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Abstract

One of the types of materials has been developed for
using in pavement of pathway, is roller compacted
concrete (RCC). The pavement made of roller
concrete can be used for paths with light traffic as well
as heavy traffic and the surface of roller concrete in
this pavement has characteristic such as more durable,
low cost of building and repair and maintenance in
surfaces. In this paper, we review the numerical study
with finite element method and the impact on two
types of pavement namely asphalt and RCC and in this
respect, we have been made two models in Ansys
software and finally, we will compare the results. This
research so far, has been attracted by few people in
numerical calculation. In the end, the author, due to the
results, has been identified the pavement of roller
concrete is more suitable and so, it has been suggested
further reviews.

Keywords: Pavement, Surface of Roller Concrete,
Finite Element Method, Asphalt Pavement

Introduction

Transportation network of each country is considered
as the life of that country and the most massive
national capital. In order to have a necessary
performance, it is necessary for all elements to play
their role well. The airports, passengers and freight
terminals, ports and roads could have been considered
as the basic elements of this network [1, 11].
Unfortunately, in our country, Iran, because of
shortage and expensive cement while cheapness and
abundance of Bitumen and Gasoline with facility of
implement for all years of reconstruction, it has been
caused to employ only bitumen in practice, instead of
correct and appropriate use of three main elements of
pavement. But actually, the pavement without using
the concrete and gravel (broken or shaped) is
incomplete and inefficient [2, 15]. Now, the result is
that, we observe a variety of shortcomings on all roads
and urban and suburban passages [13].

One of the types of material has been developed for
decades is the roller compacted concrete (RCC) [7].
The pavement made of RCC could be used in paths
with heavy and light traffic and the surface of RCC in
this pavement has some characteristics such as high

durability, low cost to build and low level of repair and
maintenance [1]. In this research, it has been examined
the characteristics of concrete and the application of it
in pavement of paths, has been evaluated. Due to
study, it has been considered that the pavement of
roller compacted concrete compare with flexible
pavements that is common in Iran, has lower cost and
one can use the cement materials such as fly ash and
micro silica in making roller compacted concrete
which has been commonly used in concrete. Also, the
breakdowns on the pavement of roller compacted
concrete compare with flexible pavement specially,
for paths with heavy traffic are very low [6].
Background

Making the pavement of roller compacted concrete has
been considered as a modern method in the direction
of development of materials like stabilized soil with
cement or cement-treated base (CTB )which has been
used as a subbase and base in design and building of
pavements for long time. This primary application of
roller compacted concrete has been done in many
countries before the First World War [9]. Canadian
engineers in British Columbia State, begin to use the
aggregate with high cement in order to create the
layers of base with higher quality. Next step. It has
been considered the pavement of roller compacted
concrete as a complete pavement and without any
needs of cover layer [10]. First use of roller concrete
compact pavement was in building an area for wood
and timber factories with heavy loading in Vancouver
in 1970. The performance of roller compacted
concrete pavement under heavy loading and severe
wear was successful. Since, then roller concrete
pavement for building pavement of industrial areas has
been widely used in Canada [12]. First sample about
application of roller compacted concrete pavement in
roads with light traffic in Spain in 1970 and the first
application of it was the successful building in road
with test access in American Army Student Station in
Mississippi in 1975. But, first real and important
application of RCCP in America, construction of a
large parking lot for tanks and heavy military vehicles
in hood base in Texas in 1984. After this successful
application, a significant number of pavement has
been performed for heavy loads by public, military
sector and private sector. These applications has been
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included Heavy military vehicles parking lot, ports

and the terminals of container load exchange terminals

[18].

The roller compacted concrete is mix of cement

concrete with zero slump which is distributed by

conventional machines in asphalt concrete and it is
compacted by metal rollers and vibrated rollers. This
concrete is used in dams and pavement of path. RCC
is used as a substitution for clay. The characteristics of

mix and the most engineering characteristics RCC is

similar to conventional concrete. the roller concrete

that is applied to pavement, is a developing
technology. About two decades, several pavement
projects has been implemented in USA, countries like

France, Spain, German, Australia and India and Japan

with RCC and the application of it is developing as

well [17].

The Reasons of Expanding

The reasons of expanding use of it in pavement can be

stated as follow [2, 14]:

e Thereis no need any device and tools for building
and it is not be able to implement by conventional
machine for asphalt pavement.

e It is caused to increase the speed of
implementation and thus economical saving
compare with other pavements (nearly 30% off
compare with concrete pavement).

e  Usually there is no need dowel in slits and steel
reinforcement of structures.

e Because of strength structure after compaction, it
is allowed to pass the traffic earlier than other
concrete pavements

e Low consume of cement in RCC than other
concrete pavements

e RCC technology is used for path, the coal
warehouse, the Warehouse of timber categories,
port areas, the areas with heavy traffic, Stabilizing
steep embankments or dams, dry sludge ponds or
lagoon with effluent and manual portable
platforms. The efficiency of concrete is improved
by fly ash and it is caused to improve RCCP
behavior against crack.

Disadvantages and Problems in Application of

Roller Compacted Concrete Pavement

The application of RCC has problems and

disadvantages that can be stated as follows [2, 14]:

¢ In paths with heavy traffic, it is difficult to obtain
the proper surface texture for preventing slippage

o Leveling surface of RCCP is difficult

e Due to desired performance RCC to changes of
necessary humidity for achieving the enough
compaction is sensitive so, it needs to exact
implementation and controlling in time of
building.

e Inadequate data related to long term performance
is other effective factor not using in some
countries

Introduction of Finite Element Method

This method is a numerical analysis which can be used

for solving several and various problems in static,

dynamic, linear and nonlinear like stress analysis. The
roots of This method come back to 1900, practically,
this method enter into engineering discussions
specially mechanical and civil engineering in classic.

For the first time, this term was used to solve the 2D

elasticity problems by Clough in 1960. However, the

first person who used this method was Courant in 1943

[5].

Building and Networking of Engineering Model

After building the element engineering model, real

constant and the type of suitable consumer materials is

allocated to element engineering model and it is used
the optional networking or drawing for meshing the
engineering model. Generally, the networking of
different elements must conform to creating nodes
until they transfer the force after connecting together.
(Integrated structure is created) [6, 7].

Fig 1: Sample Modeling and its Networking

The Validity of Modeling

In order to achieve confidence from the results of
Analysis, it has been used the experimental model and
It has been compared the results of it with finite
element model. Experimental sample has been
reviewed by author.

== Ansys ==4==-Fakhri[20]

0 N
S o l
-5 0 5 10 15 20
=
2
T 50
o
w
[a)
-100

FIRST PRINCIPLE STRESS(KG/CM?2)

Graph 1: The Comparison between the Results of
Model and Finite Element
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Numerical modeling: 0

Due to reliability of modeling in previous chapter, we 0 z 10 15

have been reviewed the impact on the type of asphalt — -20

pavement and roller compacted concrete. We have %

been named them according to table (1) for better bl 40

identifying models. £ -60 —@— Model 1
Name of | The type of | The thickness of a
model pavement pavement -80
Model 1 Asphalt 10cm 100
Model 2 Asphalt 15cm
Model 4 Roller concrete | 10 cm FIRST PRINCIPLE STRESS(KG/CM2)
Model 5 Roller concrete | 15cm Chart 2: Stress-Depth of Model M1

Table (1): The Characteristics of Intersections in
Models in this Research

— AN

s e e 3 o3

Fig 2: Modeling of Model 1 in Software L S
— AN Fig 4: Contour of Principle Stresses in Model M1
e Mt The Results of Model M 2:

In order to compare the better performance of
pavement systems should be compared the parameters
like principle tension and movement under wheels.
Due to existing parameters in table 3 is the most
important influential parameters on the performance
of pavement system. Thus, we have been calculated
the parameters for each model.
Vertical Maximum Maximum

Modal’s

name movement of  stress in stress for
under wheels  asphalt layer  basic layer
Fig 3: The Modeling of Model 2 in Software M2 0.05 mm 9.6 kglem® | 3.2 kg/lem?
The Results of Model M 1 Table 3: The Results of Model M 2
In order to compare the better performance of 0
pavement systems should be compared the parameters 0 10 20
like principle tension and movement of under wheels. -20

Due to existing parameters in table 2 is the most

important influential parameters on the performance s -40
of pavement system. Thus, we have been calculated C w0 o— Model 2
the parameters for each model. E
Vertical Maximum Maximum o -80
movement of  stress in stress  for ()]
under wheels  asphalt layer  basic layer -100
2 2

Table 2: Analysis Results of Model M1

Chart 3: Stress-Depth of Model M 2
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Fig 5: Contours of Principle Tensions in Model 2
The Results of Model M 4:

In order to compare the better performance of
pavement systems should be compared the parameters
like principle tension and movement of under wheels.
Due to existing parameters in table 4 is the most
important influential parameters on the performance
of pavement system. Thus, we have been calculated
the parameters for each model. Due to calculated
maximum tension in the layer of roller compacted
concrete pavement and the comparison with model
cracking concrete is 2.8 Mpa in this study, it is
observed that the system has not cracked and it has
been presented the appropriate performance.

Vertical . Maximum
Model’s Maximum stress
movement . stress for
HIAME under wheel " Sl e basic layer
M 4 0.041 mm 11.07 kg/cm? 9.85 kg/cm?
Table 4: The Analysis Results of Model M 4
0
0 5 10 15
-20
. -40
>
= -60 —@— Model 4
T
£ -80
a
-100

FIRST PRINCIPLE STRESS(KG/CM?2)
Chart 4: Tension- Depth of Model M 4

mseM 1enes 004"

Fig 6: Contour of Principle of Model 4
The Results of Model M 6:

In order to compare the better performance of
pavement systems should be compared the parameters
like main tension and movement under wheels. Due to
existing parameters in table 5-2 is the most important
influential parameters on the performance of
pavement system. Thus, we -have been calculated the
parameters for each model. Due to -calculated
maximum tension in the layer of roller compacted
concrete pavement and the comparison with modulus
cracked concrete is 2.8 Mpa in this study, it is observed
that the system has not cracked and it has been
presented the appropriate performance.

Vertical Maximum Maximum

movement of  stress in  stress for
under wheels  asphalt layer basic layer

0.026 mm 10.52 kg/cm? = 5.34 kg/cm?
Table 5: The Analysis Results of Model M 6

Modal’s
name

0 10 20

—®— Model 6

-100

FIRST PRINCIPLE STRESS(KG/CM?2)
Chart 5: Stress-Depth of Model M6
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Fig 7: Contour of Principle Stresses in Model 6

The Comparison of Vertical Movement under
Load Wheel
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Fig 8: Comparative Bar Chart of Sink under
Wheel in Models of Model 1&4
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Fig 9: The Comparative Bar Chart of Sink under
Wheel in Models of Model 2&5

Conclusion:

Through review of the results. It is observed that the

type of pavement has incorporated in rate of sink of

pavement under load wheel. So that with 1o cm
thickness than asphalt pavement, we observed that
approximately decrease of 32% sink in roller
compacted concrete mode. Also, with 15¢cm thickness
than asphalt pavement we observed that nearly
decrease of 37% sink. And in pavement with 20cm
thickness than asphalt pavement we observed the
decrease of 35% sink.

Through review of contour of tensions and the
movements from the analysis of finite element, the
models of roller compacted concrete has been
reviewed. According to the results. It is observed that
the maximum tension has been created under wheels,
contrary to asphalt mode, it is observed that load
distribution has been done correctly and it has
prevented from stress concentration tension. This is
caused to maintain coherent in pavement systems and
under frequently loading- unloading has been less
damaged.

Due to calculated values for tension from the layer of
roller compacted concrete pavement and comparison
with modulus of cracked concrete in this study is equal
to 2.8 Mpa, it is observed that this system has not been
cracked and it has been presented appropriate
performance.

According to the results, the author has been identified
the roller compacted concrete pavement is more
appropriate and has been suggested it for further
studies.
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