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RESUMO 

Dias, C. Bitumen Stabilised Materials In Base Courses: Laboratory and Field Studies Of 
Permanent Deformation and Reflective Cracking. 2023. Tese (Doutorado em Engenharia) – 
Programa de Pós-Graduação em Engenharia Civil, UFRGS, Porto Alegre. 

O uso de camadas granulares estabilizadas com ligantes asfálticos tem aumentado em todo o 
mundo nas últimas décadas. As razões para escolher estabilizar bases granulares estão 
relacionadas ao desempenho no campo, que melhora os resultados do custo do ciclo de vida 
(LCC) e da análise do custo do ciclo de vida (LCCA). Esta tese, composta por três artigos, 
concentra-se no estudo laboratorial e de campo de resistência, rigidez e deformação permanente 
de bases granulares tratadas com emulsão asfáltica e, no caso do trecho experimental sobre 
pavimento rígido, também avaliar a evolução de trincamento. O primeiro artigo apresenta uma 
revisão da literatura sobre a estabilização de camadas granulares com diferentes tipos de 
ligantes asfálticos. O segundo artigo avalia, por meio de testes laboratoriais e de campo, o 
comportamento mecânico dos materiais estabilizados com emulsão, que foram aplicados sobre 
pavimentos em três trechos com revestimentos asfálticos antigos. Foram realizados ensaios de 
resistência à tração indireta, triaxiais monotônicos e de carga repetida. Além disso, os módulos 
de elasticidade in situ foram obtidos por retroanálise de bacias de deflexão. O modelo do TG2 
parece subestimar a vida dos pavimentos com camadas de revestimento espessas (> 40 mm). 
Um modelo relacionando a compactação ao Número N foi obtido, permitindo a previsão da 
afundamento de trilha de roda. Considerando o desempenho das seções de teste, as misturas 
mostraram ser eficientes para melhorar a capacidade estrutural, reduzindo também a influência 
da variação do nível de água no desempenho do pavimento. O terceiro artigo apresenta um 
estudo de caso de uma base aberta estabilizada com emulsão aplicada como camada anti-
reflexão de trincas em reforço asfáltico sobre antigas placas de concreto. O programa 
experimental incluiu a análise de dados do monitoramento de pavimentos, como deflexões e 
condição de superfície, a fim de estimar o módulo in situ de cada camada e acompanhar a 
evolução do afundamento de trilha de roda e do trincamento durante o período de análise. A 
análise de deflexão demonstrou que as camadas estabilizadas mantiveram sua capacidade 
estrutural quando usadas como reforço sobre um pavimento rígido.Os resultados novamente 
sugerem que o modelo sul-africano tende a subestimar a vida útil de pavimentos com misturas  
abertas com emulsão (CBEM), devido, possivelmente, à dificuldade de obtenção em laboratório 
de um parâmetro de coesão que represente com acurácia a condição de campo. As principais 
contribuições dessa tese foram: a) A análise do estado superficial indicou que o pavimento com 
camada estabilizada com betume aberto apresentou porcentagem de trincamento baixa mesmo 
após 3 anos de construção, indicando sua eficácia na prevenção de trincamento por reflexão, 
mesmo quando aplicado sobre um pavimento de concreto fissurado; b) O modelo incluído 
apresentado no TG2 parece subestimar a vida útil dos pavimentos com camada aberta 
estabilizada com emulsão, possivelmente devido a dificulade na determinação do parâmetro de 
coesão durante os testes laboratoriais; c) A adição de cimento e RAP aumentou a coesão da 
mistura (CETM) em comparação com aquela estabilizada apenas com emulsão (CBEM); d) As 
camadas estabilizadas com emulsão mantiveram a sua capacidade estrutural, uma vez que não 
foram observadas deformações elásticas excessivas nem afundamentos no trilho de roda. 

Palavras-chave: Bases granulares; estabilização com emulsão, deformação permanente; 
ensaios de laboratório; monitoramento de pavimentos; reflexão de trincas 

  



 

 

 

ABSTRACT 

Dias, C. Bitumen Stabilised Materials In Base Courses: Laboratory and Field Studies Of 
Permanent Deformation and Reflective Cracking. 2023. Tese (Doutorado em Engenharia) – 
Programa de Pós-Graduação em Engenharia Civil, UFRGS, Porto Alegre. 

The use of the stabilized granular layers with asphalt binders has been increasing all around the 
world in the last decades. The reasons for choosing to stabilize granular bases are related to 
their performance in the field that improves the results of the life-cycle cost (LCC) and life-
cycle cost analysis (LCCA).This thesis, which consists of three papers, focuses the study of 
strength, stiffness and permanent deformation behavior, and, in the case of the experimental 
section over rigid pavement, it also aims to assess the evolution of cracking. The first paper 
presents a literature review on the stabilization of granular layers with different types of asphalt 
binders. The second paper evaluate, through laboratory and field tests, the mechanical behavior 
of Bitumen Stabilized Materials applied as overlay in three section test. Indirect tensile strength, 
monotonic triaxial, and repeated load triaxial tests were carried out to obtain the necessary 
mechanical parameters. Besides, in situ moduli were obtained using backanalysis of deflection 
basins. Using field and laboratory results and the South African TG2 performance model, it 
was possible to estimate the life of the studied pavements regarding permanent deformation. 
The TG2 model seems to underestimate the life of pavements with thick (> 40 mm) asphalt 
layers. A model relating rutting to the number of ESALs was obtained, allowing the prediction 
of rutting. Considering the test sections’ performances, the mixes proved to be efficient to 
improve structural capacity, also reducing the influence of the water level variation on 
pavement performance. The third paper presented a study of case of an Open Graded Base 
Stabilized with Emulsion applied as an anticracking Relief Layer. The experimental program 
included the analysis of available data from pavement monitoring, such as deflections and 
surface condition, in order to estimate the in-situ modulus of each layer and follow-up the 
evolution of rutting and cracking over the analysis period. The deflection analysis demonstrated 
that the bitumen-stabilized layers retained their structural capacity when used as an overlay on 
rigid pavement, as there were no signs of excessive elastic deformation or rutting. The findings 
suggest that the South African model tends to underestimate the lifespan of pavements with 
open-graded cold bituminous emulsion mixes (CBEM) due to the difficulty of obtaining in the 
laboratory a cohesion parameter in the laboratory that accurately represents the field condition.. 
Following are the most meaningful findings of this thesis: a)The analysis of the surface 
condition indicated that the pavement with the open-graded bitumen stabilized layer exhibited 
minimal cracking even after 3 years of construction, indicating its effectiveness in preventing 
reflection cracking, even when applied over a cracked concrete pavement; b) The model 
included in TG2 South African document seems to underestimate the life of pavements with 
the studied open-graded bitumen stabilized layer, possibly due to challenges in determining the 
cohesion parameter during laboratory testing; c) The addition of cement and RAP increased the 
cohesion of the mix (cement emulsion treated mix, CETM) compared to that stabilized with 
emulsion only (cold bituminous emulsion mix, CBEM); d) The bitumen stabilized layers kept 
their structural capacity since neither excessive elastic deformation nor rutting was observed. 

Keywords: Granular Bases, Emulsion stabilization, permanent deformation, laboratory test, 
paveament monitoring, anti-reflective cracking. 
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AASHTO: American Association of State Highway and Transportation Officials 
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ATPB: Asphalt Treatment Permeable Base 
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DCP: Dynamic Cone Penetrometer 
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FHWA: Federal Highway Administration 

FWD: Falling Weight Deflectometer 
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LCC: Life Cycle Cost   
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RAP: Reclaimed Asphalt Pavement 
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Cláudio Renato Castro Dias (claudiorc.dias@icloud.com) – Tese de Doutorado – Porto Alegre: PPGCI/UFRGS, 2023. 

1 INTRODUCTION 

Due to the growth of commercial traffic in Brazilian roads, both in terms of the number of heavy 

trucks and the total gross weights and axle loads, there has been an increased necessity to 

research road pavement layers with higher resistance. If the conventional pavement design is 

adopted, i.e., asphalt layers over granular layers, the result will be increasingly thicker (close to 

20 cm) asphalt layers to prevent premature pavement fatigue failure. 

Besides increasing the risk of permanent deformation, the use of thicker asphalt layers results 

in higher consumption of non-renewable natural resources, depleting quarries and deposits 

while also increasing energy and fuel consumption. This contradicts the United Nations (UN) 

objectives related to ESG (Environmental, Social, and Governance) policies. 

In addition, granular-based pavements may be susceptible to regional climate-related issues. 

For example, the Southern Zone of the State of Rio Grande do Sul (RS), Brazil,  is characterized 

by a harsh and rainy winter, raising the water table level, which can lead to excess moisture in 

the base and subbase layers. 

To meet these structural reinforcement needs and reduce susceptibility to damage caused by 

excess moisture, the implementation of asphalt-treated base layers over existing pavements 

with reduced structural capacity is an option to be explored. 

Besides, open-graded bases treated with asphalt (foamed or emulsion) may also be effective in 

controlling and mitigating crack reflection when applied over severely cracked rigid or semi-

rigid pavements. 

In Rio Grande do Sul, open-graded asphalt bases have been experimentally used  in pavement 

rehabilitation. The particle size distribution used is similar to the Asphalt-Treated Bases of the 

Department of Highways of the State of São Paulo (ET-DE-P00/026) and the one presented in 

the 2010 CALTRANS specification for Asphalt-Treated Permeable Bases (ATPB). The main 

difference between these specifications and the local practice lies in the fact that in Rio Grande 

do Sul, these mixtures have been prepared using cold-mixing techniques asphalt emulsion. 
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Bitumen stabilised materials in base courses: laboratory and field studies of permanent deformation and 

reflective cracking 

Three open-graded asphalt base sections were applied as overlays of damaged pavements and 

have been monitored since construction. Two of these sections belong to heavily trafficked 

Brazilian Federal Highways (BR-392 and BR-116), being constructed over flexible pavements, 

in regions with frequent rises of the water table. Additionally, on BR 392 a test section was 

built over an old rigid pavement, to evaluate its feasibility as mitigating cracking reflection 

strategy. 

Another technique is the stabilization of bases with asphalt emulsion, where crushed stone 

mixtures, materials from pavement milling (commonly known as RAP, from "reclaimed asphalt 

pavement") and cement are added. This technique, known as Bitumen Stabilized Materials 

(BSM), has been used in several countries, including Brazil, in pavement recycling. 

BSM exhibits stress-state-dependent properties, and its performance should be measured in 

terms of permanent deformation. There is no agglomeration of all the aggregates by the asphalt, 

which makes the behavior of these mixtures similar to that of granular mixtures but with greater 

cohesion and less sensitivity to humidity. 

In 2019, the road concessionaire responsible for the administration of the Pelotas Highway 

Network, in Rio Grande do Sul State, built a test section on BR 116. The results of the field 

performance of this mixture have also been monitored since construction. It should be noted 

that this experimental section was also applied as an overlay to the existing pavements, rather 

than as a recycling of the surface and base. 

At national level, there are no procedures or manuals for the design and performance prediction 

of pavements containing emulsion-stabilized layers, and methodologies from abroad have been 

adopted. Therefore, there is an explicit need to contribute to understanding the mechanical 

behavior of these mixtures by relating long-term monitoring data from test segments to 

laboratory results and mechanistic performance predictions. 

It is worth highlighting the innovative fact that all the aforementioned experimental sections 

were executed as overlays on existing pavements. 
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Cláudio Renato Castro Dias (claudiorc.dias@icloud.com) – Tese de Doutorado – Porto Alegre: PPGCI/UFRGS, 2023. 

1.1 OBJECTIVES 

1.1.1 General objective 

The general objective of this research was to study strength, stiffness and permanent 

deformation behaviour of Bitumen Stabilized Materials constructed in heavily trafficked 

highways in Southern Brazil. Regarding the BSM layer over rigid pavement, it was also aimed 

to assess the evolution of cracking.  

1.1.2 Specific objectives 

In order to attain the general objective, the following activities were addressed:  

a) To evaluate the bearing capacity of the experimental pavements through the analysis of 

stiffness evolution, using field-collected data; 

b) To follow the performance of experimental pavements regarding permanent 

deformation evolution using field-collected data and comparing with that predicted by 

a Performance Model, included in TG2 South African document; 

c) To obtain a Prediction Model for the Evolution of Permanent Deformation (rutting) of 

Bitumen Stabilized Materials applied as overlays; 

d) To evaluate the effectiveness of Open Graded Granular Bases Stabilized with Emulsion 

to delay reflection cracking in rehabilitated pavements. 

1.2 THESIS STRUCTURE 

This PhD thesis consists of five chapters. This section summarises the content of each one. 

As previously seen, Chapter 1 (Introduction) presents the research theme, states its relevance 

and lists the research objectives. 

Chapters 2 to 4 consist of three journal papers. The thesis author is the main author of all of 

them. Although these studies have had collaborators, the first author was the only one involved 

in all parts of the thesis, including planning, testing, analysing and writing. In this thesis 

presentation version, only the abstracts are included due to copyright issues.  
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__________________________________________________________________________________________ 
Bitumen stabilised materials in base courses: laboratory and field studies of permanent deformation and 

reflective cracking 

Chapter 2 presents a literature review on the stabilization of granular layers with different types 

of asphalt binders. It focuses on the following topics: history, analysis of different mixes and 

structural designs, field behavior, and cost and environmental advantages. 

Chapter 3 introduces a published article that evaluates the mechanical properties of Bitumen 

Stabilized Materials utilized as overlays in three distinct test sections. This evaluation is 

conducted through a combination of laboratory experiments and field tests. 

Chapter 4 presents an article submitted for publication, that presents a case study on the use of 

an Open Graded Base Stabilized with Emulsion to delay reflection cracking in rehabilitated 

pavements. It is remarked that the same methodology for performance analyses was used in the 

papers presented in chapters 3 and 4. 

Chapter 5 presents the conclusions of each paper, the contributions to the knowledge and 

recommendations for further research. 
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2 AN OVERVIEW OF STABILIZATION OF GRANULAR LAYERS 

WITH ASPHALT, EMULSION AND FOAM ASPHALT: 

MECHANICAL PROPERTIES, PERFORMANCE AND 

ENVIRONMENTAL ASPECTS. 

 Abstract: 

The use of the stabilized granular layers with asphalt binders (hot and cold mixtures) has been 

increasing all around the world in the last decades. The reasons for choosing to stabilize 

granular bases are related to their performance in the field that improves the results of the life-

cycle cost (LCC) and life-cycle cost analysis (LCCA) when applied as an important tool to 

achieve the goals of the Environmental and Social and Governance (ESG) program by the 

United Nations Organization (UN). This paper aims to discuss the behavior of this stabilized 

material, through an extensive review of the literature on the mechanical properties and 

performance prediction of such mixtures and their economic and environmental assessment 

when compared to a conventional pavement rehabilitation technique. The paper highlights that 

the use of stabilization base layers improves significant benefits, such as Open Treated Base 

could be used to mitigate the problems associated with high pavement water contents and also, 

can help to control reflective cracking and Cold mixtures of Bitumen Stabilized Materials 

(BSM´s) present advantages of less raw materials and fossil fuel consumption and lower carbon 

footprint due to the improvement on the performance of the pavements..  

Keywords:  

Open Treated Base, Bitumen Stabilized Materials (BSM), performance, environmental, ESG.  

Highlights: 

• Anti-reflective cracking bitumen stabilized layer. 

• Permanent deformation as model of failure  

• Repeated Load and Monotonic triaxial Tests and  Indirect Tensile Strength (ITS). 

• Life-cycle cost (LCC) and Life cycle cost analysis (LCCA) 
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Bitumen stabilised materials in base courses: laboratory and field studies of permanent deformation and 

reflective cracking 

3 BITUMEN STABILIZED MATERIALS AS PAVEMENT OVERLAY: 

LABORATORY AND FIELD STUDY. 

Article published in Construction and Building Materials 

DOI: https://doi.org/10.1016/j.conbuildmat.2023.130562 

Abstract 

Bitumen stabilized materials applied as base courses have been used in many countries. In the 

southern Brazilian State of Rio Grande do Sul, two test sections were built using such mixes 

(in 2011 and 2015) as overlay asphalt emulsion base courses and have been under monitoring 

since then. In 2019, a new test section was built to evaluate mixes of granular materials and 

reclaimed asphalt pavement stabilized with emulsion and Portland cement as overlay base 

courses. The main objective of the research reported here was to evaluate the mechanical 

behavior of such materials and to assess their performance in the field during the years after 

construction. Indirect tensile strength, monotonic triaxial, and repeated load triaxial tests were 

carried out to obtain the necessary mechanical parameters. The data collected during the 

monitoring of the test sections were used to analyze the field performance in terms of permanent 

deformation. Besides, in situ moduli were obtained using backanalysis of deflection basins. The 

number of equivalent single axle loads (ESALs) for the analysis period was computed using 

data collected in toll plazas near the test sections. Using field and laboratory results and the 

South African TG2 performance model, it was possible to estimate the life of the studied 

pavements regarding permanent deformation. The TG2 model seems to underestimate the life 

of pavements with thick (> 40 mm) asphalt layers. A model relating rutting to the number of 

ESALs was obtained, allowing the prediction of rutting of asphalt pavements overlaid by a 

bitumen stabilized base layer and asphalt wearing courses. Considering the test sections’ 

performances, the mixes proved to be efficient to improve structural capacity, also reducing the 

influence of the water level variation on pavement performance. 

Keywords  

Bitumen stabilized material, RAP, cement, base course, overlay, rutting 
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Highlights 

 Crushed aggregates and reclaimed asphalt pavement mixes were stabilized with asphalt 

emulsion and cement. 

 Monotonic and repeated load triaxial tests for bitumen stabilized materials. 

 Evaluation of the permanent deformation of bitumen stabilized materials in the field. 

 Assessment of deflections and pavement surface condition of bitumen stabilized 

materials test sections. 
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4 AN OPEN-GRADED BITUMEN STABILIZED BASE COURSE AS A 

PAVEMENT OVERLAY ANTI-REFLECTIVE CRACKING 

SOLUTION. 

Article submitted on 10/05/2023 to Transportation Geotechnics 

 

Abstract 

The Port of Rio Grande is located in the city of Rio Grande in Rio Grande do Sul, the 

southernmost state of Brazil. The port terminals are accessed through a section of National 

Highway BR-392, with an original concrete pavement built in 1975. A few decades later, a 

layer of asphalt concrete was added on top of the cracked concrete pavement. In 2019, a test 

section was constructed, which included an open-graded (permeable) cold bituminous emulsion 

mix (CBEM) base overlaying the existing pavement to reduce crack reflection. The objective 

of the research presented here was to assess the mechanical behavior of the bitumen-stabilized 

base and its suitability in delaying crack reflection. The experimental program included the 

analysis of available data from pavement monitoring, such as deflections and surface condition, 

in order to estimate the in-situ modulus of each layer and follow-up the evolution of rutting and 

cracking over the analysis period. The number of equivalent single axle loads (ESALs) was 

calculated through the data files from the surveys conducted over a three-day period. A 

mechanistic-empirical (M-E) analysis was conducted using the South African model for 

bitumen-stabilized materials, and the results were compared with field performance. The 

deflection analysis demonstrated that the bitumen-stabilized layers retained their structural 

capacity when used as an overlay on rigid pavement, as there were no signs of excessive elastic 

deformation or rutting. The findings suggest that the South African model tends to 

underestimate the lifespan of pavements with open-graded cold bituminous emulsion mixes 

(CBEM) due to the difficulty of obtaining in the laboratory a cohesion parameter in the 

laboratory that accurately represents the field condition. The surface condition analysis revealed 

that the asphalt mix applied over the CBEM base course exhibited low-level cracking after 3 

years of construction, indicating that such open-graded mixes are effective in delaying crack 

reflection. 
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Keywords 

Bitumen stabilized material, open-graded mix, anti-reflective cracking, base course, overlay 

Highlights 

 Bitumen stabilized overlay as an anti-reflective cracking solution. 

 Open-graded aggregates stabilized with asphalt emulsion. 

 Structural assessment of a pavement test section with a bitumen stabilized overlay. 

 Cracking and rutting of a pavement test section with a bitumen stabilized overlay. 



23 

 

__________________________________________________________________________________________ 
Bitumen stabilised materials in base courses: laboratory and field studies of permanent deformation and 

reflective cracking 

5 CONCLUDING REMARKS 

This chapter presents a summary of the conclusions of each article, the main contributions of 

these thesis and recommendations for further researches. 

5.1 CONCLUSIONS 

Regarding the characteristics of the mixtures in terms of stiffness and mechanical behavior: 

 The Resilient modulus of Open Treated Bases and Bases Stabilized with Emulsion or 

Foamed Asphalt range from 400 to 2,000 MPa. The resilient modulus (MR) increases 

as the confining pressure (σ3) and deviatoric stress (σd) increase, exhibiting the same 

behavior as granular bases. This understanding is important for determine which failure 

model should be adopted in pavement design; 

 The model of failure of these materials is permanent deformation. Therefore, it is 

recommended to utilize the TG2 Guideline for designing the mixture and pavement 

projects; 

 Open Treated Base could enhance the reflection crack resistance even when applied 

between a semirigid or rigid base course and an asphalt concrete layer. 

Regarding particle size distribution, aggregate shape and type of RAP: 

 The size distribution, including the proportion of fines, and the shape of aggregates play 

a crucial role in determining the performance of the mixture. These characteristics are 

significant for achieving improved compaction and mechanical interlocking, as well as 

increasing the specific surface area. This increased surface area allows for better 

adhesion between the binder and the aggregates. Moreover, fines have an essential 

function, as they serve as the medium through which the emulsion is dispersed within 

the mixture, contributing to the overall performance and stability of the material; 

 An aged RAP, with a harder bitumen material, provides a better interlocking, improving 

resistance to permanent deformation in dry conditions. Nevertheless, in soaked 

conditions, the resistance of permanent deformation becomes poor. A soft bitumen helps 
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mixes to improve the moisture susceptibility and achieve better results when analyzed 

in both conditions together (dry and soaked). 

Concerning the incorporation of blended fillers, cement, and lime: 

 When higher quantities of cement are incorporated into the mixtures, their behavior 

shifts towards that of cement-stabilized bases, which leads to the need to study the 

fatigue of these mixtures. Consequently, in such scenarios, it is advised not to categorize 

these mixtures as asphalt-stabilized bases; 

 The use of binary blended filler (BBF) and ternary blended filler (TBF) enhances mix 

stiffness and significantly reduces its susceptibility to permanent deformation. This kind 

of filler could replace the cement and lime from the mixture and improve the 

environmental analysis in terms of LCCA. 

Concerning the curing process, water saturation and layer compaction thickness: 

 A layer thickness of 15 cm showed the most favorable to achieve better mechanical 

properties but some concerns must be taken, the mechanistic-empirical function gives a 

shorter life than the Pavement Number and this must be carefully analyzed; 

 Concerning the curing process, higher temperature accelerates water evaporation, and 

increases the cohesion and friction angle of the mixture, improving the permanent strain 

of the mixture. This is important to be considered in the planning of the field works; 

 When using Open Treated Base, as demonstrated in the ATPB examples, it's crucial to 

address concerns related to water saturation within the layer. This is because excessive 

water saturation can lead to a significant reduction in resilient modulus, increased 

permanent deformation, and a loss of cohesion between aggregates. Therefore, it's 

important to monitor the content and quality of the binder agent to enhance resistance 

to water damage. 

About  LCA and LCCA: 

 In terms of environmental impact, since BSM does not require hot mixing, the overall 

environmental impact is significantly lower than that of the traditional mill and fill, with 

a reduction in energy consumption and carbon emissions. In addition to environmental 
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benefits, BSM costs less than a traditional rehabilitation technique in terms of initial and 

life-cycle costs when analyzed by LCA procedures; 

5.2 MAIN CONTRIBUTIONS 

This research has advanced the understanding of the mechanical properties and performance 

behavior based on field data analyses of bitumen-stabilized materials used as overlays. The 

primary objective was to investigate the strength, stiffness, and permanent deformation 

behavior of bitumen-stabilized materials in heavily trafficked areas. This was accomplished by 

evaluating the bearing capacity and comparing the performance of experimental pavements. 

The comparison involved the evolution of permanent deformation, contrasting it with 

predictions made by a Performance Model outlined in the TG2 South African document. 

Additionally, the study aimed to develop a Prediction Model for the Evolution of Permanent 

Deformation and to assess the effectiveness of Open Graded Granular Bases Stabilized with 

Emulsion in delaying reflection cracking in rehabilitated pavements. 

The following summarizes the most meaningful findings of this research: 

 The open-graded bitumen stabilized layer showed high structural capacity as an overlay 

on a cracked concrete pavement; 

 The analysis of the surface condition indicated that the pavement with the open-graded 

bitumen stabilized layer exhibited minimal cracking even after 3 years of construction, 

indicating its effectiveness in preventing reflection cracking, even when applied over a 

cracked concrete pavement; 

 The model included in TG2 South African document seems to underestimate the life of 

pavements with the studied open-graded bitumen stabilized layer, possibly due to 

challenges in determining the cohesion parameter during laboratory testing; 

 The addition of cement and RAP increased the cohesion of the mix (cement emulsion 

treated mix, CETM) compared to that stabilized with emulsion only (cold bituminous 

emulsion mix, CBEM); 

 The bitumen stabilized layers kept their structural capacity since no excessive rutting 

was observed; 
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 The TG2 model seems to underestimate the life of pavements with thick asphalt wearing 

courses (> 40 mm); 

 A model correlating rutting with the accumulated number of equivalent single axle loads 

(ESALs) was obtained. It allows rutting estimation of old asphalt pavements overlaid 

by bitumen stabilized layers and asphalt wearing courses. The model might be 

interesting for pavement management, although it is only valid for the investigated 

ranges of ESALs and rutting. 

5.3 RECOMMENDATIONS FOR FURTHER RESEARCH  

Based on the presented thesis, the following are recommendations for further research: 

 Bitumen stabilized layers are effective in mitigating reflective cracking. However, the 

currently used prediction models may underestimate the life of pavements with these 

layers. It is also important further studies to analyze how the prediction of crack 

evolution can be improved, taking into consideration shear stresses, fatigue, and 

reflection cracking; 

 The mechanistic-empirical function presented in TG2 estimates a shorter life than the 

Pavement Number for layer thickness of 15 cm, but this thickness achieved the most 

favorable mechanical properties after field compaction. It is important to carry out 

studies that aim at better aligning performance predictions with better construction 

procedures; 

 As verified in the field, when the asphalt coating layers exceeded 40 mm, the TG2 model 

seems to underestimate the life of pavements. Future studies are needed to better 

calibrate such model, especially when BSM is applied over an existing damaged 

pavement. 
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