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Research on the Typical Asphalt Pavement Structure Optimization

of the Semi — rigid Base and it’s Anti — rut Mechanical Properties

in the Advanced Heavy Traffic
PREFACE

At present, the semi-rigid base asphalt pavement has become the typical structure of asphalt
surFAce, in which aspect China ranks in the front place in the world. Large-scale, fast speed of
construction has brought some quality problem, especially some early damages is more serious in
heavy traffic problems of semi-rigid base asphalt pavement. To this end, this thesis mainly
studies on the typical structure of asphalt pavement damages in overloading traffic highway by
site investigation, test, calculation and simulation research, in order ‘to have a further
understanding of semi-rigid base asphalt pavement disease occurrence and development
mechanism. By setting up a typical semi-rigid base asphalt pavement structure, analyzing the
calculation to optimize asphalt mixture design, and giving full play to the cost-low characteristic
of semi-rigid base asphalt pavement, its unique advantages of high stability, resistance to rutting
is achieved. Also, it adapts to the leap-forward development of China's highway construction.
Theory of semi-rigid base asphalt pavement structure design will develop and perféct for the long
term, especially with the rapid progress in the development and application of high-performance
materials. How to use new materials effectively should be guided by the theory and establish a
new design concept of the semi-rigid base asphalt using suitable material properly in the typical
pavement structures of strata to control overloading traffic semi-rigid base asphalt pavement
early disease problems. This paper will carry out a further research as the followings.

On the basis of investigation and detection of early damages in the typical highway asphalt
pavement, the degree of compaction in semi-rigid base asphalt surFAce and residual porosity
greatly influencing the performance of its road use, low degree of compaction standard and large
residual porosity, water seepage tendency or secondary chase phenomenon is to be studied; the
asphalt mixture gradation, the important role of asphalt content of half rigid road asphalt
pavement, namely tempted to generate instability rutting is to be revealed; detection of semi-rigid
base asphalt interlayer continuity, semi-rigid base being the primary fatigue resistance of the
pavement structure layer is to be tested. When there is a tensile stress and inter-laminar sliding,
the semi-rigid base is the mainly fatigue layer; in the interlayer sliding mode, main rut
deformation resistance function of pavement structure layer extended to the whole asphalt layer;
using LIPP temperature forecast methods, the internal temperature gradient distribution of the
asphalt pavement structure is to be accurately forecasted,combining with the linear shrinkage
coefficient test and low temperature tensile creep test, analysis of semi-rigid base surFAce low
shrinkage characteristics of typical structure is to be analyzed; in the top position of typical
semi-rigid base asphalt pavement structure layer inside near the surFAce, low shrinkage stress is
the largest, which has nothing to do with structure contact between layers. The increases of the
thickNess of semi-rigid base greatly improve the fatigue life of asphalt surFAce; semi-rigid base
material maximum dry density increases with the increase of dosage of cement, vibration,
maximum dry density of heavy compaction mixture ratio in the range of 1.039-1.042g/cm?. The
compressive strength of different ways of forming the vibration molding specimens is 1.26-2.18
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times of heavy compaction molding of the specimen’s. The vibration compaction cleavage
strength of specimen is 1.68-1.96 times of heavy compaction molding specimen’s; by grey
incidence decision, integrated ways with best performance grading of comprehensive road in
multi-index evaluation of semi-rigid base asphalt pavement is to be found out to realize the
significant improving in graded optimization, strength of vibration molding specimen compared
to heavy blow specimen, shrinkage performance and anti-scouring performance.

The semi-rigid base material is obtained by indoor experiment in different cement dosage,
grading and forming of the fatigue equation. The stress analysis indicates that using cement
macadam for the upper base course and lime-fly-ash bound macadam for the under base is a
reasonable. Gravel modulus of cement should be controlled to be about 1250 MPa, and the
thickNess is suitable within the range from 25 to 30 cm; various parameters are put forward by
GTM research, based on optimized grading which is the minimum VMA gradation. Asphalt
mixture aggregate embedded squeezed state plays a decisive role. Changes of road performance
can be concluded as the effective changes of embedded squeezed state to judge the ability to
resist high temperature rut and water damage. Overload does great harm to the semi-rigid base
asphalt pavement. The pavement stress rises with the increase of overloading rate. As the
overloading increases by 10% each time, the pavement stress will-increase by 9.2%-9.5%; on the
condition of 100% overloading, road equivalent life will be short as one month to be damaged.
The stress level of grading gravelly interlayer pavement structure is higher than semi-rigid base
asphalt pavement structure and lasts longer in pavement equivalent. Grading macadam transition
layer has a good bearing and stress dispersion effect; deflection fatigue life of semi-rigid base is
the main controlling index of asphalt pavement fatigue life. The use of grading macadam
pavement structure contributes to the longer service time of the road than simply increase the
thickNess of semi-rigid base; the adoption of the vibration molding method to optimize the
design of the grading macadam transition layer meets the design requirements.

DG25 highway pavement condition is overall good over the years. Except partial road
damages, rutting depth and high measured value of deflection, the other test results of the rubber
asphalt road do well,foamed bitumen and emulsified asphalt cold-regenerated section are in good
condition; pavement damage condition of special maintenance sections is good although the
individual sections of there are transverse cracks, longitudinal cracks and measured value of
deflection is a bit high in some specific sections, which becomes a potential threat to the
pavement damage. In addition, the increase of road roughness /R/ and transverse force SFC is not
significant, which shews that it is important to take preventive maintenance measures to maintain
the good performance of the pavement. As for the use of improved TOPSIS method for DG25
highway pavement comprehensive-evaluation, from the results, it is clear that the improved
TOPSIS method by adopting the empowerment of a combination of subjective and objective has
achieved good effect; pavement performance evaluation includes fuzzy mathematics method,
system analysis method, regression model and gray theory method, etc. PSI model introduces
expert evaluation technology for the first time and grades from the perspective of the users;
although MCI model is based on expert evaluation technology, expert evaluation group of MCI
model is formed by road technical personnel; PCI evaluation overcomes the defects and is more
complete and rigorous compared with MCI evaluation model; UCI model is easy to use, however,
the accuracy is poor and it did not get a promotion on the comprehensive evaluation of pavement
performance; in this paper, to improve the comprehensive evaluation of asphalt pavement by the
TOPSIS method, it is found that the TOPSIS method makes the evaluation more rigorous and
scientific; with a temperature field model is established by using the Abaqus finite element
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software, it is revealed that the temperature difference of the middle and lower surFAce is small,
and under the condition of the standard load and overload, pavements can meet the requirements
of shear strength, in order to verify the accuracy of the pavement structure.

Through this paper by the research of integration of semi-rigid base asphalt pavement
structure, integration of material and the concept of division of strata, using the vibration molding
specimens is more suitable for the real construction situation. Based on the vibration molding, a
new method of semi-rigid material mixture ratio design, the system has compared performance
impacts on the pavement mixture road between the vibration molding method and the traditional
forming method, especially for a large-scale comparative study on the fatigue resistance with
different design methods, different cement dosages, and different levels with the cement
stabilized gravel; on account of vibration molding, a new method of grading macadam mixture
ratio design has been proposed. It analyzes and compares the influence on the pavement fatigue
life caused by increasing grading macadam transition layer, and recommends the typical asphalt
pavement with graded gravel transition layer structure; according to the division of strata, and the
material properties of different design methods of the characteristics of each owning advantages
and disadvantages, it puts forward different mixture ratio design method to design the material
according to the function the in order to give full play to its advantages. The material resistance
to high temperature rutting, low temperature cracking resistance and fatigue life is compared. It is
also proposed that different layers according to the division of labor should employ different
mixture ratio design methods. Research results have been applied to multiple test.evaluations and
construction designs of the highway, obtained good economic and social benefits, and
accumulated rich experience in construction and conclusions which provides guidance to similar
engineering designs, constructions, research of references and engineering technology.

This paper that mainly studies the key technologies of the extension of the old road,
National Road, provides the reference for the reconstruction project in the future. Through the
investigation and evaluation of the project site,this paper based on the project of Henan North
Road EG107, puts forward the optimal design scheme,by analysis of the current situation of the
use of the old pavement project.According to the theory of fracture mechanics and the
kNowledge of the stress intensity FActor calculation method, the crack area defined in the
following layer would predict, analysis and calculate of 3D model establishment and throughout
the transect and using finite element software. Comparison of the new and old pavement structure
layer of each step in splicing mode, the vehicle load in different position have effect on the
longitudinal and transverse crack reflection, so that it can reduce the reflection and extension of
cracks and the mosaic of old pavement and puts forward some effective measures.By using the
Abaqus finite element analysis software ,it can analysis of spring and summer high temperature,
respectively, under the standard axle load and heavy load (3 times the standard axle load)and
under the action of impact, rutting characteristics of two kinds of solutions to verify pavement on
pavement. The key problemof the road is how to reduce the uneven settlement of new and old
roadbed, ensure the overall stability of the roadbed, calculation and analysis of subgrade
connection scheme in this paper, design scheme of the security, economic and reasonable.

Based on the old and new embankment stability, connection scheme and original plan of
pavement treatment, and thinking the extension scheme depends on the reasonable and effective
engineering,it can provide a basis for future design and construction of the extension project.

The reconstruction project of white and black pavement is still in the phase of experience
explore and experiment at home and abroad, experiment methods, design theories and practical
technical problems solving are still not perfect. The choice of overlay project should combine
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with local circumstances, the overlay design scheme and pavement structure should suitable for
the geographic environment, climate condition, traffic state of the project area. The reflection
crack of white and black pavement has always been a different problem which perplex the
maintenance and construction design of reconstruction project. Although asphalt pavement
design standard has makes related requirements to the design of asphalt overlay, but it’s not
perfect, the control effect of most white and black pavement reflection cracks is still not ideal.

This paper based on the traffic and climate features of FG324 Xiamen segment , aiming at
white and black pavement renovation project, on the basis of analyze the temperature
performance and water stability of surFAce layer, middle (below)layer asphalt mixture of asphalt
overlay , through performance tests of surFAce layer and middle (below)layer asphalt mixture to
reveal their mechanical properties with different design mix ratio (that is ARAC-13, SMA-13,
AC-20 and ATB-25), the pertinent pavement design scheme of white and black pavement has
been proposed. The mechanical properties of white and black pavement which under light traffic,
heavy traffic and special heavy traffic respectively have been calculation and analysis by means
of Phase’® finite element technique. The distribution and characteristics of total deflection
(pavement surface)and flexural stress (layer bottom)have been check, the results meet the code
requirements.
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