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Every year, 2000 km length of trench is being excavated through an existing pavement in Iran for
installing urban waste water pipelines. Many a times, these trenches are not filled back properly
resulting in large permanent settlement in the pavement constructed above the trench. Geogrids have
been used at the top of the base course to decrease the settlement. This article presents the observed
settlements of unreinforced and geogrid reinforced pavement, monitored over a period of 12 months
under the urban traffic load. Finite element (FE) analysis of the trench and the pavement, unreinforced
and reinforced, under a transient pulse load is also carried out by using PLAXIS. It is observed that the
vertical settlement can be greatly reduced by using geogrids in the pavement. The results obtained
from case study and PLAXIS show that the geogrids improve the stiffness and strength of asphalt
pavement and control the rut formation in the pavement.
Key words: Pavement, trench, geogrid, finite element analysis, transient pulse load.
INTRODUCTION
It is well known that geogrids can remarkably improve
foundation structures behavior (Cancelli et al., 1996) by
means of their confining effect and, at the same time, of
the tensioned membrane effect (Giroud and Noiray,
1981; Koerner, 1990). In the last three decades, geogrids
have been increasingly utilized to improve the structural
performance of both newly constructed and rehabilitated
pavement systems.
Geogrids can be placed in the asphalt and/or in
granular layers of pavement in order to enhance the
tension carrying characteristics of the material. For
flexible pavement, the soil sub-grade is usually stronger
than that of unpaved road and there is no immediate
bearing capacity problem. However, the asphalt
pavement may crack under repeated loading, due to
fatigue or environmental factors. Geosynthetic materials
are being used to inhibit reflective cracking by acting as
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an interlayer between the old pavement and the overlay
(Rigo et al., 1993). Full-scale application related to
reflective cracking has been reported by Roschen (1997).
The use of geosynthetics in the overlays may provide an
alternative to the removal and replacement of the
deteriorated rigid pavements.
This paper presents the case study of large settlement
taking place in an unreinforced pavement constructed
over an excavated trench in Shiraz, Iran. The results of
the effect of geogrids on the settlement of the pavement
under traffic load are presented. The pavement was
renovated using geogrid of two stiffnesses in two different
sections while the third section was left unreinforced. The
settlements were recorded at the end of one, three, six
and twelve months. Finite element analysis has also
carried out using commercially available software
(PLAXIS) to study the settlement of the unreinforced and
reinforced pavement, as well as the stresses developed
in the geogrid reinforcement under a transient pulse load.
Although PLAXIS cannot simulate the long term
settlement behavior of the pavement under a traffic load,
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Figure
1.
Map
showing
the
(http://www.infoplease.com/atlas/country/iran.html).

nevertheless it can satisfactorily analyze the dynamic
response of a geogrid reinforced multi layer pavement
system due to a transient pulse load (Al-Khoury et al.,
2001).
Case study
The details of the site and renovation of the pavement
using geogrids are presented in the following sections.
Major roads in other cities in Iran were also reported to
have the same problem of large trench settlement. The
present investigation was undertaken in Shiraz, south of
Iran (Figure 1).
Geology of site
The rock masses in the foundation, which exposed in
cores of anticlines, are dominantly made of the
calcareous (Albian-Turonian period), underlain and
overlain by impermeable shale (Aptian-Cenemonian
period). The main structural geology features are thrust,
normal and strike-slip faults which have created suitable
conditions for extensive karstification. This area is mainly
covered by Quaternary deposits, the thickness of which
exceeds 300 m in some areas. Sedimentological

site

location

measurements in the studied boreholes indicate the
thickening of sediments southward. The upper parts of
the sediments (average 35 m thick) are considered as
early Holocene deposits developed by fluvial systems.
They are made up of fine-grained terrigenous sediments
(Ajalloeian and Moein, 2009). Geologically, this area is
represented by several stratigraphic units, including:
Sarvak, Kazhdomi and Dariyan formations. The Sarvak
unit starts from bottom with grey, calcareous breccia
passing to pelagic dark medium bedded grey limestone
and pelagic grey argillaceous limestone containing
Rotalipora. It overlies conformably the Kazhdomi
formation and is underlained by the Ilam formation.
Kazhdomi formation is composed of grey medium-thin
bedded limestones and yellow marly limestones with
abundant pelecypods, echinoderms and genus of the
ammonite Knemiceras and ends with grey marly
limestones containing Orbitolinids. Dariyan Formation is
composed of medium bedded grey limestones in the
lower part. In the part, it consists of medium-thick bedded
brownish to grey limestones in colour with pelecypods
(Shirazi, 2008).
EXPERIMENTAL SITE
Since around 2000 km length of trench is being excavated every
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Figure 2(a). Newly excavated trench.

year for installing urban waste water pipelines, the lack of good
compaction procedure and the compressibility of the backfill
material results in large settlements occurring in the paved road.
These types of trenches are commonly used for laying sewer
pipelines and are normally one meter wide and three meters deep.
In fact, the problem starts shortly after the pavement is constructed,
as in most of the cases the backfill material is compressible leading
to a large settlement in the pavement and also development of wide
cracks in the asphalt layer. Figure 2(a) shows the trench that has
been excavated for the installation of the sewer pipeline. Lateral
collapsing of the initial sub-grade materials can be distinctly
observed.
It is worth noting that the excavator and the excavated materials
are placed very close to the trench [Figure 2 (a)] which acts as a
surcharge load on the excavated pavement that is deprived of any
lateral support. This may be the reason for the collapse of the subgrade materials. It is quite likely that these voids will result in large
settlement in paved road after it is backfilled and opened to the
traffic.
The process normally adopted by the local construction agency
for backfilling the trench is putting the sewer pipe in the trench
under a cushion of sand (50 mm) and then filling sand up to the top
of the pipe. The excavated backfill material is then placed over the
pipeline as the first layer. Thereafter, enough water is put in the
trench to saturate the backfill [Figure 2(b)]. Afterwards, crushed
rock is used to fill the remaining part of the trench. In the absence
of any mechanized equipment, the backfilled materials are
compacted manually using some hand-held tools. The lack of
compaction techniques, especially for backfill, has produced large
settlements of paved roads.
The behavior of the unreinforced pavement during the final stage
of repair is shown in Figure 2(c). The collapse of the pavement,
very close to the newly backfilled material is visible and it shows the
lack of support for the pavement.

Effect of geogrid stiffness on settlement
In this study, the trench and the pavement were rehabilitated using
two types of geogrid to study the effect of reinforcement and its
stiffness on the settlement. The layout of the lanes, trench and
manholes are shown in Figures 3(a) and (b). The trench, 1000 mm
wide and 3000 mm deep, is excavated along the junction of lanes 1
and 2. Sewer pipes of diameter 450 mm were laid at 3000 mm from
the ground surface [Figure 3 (c)]. Manholes are provided every 100
m along the trench and the size of excavation around the manhole
is 2000 x 2000 mm in plan. The properties of PVC pipe are
presented in Table 1.
To study the benefits of reinforcement, the pavement was laid in
three sections; the first section was unreinforced, the second
section was reinforced with BX 1100 and the third section with BX
1500 as shown in Figure 3(a). It should be mentioned that, although
the three sections had different layouts in the pavement, they were
analyzed for the same transient loading and, being in one straight
alignment, were subjected to the same vehicular load. Geogrids, a
stiff structure, differ from geotextiles in that they have large
apertures, typically 10 - 100 mm between ribs. They may be run
through rollers with different rotational speeds or placed in a
stretcher to elongate the polymers. The benefit of polymer
elongation is that the polymer goes into a post-yield state, which
increases the material strength, modulus, and resistance to creep.
The grids used in the trial had an aperture size of 25 x 33 mm and
25 x 30.5 mm, which were higher than the maximum size (15 mm)
of the crushed rock (Figure 4). The properties of the geogrids are
presented in Table 2.
Fine sand was placed around and up to the top of the sewer
pipe. The excavated material (clay) was then backfilled as sub-soil,
followed by sub-base (crushed gravel) and base (crushed rock).
The geogrid was placed at the top of the base course. The results
reported for weak base systems demonstrate that the ideal location
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Figure 2(b). Flooding with water.

Figure 2(c). Collapse of the pavement close to the excavation during backfilling.
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Table 1. Properties of PVC pipe.

Parameter
Diameter (mm)
Tensile strength (MPa)
Tensile modulus of elasticity (MPa)
Flexural strength (MPa)
Flexural modulus (MPa)
Compressive strength (MPa)

Figure 3(a). Layout of lanes, trench and manholes.

Figure 3(b). Points for measuring settlements.

Value
450
50
2895
99
2482
66
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Figure 3(c). Cross-section of the manhole along A-A.

Figure 3(d). Light vehicles parked in lane 1.

of the geosynthetic reinforcement for decreasing the maximum
rutting strain is at the top of the base course (Saad et al., 2006).
Further, Al-Quadi et al. (2008) have also reported that the geotextile
or geogrid should be placed closest to the layer that will experience
the largest deformation.
The thickness of sub-soil, sub-base and base was 1250, 1000
and 200 mm respectively. The details of the materials used as
backfill are presented in Table 3. The particle size distribution
curves of sand (placed around pipe), sub-soil (clay), sub-base
(crushed gravel) and base (crushed rock) are shown in Figure 4.

Finite element analysis
The behavior of the unreinforced and reinforced pavement has
been carried out using the PLAXIS software. An axisymmetric
analysis is adopted in this study. Howard and Warren (2009) have
also used axisymmetric modeling and it was selected because it
could simulate circular loading and did not require excessive
computational time. A haversine transient load positioned in a
stationary location in space was used in the current model, and in
doing so, it was assumed that the falling weight deflectometer
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Figure 4. Particle size distribution curves of clay, sand, crushed gravel, and crushed rock.

Table 2. Properties of geogrid.

Parameter
Geogrid type (TENSAR)
Polymer
Aperture shape
Aperture size (MD/XD) (mm)
Rib thickness (mm)
Tensile strength at 5% strain (kN/m)
MD
XD
Initial modulus (kN/m)
MD
XD
MD = machine direction
XD = cross machine direction

(FWD) load pulse was representative of traffic. The dynamic
response of this multi-layer system pavement is evaluated due to a
transient load pulse as for such a system, no analytical solution
exits. To simulate the traffic load, the FWD applies an impact load
to the pavement surface and its response in terms of deflection is
measured as several locations from the load center (Al Hakim et al.,
2000; Al-Khoury et al., 2001).
There are a limited number of case studies that focus on the
reinforcement effect of a geosynthetic in the asphalt pavement
monitored over a long time. Finite-element modeling, using
PLAXIS, has shown potential to improve the state of practice in
pavement design and construction (Howard and Warren, 2009).
McDowell et al. (2006) have used discrete element modeling to
simulate the behavior of geogrid-reinforced aggregates. Haversine
pulse has been used by many researchers to represent a

Value
BX 1100
BX 1500
Polypropylene
Rectangle
25/33
25/30.5
0.75
1.78
8.46
13.42

17.5
20.0

226.4
360.1

407.5
465.1

compressive stress pulse. Zaghloul and White (1993) simulated
moving loads by translating contact areas on the finite-element
mesh between the load and pavement surface. Chatti and Yun
(1996) used moving haversine pulses to model the load, while
White et al. (2002) have used a single step load function. Saad et
al. (2006) incorporated a triangular wave of 0.1 sec duration to
characterize the wheel load. Elseifi and Al-Qadi (2005) used
measured pressures at the bottom of the surface layer to discretize
the measured pulse into rectangular blocks to simulate the moving
load. Loulizi et al. (2002) showed that a haversine function provided
a representative compressive stress pulse for a moving vehicle and
observed that 0.03s duration was adequate under falling weight
deflectometer (FWD) conditions. Al-Khoury et al. (2001) have used
a dynamic spectral analysis technique under FWD loading.
In this study, a peak load of 707 kPa stress amplitude with a
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Table 3. Parameters of materials used in modeling.

Materials
Thickness (mm)
Elastic modulus (MPa)
Poisson's ratio
3
Unit weight (kN/m )
Cohesion (kPa)
Friction angle (°)
Dilatation angle (°)
Increase in modulus (Eincrement),
MPa
Rayleigh damping (

50
340
0.3
25
-

Base
(Crushed
rock)
200
120
0.35
21.0
0.22
39
0

Sub-base
(crushed
gravel)
1000
75
0.35
19.6
0.14
39
0

Sub soil and soil
under trench
(backfill clay)
1250
35
0.35
17.5
9.0
24
0

Sand
around
pipe line
500
80
0.35
17.5
0.1
34
0

-

6

3.7

1.7

4

0.9659;
0.00021

0.9479;
0.00028

0.9402;
0.00032

0.7356;
0.00061

0.9002;
0.0004

Asphalt

R;

R)

Figure 5. Haversine pulse load.

pulse load period of 0.025s (Figure 5) is applied over a loaded area
of 150 mm radius to simulate the FWD load pulse
(Al-Khoury et al., 2002). A similar configuration was also adopted

by Howard and Warren (2009) to model the FWD load on the
pavement as shown in Figure 6. The load is considered to be at the
center of the road cross section for numerical modeling purposes.
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used in PLAXIS to account for natural damping. These Rayleigh
damping parameters were calculated from the results (damping
ratios and natural frequency) of the resonant column tests (Aggour
and Zhang, 2006; Ju and Ni, 2007; Khan et al., 2008; Kramer,
1996; Vucetic, 2004; Wang and Santamarina, 2007) performed on
the materials used in the modeling and are presented in Tables 1, 2
and 3.
Conventional kinematic boundary conditions were adopted, i.e.,
roller support on all four vertical boundaries of the mesh and fixed
support at the bottom of the mesh. The modeled domain must be
large enough to avoid any edge error. On the other hand, the mesh
size should not be increased significantly in order to keep the
problem size manageable for computation time and storage
requirements. The element’s size must be chosen accurately to
adequately represent the deformed shape associated with the wave
lengths ( λ ) at different harmonic frequencies ( f ) and the
dimensions of the mesh elements should satisfy the following
relation (Di Mino et al., 2009):

Figure 6(a). Axis symmetric finite-element model.

d≤

λmin
k

Where,

=

Vj
k . f max

V j is the propagation speed of the waves (P-waves; S-

k

waves; or R-waves),

is a coefficient ranging from 4 to 10

according to the shape function, and

f max

is the greatest

frequency of the Fourier spectrum. In the present case,
m/s;

Figure 6(b). Material layers and boundary conditions
for the 2D rectangular axis symmetric half-space
(After, Howard and Warren, 2009).

For a given point in the pavement system, the effect of the wheel
load passage at that point can be reflected by a stress pulse (Terrel
et al., 1974). The magnitude, shape, and duration of such a pulse
vary with the stiffness of pavement, wheel load magnitude, its
speed, and the depth of the studied point.
The materials were analyzed for drained behavior without any
pore water pressure changes. This behavior is justified for the fact
that it is assumed that water-table is not encountered in the zone of
modeling. The initial vertical stress due to gravity load has also
been considered in the present analysis.
All natural dynamic systems show some degree of damping
when subjected to dynamic loads. In soils, damping is mainly due to
loss of energy resulting from internal friction in the material and
viscous

properties. Rayleigh damping parameters

α R , β R are

k

f max =

= 6; and

100 Hz.

Vj

= 170

Based on the above

consideration, the maximum element size close to the geogrid,
where the response was significant to the aim of the study, was
found to be 0.28 m. However, due to the limited choice in choosing
the mesh size, the lower available size of element, i.e., 0.025 m
was adopted.
When performing a dynamic analysis, it is also important to
choose a model size having dimensions covering a significant
distance away from the vibration source. This helps to avoid
unwanted and unrealistic reflection of ground shock waves (Yang,
1997). Hence, to avoid these spurious reflections, absorbent
boundaries were specified at the bottom and right-hand side
boundary. Along with the absorbent boundaries, relaxation
coefficients C1 and C2 were used which help to improve the wave
absorption on the absorbent boundaries. Dissipation of waves in
the direction normal to the boundary is corrected by C1, while C2
corrects for wave dissipation in the tangential direction. The
absorbent boundaries used in PLAXIS are viscous boundaries, or
dampers. As recommended by PLAXIS, the values of Cl and C2
were kept equal to 1 and 0.25 respectively. The use of absorbent
boundaries in PLAXIS is based on the method described by Lysmer
and Kuhlmeyer (1969). The normal and shear stress components
absorbed by a damper in x-direction are:
.

σ n = −c1 .ρ .V p u x
.

And,

τ = −c 2 .ρ .Vs u y

Where,

ρ

is the density of the materials,

V p and Vs

are the

pressure wave velocity and the shear wave velocity, respectively.
.

ux

.

and

uy

respectively.

are the velocities in the

Vp

and

Vs

x

and

y

direction

are determined using the following

3322

Sci. Res. Essays

and the upper boundary is a free surface (Figure 7).
The analysis was carried out using the Mohr-Coulomb material
model for sand, clay, crushed rock and asphalt. The model (soil)
consisted of 15-noded triangular elements. Pipes are modeled
using the tunnel feature (beam element) and the behavior of each
element is defined as flexural rigidity, normal stiffness and/or
ultimate bending moment. PLAXIS has the provision for providing
interface elements to the beam elements. Geogrid elements have
been modeled using 5-noded tension elements. Since, it was
necessary to model the soil-geogrid interaction; 5-noded interface
elements have also been used. An interface strength reduction
factor was used to simulate the reduced friction angle along the
interface between the asphalt layer and the geogrid; and also
between the geogrid and the crushed stone. This factor relates the
interface strength between the asphalt layer and the geogrid; and
also between the geogrid and the crushed stone. Hence, a reduced
value of interface friction angle (two-third) was assigned to these
elements. This was achieved by setting the interface reduction
factor ( Rint er ) equal to 0.67. Cancelli et al. (1992) and Cancelli et

Figure 7. Close-up view of the deformed mesh of the
reinforced model.

equations:

Eoed

Vp =

ρ

In which

E

, where,

Eoed =

(1 −ν ) E
(1 + ν )(1 − 2ν )

= Young’s modulus,

unit weight and

g

ν

and,

= Poisson’s ratio,

ρ=

γ

γ
g

= total

is the acceleration due to gravity.

A similar expression is used to calculate the shear wave velocity,

Vs :
Vs =

G

ρ

, where

G=

al. (2000) have also used a similar reduced friction angle for
modeling the geogrid and the base course. A typical model had
about 1275 elements and 10563 nodes. To simulate the stress
dependency of the moduli, the structural layers were divided into
sub-layers with the same strength parameters, but different moduli
(using the modulus increment option). When soil plasticity is
involved in a finite element calculation, the equations become nonlinear. This means that each calculation phase needs to be solved
in a series of calculation steps (load steps). In Plaxis, during each
load step, the equilibrium errors in the solution are successively
reduced using a series of iterations, and the iteration procedure is
based on an accelerated initial stress method. Plaxis uses various
procedures like, load advancement ultimate level, load
advancement number of steps, and automatic time stepping, for the
solution of non-linear plasticity problems. All procedures are based
on an automatic step size selection. The software automatically
uses the most appropriate procedure by itself to guarantee optimum
performance. To reduce the number of iterations needed for
convergence, Plaxis makes use of an over-relaxation procedure.
The element mesh and boundary conditions of the reinforced
structure are shown in Figure 7.
The geogrid was placed at the base-asphalt concrete interface as
it leads to the highest reduction in rutting strain (Saad et al., 2006;
Technical guide, 2008). Ling and Liu (2001) have also used
geogrids below the asphalt layer with improved performance of the
pavement. In these models, the attention was paid to the stress
distributions and in the resilient deformations.

E
2(1 + ν )

Further, according to PLAXIS, radiation (geometry) damping, which
will happen naturally in a numerical calculation, is the dominant
damping effect for a single source problem with an axisymmetric
model, and Rayleigh damping can be ignored. This statement
agrees with the findings by other researchers (Chow, 1981). Due to
the symmetry of geometry, boundary conditions, only half of the
model was considered. The left boundary is an axis of symmetry

RESULTS
Figure 8(a) shows the construction of the manhole. Two
different sections of the rehabilitated pavement using
geogrids BX 1100 and BX 1500 are shown in Figures
8(b) and (c). No apparent distress or settlement is visible
in the pavement reinforced with geogrid. However, the
section without any reinforcement shows large settlement
[Figure 8 (d)]. The settlement of the pavement around the
manhole was measured at the end of one, three, six and
twelve months at four locations around the manhole as
shown in Figure 3 (b). The same types of traffic loads ply
in lane 1 for the points 1 and 2; lane 2 for the points 3
and 4. Hence, it was decided to monitor the vertical
settlements at two points (1 and 2) in lane 1, and another
two points (3 and 4) in lane 2 as shown in Figures 3(a)

Kazemian et al.

Figure 8(a). Construction of manhole.

Figure 8(b). Pavement with geogrid (BX 1100).
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Figure 8(c). Pavement with BX 1500.

Figure 8(d). Pavement without reinforcement.

and (b). The vertical settlements (average of points 1 and
2; 3 and 4) in the unreinforced and reinforced sections of
the pavement measured over a period of 12 months are
shown in Figure 9.
The settlement for the points 1 and 2 in the
unreinforced section is 7.13 mm at the end of one month
and increases rapidly to 18.7 mm at the end of three
months and finally is 24.1 mm at the end of 12 months.
The corresponding settlements for the points 3 and 4 are
higher than points 1 and 2 at 10.03, 30.1 and 37.25 mm

for the same time period. With the use of the geogrid (BX
1100), the settlement of the points 1 and 2 reduces to
4.83 mm at the end of one month, 12.6 mm at the end of
three months and 15.38 mm at the end of 12 months. It
further reduces to 3.48 mm at the end of one month, 8.8
mm at the end of three months and finally to 10.83 at the
end of 12 months with the geogrid having higher stiffness
(BX1500). The reduction in settlement under points 1 and
2 is 36.18 and 55.06% with geogrids BX 1100 and BX
1500 respectively. Similarly, the reduction under points 3
and 4 is 39.86 and 50.1% with geogrid BX 1100 and BX
1500 respectively.
The behavior of the pavement under transient pulse
load was also studied by the finite element analysis using
the commercially available software PLAXIS. The
settlements of the unreinforced and reinforced pavement
under transient load pulse are presented in Figure 10. As
expected, the settlement of the unreinforced pavement is
very high under the load but reduces significantly with the
geogrid BX 1100 and further with BX 1500. The
settlement of the pavement under the load is 2.025 mm
for unreinforced case, 1.309 mm with BX 1100, and 0.82
mm with BX 1500. This translates to a reduction in
settlement under the load by 44.1% with BX 1100 and
62.96% with BX 1500. Similarly the reduction in
settlement at a distance of 1.0 m from the load center

Kazemian et al.
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Figure 9. Vertical settlements with time.

Figure 10. Vertical settlements vs. distance from the load center under transient pulse load.

was observed to be 65.3% (0.513 - 0.178 mm) with BX
1100 and 88.7% (0.513 - 0.058 mm) with BX 1500. The
settlement was zero at 2.0 m for all the cases.
The vertical settlements observed during transient
pulse load is less than those obtained from the static

analysis. The stresses developed in the geogrids were
measured and the amount of tension absorption in
geogrids with distance from the load center, along the
line through points 1 and 4 [Figure 3 (a)] in the reinforced
model is shown in Figure 11.
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Figure 11. Tension absorption by the geogrids in the reinforced model.

The tension stress in the geogrid (BX 1100) was
observed to be zero at the center of the load. The
observed tension stress increased sharply to 85.2 kPa at
a distance of 0.2 m from the center of the load and then
decreased gradually to zero at a distance of 0.93 m from
the load center. Similarly, the tension stress in the
geogrid (BX 1500) was higher at 110.4 kPa at 0.19 m
from the load center and decreased slowly to zero at a
distance of 0.93 m from the load center.
DISCUSSION
As mentioned earlier, no apparent distress or settlement
is visible in the pavement reinforced with geogrid.
However, the section without any reinforcement shows
large settlement (Figure 8). The settlement of the
pavement around the manhole was measured at the end
of one, three, six and twelve months at four locations
around the manhole. The vertical settlements (average of
points 1 and 2; 3 and 4) in the unreinforced and
reinforced sections of the pavement were measured
(Figure 9).
It was observed that the settlements occurred very
rapidly up to a period of three months and then slowly by
the end of six months. The settlements appeared to be
very slow during six to twelve months period. It is
interesting to note that the settlements at points 1 and 2
are less than the settlements at points 3 and 4 for the
same period. This is due to the weight of the vehicles,
numbers of vehicles and the usage of the lane. Normally
(in Iran), the heavy vehicles (lorry and big cars), small

cars, and two wheelers ply more in lane 2 in comparison
with lane 1. Most of the time, lane 1 is used for car
parking and the points 1 and 2 may not be under static
load of parked cars (heavy vehicles are not allowed to
park here) [Figures 3(a) and 3(d)].
The behavior of the pavement under transient pulse
load was also studied by the finite element analysis using
the commercially available software PLAXIS. However, it
is clarified that the settlement observed under this type of
loading cannot simulate the behavior of pavement under
a continuous traffic load. Nevertheless, the results
obtained will provide an insight into the beneficial effects
of geogrid inclusion in the pavement system in terms of
reduced settlement and the tension stresses absorbed by
it.
The settlements of the unreinforced and reinforced
pavement under transient load pulse are presented in
Figure 10. As expected, the settlement of the
unreinforced pavement is very high under the load but
reduces significantly with the geogrid BX 1100 and
further with BX 1500. The settlement of the pavement
under the load translates to a reduction in settlement by
44.1% with BX 1100 and 62.96% with BX 1500. Similarly
the reduction in settlement at a distance of 1.0 m from the
load center was observed to be 65.3% with BX 1100 and
88.7% with BX 1500. The settlement was zero at 2.0 m
for all the cases. These observations agree well with
Brown et al. (1985) who have also reported a reduction in
rut depth by 20 - 58%.
The vertical settlements observed during transient
pulse load is less than those obtained from the static
analysis. The stresses developed in the geogrids were
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measured and the amount of tension absorption in
geogrids with distance from the load center, along the
line through points 1 and 4 [Figure 3 (a)] in the reinforced
model (Figure 11). It is apparent that the geogrids play a
very important role in absorbing the stresses developed
in the pavement.
The tension stress in the geogrid (BX 1100) was
observed to be zero at the center of the load. However,
this observation does not agree with the published results
by researchers (Haas, 1984, 1985; Saad et al., 2006;
Zaghloul and White, 1993) who reported measuring
tensile stresses in the geogrid under the load. The reason
for this behavior is probably due to the fact that normally
the geogrid is placed somewhere in the base layer (mid
level or 1/3 of thickness of base from its bottom) or at its
bottom; but in the present study, it was placed at the top
of the base layer. It is obvious from the results that the
geogrids placed in the bottom of asphalt layer were
capable of absorbing the shear stresses at the interface
as tension stress and that the geogrid (BX 1500) was
better in performance than BX 1100. These tension
stresses give rise to tensile strain in the geogrid
reinforcement. Also, the confinement effect of
reinforcement can restrain the lateral deformation or
potential tensile strain of the soil.
The settlements observed from the case study have
proved the effectiveness of the geogrids in reducing the
settlement in the pavement. In fact, the results obtained
from the finite element analysis show that the tensile
forces carried by the geogrids are a function of its vertical
transient settlement. This establishes its crucial role in
reducing the vertical settlement and also corresponds
well with Dondi (1997) and Perkins et al. (1998). Dondi
(1997) reported that the geosynthetic does not provide
improvement in the stiffness until the occurrence of
cracking, but the interlayer reduced the displacements
and rut depths under dynamic loading. However, in the
present study, the geogrid is provided at the top of the
base. In this case the geogrid is very useful in reducing
the transient settlement (Plaxis) and plastic settlement
(field measurement). The reduced settlement is probably
due to the increase in the stiffness of the pavement.
Perkins et al. (1998) have used the geogrid and woven
geotextile to reinforce the pavement. The load was
applied through a circular rigid plate overlying a rubber
pad and an improvement in the pavement performance
was observed in the presence of the geosynthetics.
The reduced settlement observed in the pavement is
because the geogrids are able to distribute wheel loads
due to the friction developed between the geogrid and the
granular material (Kim and Buttlar, 2002; Ling and Liu,
2001; Ling and Liu, 2003). This friction is much greater
than between geotextiles and granular material. The
tension necessary to increase structural support is not
immediately developed; the amount of displacement
necessary for the tensile stress to develop is a function of
the properties of the soils, geogrid, and loading. Three
fundamental reinforcement mechanisms involving the use
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of geogrids to reinforce pavement materials are; lateral
restraint, improved bearing capacity and tensioned
membrane effect (Perkins et al., 1998). Lateral restraint
refers to the confinement of the aggregate material during
loading, which restricts lateral flow of the material from
beneath the load. Since most aggregates used in
pavement systems are stress-dependent materials,
improved lateral confinement results in an increase in the
modulus of the base course material. The improved
bearing capacity is achieved by shifting the failure
envelope of the pavement system from the relatively
weak sub-grade to the relatively strong base course
material and the reinforcement mechanism has been
termed the “tensioned membrane effect.” The tensioned
membrane effect is based upon the concept of an
improved vertical stress distribution resulting from tensile
stress in a deformed membrane. It has been shown that
reinforcement benefits are obtained without significant
deformation of the pavement section. Thus, lateral
restraint has been identified as the primary reinforcement
mechanism, followed by the improved bearing capacity
concept and the tensioned membrane effect. The actual
contribution of each of these mechanisms to the overall
reinforcement provided to the pavement system has yet
to be quantified (Beranek, 2003).
Further, it can be said that when the load is applied to
the surface of the pavement, a zone of tension is
developed at the lower section of the asphalt concrete
layer. To improve the rigidity of the asphalt concrete
layer, which may be considered as a beam, the geogrid is
included as tensile reinforcement. The tensile stress
acting in the asphalt concrete is thus transferred to the
geogrid as tensile force. The overall performance of the
asphalt pavement is improved if an effective bonding is
maintained between the asphalt concrete and geogrid.
Therefore, the stiffness of geogrids can play an important
role in control of the rut formation in the pavement
system. The degree of improvement in both resilient and
permanent strains is mainly related to the soil type and
the stiffness of the geogrid. Further, the geogrid
reinforcement also contributes to an improvement in the
stiffness and strength of asphalt pavement. Haas (1984)
showed that the use of geogrids could significantly
reduce deformation and improve the durability of paved
roads. The greater resistance to failure is due primarily to
an increase in the stiffness and the load spreading ability
of the geogrids (Haas, 1984; Skok et al., 2003). The
settlement over the loading area of the reinforced
pavement reduced significantly when compared with
unreinforced pavement.
Conclusions
This paper discusses the results of the case study of
large settlement taking place in an unreinforced
pavement constructed over an excavated trench in
Shiraz, Iran. The results of the effect of geogrids on the
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settlement of the pavement under traffic load are
presented. The pavement was laid using geogrid of two
stiffnesses in two different sections while the third section
was left unreinforced. The settlements were recorded for
twelve months. Finite element analysis has also been
carried out using PLAXIS to simulate the behavior of the
unreinforced and reinforced pavement under transient
pulse loading. The following conclusions are made based
on the study:
1. The stiffness of geogrids plays an important role in
control of the rut formation in the pavement system. The
settlement of the reinforced pavement, under actual
traffic load reduced significantly when compared with the
unreinforced pavement.
2. The decrease in settlement in the reinforced pavement
under transient pulse load was also evaluated from the
results of the finite element analysis. Although the case
study measures plastic deformation rather than transient
deformations computed by the finite element analysis,
nevertheless the trend of the two types of settlement of
the pavement is similar.
3. The degree of improvement in permanent strains
appears to be related to the stiffness of the geogrid.
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