 mm (TLS 1) to 6.1 mm (TLS 3), meaning that
a decrease in the permanent deformation due to the
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Figure 10. Increase of permanent deformation and the incre-
ments of the vertical permanent deformation ¢, for all loading
steps, at N=1000.

geocell reinforcement is approximately 53%. However, it
would be necessary to carry out a sufficient number of
loading cycles for an accurate prediction of the develop-
ment of the permanent deformation.

3 NUMERICAL MODELING

Flexural pavement structures exhibit an elastoplastic
behaviour in response to the loading and unloading
conditions imposed by traffic loads. Upon unloading,
this entails both the recoverable and the permanent
deformation components. Therefore, the model for the
prediction of the deformation of a geocell-reinforced
flexible pavement structure consists of two steps: the
resilient and the permanent deformation. The first
step is to calculate the elastic stress-strain response for
a given wheel load using a finite-element modelling
(FEM) program. To estimate the permanent deforma-
tion response of the pavement structure the Tseng and
Lytton [17] relationship was used (Eq. 14). In this way
the lifespan of the pavement structure is evaluated. In
this section the numerical models of TLS 1 and TLS 3
are presented.

Acta Geotechnica Slovenica, 2016/2 9.
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3.1 The resilient response of the pavement structure

A finite-element analysis program (EverStressFE) was
used to simulate the response of flexible pavement systems
subjected to a wheel load. The model consists of a three-
layer pavement system with finite plan dimensions of

400 mm X 400 mm loaded with a single tire. The material
properties, such as the flexural stiffness of the asphalt layer
Sa > the flexural stiffness of the geocells S, the resilient
modulus M, and the Poisson's ratio y of the base layer are
estimated in this step. The layer thickness and the esti-
mated material properties of these materials are presented
in Table 3. The asphalt mixture’s stiffness is determined by
using the European norm EN 12697-26 [18].

Table 3. Cross-section of pavement structure composition and
the mechanical properties of the layers.

Layer Input data TLS1 TLS 3
Thickness (mm) 30 30
Asphalt Flexural stiffness (MPa) 3000 3000
layer
Poisson's ratio (-) 0.35 0.35
Thickness (mm) / 50
Geocell Flexural stiffness (MPa) / 2000
Poisson's ratio (-) / 0.3
Thickness (mm) 430 380
Base layer  Resilient modulus (MPa) 173 120
Poisson's ratio (-) 0.35 0.35
Thickness (mm) 50 50
Sub-grade Resilient modulus (MPa) 4 4
layer
Poisson's ratio (-) 0.35 0.35

The resilient modulus of the base layer is estimated

by using a repeated load triaxial compression test,
according to European norm SIST EN 13286-7:2004
EN 13286-7 [19]. A cyclic load triaxial test was used

to determine the resilient strain. The resilient strain er
is taken as the unloading strain from the maximum
dynamic stress down to the static contact stress. The
resilient modulus M, is defined as the relationship
between the cyclic deviatoric stress and the resilient
axial strain. Several models could be used to describe the
resilient behaviour of the unbound granular material in
cyclic triaxial tests. The Witczak-Uzan equation [20] is
used for the numerical analyses. Uzan [21] proposed a
model that considers the effect of the shear stress on the
resilient modulus as follows:

M, =K-05% .05 ()

where K, K;, and K3 are regression analysis constants
evaluated by a multiple regression analyses of the experi-
mental data. Uzan’s model considers both the effect of

10.  Acta Geotechnica Slovenica, 2016/2

the bulk stress (6) and the deviator stress (g), which are
directly related to the maximum shear stress
94
Tmax = 7 . (2)
Witczak and Uzan [20] modified the model by including
the octahedral shear stress in the model instead of the
deviator stress.

Pa

The mesh in the FEM is locally refined to obtain a given
level of solution accuracy. The rectangular tire contact is
modelled with a constant applied stress equal to the tire
pressure. The tire pressure is linearly increased with the
load. The load per tire F (kN) and the tire width w (mm)
were determined. When 15 kN was applied, the tire
pressure was 750 kPa and when 35 kN was applied, 1750
kPa was assigned. The FEM (Fig. 11) is designed to anal-
yse complex pavement structures for which analytical
solutions do not necessarily exist. Two FE models were
solved and the results were compared to the experimen-
tal values in order to investigate the accuracy of the FE

a)

b)

Figure 11. Numerical models of laboratory-tested specimens:
without geocell (a) and with geocell reinforcement (b).
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Table 4. Calculated horizontal strains at the bottom of the asphalt layer, the average vertical strains and the octahedral shear stress at the base layer.

TLS 1 TLS 3
F (kN) At the bottom of Average values in the base layer At the bottom of Average values in the base layer
the asphalt layer the asphalt layer
& (10°°) Toet (kPa) g, (10°°) & (10°°) Toct (kPa) g, (10°°)
15 721.2 57.2 1154.5 29.3 21.8 547.2
20 961.6 76.3 1539.3 39.0 29.0 729.7
25 1202.0 95.4 1924.1 48.8 36.3 912.1
30 1442.4 114.4 2308.9 58.5 43.5 1094.5
35 1682.8 133.5 2693.7 68.3 50.8 1276.9
solution. The vertical strain, horizontal strain, and verti- primarily the maximum vertical (surface) displacement
cal displacement were obtained for both the TLS1 and (Fig.12); however, the vertical strains and horizontal
TLS3 models (see Table 4). The outputs examined were strains were also recorded (Fig. 13). The chosen vertical
a) a)
b) b)
Figure 12. Calculated settlements of the pavement structures Figure 13. Calculated strains in the cross-section of the test
using the finite-element modelling. pits: without geocell (a) and with geocell reinforcement (b).

Acta Geotechnica Slovenica, 2016/2 11.
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and horizontal strains were the same strains that would
be used in the rutting and fatigue prediction models. The
settlements in the second cycle of the laboratory test are
consistent with the results of the numerical model.

3.2 Permanent deformation of pavement structure

For the prediction of permanent strain in the pavement
structure, the following Tseng and Lytton relationship
[17] is used:

Lp

where ¢, is the resilient strain and ¢ is the maximum
permanent strain at a very high number of loading
cycles, both measured in the laboratory, /4 is the depth
of the layer and ¢, is elastic strain in the pavement layer,
computed from the FEM analysis. The parameters &, p
and f3 are defined by laboratory tests using the repeated
load triaxial apparatus with the Tseng and Lytton proce-
dure [17].

The determination of the permanent deformations
and the failure criteria for gravel materials are based
on repeated load tests as defined in EN 13286-7 [14]
and SIST EN 13286-7:2004 [19]. The magnitude and
development of permanent deformations depends on
the static stress state of the material, the magnitude of
the repeated load, the magnitude of the spherical and
distortional repeated load components and the relation-
ship between them, the number of loading cycles, and
the physical properties of the material (density, water
content, etc.).

Many researchers, like Paute et al. [22] , have tried to
relate the permanent deformation after a given number
of cycles to the applied stresses (generally the maximum
stresses). Some of these relationships also try to couple
the effects of both stresses and the number of load
cycles. Consider the model of Hornych et al. [23] and
Paute et al. [22], the relation between the axial perma-
nent deformations sf (N) and the number of loading

cycles N is given by:
-B
|
[100}

where 5{’ (100) is the axial permanent deformation after
100 cycles and &/ (N) is the normalized axial permanent
deformation at N > 100.

el =<l (N)—¢f (100)= A- (6)

Eq. 6 describes the normalized axial permanent
deformation, where the parameters A and B define the

12.  Acta Geotechnica Slovenica, 2016/2

deformation growth with the number of loading cycles.
Parameter A denotes the limit of the function of the
permanent axial deformations, where the parameter B
denotes its deflection.

The increments of the axial permanent deformation &
are used as an indicator of further long-term deforma-
tion and to determine the slope of the failure line. The
increments of the axial permanent deformation are
given as a function of the number of loading cycles N in
the following form [24]:

def  A-B(N\"

S L2 @
dN N (100

The magnitudes of the parameters A and B depend on

the stress level that is expressed by the spherical and
deviator stress components

o,+2-0
p=og+——"> ()
3
04 =0,—0; 9)

The maximum axial permanent deformation or param-
eter A varies in proportion to the maximum deviatory
and spherical stresses given in Eq. 8.
9d,max
(Prmax +P%)
o
a—b- d,max

(Pmax +27)

A= (10)

where the stress parameter p* is defined using a section
of the failure line with g, axis in p-0,; space. It is deter-
mined from a linear equation of test data, according to
the method of least-square deviation.

where k is the slope of the line. The parameters a and b
are determined from the test data, with a linear equation
of the inverse value of parameter A, using the method of
least-square deviation.

-1

0 d,max A (12)

(Pmax +2%)

The relationship between the parameters a and b gives
the slope of the failure line, given by the parameters M
and S.

Al =g.

0, :%-(p+p*):M~p+S (13)

where § is the failure deviatoric stress component o, for
the spherical stress component p = 0 and M is the slope of
the failure line. To predict the permanent strain param-
eter the Tseng and Lytton [17] relationship was used:
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N
sl’p(N):eo'e (14)

where ¢ is the maximum permanent strain at a very
high number of loading cycles, N is the number of cycles
and p, 8 are parameters. These parameters are expressed
as functions of the octahedral deviator stress 7,,.; based
on a set of repeated load triaxial compression tests. Table
5 shows the parameters which are used for the perma-
nent strain prediction.

The prediction of permanent strain in the pavement
structure is calculated using the Tseng and Lytton [17]
procedure (Eq. 5). Using the parameters from Table 5,
the prediction of long-term deformation for all the load-
ing steps with and without the geocell reinforcements
was calculated. Fig. 14 shows the long-term prediction
for all the loading steps for the pavement model without
geocells (TLS 1) and the comparison of the permanent
deformation of TLS 1 and TLS 3 for a loading step of

15 kN. Additionally, the development of permanent
deformation is compared with the laboratory test, for all
the loading steps conducted with a traffic-load simulator
(see Fig. 15).

10 7 TLS1 o35 kN

é, 8 - = = 30kN

; e i i

Z 61" e 25 KN

é 4
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Figure 14. Predicted permanent deformation for TLS 1 and
TLS 3 for a large number of cycles.

Table 5. Base-layer permanent strain parameters for
TLS 1 and TLS 3.

Permanent strain parameters for TLS 1

Load 7,4
(kN) (kPa) &y € &r P ﬁ

15 572 0.001155 0.002673 0.000520 0.2135 832

20 76.3 0.001539 0.003492 0.000579 0.2016 808

25 954 0.001924 0.004560 0.000646 0.1928 791

30 1144 0.002309 0.005956 0.000720 0.1860 776

35  133.5 0.002694 0.007779 0.000803 0.1803 764

Permanent strain parameters for TLS 3

15 21.8 0.000547 0.002712 0.000425 0.2587 916

20 29.0 0.000730 0.002402 0.000442 0.2443 890

25 36.3 0.000912 0.002658 0.000461 0.2337 871

30 435 0.001095 0.002943 0.000481 0.2254 855

35 50.8 0.001277 0.003257 0.000501 0.2186 842

12
Model TLSI
~ 10 Measured TEST
E . Model TLS3
= = = Measured TLS
S 6
5 /
é—) 4 - A
= p
3, oA
= T T
0 Jai= =1

1234567891011
Number of load cycles (103)

Figure 15. Measured and predicted permanent deformation
for TLS 1 and TLS 3 for all the loading steps.

6. CONCLUSION

A pavement structure was constructed in a laboratory

to measure the permanent deformation caused by cyclic
loading. To reduce the settlement and permanent defor-
mation, geocells were incorporated into the base layer.

A laboratory test shows that the permanent deformation
was reduced by approximately 53% due to the geocell
reinforcement. The laboratory test was also conducted to
validate the numerical model for geocells’ reinforcement
use in pavement design. The numerical model allows the
horizontal strain at the bottom of the asphalt layer to be
calculated, which is used to determine the fatigue life

of the asphalt layer. The results of the numerical model

Acta Geotechnica Slovenica, 2016/2 13.
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show that the horizontal strain in the asphalt layer
decreases significantly when geocells are used in the
pavement structure. Consequently, the fatigue life of the
asphalt layer is extended.
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