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Abstract

This paper studied the application of 2-D
Plaxis (v8.6, 2011) software on a pavement layer
structure set on unsaturated subgrade soil. An
axisymmetric finite element (FE) model was used
to analyze the behavior of pavement layers
subjected to dynamic loadings. The model was
loaded with an incremental contact pressure from
50 to 550 kPa with different variable such as
water table level (1,2 and 3m), suction of soil and
degree of saturation (100, 90, 80, 70 and 20%).
The results indicated that during loading on
pavement layer with increases water table level
and different degree of saturation the vertical
settlement was decreased by about (11, 15, and
18%) for water table level= 1m, (9, 13, 16%) for
water table level= 2m and (28%) for water table
level= 3m (dry soil) respectively. The effect of
degree of saturation on the vertical settlement is
apparent at the lower value for water table level
(1 and 2m) and the vertical settlement is decreased
with increasing soil suction. The results also show
the negative pore water pressure decreased with
decreased of degree of saturation and
development increases with depth and beginning
of dynamic load. The effect of unsaturation
greater at the center line of pavement layer and
limited far away the center line.
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1.Introduction

Compacted soils that are typically unsaturated
with degrees of saturation varying from 75 to 90%

are used in the pavements constructed. The
negative pore-water pressure (soil suction) due to
the presence of water in between soil particles has
a significant effect on the pavement foundation
stiffness and strength. At the time of construction
the shear strength of the subgrade is high due to
the negative pore-water pressures as such the
highway has a high bearing capacity and
functions as designed, the ingress of water with
time into the weakest part of the pavement
structure (subgrade) result an increase in the
roughness index of the pavement surface due to
volume change and distortion of the subgrade

soils [1] [2] [3] [4] [3] [6] [7].

Pavement structure would constructed to
support loads induced by movement vehicle
loading and to distribute them safely to the
subgrade soil, this is reflected in progressions on
stress, strain and vertical deflection in each of the
pavement layers. Figure 1 indicates the
distribution of stress with depth [8]. There are
critical values that occur at specific areas inside
the structure. These effect the pavement,
essentially influencing its performance [9]. The
effect of a moving load on the pavement is a
resultant development of vertical stresses, shear
stresses, bending stresses and strains in each layer
of the pavement.

The vertical loading that is dissipated through
the wheel of the moving vehicles causes
compressive stress in the pavement structure.
While the stresses lead to permanent deformation
and therefore rutting on the pavement surface.
The rate of deformation is dependent on the
characteristics of strength for the pavement
materials [8].
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Figure 1: Stress Distributions with Depth in a Flexible pavement. a. High Stress Area Directly under Wheel
Load. b. Reduced Load at Subgrade Lev

In this study, an attempt has been made to
investigate the influence of soil suction, degree of
saturation and change in water table on the
behavior of unsaturated subgrade soil within the
asphalt concrete pavement through the
application of 2D Plaxis software program.

2.So0il Suction Concept:

In general, porous materials have a
fundamental ability to attract and retain water.
The existence of this fundamental property in
soils is described in engineering terms as suction
or negative stress in the pore water. In engineering
practice, soil suction is composed of two
components: matric and osmotic suction [1]. The
sum of matric and osmotic suction is called total
suction. Matric suction comes from the
capillarity, texture, and surface adsorptive forces
of the soil. Osmotic suction arises from the
dissolved salts contained in the soil water. This
relationship can be formed in an equation as
follows:

he= hm+h, D
where h; = total suction (kPa),
hm = matric suction (kPa), and
h. = osmotic suction (kPa).

Total suction can be calculated by using Kelvin’s
equation, which is derived from the ideal gas law
using the principles of thermodynamics and is
given as:

b RTl (P) 5
t= Y n P. (2)
where R = universal gas constant,

T = absolute temperature,
V = molecular volume of water,

P / P, = relative humidity,

P = partial pressure of pore water vapor,and

P, = saturation pressure of water vapor over a flat
surface of pure water at the same temperature.

It should be noted that these two forms of soil
suction are completely independent and have no
effect on each other. If the soil is granular and free
of salt, there is no osmotic suction and matric and
total suction are equal. However clays contain
salts and these salts cause a reduction in the
vapour pressure. This results in an increase in the
total suction, and this increase is the energy
needed to transfer water into the vapour phase (i.e.
the osmotic suction) [10].

Constitutive

3.Computer and

Models:

Program

3.1 Description of the Problem

Plaxis (2D, v8.6, 2011) is a finite element

application specifically intended for the analysis
of deformation and stability in geotechnical
engineering  projects. Its  comprehensive
formulation makes it possible to analyze both
simple and highly complex problems.
A typical pavement system consists of hot-mix
asphalt layer, sub-base layer and unsaturated
subgrade layer. The unsaturated soils of many
areas in the central part of Iraq are composed of
silty clay and clays soil. A representative area
located at Baghdad city Al-Rusafa region;
namely, Bab Al — Muadham, the site covers an
area of soil contains silt and clay. The problem is
selected from the work of [11]. Undisturbed
samples are taken from (3.5) m depth below the
natural ground surface, and then the soil sample
are taken to the Soil Mechanic Laboratory, where
subjected to a series of physical soil testing.
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The model considered where total thickness of the
pavement is 0.3 m, the thickness of subgrade soil
3m is overlaid by a 0.20 m layer of Al-Nibaee
aggregate as sub-base, and 0.1 m asphalt concrete

on top as shown in Figure 2. The load is applied
as uniform pressure acting on a circular area of
radius (0.2 m) applied pressure values were: 50,
100, 200, 300, 400, 500, and 550 kPa.
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Figure 2: Finite element axisymmetric model for pavement

An axisymmetric model was utilized in the
analysis using 15-noded structural solid element
with  medium  refinement.  Axisymmetric
modeling was chosen in this study because it
could simulate circular loading and did not
require excessive computational time under
dynamic loading [13, 14]. Alex [15] indicted that
the nodal radial strains were assumed to be
negligible at approximately10 times R (radius of
loaded area) from the area applied wheel load.
Also, the nodal stresses and displacements were
assumed to be negligible at 20 times R below the

pavement surface. Therefore, the width of the
model was set at 6m that equal 30 times R of
loaded area [14], and the total thickness of model
is 3.3 m. The bottom of model was fixed in both
vertical and horizontal directions. Both edges of
the models were restricted against horizontal
movement. In addition, the side and bottom
boundaries are assumed to be impermeable, i.e. no
flow is allowed through these sides. The finite
element mesh is illustrated in Figure 3 due to
symmetry, 736 elements are used for modeling
half of the pavement layer.

T i =

ad =

Figure 3: finite element mesh of pavement layer system
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3.2 Material
models

Properties and constitutive
[11].

3.2.1 subgrade Soil layer

The subgrade soil layer properties used in the
model is shown in Table 1, the particle size

Table 1 Physical properties for the subgrade soil layer [11].

elISSN 2616-6909

distribution of the soil is illustrated in Figure 4

Parameter Value
LiquidLimit, LL (%) 54
Plastic Limit, PL (%) 27
Plasticity Index, Pl (%) 27
Specific Gravity, (Gs) 2.78
Total unit weight, (y) (KN/m?3) 18.82
Dry unit weight, (yg) (KN/m°) 14.33
Angle of internal friction, (@) 0
Poisson's ratio, (v) for saturated soil 0.45
Poisson's ratio, (v) for unsaturated soil 0.3
Hydraulic conductivity, (ks) (m/sec) 2.85x1010
Void ratio, (e) 0.903
Coefficient of volume change (my) (m%MN) 0.716
Natural Water Content, W (%) 31.3
Degree of Saturation, S (%) 96
% Clay 80.3
*Assumed values [12]
ASTM D422
Gravel Sand Silt Clay
100 & uy
90 i i 1
80 3
53
_E'" 70
§ 60
'? 50 AW
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Figure 4: Grain size d

Table 2 shows the undrained shear strength (Cy)
and the initial tangent modulus of elasticity (E) of
the subgrade soil for different degree of
saturation.

Total and matric suction of the subgrade soil
sample different degrees of saturation (90%, 80%,

istribution of the soil [11]

70%, and 20%) shown in Table 3, the soil water
characteristic curve (relation between the
gravitation water content and the matric suction)
shown in Figure 5 [11].
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Table 2 Results of unconfined compression test on remolded samples at different degrees of saturation [11].

S (%) qu (kPa) cu (kPa) E (kPa)
100% 130 65 52000
90% 151 755 60400
80% 164 82 65600
70% 176 88 70400
20% 256 128 102400

Table 3 Results of soil suction and permeability coefficient at different degrees of saturation, [11].

S (%) Matric suction (kPa) k(m/sec)
100% 50 2.85x1070
90% 150 2.33x10%0
80% 480 333x10
70% 1000 8.33x10%2
20% 6310 2.35x10%2
035
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Figure 5: Relationships between the gravitational water content and the matric suction for the subgrade
soils obtained by the program Soil Vision using Van Genuchten, [11]

3.2.2 sub-base and Asphalt layer

The properties of sub-base and asphalt layer

used in the model are shown in Table (4),
these inputs have been created by laboratory test.
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Table 4 Sub-base and asphalt layer properties.

parameter sub-base asphalt
Cohesion (c,kPa) ° -
Angle of internal friction, (2) €. -
saturated unit weight, (ysat) (KN/m?) 22 -
Dry unit weight, (yg) (KN/m°) Y. YY
Poisson's ratio, (V) 0.3 0.35
Permeability coefficient, (k) (m/sec) 0.0001
modulus of elasticity (E, kPa) Oran OvAvan

In this work, two constitutive models were
used to characterize the load settlement and time
settlement relations of the unsaturated subgrade
soil under dynamic load. Linear elastic model was
used for the asphalt layer while elastic plastic with
Mohr-Coulomb failure under undrained condition
for unsaturated subgrade soil layer and drained
condition for sub-base layer.

load was applied with amplitudes 50, 100, 200,
300, 400, 500, and 550 kPa. Figure 6 shows
dynamic load sample pulse for case of duration
time = 0.10 s, frequency = 5 Hz and load
amplitude = 550 kPa. The magnitude, shape, and
duration of such a pulse may vary with the
stiffness of pavement, wheel load magnitude, its
speed, and the depth of the study point. The half-
sine pulse is widely used by many researchers to
simulate a moving load on pavement surface.
Kazemien et. al. (2010) [13] evaluated the
dynamic response of multilayer pavement system
using half-sine load pulse of 0.03 sec duration.

4, Results and Discussion

Dynamic analysis is performed using Plaxis
software (Plaxis v8.6). A half-sine pulse dynamic
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Figure 6: dynamic load pulse, duration = 0.1 sec, amplitude = 550 kPa, frequency =5 Hz

noticed that the vertical settlement closely similar

4.1 Time — settlement relationship

Figures 7 and 8 show the relationship between
dynamic time and the vertical settlement in the
point (A) at center line under the load for different
water table and degree of consolidation. It can be

at the beginning time, then increased with time
and decreased as the degree of saturation
decreased for water level depth 1m and 2m. This
can be attributed to increasing in matric suction
due to increasing unsaturated zone.
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Figure 7: maximum vertical settlement for pavement system layer with dynamic time for water depth =1 m
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Figure 8: maximum vertical settlement for pavement system layer with dynamic time for water depth =2 m

4.2 Applied stress — settlement relationship

Figures 9 and 10 show the relationship
between applied stress and the vertical settlement
in the point (A) for different water table and
degree of consolidation. It can be seen that the
vertical settlement increased linearly with applied
stress and the degree of saturation for water level
depth 1m and 2m. This increase is due to the
matric suction and effective pressure due to

lowering of water level. The increase in vertical
settlement was closed at the beginning of applied
load until reached 200 kPa then the change
became slightly for (S=70, 80, and 90 %)
specially for water level 1m, This may be
attributed to the concentration of applied stress
and to small contribution of matric suction while
high increased when the soil change from dry (S=
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20%) to saturated (S=100%) condition and The effect of degree of saturation on the
increased in applied stress. vertical settlement in the point (A) for water level

increase above S=70%, this is may be due to the
43 Degree of saturation- settlement higher void ratio in the soil sample. Slightly
relationship increased in vertical settlement when the water
level lowering from 2m to 1m the change is about

(2.3%) for each degree of saturation.
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Figure 9: maximum vertical settlement for pavement system layer with applied stress for water depth =
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Figure 10: maximum vertical settlement for pavement system layer with applied stress for water depth =
2m
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Figure 11: maximum vertical settlement for pavement system layer with degree of saturation for water
depth=2m, 1m

1m and 2m was shown in Figure 11. Generally a
straight line with the degree of saturation between
(20 and 70%) for both water level then nonlinear

4.4 soil suction — settlement relationship

1m and 2m was shown in Figure 12. The vertical
settlement is decreased with increasing soil
suction until reached closed value. The increase in
the water content results in the decrease in the
matric suction and the shear resistance at the
contact point between soil particles, thereby

vertical settlement in the point (A) for water level increasing vertical settlement.
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Figure 12: maximum vertical settlement for pavement system layer with soil suction for water depth =2 m,

im

Figures 13 and 14 show variation of negative
pore water pressure with depth for different water
table level and degree of consolidation.
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Figure 13: variation of pore water pressure for pavement system layer with depth, S = 100%, W.T. at the top
of subgrade
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Figure 14: variation of pore water pressure for pavement system layer with depth, S = 70%, W.T. = 2 from
top of subgrade
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5.Conclusions

From the analysis carried out plaxis program
on pavement system layer the following points
can be draw:

1. The vertical settlement closely similar at the
beginning time then increased with time for
water level at depth 1m and 2m. The
percentage  reduction in  settlement
decreased by about (11, 15, and 18%) for
water table level=1m, (9, 13, 16%) for water
table level= 2m and (28%) for water table
level= 3m respectively, (i.e.) the vertical
settlement is lower when the soil was
unsaturated.

2. The vertical settlement increased linearly
with applied stress and the effect of dynamic
loading on pavement behavior is significant
only for high stress amplitude.

3. The effect of degree of saturation on the
vertical settlement is apparent at the lower
value for water table level (1 and 2m).

4. The pore water pressure decreased with
decreased of degree of saturation and
development increases with depth and
dynamic load.

5. A significant effect of unsaturation is
obtained at the center line of pavement layer
and limited far away the center line.
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