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Abstract

This article presents deformation characteristics and the residual deformation behavior of
the graded aggregate base in the flexible pavement under changes of load and elastic
modulus of the material layers. The finite element model is presented by using software
Abaqus in order to simulate and analyze the influence of several parameters on the
accumulating residual deformation of the aggregate layers. The result of the analysis data
shows that, when reducing the dynamic elastic modulus of the surface layers or the elastic
modulus of the foundation layers, the residual deformation in the graded aggregate base
increases a certain amount about (30+40)%, but when increasing the pressure of wheel
acting on the road surface, the residual deformation in the graded aggregate base will
increase rapidly about (80+180)%. Therefore, this is a criterion that should be seriously
considered and strictly controlled when designing pavements. The results can be used as the
reference database for the calculation, design, and exploitation of this pavement.
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1. Introduction

Nowadays, the flexible pavement is used popularly for highways, expressways in
Vietnam and other countries. In the pavement, graded aggregate base layer plays an
important and effective role, which is indicated from laboratory experiments and field
tests that: (1) Graded aggregate base layer can work as a water isolation layer as well as
drainage layer; (2) The graded aggregate base can support high loads; stable for water;
no spreading cracks appeared on the asphalt surface layer as occurred in case of rigid
basement; (3) Under wheel loads, damages appeared in the graded aggregate base is less
than those in the surface asphalt layer.

However, the graded aggregate base in flexible pavement construction has some
problems such as: It is an unbound granular material layer with small strength, small

* Email: ducphong357@gmail.com https://doi.org/10.56651/Iqdtu.jst.v4.n01.334.sce
73


mailto:ducphong357@gmail.com
https://doi.org/10.56651/lqdtu.jst.v4.n01.334.sce

Section on Special Construction Engineering

stiffness, large plasticity deformation and limited ability in stress spreading, etc. There
are many studies on flexible pavement that have shown that the residual deformation of
a pavement structure is a total of residual deformation in the surface asphalt layer, the
graded aggregate base layer, and road-bed layer [8, 13]. So, studying the effects of
factors (such as loads and materials, etc.) on the residual deformation of the graded
aggregate base layer in the flexible pavement construction has a very important
significance in improving the construction quality as well as exploiting the structure.

The graded aggregate base is a mixture of unbound granular material, which has
the size of the aggregate that comply with the gradation principle. The graded aggregate
base layer in the pavement structure is subjected to cyclic loads during its service life. If
graded aggregate base layer is considered as perfect elastic-plastic material, the
deformation consists of two components: the first component is elastic deformation
depending on elastic characteristics of the material, this component will recover after
each load cycle; the second component corresponding to plastic characteristics of the
material is plastic deformation or residual deformation, this component will accumulate
with number of loading cycles. Both the deformation components appear when the
stress value is small. The stress-strain relationship for unbound granular material is
given by a non-linear curve, and it can be defined the resilient deformation and residual
deformation value at each load cycle and is shown in Fig. 1 [3, 5, 10].
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Fig. 1. The stress-strain curve for granular materials [5]

Most elastic-plastic material models assume that all the plastic deformations
develop at the first loading cycle. After that, if the load level is kept remaining in later
loading cycles, the deformation is only elastic. This model behaviour does not simulate
the real behaviour of unbound aggregates correctly. In addition, from previous studies it
has been shown that, residual deformation accumulates according to an increase of
loading cycles.
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Some researches showed that the residual deformation development in granular
material is affected by several factors such as stress level, stress history, number of load
applications, principal stress rotation, moisture content, etc.

Barksdale (1972) investigated the behaviours of the base material by cyclic triaxial
tests at a constant confining pressure. It is indicated from this study with 10° loading
cycles that the permanent axial strain is linear with the number of loading cycles in
logarithm scale [5]. Barksdale also noted that for very low deviatoric stresses the
accumulation of plastic strain tends to decrease with the number of load cycles [6]. When
the deviatoric stress is larger than a certain limit, the rate of permanent strain development
tends to increase with an increase of loading cycles. It is also indicated from this study
that after a relatively large number of loading cycles plastic strain accumulation may
increase suddenly. Fig. 2 shows the relationship between the plastic strain and the number
of loading cycles at different deviatoric stresses for crushed granite.
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Fig. 2. Influence of the number of load repetitions and deviator stress ratio
on plastic strain in a granite [5]

A number of limited investigations found in the literature (Chan 1990, [8])
indicate that reorientation of principal stresses due to moving traffic significantly
increases the amount of plastic deformation in graded aggregate base.

Paute et al. 1993 [12] proposed a new approach to express the influence of the
number of load cycles on the development of residual deformation in unbound granular

materials. The modelling approach is based on the assumption that permanent strain
increases asymptotically towards a limiting value.
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The magnitude of residual deformation in graded aggregate base is also influenced
greatly by the presence of water. At high levels of saturation, deformation resistance in
the material reduces quite rapidly, probably as positive pore water pressure is generated.
Proper drainage in graded aggregate base is, therefore, a necessity for improving
performances. The reduction in fines content is likely to achieve this but may conflict
with the desire to provide a more deformation-resistant mixture by increasing the fines
to promote better packing (e.g. Pham et al. 2015 [13], Liu et al. 2016 [11]).

The above-mentioned results mainly focus on mechanical properties of the graded
aggregate base through triaxial compression tests rather than focusing on the
characteristics of residual deformation of the graded aggregate base under live load with
varying wheel pressure, varying elastic modulus of material layers.

In the next part of the paper, a numerical simulation will be performed for a typical
structure of flexible pavement in Vietnam. From there, analyze some effects of load and
material parameters on the residual deformation of the graded aggregate base.

2. Materials and methods

The residual deformation of the graded aggregate base is evaluated through
numerical simulation for a typical structure of flexible pavement in Vietnam, which
consists of 5 layers:

+ Layer 1: Asphalt concrete surface is 5 cm;

+ Layer 2: Asphalt concrete intermediate is 7 cm;

+ Layer 3: Graded aggregate base type 1 is 15 cm;

+ Layer 4: Graded aggregate base type 2 is 18 cm;

+ Layer 5: Road-bed.

One of the important tasks when analyzing structures according to finite element
method is choosing the appropriate model for each material layer. In the scope of this
article, the selection of the model for each material layer is referenced in specialized
literature. Specifically, the generalized Maxwell model for the asphalt surface layers
[2, 14]; the Drucker-Prager model for graded aggregate base layers [3, 4]; the Mohr-
Coulomb model for road-bed layer [3]. At the same time, the initial volumetric
deformations of graded aggregate base are not taken into account and the residual
deformation is determined at the bottom of the graded aggregate base type 1.
Characteristics materials as shown in Table 1 [1]. Harmonic load is used in the
calculation model and is shown in Figure 3 [1, 14].

76



Journal of Science and Technique - ISSN 1859-0209

Tab. 1. Characteristic materials

. Layer
Parameters Symbol, unit
1 2 3 4 5
Model MX MX DP DP MC
Mass density v, kg/m® 2400 2400 2200 2000 1800
Young’s modulus E, MPa 700 1200 300 250 42
Poisson’s ratio v 0.25 0.25 0.31 0.31 0.31
Cohesion ¢, MPa - - - - 0.032
Friction angle o, C - - 44 40 24
Dilatancy angle vy, C - - 14 10 0

MX - Maxwell; DP - Drucker Prager; MC - Mohr-Coulomb.

Fig. 3. Model dynamic loading [1]
The amplitude of load was computed using Eq. (1):

.o mt
L(t)=gsin (EJFFJ 1)

where g is the pressure of wheel on pavement (when the axle load is 10 tons,
g = 0.6MPa); d is loading time and is determined by Eq. (2):

d =V 2

where D is diameter of deflection bowl (in this study D = 12R, R is the radius of tyre
tracks, R = 0.165m); V is design speed (km/h); t is time (5).

In order to simulate the dynamic wheel load acting on the pavement, the following

parameters are applied V = (70+80) km/h and d =~ 0.1s. Therefore, the amplitude of load
is given by Eq. (3):

L(t)=0.6sin’ (%+31.4tj (MPa) 3)
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In this study, the Abaqus software based on the finite element method was used to
simulate the three-dimensional pavement structure [4]. In which, the model goes into
structural simulations that is subjected to dynamic load when the wheels move on the
surface of pavement structure.

when the wheels move on the surface

3. Results and discussions
3.1. The effect of the number of load cycles on the residual deformation of the graded
aggregate base layer

The effect of the number of load cycles on the accumulation of the residual
deformation of the graded aggregate base layer was analysed under wheel pressure
g = 0.6 MPa, the number of load cycles N = 10000 times. The residual deformation is

recorded at 1; 10; 100; 1000 and 10000 loading cycles [7]. The obtained results are
shown in Fig. 5.
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Fig. 5. The effect of the number of load cycles on the residual deformation
of the graded aggregate base layer
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Fig. 5 shows the numerical simulation results of the residual deformation of the
graded aggregate base. From Fig. 5, we see that the residual deformation of the graded
aggregate base reaches the value of 0.25 mm after the first 1000 cycles. The reason of
this can be explained that at the initial time, due to the elastic-plastic deformation
characteristic of the material, partial residual deformation exists. Moreover, increasing
the number of load cycles to 10000 times, the residual deformation increases a small
value (about 0.05 mm). This indicates that the residual deformation almost does not
increase and tends to remain constant. Hence, it is found that if the flexible pavement
structure works in the normal condition, under the standard load, the effect of residual
deformation is relatively small.

3.2. The effect of the pressure of wheel on the residual deformation of the graded
aggregate base

The effect of the pressure of wheel on the accumulation of the residual
deformation of the graded aggregate base was analysed under the pressures of wheel
g1 = 0.2 MPa; g2 = 0.4 MPa; gz = 0.6 MPa; g4 = 0.8 MPa and gs = 1.0 MPa; the number
of load cycles N = 100 times. The obtained results are shown in Fig. 6.
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Fig. 6. Effect of wheel pressure on the residual deformation
of the graded aggregate base type 1

Under wheel load, the residual deformation in the graded aggregate base only
increases at some initial cycles and then it tends to remain stable. Under the effect of the
load g; and g2 are lower than the standard pressure gz, the residual deformation is very
small and insignificant. However, when increasing the wheel pressure of load to
g4 (1.3303) and gs (1.67qs), the residual deformation in the graded aggregate base
increases significantly and exceeds the deformation of case 3 (gs) by 76.7% and
182.2%, respectively. This means that the rate of residual deformation increase in the
graded aggregate base is faster than the rate of increase in the magnitude of the load.
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The obtained results are quite consistent with the results of the previous study by
Barksdale (Fig. 2).

Tab. 2. The residual deformation of the graded aggregate base type 1

Case Load Residual deformation (mm) Change compares with case gs (%)
1 (o]} 0.038 815.8 (-)
2 ) 0.157 121.7 (9
3 Qs 0.348 -
4 e 0.615 76.7 (+)
5 Qs 0.982 182.2 (+)

3.3. The effect of the dynamic elastic modulus of asphalt concrete on the residual
deformation of the graded aggregate base

In this part, the change of the residual deformation of the graded aggregate base
with asphalt concreate specimens having different dynamic elastic modulus at the same
temperature will be investigated. The dynamic elastic modulus of asphalt concrete is
given at 35°C for upper surface layer and 30°C for lower layer. According to [1],
the selected values are presented in Tab. 3.

Tab. 3. Dynamic elastic modulus of asphalt concrete layers

E (MPa)
Asphalt concrete layer
Case-1a Case-2a Case-3a Case-4a
Upper 850 650 550 460
Lower 1200 875 700 565
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Fig. 7. The effect of the dynamic elastic modulus of asphalt concrete

on the residual deformation of the graded aggregate base.
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It can be seen from Fig. 7 that the residual deformation of the graded aggregate
base much depends on the dynamic elastic modulus of asphalt concrete. The residual
deformation of the graded aggregate base for case-4a (0.464 mm) is 47.8% larger than
that of case-1a (0.314 mm). The residual deformation of the graded aggregate base will
result in the rutting on the asphalt concrete surface layer, reducing the quality of the
pavement. Therefore, the mechanical properties of the asphalt concrete layer also have a
considerable effect on the residual deformation of lower structure layers, including the

graded aggregate base layer.

3.4. The effect of the elastic modulus of the graded aggregate base layer on the

residual deformation
The development of the residual deformation when changing the elastic modulus
of the graded aggregate base layer is investigated for 4 cases. The elastic modulus of

each layer is used according to Tab. 4.

Tab. 4. The elastic modulus of the graded aggregate base layers

Elastic modulus of the graded aggregate base (MPa)
Layer
Case-1b Case-2b Case-3b Case-4b
Type 1 300 290 270 250
Type 2 250 240 220 200
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Fig. 8. The effect of the elastic modulus of the graded aggregate base
on the residual deformation
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It can be realized from Fig. 8 that the elastic modulus of the graded aggregate
base affects significantly on the residual deformation. However, the effect of the
elastic modulus of the graded aggregate base layer is smaller than that of the asphalt
concrete layer. It can be explained based on the stress distribution along with the
structure depth. The asphalt concrete layers are in direct contact with the wheel loads
and the stress in asphalt concrete layers is bigger than that in the graded aggregate
base layers. Therefore, the residual deformation of the graded aggregate base will be
smaller than that of the asphalt concrete layer. In this study, the residual deformation
of the graded aggregate base for case-4b (0.452 mm) is 29.9% larger than that of
case-1b (0.348 mm).

4. Conclusions

From the obtained results, the following conclusions can be drawn:

- The residual deformation of the graded aggregate depends on the number of
loading cycles. In the standard load case, the effect of the number of load cycles on the
residual deformation of the graded aggregate base is insignificant. However, the
development rate of the residual deformation increases rapidly with the increase of the
wheel pressure. It is indicated that one of the main reasons causing the rutting problem
is overload wheel pressure comparing with the allowable value.

- The accumulation of the residual deformation is inversely proportional to the
elastic modulus of material layers. The effect of the elastic modulus of asphalt
concrete layers on the residual deformation is bigger than that of the graded aggregate
base layers.

- In the future, it is necessary to conduct experiments to get complete data for each
material as well as study the behavior of the structure under different models. In
addition, the simulation should be performed with a bigger number of cycles about (1-2
million cycles) to accurately reflect the actual working practices.

- The obtained research results show that the deformation of the pavement is not
only controlled by the quality of the input materials but also by a load of vehicles during
the operation and exploitation phase. This will prevent damage and increase the service
life of the structure.
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NGHIEN CUU BIEN DANG DU CUA LOP CAP PHOI PA DAM
TRONG MAT BUONG BE TONG NHUA BANG PHAN MEM ABAQUS

T6m tdt: Bai bao trinh bay nghién citu vé ddc diém bién dang cling véi ing xir cua bién
dang dir trong 16p méng cap phoi da dam mdt dwong bé tong nhya khi c6 sw thay doi vé tdi
trong va mé dun dan héi cua c&c 1op vat lidu. Théng qua phan mém Abaqus Véi phicong phdp
phan tix hitu han dé md phong sw dnh hwong cia mét so tham so téi sw tich Liy bién dang du
trong lép méng cdp phoi dd dam mat dwong bé tdng nhuwa da dwoc phan tich. So liéu phan tich
cho thdy, khi giagm mé dun dan hoi déng cua l6p mat hode mé dun dan hoi l6p mong thi bién
dang du trong 16p cap phéi da dam tang 1én mét heong nhdt dinh (khodng 30-40%), nhung khi
tiang dp sudt banh xe tac dung 18n mdr dwong thi bién dang du trong 16p cap phéi da dam ting
Ién rat nhanh (khodng 80+180%). Pdy la mét chi tidu can dwoc nghiém tic xem xét va khéng
ché chat ché. Két qua nghién cizu c6 thé lam co so dir lidu tham khao cho tinh toan thiét ké va
khai thac logi mat dwong nay.

Tur khoa: Bién dang du; cip phdi d4 dam; mat duong bé tong nhwa; phan mém Abaqus.
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