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Abstract 

  Hot Mix Asphalt (HMA) technologies have undergone significant advancements in 

pavement engineering, with modern modifications enhancing its rheological properties and 

increasing resistance to cracking, rutting, and moisture damage. These improvements have 

contributed to extending pavement lifespan and reducing maintenance costs, making HMA a 

more sustainable choice for infrastructure. Polymer-modified and rubberized asphalt mixtures 

have demonstrated superior performance compared to conventional asphalt, offering enhanced 

durability under heavy traffic loads and harsh environmental conditions. Additionally, the use of 

recycled materials, such as rubber from discarded tires, improves durability while reducing 

environmental impact. These technologies are widely applied in infrastructure projects, including 

highways, bridges, tunnels, industrial areas, and airport aprons, leading to improved overall 

performance and lower maintenance costs. This study will analyze research trends on the effects 

of modified asphalt mixtures on pavement performance using the Dimensions database and VOS 

Viewer software. Furthermore, the study will identify key contributing countries and institutions, 

as well as examine research collaboration networks among scholars, aiming to provide insights 

that support the development and enhancement of modified asphalt mixtures for superior 

performance and greater sustainability. 

Keywords: Pavement distresses, Modified asphalt mixtures, Hot mix asphalt, Polymer 

modification, Bibliometric analysis. 

1- Introduction 

As the number of heavy cars and traffic increases, asphalt failures are becoming more 

prevalent. Asphalt pavement breaks easily at low temperatures, although deformation and rutting 

occur as the ambient temperature rises[1]. Modifying bitumen characteristics extends pavement 

life and improves quality, leading to lower repair and maintenance costs. Modifiers have been 

utilized in recent decades to improve the adherence and characteristics of traditional pure bitumen 

and asphalts, resulting in longer-lasting pavements[2]. The modification of Hot Mix Asphalt 

(HMA) is crucial for enhancing the durability and performance of pavement structures, 

particularly in addressing various pavement distresses that compromise their longevity. By 

incorporating various modifiers, such as polymers and additives, researchers aim to significantly 

improve the mechanical properties of HMA, thus mitigating issues such as cracking, rutting, and 

moisture damage. This review will explore the recent advancements in HMA modifications and 

their effectiveness in overcoming these prevalent pavement distresses. The focus will be on 
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various modification techniques, including polymer modification, rubber additives, and the 

incorporation of recycled materials. Additionally, the review will assess the performance of these 

modified HMA in mitigating issues such as rutting, cracking, and moisture susceptibility. This 

assessment will provide valuable insights into the effectiveness of various additives and 

modifications employed in the design of hot mix asphalt HMA, thereby contributing to the 

development of more durable pavement solutions [3]. Recent advancements in asphalt 

technology have led to innovative modification techniques that significantly improve the 

material's resistance to common distresses such as cracking, rutting, and moisture damage. These 

modifications not only enhance the durability of HMA but also extend its lifespan, making it a 

more sustainable choice for infrastructure development. As the demand for high-performance 

pavements increases, understanding these innovative techniques becomes crucial for engineers 

and researchers alike. This review explores the various modifications applied to HMA to enhance 

its efficiency and robustness against prevalent pavement failures [4]. Scientists and engineers are 

always seeking to enhance the features of asphalt mixes, such as their stability and longevity, by 

putting new additives into the bitumen or the asphalt mixture [5-7]. Moisture damage is a 

common cause of pavement failure worldwide, which can be seen as an economic strain. 

Moisture damage may cost millions of dollars to maintain and repair damaged pavements[8-10]. 

Polymer-based pavement offers improved resilience to rutting and thermal cracking, as well as 

decreased susceptibility to fatigue failure due to temperature and stripping.   Polymer-modified 

binders have several enhanced features, including a greater softening point, elastic recovery, 

cohesive strength, ductility, and viscosity[11]. 

Although numerous studies on asphalt mixture modification exist, bibliometric analysis 

has not been sufficiently addressed to identify the major research trends in this field. This study 

fills this gap by using data analysis tools such as VOS viewer and Dimensions to map global 

research in this field, contributing to new insight into the scientific trends in asphalt mixture 

modification. 

2. Background and Significance 

 HMA is a critical material used in pavement construction. It is known for its versatility 

and durability, yet it faces various distresses over its lifespan that can affect its performance. 

Understanding the factors that contribute to the degradation of HMA is essential for enhancing its 

performance and longevity. Understanding these distresses is crucial for developing effective 

modification strategies as they directly impact the performance and longevity of HMA 

pavements. Additionally, this section will highlight various modification techniques that have 

been implemented in recent studies to enhance resistance against these distresses. These 

techniques range from the incorporation of polymer modifiers to the utilization of recycled 

materials, each technique aimed at improving the mechanical properties and durability of HMA. 

Moreover, the significance of these modifications lies not only in enhancing performance but also 

in promoting sustainable practices within pavement engineering [12]. Understanding HMA 

modifications is crucial for enhancing pavement durability and performance. By exploring 

various additives, such as polymers and rubber, researchers can develop solutions that improve 

resistance to environmental stresses while maintaining structural integrity over time. 

Incorporating advanced modifiers into HMA formulations significantly enhances resistance to 



ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

72 
 

common distresses like cracking, rutting, and fatigue. This not only extends roadway lifespan but 

also reduces maintenance costs and improves user safety [13]. 

This study aims to explore the limitations of current research on modified asphalt 

mixtures, recent developments, and emerging research trends using informatics mapping and 

bibliometric analysis. Although a quantitative review approach is adopted, these analytical tools 

cannot eliminate all biases and limitations present in traditional studies. This review is one of the 

first studies to apply bibliometric analysis on a large scale within the limits of available data, 

enabling it to categorize the latest innovations in the characterization of modified asphalt 

mixtures with greater accuracy and clarity. 

3. Characteristics of HMA 

HMA is a mixture primarily composed of graded mineral aggregates, asphalt binders, and 

additives that make it workable for traffic at high temperatures. HMA has been extensively used 

for roadway construction. It has a variety of properties oriented for use, such as flexibility in 

different variations of distress, oxidation for life, durability for all traffic and climate conditions 

to resist rutting, fatigue cracking, etc., and to withstand both slow, time-based, and fast thermal 

fatigue. Thus, to utilize HMA for whatever type of application, say speedy construction or 

properties required by the end-user - low noise and ride comfort are rapidly becoming important - 

the interplay of all HMA components' properties listed earlier must be not only freely accessible 

to and understandable by any HMA plant operators with a supervisor on site but also effectively 

applied in mix design [14]. 

Oxidation resistance is influenced by asphalt penetration grade and viscosity values. 

Paving or blowing penetration grade asphalt results in thick films, longer durability journeys, and 

rapid HMA hardening. The higher the HMA viscosity concerning the solar collector unit, the 

longer the life of the pavement in service because chips do not carry as long. Hardened asphalt, 

due to its high viscosity, has a remarkable set of characteristics and performs daily more 

effectively as a medium and long asphalt-graded pavement to ensure long life. Generally, 

constant use of lower-viscosity asphalt pavements usually experiences more rapid distress. 

Ensuring compatibility between aggregates and asphalt by performing mix design determines the 

longevity of hot mix applications at lower and upper levels. Perhaps, to a lesser extent, this proof 

describes another highway waterproofing asphalt pavement service life system [15]. 

3.1. Composition and Properties 

 HMA is broadly composed of aggregates, two grades of asphalt binder (one as a filler), 

and optional additives to improve its performance. The HMA consists of natural or crushed 

aggregates and recovered or virgin asphalt binder that is heated to high temperatures to be mixed 

by spreading onto the road base and compacted. The aggregate, which dominates the pavement 

mix, has to withstand the loads to be supported and the environmental conditions it faces. This 

new mixture has to maintain a scaled-up aggregate skeleton, which facilitates the load transfer 

from the pavement surface to the road base, and adequate densities of HMA to resist moisture 

damage. The asphalt binder, which acts as both a "glue" and a "lubricant", has to fill the voids 

within the aggregate matrix and support the mix structure, thereby enhancing stiffness. However, 

if the HMA surface is heated, the asphalt binder becomes weak and fluid, applying less shear. 
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When the road surface temperature drops, the viscosity increases to preserve the aggregate 

distribution. Finally, new mixtures should be designed such that under fatigue and thermal 

stresses, the binder and/or aggregate material does not undergo a significant separation or deform 

excessively [16]. 

As soon as it is placed and then long after, it is important to predict the performance of a 

particular mix. The most important HMA properties that are typically evaluated are the complex 

modulus, phase angle, permanent deformation parameter, toughness, which is the energy 

absorbed by the specimen, and the intermediate strength of the HMA mix. Other properties 

include but are not solely constrained to flow time, the density of vibrated compaction, cohesive 

strength, and isolation of the aggregate particles from one another when one or more specimens 

are laid on top of each other and compacted. Collectively, they indicate additional performance 

characteristics, such as the viscosity of the binder, whose resistance to flow will help indicate the 

performance [17]. 

4. Common Pavement Distresses 

The heavy traffic load may cause pavement distress that significantly influences pavement 

performance. According to characteristics and penetration depths, pavement distress can be 

collectively classified into several categories. Some types of distress are predominantly 

longitudinal cracks along the wheel path, for example, eleven percent, and major and non-

decreasing longitudinal ruts. These types of distresses are called 1st distresses. Besides, there are 

two categories of distress, e.g., two percent minor transverse cracks and minor non-decreasing 

transverse ruts, classified as secondary distress. Distress is defined as any surface degradation or 

type of deformation that affects either the physical appearance or the ability of the structure to 

function as intended, and such interference reduces the predicted service life. A majority of the 

studies indicate that various deficiencies affecting bituminous pavement are cracks and rutting, 

which show the predominant distress of the pavement [18]. It is also mentioned that almost 70% 

of the world’s hard surface roadways are composed of hot-mix asphalt. Due to the enhancement 

and evolution that occurred over the last 20-30 years in the field of hot-mix asphalt, researchers 

are foreseeing new constituent mixtures, namely, warm mix asphalt. Over a period of time, 

asphalt-based pavement will definitely show some signs of distress, such as cracking and rutting 

or severe damage due to wear and tear near the surface of the road. It is generally recognized that 

environmental conditions, traffic loads, and various chemical factors can lead to the failure of 

hot-mix asphalt and can cause distress to occur. Modifying hot-mix asphalt to address distress 

will minimize the cost of repairing roads and improve road safety by increasing the lifespan of 

paved roads. This encompasses the safety factor and poor maintenance expenses to proper hot-

mix asphalt compared to regular available hot-mix asphalt constituents [12]. 

5. Factors Influencing HMA Resistance 

HMA pavement offers a high level of performance and comfort when traveling. However, 

the presence of various distresses can affect the sustainability of the pavement. The performance 

and durability of HMA are also subjects of discussion. Different studies have been devoted to 

looking into parameters that could influence the existence of HMA pavements. Studies have 

shown that various factors could influence the resistance of HMA to different kinds of distress. 

These factors include environmental conditions and terrain, material properties, asphalt binder 
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characteristics, such as grade and properties, selection of aggregates and mineral fillers with good 

compatibility and durability, traffic load and frequency, and type of vehicles. By understanding 

and considering these parameters, engineers can design and build a pavement that will have the 

necessary resistance [19-23]. 

Many investigators have provided a wealth of information on the mechanism of HMA in 

materials research and how HMA quality relates to three other factors: design, production, and 

service. Some have studied the interaction between these designs, materials, production, and 

service factors and interpreted the results with the help of concepts from the scientific field. Good 

materials in the HMA production process must include a high degree of chemical and mechanical 

properties of the HMA as well as resistance to the most common types of distress in HMA 

compounds. For the lifespan of the HMA pavement to be long, HMA must develop distresses 

according to design. Hence, HMA pavement must have the necessary mechanical properties 

(resistance) to loads. Without maintenance, the service life of an HMA lane is not the same as the 

design. Pavement wear is the result of the interaction between pavement and the atmosphere, 

traffic, and administration. Interactions are complex and can be influenced by many factors. 

Research must involve direct experimentation, including field studies, to fully understand the 

pavement wear process. All types of distress on the pavement are the result of interactions 

between the effects exerted by the material, type of load, and environmental effects [24-26]. 

5.1 Material Properties 

The HMA performance and its resistance to possible pavement distress are in direct 

relationship with the mechanical performance and the properties of the HMA materials at various 

pavement temperatures and loading conditions. The "mechanical response" of any material under 

load is influenced by its constitutive relationship and varies in direct correlation with its 

"stiffness" (more consistent with solid behavior) and "viscosity" (more consistent with liquid 

behavior). The "stiffness" describes the ability of the material to resist deformation under load at 

low strain levels, particularly the high-temperature performances and related "rutting" distresses. 

The "viscosity" also has an important impact on low-temperature performances and related 

"cracking" distresses. As a consequence, the "stiffness" (indicated by the modulus value), 

together with the "viscosity" and the "extensibility", are the three major parameters that 

characterize the "binder quality" and the ability of a bituminous material to resist distress. The 

mechanical response of the whole asphalt concrete is significantly affected by the shape and 

grading of the aggregates[27, 28].  

A better understanding and comprehensive modelling of the concrete properties represent 

an extremely useful tool for designing the mix to be used in a specific pavement. For some 

projects, the contribution of material science, which is constantly working to develop new 

technologies regarding bitumen-based materials, is of great importance. Regarding the main 

materials of this state-of-the-art argument, various general aspects of the constitutive 

relationships are updated with specific attention from mix designers towards the possibilities 

offered by modifications in the rheological properties, generally made by the addition of 

polymers in specific bitumen/binder materials [29, 30].  

The economic and environmental benefits should be evaluated for the possible proactive 

effects on the durability of asphalt-wearing course pavements. Some of the recent ongoing effects 
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devoted to the research of high-resistance pavement are also described hereinafter. The main 

interest is given to the latest and most significant international developments within the materials 

field, as they are particularly related to European specifications and possible advances already 

incorporated in the most recent standards. The description of the viscoelastic and viscoelastic-

plastic constitutive approaches in the real-life problem of traffic environments is also briefly 

outlined. This section reports the development of high stiffness and stiffness-extended polymer-

modified materials from base bitumen’s of different sources using the addition of block 

copolymers [31, 32]. 

6. Methods of HMA Modification 

Numerous methods have been incorporated to modify HMA in order to enhance the 

responses and performance of HMA against different pavement distresses. Polymers, mostly SBS 

and elastomer, can be used to modify the properties of conventional binders during their 

manufacturing process. One mechanism of polymer modification is adsorptive, which supports 

the enhancement of PMB to resist the oxidative hardening of conventional binders and improve 

the performance of mixtures against rutting. Besides improving the fatigue resistance of mixtures, 

other purposes of PMB layer inclusions are to improve binder drainage and reduce concrete 

pavement cracking. Moreover, the composition of MAC-10Ps has also shown high results of 

permanent deformation resistance. A reduction in both permanent and transient deformation of 

HMA is attained after using PMB along with aggregates of smaller size and the addition of 

stabilizer, wet process crumb rubber modification [33-35]. 

The calibration, HAM, and MAC-10 mixture obtained using a combination of 12% rubber 

with 0.6% blend of stabilizing oil content are capable of preventing raveling and resisting 

permanent deformation even at a high concentration of 2.4% of larger-size 4.75 mm crumb 

rubber particles. The public expectation is that heated tire scrap and crumb rubber have the 

potential benefits and ability to enhance durability, flexibility, and pavement rut resistance apart 

from reducing cracking formation in the HMA mixture. The most important effect of the use of 

crumb rubber modifier in the HMA mix design is the increase of the drain down-resistance factor 

from 134% to 285%, a reduction of PSV drain down from 8.6% to only 3.0%, and an increase in 

the rut-resistance factor from 0.83 to more than 1.0. The results demonstrated that trackless 

behaviour in an HVS for more than 5 million ESALs could be achieved when the asphalt binder 

is modified. This modification creates a beneficial interface between the asphalt and the stone. 

The 'stone on stone' friction is reduced, providing major resistance to horizontal creep or rutting. 

Additionally, aggregate particles have increased stability and reduced permeability [36, 37]. 

6.1 Additives  

Asphalt modifications involve the incorporation of various additives to enhance the 

performance and durability of asphalt mixtures. These materials help reduce the exploitation of 

natural resources and help enhance the performance of asphalt pavements. These additives have 

been proven to significantly improve the fatigue life and bonding properties of asphalt mixtures. 

In addition, modified bitumen mixtures exhibit stability, density, and water resistance, making 

them suitable for highway construction [38-40]. 
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HMAs can be modified in various ways to improve their performance and minimize the 

negative impacts of various distresses. The most commonly used method involves the use of 

additives, which can change the properties of HMAs significantly, enhancing their resistance to 

distress. Commonly used additives include polymers, crumb rubber, anti-stripping agents, and 

fibers. The choice of a particular additive is very important; it cannot overshadow the possible 

distress and the target performance. There have been many studies on the application of additives, 

in particular polymers; such studies often report very good performance. The main problem with 

additives is the cost, but some studies have proven that the use of additives might lead to savings 

on the maintenance of the pavement [41].  

When changing the mix design in Recycled Asphalt Pavements mixtures, it is important 

to make the HMA resistant to age hardening. Using lime to stiffen the asphalt leads to very good 

results; such mixtures have better resistance to permanent deformations, which makes it possible 

to think about a thinner structural layer. Incorporating additives in HMAs is a promising 

alternative to improve their performance and reduce the negative impacts of distress, particularly 

cracking. However, it is imperative to understand the interaction among additives, HMAs, and 

different pavement distresses in order to facilitate the prediction of pavement performance and 

opt for the best additive application mix design to assist in resolving this issue. Additives are 

employed to alter the properties of HMA, leading to an improvement in its resistance to 

pavement distress. In particular, these additives enhance the performance of the base HMA in 

terms of their resistance to fatigue cracking and moisture-induced damage [42].  

Among the different additives, the use of polymers in different forms aims to improve the 

base HMA's resistance against low temperatures, while fibers and rubber aim at reducing the 

tensile strain capacity of the base HMA, rendering it very good resistance to weathering distress. 

However, such targeted use leads to concerns regarding the high-energy distress performance of 

modified HMA. Although various studies involving the incorporation of particular types of 

polymer additives have been reported, attempts to study and understand the usage of different 

polymer additives to alter the mechanical and distress performances of HMA are limited [12].  

6.1.1. Styrene-butadiene-styrene(SBS) 

SBS has been widely used to modify the properties of asphalt at elevated temperatures. 

SBS is a typical two-phase thermoplastic polymer in which solid polystyrene blocks are bonded 

to rubbery polybutadiene blocks[43, 44]. When SBS polymer is used in roads, it reduces fatigue 

cracks and also mitigates the damage caused by the sun's rays in the summer, which leads to 

improved performance in hot regions, making roads longer-lasting, more comfortable to drive, 

and requiring less maintenance[44]. 

6.1.2. Novolac 

Novolac resins enhance the impact strength of asphalt mixtures, improving their ability to 

withstand fracture under pressure. It also improves the flexural strength of asphalt to maintain 

structural integrity under pressure[45]. The use of novolac resins may alter the kinetics of asphalt 

curing, which could improve its thermal stability and performance at higher temperatures. 

Improved flame retardancy is a feature of Novolac-modified asphalt that improves road 

safety[46]. 
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6.1.3. Crumb rubber (CR) 

Crumb rubber (CR), which is formed from used tires, has been widely used as a modifier 

for asphalt binders due to the constantly growing volume of discarded tires. It is acknowledged as 

an eco-friendly technology[47, 48]. Furthermore, surface treatment helps to increase the 

compatibility of CR particles with matrix asphalt for increased stability during storage[49, 50]. 

6.1.4. Polyethylene(PE) 

By using PE in asphalt, less virgin bitumen is required, which supports a circular 

economy and lowers carbon emissions related to asphalt manufacturing. Utilizing waste PE 

prolongs the life of road networks and aids in recycling initiatives, tackling the worldwide plastic 

waste challenge[51, 52]. PE is a compaction additive that improves asphalt mixture compaction 

and decreases rut depth. Aggregate thermoplastic PE coatings increase moisture resistance, 

reducing peeling and enhancing durability in general[52, 53]. 

6.1.5. Ethylene vinyl acetate(EVA) 

EVA makes asphalt binders more rigid, raising their softening points and lowering their 

penetration values. This improves their ability to withstand rutting and deformation in hot 

weather. It has been demonstrated that adding EVA to asphalt mixtures increases their resistance 

to rutting and permanent deformation under high traffic loads[54, 55]. EVA modification 

increases the adhesion of asphalt to aggregate, which is essential for extending the life of 

pavement surfaces. In addition, EVA reduces the likelihood of cracking at low temperatures, 

resulting in increased overall durability of the asphalt mixture[56, 57]. 

6.1.6. Styrene-butadiene-rubber(SBR) 

SBR improves elongation at break and low-temperature relaxing capabilities, which are 

essential for avoiding cracking in cold environments. SBR is added to asphalt to assist in 

preventing thermal breakdown during preparation, maintaining the asphalt's low-temperature 

performance. Better ageing resistance is exhibited by SBR-modified asphalt, which is crucial for 

sustaining performance over time[58, 59]. Tests have shown that adding more SBR to asphalt 

mixes results in greater softening points and less penetration, which enhances the mixtures' 

resistance to rutting. For asphalt pavements to last a long time, SBR improves the interfacial 

bonding strength by increasing the adherence between asphalt and aggregates[60, 61]. 

7. Effects of HMA Modification on Pavement Performance 

Modified HMA, referred to as polymer-modified HMA and HMA with the addition of 

modified binder or additives, is used to improve overall pavement performance in terms of 

decreased distress. Detailed investigations on the impacts of HMA modification on the properties 

of binders and mixtures, such as mechanical, physical, and chemical, concerning rutting, fatigue, 

and thermal cracking, have also gained plenty of interest. The geometry (depth, width, or 

thickness), parameters (crack area or length), and material (HMA or binder) used in FEM 

simulations are commonly considered as damage indices, i.e., the key parameters in modelling 

pavement fatigue distress. This section comprehensively investigates the individual impacts of 

different HMA modification techniques on fatigue resistance behavior or pavement distresses. 
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The overview of the dissimilarities between various HMA modification techniques is discussed 

under a commonly used modification-indicative approach in a later section [41, 42, 62]. 

Even though various studies have been conducted to assess the performance of HMA 

modification on distress resistance, a standardized approach to HMA modification has not yet 

been established. The review of different modification techniques and their comparison based on 

available case studies to enhance performance is necessary for recognizing the trade-offs between 

modification parameters and monitoring techniques. Scientific investigations on modified binder 

performance have pinned the relationship between binder-state properties and overall pavement 

performance. In addition, to assess the benefits, permanent field experimental studies that 

consider the extra cost of added materials and necessary long repetitions need to be incorporated. 

Considering the modification impacts of different binders over short periods instead of whole 

service lives can lead to a poor solution for achieving sustainability and durability [63, 64]. 

7.1 Stress Resistance and Rutting 

Rutting denotes the permanent and intrusive deformation of pavements and is a major 

distress type. Rutting is responsible for road accidents and reduces pavement lifespan. Several 

modifications to HMA have been applied. These include using polymer or rubber modifiers, wax 

modifiers, and plastic modifiers. Modified mixes are usually able to carry higher compressive 

stresses and allow more repetitive loadings than conventional mixes [65]. Exciting evidence of 

modifiers decreasing the amount of rut in asphalt-based pavements has been presented via case 

studies and observation. Furthermore, an initial relationship between an HMA’s composition and 

its susceptibility to rutting, including the load limits and the number of passes, is an important 

consideration when designing a modified HMA. Nonetheless, the transport property of the HMA 

and its effect on performance, in the long run, remains unclear [66-68]. 

BC modifiers have been proven to be effective solutions in inhibiting rutting in HMA. A 

polymer-infiltrated asphalt mixture could take higher vertical stresses before beginning complex 

deformation. Later, LF modifiers were developed to protect against rutting further. The LF 

modifiers are just as effective as the HLF modifiers and could sustain higher repeated shear 

stresses. The performance-related specifications redesigned the binder grades imported into the 

deflection. These results yielded remarkable improvements in the ability of HMA to resist rutting. 

The HMA mixtures could take much higher repeated shear stresses at the end of this 

investigation, which means that the newly introduced modifier gave the mixtures even more 

protection against rutting [69, 70]. 

Many modifiers have been applied to HMA and have been reviewed. The techniques used 

include polymers, SBS modified binders, fibers, RAS, and WMA. Most reviewed papers and 

case studies showed that the modifier had improved the resistance to rutting. BC polymer 

modifiers, including two types of binders and two simple mixes, were used. They proved that the 

deflection predictions were closely related to pavement deflection measurements. The pavement 

deflection was used to correlate the modifier effectiveness, except that a two-coat, two-pass 

specimen was used. Therefore, a dissection was taken, and the surface of the top was compacted 

using different asphalt contents for consistency. Furthermore, after the first, second, and third 

anti-strip, the specimens were compacted with different asphalt equivalently. The resilient 
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modulus or the resilient periodic load was used to construct the prediction model for modifier 

aggregates for an HMA layout [19, 71, 72]. 

8. Case Studies and Applications 

One of the main modes of failure in flexible pavement include rutting and moisture 

damage. Different types of distress in pavements can be rectified by employing modified binders 

in hot mix asphalt. Seven case studies that clearly defined the in-field performance of modified 

hot mix asphalt were also summarized and presented. From a general perspective, different 

modification methods were studied, and observations were made towards curing rutting, fatigue 

cracking, thermal cracking, stripping, and satisfactory performance, being heavily influenced by 

climatic conditions and/or traffic load. Studies elaborated that no single modification method can 

address all the issues. It is important to understand that the modification chosen must go hand in 

hand with the needs of the road based on the geographical location, climatic conditions, and 

traffic load. Economic benefits were also evaluated in the selected case studies [73-75]. 

In Wisconsin, there have been two field projects that include the use of polymer-modified 

asphalt mixtures. Polymer-modified pavements have shown fewer distresses and have required 

fewer maintenance activities than non-modified pavements. In Wisconsin, poor-performing 

asphalt pavements can be found in various regions of the state from border to border. A poor-

performing pavement is defined as a pavement that is distressed or deteriorating to the extent that 

maintenance and/or rehabilitation is necessary [76].  Generally, pavement distress occurs in the 

form of permanent deformation, mainly rutting, thermal and fatigue cracking, as well as moisture 

damage in terms of stripping, raveling, and potholes. Currently, Wisconsin uses Pavement and 

Surface Evaluation, Rehabilitation Support, and Instrumentation data to evaluate the state's 

pavements, make policy recommendations, and assess the need for funds. Stockpiling incurs 

additional costs in the form of traffic control and reheating hot mix asphalt. It may be of interest 

in future research, particularly in the use of recycled asphalt pavement hot mix asphalt, to include 

the temperature of the mixture as well as the existing traffic route to a stockpiled location when 

evaluating moisture damage [77]. 

9. Data Collection  

The aim of Dimensions is to support academic and scientific research, an online resource 

containing several research datasets from past projects. Researchers may use it to access a variety 

of databases that are useful for specialized research. This enables users to do in-depth searches 

within certain scientific and academic study subfields. These bibliometric methodologies that 

present previous research are based on strong correlations between shared data. According to the 

degree of connectivity between the annotated components (authors, nations, references, and 

keywords) in the scholarly mapping, co-citing papers or authors who appear in the same article, 

references are grouped based on the map's lines, the founder's nodes, and intensity[78]  

13. Analytical Method 

Bibliometrics offers scientometric analysis that is dynamic, evaluative, and predictive. Although 

it came from the field of library and information science, it has now been widely recognized and 

incorporated for usage in several other fields, particularly for researchers doing quantitative 
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studies.it is also widely used by Journals and institutes that depend on scholarly contributions[79, 

80]. To carry out the bibliometric process, several programming tools and packages have been 

developed, including BibExcel, CiteSpace, Pajek, Gephi, VOS viewer, and Histcite. This study 

created bibliometric maps and visualizations using VOS viewer[81]. Bibliometric network 

research primarily uses this software, which employs a single framework for both mapping and 

clustering. VOS viewer may be used to construct three types of visualizations: overlay, network, 

and density visualizations. Following the elimination of all superfluous documents, 2570 

publications were taken out of the Dimensions. Table (1) shows how Dimensions categories are 

applied to the received documents. About 30.07% and 12.09% of the total appeared in 

Construction and building materials and the International Journal of Pavement Engineering, 

whereas the least intriguing subjects were Innovative Infrastructure Solutions and Journal of 

Transportation Engineering part A Systems. The year of publication of the articles is shown in 

Figure (1). The graph makes it evident that the number of publications is growing annually at an 

exponential rate. 

Table (1) Documents Detailing the Publications that Obtained Based on Dimension Categories 

Categories on the (D) Record Count % of 2570 

Construction and building materials 808 30.07 

International Journal of Pavement Engineering 325 12.09 

Road Materials and Pavement Design 291 10.82 

Journal of Materials in Civil Engineering 224 8.33 

Lecture Notes in Civil Engineering 199 7.40 

International Journal of Pavement Research 189 7.03 

Materials 125 4.65 

Journal of Cleaner Production 91 3.38 

Case Studies in Construction Materials 84 3.12 

Sustainability 77 2.86 

Journal of Transportation Engineering Part B Pavement 65 2.41 

Applied sciences 58 2.15 

Sustainable Civil Infrastructures 56 
2.08 

Innovative Infrastructure Solutions 48 1.78 

Journal of Transportation Engineering part A Systems 47 1.74 
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Figure (1) Research Publications Made Year-wise. 

1301. Country  and Author Co-authorshipp 

Table (2) lists the top 10 contributions made by countries and authors. The United States 

dominates the number of publications with a total of 767, followed by Egypt (580 publications) 

and China (96 publications). The top three authors with a high number of publications are Wu 

and Shaopeng (25 publications), Amin, Muhammad Nasir (17 publications), and Khan, 

Kaffayatullah (17 publications). 

Table (2) The Top Ten Contributions Made by (Countries and Authors) are displayed. 

No Country F* Authors F* 

1 United states 767 Xiao, Feipeng, 25 

2 China 580 Hajj, Elie y. 21 

3 Egypt 96 Mehta,Yusuf 17 

4 Malaysia 103 Ali, Ayman 14 

5 United kingdom 57 Habbouche,Jhony 13 

6 Canada 104 Sebaaly, Peter e. 18 

7 Australia  52 Dong, Zishuo 7 

8 Germany 29 He, Anzheng 7 

9 Saudi Arabia 44 Mohammad,Louay n. 16 

10 Jordan 40 Partl, Manfred n. 6 

         Note: * F= Frequency 
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1308. Coo-authorshipo measures 
 

A domain knowledge map of the co-authorship networks of well-known authors could 

give different institutions useful baseline data to encourage cooperative research teams. Many 

scholars can also benefit greatly from such material. Researchers can use this data to find new 

publishers and partners, as well as to compile co-authorship data for editorial teams[82]. 

Figure (2) shows a map to highlight authors discussing the effect of modified asphalt on 

road damage due to the failure that occurs on roads as a result of high temperatures or high traffic 

loads. The elements are represented and classified by circles of different sizes and colours, and 

the elements are connected by lines that represent the relationships between the elements, and the 

strongest connection between the elements is through. The thicker lines, in addition to the 

distance between the elements, show the degree of interconnection. The total strength of 

relationships with other writers that result from co-authorship is calculated. Those writers who 

have the most links overall are selected. As a result, there are (19 items),( 5 clusters) networks, 

and (28 links), and the circles are coloured based on the clusters. The network represents the 

relationships between the authors who discussed the effect of modified asphalt on road damage 

caused by high traffic loads or extreme temperatures. 

 
Figure (2) The Author's Network- Visualization Map 

1300. Country 

With 13 items, 3 clusters, and 66 links, the network map in Figure (3) shows which 

nations publish the most research on impact-modified asphalt pavement distresses. The first is the 

United States, followed by China and Egypt. These nations have offered a substantial body of 

study that aids in the creation of modified asphalt mixture. China and the United States appear as 



ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

83 
 

the most important countries in research related to modified asphalt and are linked to many other 

countries through strong ties, which reflect the importance of global research. 

 

Figure (3) Map of the Countries Visualized Through a Network 

13.4. Citation Analysis 

By analyzing citation patterns, researchers can assess the performance of research groups 

and institutions, leading to more accurate evaluations of scientific productivity[83]. The ability to 

identify document citations and citation groups facilitates the analysis of frequently referred 

documents to determine the critical research domain [84].  

13.5. Using document ass a citation- unit 

With 13 items, 3 clusters, and 66 links, the network map in Figure (4) shows which 

nations publish the most research on the impact of modified asphalt on pavement distress,The 

study by Yildirim (2007) represents a focal point, as it is the largest and most closely linked to the 

other nodes, which indicates that it is a major reference study on modified asphalt, while the 

recent directives that represent the yellow nodes, such as Kheradmandi 2022, indicate more 

recent studies that often focus on new developments that tend to explore new materials or 

polymers to improve the performance of asphalt. 
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Figure (4) Citations Network – Document 

 13.6. Citation Analysis of Scientific Journals 

  A metric analysis was conducted based on the titles of scientific journals and a study of 

the influence of the journals and their relationship to each other regarding modified asphalt. Out 

of the 437 sources, only 78 showed connections between them. The timeline shows how the 

influence of the journals has changed over time, with the journals in blue colours being the most 

active in the earliest periods, followed by green and yellow, indicating the most recent activity 

see Figure (5). 

 

Figure (5) Citation Network – Source 
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13.7. Using Organizations as a Unit of Citations Analysis 

    Table (3) displays the most important universities and research institutions. The most 

prominent of these institutions is Chang An University. It is considered the most productive and 

influential university in this field in terms of the number of documents: 96, citations: 1,521, and a 

link strength of 143. Southeast University shows a great influence: the number of documents: 94, 

the citations: 1,520 and the strength of the links: 120, as it shows the existence of research 

cooperation. It is noticeable among universities, especially among Chinese universities such as 

Chang An University and Southeast University, and the timeline shows how it has developed 

research over the years, as scientific activity was strong and continuous between 2018 and 2021, 

as shown in Figure (6). 

Table (3) Most Organization 

NO Organization Documents Citations 
Total link 

strength 

1 chang an university 96 1521 143 

2 southeast university 94 1520 120 

3 tongji university 66 1616 116 

4 wuhan university of technology 41 881 108 

5 harbin institute of technology 33 470 67 

6 Texas a&m university 55 1354 63 

7 Amirkabir university of technology 38 1179 59 

8 iran university of science and technology 44 1300 52 

9 Iowa stste university 33 386 41 

10 Mansoura university 36 557 39 
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Figure (6) Citation- Network – Organization 

13.8. Co-citation Examination 

Co-citation analysis is a major tool in scientometric studies, especially within the statistics 

community, since the study highlights the use of co-citation networks to estimate authors' 

research interests and their evolution over time [85]. In addition, it stresses the importance of 

author co-citation analysis (ACA) in scientometric research. It highlights the value of co-citation 

in comprehending the connections and significance of scholarly work and suggests strategies for 

choosing authors based on citation metrics[86]. 

13.9. Co-citation Cited Reference 

 Out of 31052 citations, 20 satisfied the criterion, making twenty the least number for the 

selected referenced source. Figure (7) the most cited and significant references are highlighted in 

yellow, indicating that they serve as a foundation for numerous studies and are, therefore, pivotal 

references. Conversely, the less frequently cited and influential references are highlighted in blue. 

This illustrates the strength of the links between references. 
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Figure (7) Co-citation Cited References Density Visualization 

13.10. Co-citation Source 

Just 265 out of 4057 numbers were deemed to be the minimum, 20, as per the criteria. As 

seen in Figure (8), a net including 7 major clusters and 25615 linkages was created. Construction 

and building materials are considered the most influential source in the field, as it covers multiple 

aspects such as the properties of modified materials and performance tests. The Transportation 

Research Record focuses on applications of modified asphalt in transportation and infrastructure. 

The Journal of Cleaner Production may refer to research related to sustainability and the use of 

recycled materials in asphalt. 
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Figure (8) Co-citation – Source 

11. Conclusions 

The study concluded that modifying asphalt mixtures using polymers clearly improves 

their resistance to various defects such as thermal cracking, rutting, and peeling. Bibliometric 

analysis also showed that there is a growing interest in this research field, especially in major 

industrial countries, where most scientific production is focused on improving the performance of 

asphalt pavements and enhancing their sustainability. After reviewing the literature and analyzing 

data using VOS viewer software on modified asphalt and its resistance to pavement distress, the 

following key conclusions can be drawn: 

  Modified asphalt has proven effective as a solution for improving pavement performance 

and resistance to various defects, such as rutting, stress cracking, and thermal cracking. By 

incorporating polymers, recycled rubber, and other additives, modified asphalt offers 

improved durability, greater flexibility, and better resistance to harsh weather conditions. 

These improvements contribute to longer pavement life, reduced maintenance costs, and 

enhanced sustainability in road construction projects. 

 Through bibliometric analysis using the VOSviewer tool, this study identified the most 

prominent researchers in the field of modified asphalt and its resistance to various pavement 

defects. The results highlighted significant contributions, collaborative networks, and the 

level of interaction within the scientific community. Prominent researchers in this field 

include Xiao Feiping, Haji Ali Y, Mehta Yusuf Ali, Ayman Haboush, Johnny Sebali, and 

Peter E. In addition, the analysis identified leading countries that disseminated knowledge on 

the subject, including the United States, China, Egypt, Malaysia, and the United Kingdom. 

The study also revealed that several major universities are collaborating on research related 

to modified asphalt mixtures, including Chang'an University, Southeast University, Tongji 

University, and Wuhan University of Technology. 
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 This study provides a valuable framework for researchers seeking to understand the 

fundamental principles of modified asphalt mixtures. To achieve optimal resistance to 

pavement defects, an improved HMA-PCC system design that balances performance, 

sustainability, and cost is required. The adoption of modified asphalt must be based on a 

comprehensive assessment of its long-term benefits. Furthermore, continuing education and 

professional development for engineers, researchers, and practitioners in the field are 

essential to keep abreast of the latest developments, challenges, and innovations in the field. 

References 

[1] Al-Nawasir, R., et al., Effect of glass waste powder and date palm seed ash based sustainable cementitious 

grouts on the performance of semi-flexible pavement. Case Studies in Construction Materials, 2024. 21: p. 

e03453. https://doi.org/10.1016/j.cscm.2024.e03453 

[2] Jahanian, H., G. Shafabakhsh, and H. Divandari, Performance evaluation of Hot Mix Asphalt (HMA) containing 

bitumen modified with Gilsonite. Construction and Building Materials, 2017. 131: p. 156-164. 
https://doi.org/10.1016/j.conbuildmat.2016.11.069  

[3] Al-Taher, M.G., et al., Evaluating the Durability of Asphalt Mixtures for Flexible Pavement Using Different 

Techniques: A Review. International Journal of Pavement Research and Technology, 2024: p. 1-27. 
https://doi.org/10.1007/s42947-024-00469-1 

[4] Russo, F., R. Veropalumbo, and C. Oreto, Climate change mitigation investigating asphalt pavement solutions 

made up of plastomeric compounds. Resources, Conservation and Recycling, 2023. 189: p. 106772. 

https://doi.org/10.1016/j.resconrec.2022.106772 

[5] Frigio, F., et al., Aging effects on recycled WMA porous asphalt mixtures. Construction and Building Materials, 

2016. 123: p. 712-718. https://doi.org/10.1016/j.conbuildmat.2016.07.063 

[6] Chen, H. and Q. Xu, Experimental study of fibers in stabilizing and reinforcing asphalt binder. Fuel, 2010. 

89(7): p. 1616-1622. https://doi.org/10.1016/j.fuel.2009.08.020 

[7] Golestani, B., et al., Nanoclay application to asphalt concrete: Characterization of polymer and linear 

nanocomposite-modified asphalt binder and mixture. Construction and building materials, 2015. 91: p. 32-38. 
https://doi.org/10.1016/j.conbuildmat.2015.05.019 

[8] Abuawad, I.M., I.L. Al-Qadi, and J.S. Trepanier, Mitigation of moisture damage in asphalt concrete: Testing 

techniques and additives/modifiers effectiveness. Construction and Building Materials, 2015. 84: p. 437-443. 
https://doi.org/10.1016/j.conbuildmat.2015.03.001 

[9] Ismael, M.Q. and H.M. Al-Taher, Reinforcement of asphalt concrete by polyester fibers to improve flexural 

bending fatigue resistance. Journal of Engineering, 2015. 21(1): p. 115-130. 

[10] Al-Nawasir, R., B. Al-Humeidawi, and A. Shubbar, Influence of Sustainable Grout Material on the 

Moisture Damage of Semi-flexible Pavement. Periodica Polytechnica Civil Engineering, 2024. 

https://doi.org/10.3311/PPci.23373 

[11] Yildirim, Y., Polymer modified asphalt binders. Construction and building materials, 2007. 21(1): p. 66-72. 

[12] Milad, A., et al., A comparative review of hot and warm mix asphalt technologies from environmental and 

economic perspectives: towards a sustainable asphalt pavement. International Journal of Environmental 

Research and Public Health, 2022. 19(22): p. 14863.  https://doi.org/10.3390/ijerph192214863 

[13] D'Angelo, S., et al., Characterization of aged bitumen recovered from in-situ polymer-modified HMA and 

WMA using advanced technologies. Construction and Building Materials, 2023. 409: p. 133951. 
https://doi.org/10.1016/j.conbuildmat.2023.133951 

[14] Sapkota, K., et al., Mechanical characteristics and durability of HMA made of recycled aggregates. 

Sustainability, 2023. 15(6): p. 5594. https://doi.org/10.3390/su15065594 

https://doi.org/10.1016/j.cscm.2024.e03453
https://doi.org/10.1016/j.conbuildmat.2016.11.069
https://doi.org/10.1016/j.resconrec.2022.106772
https://doi.org/10.1016/j.conbuildmat.2016.07.063
https://doi.org/10.1016/j.fuel.2009.08.020
https://doi.org/10.1016/j.conbuildmat.2015.05.019
https://doi.org/10.1016/j.conbuildmat.2015.03.001
https://doi.org/10.3390/ijerph192214863
https://doi.org/10.1016/j.conbuildmat.2023.133951
https://doi.org/10.3390/su15065594


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

90 
 

[15] Tian, Y., et al., Laboratory investigation on rheological, chemical and morphological evolution of high 

content polymer modified bitumen under long-term thermal oxidative aging. Construction and Building 

Materials, 2021. 303: p. 124565. https://doi.org/10.1016/j.conbuildmat.2021.124565 

[16] Naveed, M., M.A. Raza, and R. Mehmood, Performance analyses of conventional hot mix asphalt with 

waste additives. Case Studies in Construction Materials, 2022. 16: p. e00850. 
https://doi.org/10.1016/j.cscm.2021.e00850 

[17] Asghar, M.F. and M.J. Khattak, Evaluation of mixture design and tensile characteristics of polyvinyl 

alcohol (PVA)–fiber reinforced HMA mixtures. International journal of pavement research and technology, 2024. 

17(1): p. 258-279. https://doi.org/10.1007/s42947-022-00233-3 

[18] Alsheyab, M.A., et al., A critical review of fatigue cracking in asphalt concrete pavement: a challenge to 

pavement durability. Innovative infrastructure solutions, 2024. 9(10): p. 386. https://doi.org/10.1007/s41062-

024-01704-1 

[19] Xiao, R., et al., Moisture damage mechanism and material selection of HMA with amine antistripping 

agent. Materials & Design, 2022. 220: p. 110797. https://doi.org/10.1016/j.matdes.2022.110797 

[20] Baradaran, S., et al., Fracture properties of asphalt mixtures containing high content of reclaimed asphalt 

pavement (RAP) and eco-friendly PET additive at low temperature. Construction and building materials, 2024. 

449: p. 138426. https://doi.org/10.1016/j.conbuildmat.2024.138426 

[21] Kamal, A.A. and H. Al-Mosawe. Aspects influencing the rutting distress in flexible pavements. in AIP 

Conference Proceedings. 2024. AIP Publishing. https://doi.org/10.1063/5.0236235 

[22] Hosseini, S.G., A.A. Kordani, and M. Zarei, Effect of recycled additives on pure mode I fracture resistance 

and moisture susceptibility of hot mix asphalt (HMA): An experimental study using semicircular bending (SCB) 

and indirect tensile strength (ITS) tests. Theoretical and Applied Fracture Mechanics, 2023. 128: p. 104168. 
https://doi.org/10.1016/j.tafmec.2023.104168 

[23] Abd Al Kareem, H.M. and A.H.K. Albayati, The possibility of minimizing rutting distress in asphalt 

concrete wearing course. Engineering, Technology & Applied Science Research, 2022. 12(1): p. 8063-8074. 

https://doi.org/10.48084/etasr.4669 

[24] Ullah, A., et al., Evaluation of high modulus asphalts in China, France, and USA for durable road 

infrastructure, a theoretical approach. Construction and Building Materials, 2024. 432: p. 136622. 
https://doi.org/10.1016/j.conbuildmat.2024.136622 

[25] Hamedi, G.H., H. Talebi, and S.L. Harehdasht, Using surface free energy and mechanical methods to 

investigate the effect of aging on the fatigue cracking potential of UHMWPE-modified HMA. Case Studies in 

Construction Materials, 2024. 20: p. e03070. https://doi.org/10.1016/j.cscm.2024.e03070 

[26] Abaza, K.A. and M.M. Murad, Simplified novel approach for estimating HMA overlay thickness schedule using 

long-term performance indicators. International Journal of Pavement Engineering, 2021. 22(9): p. 1077-1089. 

https://doi.org/10.1080/10298436.2019.1660339 

[27] Jacobs, G., et al., Influence of soft binder and rejuvenator on the mechanical and chemical properties of 

bituminous binders. Journal of Cleaner Production, 2021. 287: p. 125596. 
https://doi.org/10.1016/j.jclepro.2020.125596 

[28] Yalcin, E. and A. Demirbag, Effects of modified binders obtained from different polymers on conventional 

and rheological properties. Construction and Building Materials, 2022. 357: p. 129366. 
https://doi.org/10.1016/j.conbuildmat.2022.129366 

[29] Ahmad, M., et al., Aging characterization of asphalt binders through multi-aspect analyses: A critical 

review. Fuel, 2024. 376: p. 132679 https://doi.org/10.1016/j.fuel.2024.132679. 

[30] Targino, D.L.L., et al., Complex Modulus characterization of an Optimized Binder with SCMs: proposition 

of an enhanced Cement formulation to improve Stiffness Behavior and Durability of Mortars and Concretes. 

Journal of Building Pathology and Rehabilitation, 2023. 8(2): p. 85. https://doi.org/10.1007/s41024-023-00293-3 

https://doi.org/10.1016/j.conbuildmat.2021.124565
https://doi.org/10.1016/j.cscm.2021.e00850
https://doi.org/10.1016/j.matdes.2022.110797
https://doi.org/10.1016/j.conbuildmat.2024.138426
https://doi.org/10.1063/5.0236235
https://doi.org/10.1016/j.tafmec.2023.104168
https://doi.org/10.48084/etasr.4669
https://doi.org/10.1016/j.conbuildmat.2024.136622
https://doi.org/10.1016/j.cscm.2024.e03070
https://doi.org/10.1080/10298436.2019.1660339
https://doi.org/10.1016/j.jclepro.2020.125596
https://doi.org/10.1016/j.conbuildmat.2022.129366
https://doi.org/10.1016/j.fuel.2024.132679


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

91 
 

[31] Li, G., et al., From crude oil to bitumen: Genetic variability in chemistry and its influence on viscoelastic of 

binders. Construction and Building Materials, 2024. 444: p. 137896. 
https://doi.org/10.1016/j.conbuildmat.2024.137896 

[32] Elwardany, M., et al., Comprehensive performance evaluation of high polymer-modified asphalt binders 

beyond linear viscoelastic rheological surrogates. Construction and Building Materials, 2022. 351: p. 128902. 
https://doi.org/10.1016/j.conbuildmat.2022.128902 

[33] Wu, W., et al., Prediction of rheological properties of high polymer-modified asphalt binders based on 

BAS-BP neural network and functional groups. Fuel, 2025. 379: p. 132989. 
https://doi.org/10.1016/j.fuel.2024.132989 

[34] Zhang, X., et al., Polymer-modified cement mortars: Their enhanced properties, applications, prospects, 

and challenges. Construction and Building Materials, 2021. 299: p. 124290. 
https://doi.org/10.1016/j.conbuildmat.2021.124290 

[35] Tang, N., W. Huang, and G. Hao, Effect of aging on morphology, rheology, and chemical properties of 

highly polymer modified asphalt binders. Construction and Building Materials, 2021. 281: p. 122595. 
https://doi.org/10.1016/j.conbuildmat.2021.122595 

[36] Hu, Z., et al., Binders for Si based electrodes: current status, modification strategies and perspective. 

Energy Storage Materials, 2023. 59: p. 102776. https://doi.org/10.1016/j.ensm.2023.102776 

[37] Dalhat, M. and K. Al-Adham, Review on laboratory preparation processes of polymer modified asphalt 

binder. Journal of Traffic and Transportation Engineering (English Edition), 2023. 10(2): p. 159-184. 
https://doi.org/10.1016/j.jtte.2023.01.002 

[38] Wong, T.L.X., M.R.M. Hasan, and L.C. Peng, Recent development, utilization, treatment and performance 

of solid wastes additives in asphaltic concrete worldwide: A review. Journal of Traffic and Transportation 

Engineering (English Edition), 2022. 9(5): p. 693-724. https://doi.org/10.1016/j.jtte.2022.06.003 

[39] Sorge, R., M. Rochlani, and S. Riedl, Influence of Multiple Modifications on the Fatigue Behavior of 

Bitumen and Asphalt Mixtures. Journal of Engineering Materials and Technology, 2024. 146(2). 
https://doi.org/10.1115/1.4063801 

[40] Revolutionizing Roadway Development: Modified Bitumen Applications in Highway Construction, in 

Conference Proceeding. 2024. 

[41] Roy-Chowdhury, A.B., M.F. Saleh, and M. Moyers-Gonzalez, A statistical analysis of the effect of 

confining pressure on deformation characteristics of HMA mixtures in the modified wheel track testing. 

Materials and Structures, 2023. 56(1): p. 18. https://doi.org/10.1617/s11527-023-02106-y 

[42] Yang, B., et al., Pure modes I and II fracture behavior of Modified-Hot mix asphalt (HMA) under Long-

Term aging condition. Theoretical and Applied Fracture Mechanics, 2024. 129: p. 104234. 
https://doi.org/10.1016/j.tafmec.2023.104234 

[43] Qian, C., et al., Influence of crumb rubber particle size and SBS structure on properties of CR/SBS 

composite modified asphalt. Construction and Building Materials, 2020. 235: p. 117517. 
https://doi.org/10.1016/j.conbuildmat.2019.117517 

[44] Al-Nawasir, R.I. and B.H. Al-Humeidawi, Qualitative Evaluation for Asphalt Binder Modified with SBS 

Polymer. Tikrit Journal of Engineering Sciences, 2023. 30(4): p. 88-101. https://doi.org/10.25130/tjes.30.4.10 

[45] Khalaf, M., W. Hanoosh, and A. Hadad, Thermal, flexural, and impact strength studies on phenolic 

novolac resin/acrylonitrile–butadine rubber blends. Composite Interfaces, 2012. 19(7): p. 453-460. 

https://doi.org/10.1080/15685543.2012.759821 

[46] Morales Arias, J.P., E.M. Agaliotis, and M.M. Escobar, Curing kinetics of a novolac resin modified with 

oxidized multi‐walled carbon nanotubes. Fire and Materials, 2017. 41(7): p. 884-889. 

              https://doi.org/10.1002/fam.2442 

https://doi.org/10.1016/j.conbuildmat.2024.137896
https://doi.org/10.1016/j.conbuildmat.2022.128902
https://doi.org/10.1016/j.fuel.2024.132989
https://doi.org/10.1016/j.conbuildmat.2021.124290
https://doi.org/10.1016/j.conbuildmat.2021.122595
https://doi.org/10.1016/j.ensm.2023.102776
https://doi.org/10.1016/j.jtte.2023.01.002
https://doi.org/10.1016/j.jtte.2022.06.003
https://doi.org/10.1115/1.4063801
https://doi.org/10.1016/j.tafmec.2023.104234
https://doi.org/10.1016/j.conbuildmat.2019.117517
https://doi.org/10.25130/tjes.30.4.10
https://doi.org/10.1080/15685543.2012.759821
https://doi.org/10.1002/fam.2442


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

92 
 

[47] Amin, M.N., M.I. Khan, and M.U. Saleem, Performance evaluation of asphalt modified with municipal 

wastes for sustainable pavement construction. Sustainability, 2016. 8(10): p. 949. 
https://doi.org/10.3390/su8100949 

[48] Xie, Z. and J. Shen, Performance properties of rubberized stone matrix asphalt mixtures produced through 

different processes. Construction and Building Materials, 2016. 104: p. 230-234. 
https://doi.org/10.1016/j.conbuildmat.2015.12.063 

[49] Li, Y., M. Guo, and X. Liu, Macroscopic and Microscopic Characterization of the Effect of “Activation” 

Process on the Performance of Buton Rock Asphalt‐Modified Asphalt. Advances in Materials Science and 

Engineering, 2020. 2020(1): p. 8148930.https://doi.org/10.1155/2020/8148930 

[50] Li, J., F. Xiao, and S.N. Amirkhanian, High temperature rheological characteristics of plasma-treated 

crumb rubber modified binders. Construction and Building Materials, 2020. 236: p. 117614. 
https://doi.org/10.1016/j.conbuildmat.2019.117614 

[51] Bastola, B., et al., Performance Evaluation of Different Types of Plastic Incorporated in Hot Mix Asphalt 

(Hma). 

[52] Chiang, C.-L., M. Mivehchi, and H. Wen, Towards a use of waste polyethylene in asphalt mixture as a 

compaction aid. Journal of Cleaner Production, 2024. 440: p. 140989. 
https://doi.org/10.1016/j.jclepro.2024.140989 

[53] Xiao, R., P. Polaczyk, and B. Huang, Mitigating stripping in asphalt mixtures: pretreatment of aggregate 

by thermoplastic polyethylene powder coating. Transportation Research Record, 2024. 2678(4): p. 776-787. 
https://doi.org/10.1177/03611981231186598 

[54] Prakash, D.P., Experimental Investigation of LDPE and EVA on Asphalt Binder. International Journal for 

Research in Applied Science and Engineering Technology, 2023. 11(6): p. 2686-2707. 

[55] Campus, H., PERFORMANCE EVALUATION OF ETHYLENE-VINYL ACETATE MODIFIED BITUMEN 

AND MIXTURES. https://doi.org/10.26782/jmcms.2022.01.00002 

[56] Zakieva, R., et al., Effect of modification of a copolymer of ethylene with vinyl acetate on the performance 

of cement and asphalt concrete based on it. Chemistry and Technology of Fuels and Oils, 2015. 51: p. 480-486. 
https://doi.org/10.1007/s10553-015-0628-3 

[57] Yuliestyan, A., et al., Selection of ethylene-vinyl-acetate properties for modified bitumen with enhanced 

end-performance. Rheologica Acta, 2018. 57: p. 71-82. https://doi.org/10.1007/s00397-017-1057-5 

[58] Liu, X., B. Du, and Z. Min, Optimizing Thermosetting Epoxy Asphalt with Styrene–Butadiene Rubber and 

Styrene–Butadiene–Styrene Modifiers for Enhanced Durability in Bridge Expansion Joints. Applied Sciences, 

2024. 14(24): p. 11842. https://doi.org/10.3390/app142411842 

[59] Li, Z., et al., Investigating the synergistic anti-aging effects of Sasobit and recycled engine oil in styrene-

butadiene rubber modified asphalt. Frontiers in Materials, 2024. 11: p. 1412094. 
https://doi.org/10.3389/fmats.2024.1412094 

[60] Mahmood, A.O. and R.A. Kattan, Experimental Analysis to Evaluate the Impact of Styrene-Butadiene-

Styrene and Crumb Rubber on the Rutting and Moisture Resistance of Asphalt Mixtures. Sustainability, 2023. 

15(13): p. 10387. https://doi.org/10.3390/su151310387 

[61] Xie, T., et al., Evaluation of styrene butadiene rubber asphalt modification mechanism and adhesion effect 

based on molecular simulation. Fuel, 2024. 364: p. 131023. https://doi.org/10.1016/j.fuel.2024.131023 

[62] Jin, D., et al., Resurface of rubber modified asphalt mixture with stress absorbing membrane interlayer: 

From laboratory to field application. Construction and Building Materials, 2024. 441: p. 137452. 
https://doi.org/10.1016/j.conbuildmat.2024.137452 

[63] Liu, S., et al., Effect of gradation variability on volume parameter and key performances of HMA. Frontiers 

in Materials, 2021. 7: p. 611409. https://doi.org/10.3389/fmats.2020.611409 

https://doi.org/10.3390/su8100949
https://doi.org/10.1016/j.conbuildmat.2015.12.063
https://doi.org/10.1155/2020/8148930
https://doi.org/10.1016/j.conbuildmat.2019.117614
https://doi.org/10.1016/j.jclepro.2024.140989
https://www.journalimcms.org/journal/performance-evaluation-of-ethylene-vinyl-acetate-modified-bitumen-and-mixtures/
https://doi.org/10.3390/app142411842
https://doi.org/10.3389/fmats.2024.1412094
https://doi.org/10.3390/su151310387
https://doi.org/10.1016/j.fuel.2024.131023
https://doi.org/10.1016/j.conbuildmat.2024.137452
https://doi.org/10.3389/fmats.2020.611409


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

93 
 

[64] Zhang, Y. and L. Sun, Performance-based design of recycled hot-mix asphalt (HMA) incorporating 

compaction effort variable. Construction and Building Materials, 2021. 303: p. 124277. 
https://doi.org/10.1016/j.conbuildmat.2021.124277 

[65] Joumblat, R., et al., State-of-the-art review on permanent deformation characterization of asphalt concrete 

pavements. Sustainability, 2023. 15(2): p. 1166. https://doi.org/10.3390/su15021166 

[66] Jiang, B., et al., Interlayer distress characteristics and evaluations of semi-rigid base asphalt pavements: A 

review. Construction and Building Materials, 2024. 431: p. 136441. 
https://doi.org/10.1016/j.conbuildmat.2024.136441 

[67] Ahmed, I., et al., Application of a novel linear-viscous approach to predict permanent deformation in 

simulative inverted pavements. Construction and Building Materials, 2021. 267: p. 120681. 
https://doi.org/10.1016/j.conbuildmat.2020.120681 

[68] Al-Atroush, M.E., Structural behavior of the geothermo-electrical asphalt pavement: A critical review 

concerning climate change. Heliyon, 2022. 8(12).https://doi.org/10.1016/j.heliyon.2022.e12107  

[69] Che, T., et al., The effect of styrene-butadiene rubber modification on the properties of asphalt binders: 

Aging and restoring. Construction and Building Materials, 2022. 316: p. 126034. 
https://doi.org/10.1016/j.conbuildmat.2021.126034 

[70] Rondón-Quintana, H.A., et al., Use of biochar in asphalts. Sustainability, 2022. 14(8): p. 4745. 
https://doi.org/10.3390/su14084745 

[71] Zahid, A., S. Ahmed, and M. Irfan, Experimental investigation of nano materials applicability in Hot Mix 

Asphalt (HMA). Construction and Building Materials, 2022. 350: p. 128882. 
https://doi.org/10.1016/j.conbuildmat.2022.128882 

[72] Rajeshwari Kaushal, D., et al., Review on Characterization of Polymer Modified Bitumen with Reclaimed 

Asphalt Pavement used in HMA. 

[73] Osman, H., et al., Effects of bonding enhancers on shear stress and bonding strength of modified asphalt 

binders under different aging and moisture conditions. Construction and Building Materials, 2024. 453: p. 

139020. https://doi.org/10.1016/j.conbuildmat.2024.139020 

[74] Li, Y., et al., Anti-rutting performance evaluation of modified asphalt binders: A review. Journal of Traffic 

and Transportation Engineering (English Edition), 2021. 8(3): p. 339-355. 
https://doi.org/10.1016/j.jtte.2021.02.002 

[75] García Mainieri, J.J., et al., Fatigue tolerance of aged asphalt binders modified with softeners. 

Transportation Research Record, 2021. 2675(11): p. 1229-1244. https://doi.org/10.1177/03611981211025510 

[76] Nciri, N., N. Kim, and N. Cho, From street to road: an innovative approach to explore discarded chewing 

gum as a performance-enhancing modifier for road pavement applications. Polymers, 2021. 13(12): p. 1963. 
https://doi.org/10.3390/polym13121963 

[77] Fakhri, M., et al., Microwave induction heating of polymer-modified asphalt materials for self-healing and 

deicing. Sustainability, 2021. 13(18): p. 10129. https://doi.org/10.3390/su131810129 

[78] Cretu, D.M. and F. Morandau, Bullying and cyberbullying: a bibliometric analysis of three decades of 

research in education. Educational Review, 2024. 76(2): p. 371-

404.https://doi.org/10.1080/00131911.2022.2034749 

[79] Al-Nawasir, R.I. and B.H. Al-Humeidawi, A scientometric study and a bibliometric review of the literature 

on the design and construction of semi-flexible pavement. 2023. https://doi.org/10.30772/qjes.v16i2.921 

[80] Al-Humeidawi, B., et al., Developing an eco-friendly cementitious grout using paper sludge ash and steel 

fiber recovered from waste tires. 2024. https://doi.org/10.30772/qjes.2024.149787.1239 

https://doi.org/10.1016/j.conbuildmat.2021.124277
https://doi.org/10.3390/su15021166
https://doi.org/10.1016/j.conbuildmat.2024.136441
https://doi.org/10.1016/j.conbuildmat.2020.120681
https://doi.org/10.1016/j.conbuildmat.2021.126034
https://doi.org/10.3390/su14084745
https://doi.org/10.1016/j.conbuildmat.2022.128882
https://doi.org/10.1016/j.conbuildmat.2024.139020
https://doi.org/10.1016/j.jtte.2021.02.002
https://doi.org/10.1177/03611981211025510
https://doi.org/10.3390/polym13121963
https://doi.org/10.3390/su131810129
https://doi.org/10.1080/00131911.2022.2034749


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

94 
 

[81] Van Eck, N. and L. Waltman, Software survey: VOSviewer, a computer program for bibliometric mapping. 

scientometrics, 2010. 84(2): p. 523-538. https://doi.org/10.1007/s11192-009-0146-3 

[82] Al-Humeidawi, B., et al., Developing an eco-friendly cementitious grout using paper sludge ash and steel 

fiber recovered from waste tires. Al-Qadisiyah Journal for Engineering Sciences, 2024. 17(2) 
10.30772/qjes.2024.149787.1239 

[83] Reyes-Gonzalez, L., C.N. Gonzalez-Brambila, and F. Veloso, Using co-authorship and citation analysis to 

identify research groups: a new way to assess performance. Scientometrics, 2016. 108: p. 1171-1191. 
https://doi.org/10.1007/s11192-016-2029-8 

[84] Phuthong, T., R. Thonglor, and N. Srisuksa, Content Automation in Marketing Research: A Bibliometric 

Analysis using VOSviewer. HighTech and Innovation Journal, 2024. 5(3): p. 828-853. 10.28991/HIJ-2024-05-03-

019 

[85] Ji, P., et al., Co-citation and co-authorship networks of statisticians. Journal of Business & Economic 

Statistics, 2022. 40(2): p. 469-485.https://doi.org/10.1080/07350015.2021.1978469 

[86] de Carvalho, R.A., et al., Métodos de seleção de autores para estudos de cocitação: como definir um ponto 

de corte. Brazilian Journal of Information Science, 2021(15): p. 9.https://doi.org/10.36311/1981-
1640.2021.v15.e02109. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.28991/HIJ-2024-05-03-019
https://doi.org/10.28991/HIJ-2024-05-03-019
https://doi.org/10.1080/07350015.2021.1978469


ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــىم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.2. \ 2025  ISSN: 2616 - 9916 

 

95 
 

 ىمتريةييل متري علمي ومراجعة ببلل: تحتعديل الخلطات الاسفلتية الساخنة ومقاومتها لعيىب الرصف

 ال جبير       احسان علي عبيد بحرالعلىم

 قسم الطرق والنقل، كلية الهندسة، جامعة القادسية، محافظة الديىانية، العراق
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 الخلاصة

تظؾرات ممحؾعة في ىشجسة الخصف، حيث عدزت التعجيلات الحجيثة  (HMA) شيجت تقشيات الأسفمت الداخؽ
خرائرو الخيؾلؾجية وزادت مؽ مقاومتو لمتذقق والتجعج والتمف الشاتج عؽ الخطؾبة. ساىست ىحه التحديشات في إطالة عسخ 

خيارًا أكثخ استجامة لمبشية التحتية. وقج أعيخت خلائط الأسفمت السعجلة  HMA ، مسا جعلالخصف وخفض تكاليف الريانة
بالبؾليسخ والسظاطية أداءً متفؾقًا مقارنةً بالإسفمت التقميجي، مسا يؾفخ متانة محدشة في عل أحسال مخورية ثقيمة وعخوف بيئية 

خىا، مثل السظاط مؽ الإطارات السيسمة، يحدؽ الستانة مع تقميل قاسية. بالإضافة إلى ذلػ، فإن استخجام السؾاد السعاد تجوي
التأثيخ البيئي. تُدتخجم ىحه التقشيات عمى نظاق واسع في مذاريع البشية التحتية، بسا في ذلػ الظخق الدخيعة والجدؾر والأنفاق 

تكاليف الريانة. ستحمل ىحه  والسشاطق الرشاعية وساحات انتغار السظارات، مسا يؤدي إلى تحديؽ الأداء العام وخفض
 وبخنامج Dimensions الجراسة اتجاىات البحث حؾل آثار خلائط الأسفمت السعجلة عمى أداء الخصف باستخجام قاعجة بيانات

VOS Viewer.  وعلاوة عمى ذلػ، ستحجد الجراسة البمجان والسؤسدات السداىسة الخئيدية، فزلًا عؽ فحص شبكات التعاون
 .العمساء، بيجف تقجيؼ رؤى تجعؼ تظؾيخ وتعديد خمظات الأسفمت السعجلة لتحقيق أداء متفؾق واستجامة أكبخالبحثي بيؽ 

 الهدف من الدراسة 

تيجف ىحه الجراسة إلى استكذاف حجود الأبحاث الحالية الستعمقة بخمظات الأسفمت السعجلة، والتظؾرات الحجيثة، 
السعمؾماتية والتحميل الببميؾمتخي. عمى الخغؼ مؽ اعتساد مشيج السخاجعة الكسية، إلا  واتجاىات البحث الشاشئة باستخجام الخخائط

أن ىحه الأدوات التحميمية لا تدتظيع إزالة جسيع التحيدات والقيؾد السؾجؾدة في الجراسات التقميجية. تُعج ىحه السخاجعة مؽ أوائل 
ضسؽ حجود البيانات الستاحة، مسا يُسكّشيا مؽ ترشيف أحجث الجراسات التي طبقت التحميل الببميؾمتخي عمى نظاق واسع 

 . الابتكارات في تؾصيف خمظات الأسفمت السعجلة بجقة ووضؾح أكبخ

 طريقة العمل

ىؾ دعؼ البحث الأكاديسي والعمسي، وىؾ مؾرد عبخ الإنتخنت يحتؾي عمى العجيج مؽ (  Dimension)اليجف مؽ 
مجسؾعات البيانات البحثية مؽ السذاريع الدابقة. يسكشػ استخجامو لمؾصؾل إلى مجسؾعة متشؾعة مؽ قؾاعج البيانات السفيجة لمبحث 

السجالات الفخعية لمجراسة العمسية والأكاديسية. الستخرص. يسكّؽ ىحا السدتخجميؽ مؽ إجخاء عسميات بحث متعسقة في بعض 
تدتشج ىحه السشيجيات الببميؾمتخية التي تقجم أبحاثًا سابقة إلى ارتباطات قؾية بيؽ البيانات السذتخكة. وفقًا لجرجة الاترال بيؽ 

ؼ تجسيع الاوراق او السؤلفيؽ الحيؽ رسؼ الخخائط العمسية يت السكؾنات السذخوحة )السؤلفيؽ والأمؼ والسخاجع والكمسات الخئيدية( في
 يغيخون في نفذ السقالة عمى اساس خظؾط الخخيظة, وعقج السؤسذ والذجة. 
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 الاستنتاج

خمرت الجراسة إلى أن تعجيل خمظات الأسفمت باستخجام البؾليسخات يُحدّؽ بذكل واضح مقاومتيا لسختمف العيؾب، مثل 
عيخ التحميل الببميؾمتخي تدايج الاىتسام بيحا السجال البحثي، لا سيسا في الجول الرشاعية التذقق الحخاري، والتجعج، والتقذيخ. كسا أ

الكبخى، حيث يُخكد معغؼ الإنتاج العمسي عمى تحديؽ أداء رصف الأسفمت وتعديد استجامتو. بعج مخاجعة الجراسات الدابقة 
حؾل الأسفمت السُعجّل ومقاومتو لعيؾب الخصف، يُسكؽ استخلاص الاستشتاجات  VOS Viewer وتحميل البيانات باستخجام بخنامج

 :الخئيدية التالية 

  .أثبت الأسفمت السعجل أنو حل فعال لتعديد أداء الخصيف ومقاومة الزائقة السختمفة، مثل التذقق والتعب والتذقق الحخاري
خى، يؾفخ الأسفمت السعجل متانة ومخونة ومقاومة محدشة مؽ خلال دمج البؾليسخات ومظاط الفتات والسؾاد السزافة الأخ

لمغخوف الجؾية القاسية.يداىؼ استخجام الأسفمت السعجل في إطالة عسخ خجمة الخصيف، وخفض تكاليف الريانة، 
وتحديؽ الاستجامة العامة في بشاء الظخق. تؼ العثؾر عمى أىؼ الباحثيؽ في مجال الأسفمت السعجل ومخونتو في مؾاجية 

. تؼ التأكيج عمى مداىساتيؼ وعلاقاتيؼ ودرجات التعاون داخل السجتسع العمسي VOS viewerمحؽ الخصيف باستخجام أداة 
سبعمي، وبيتي اي.  مؽ خلال التحميل.: شياو، فيبيشغ، الحج، ايمي واي، مييتا، يؾسف عمي، أيسؽ، حبؾش، جؾني 

لستحجة والريؽ ومرخ وماليديا والسسمكة الستحجة، أىؼ بمج في انتذار بالإضافة إلى ذلػ، حجدت أي بمج، مقارنة بالؾلايات ا
السعخفة حؾل ىحا السؾضؾع. الجامعات تعسل معًا مؽ أجل إجخاء أبحاث عمى خمظات الأسفمت السعجلة تذسل: جامعة 

الجراسة مدارًا  تذانغ الجامعة الجشؾبيو الذخقيو. جامعة تؾنغجي وجامعة ووىان لمتكشؾلؾجيا. نتيجة لحلػ، تؾفخ ىحه
للأكاديسييؽ لفيؼ السفاهيؼ الأساسية الستعمقة بخلائط الأسفمت السعجلة. لحلػ، يسكؽ تحقيق مقاومة ضائقة الخصيف مؽ 

السعجل ىؾ قخار متؾازن، فإن أفزل  HMAالسعجل. نغخًا لأن قخار استخجام  HMA-PCCخلال الترسيؼ الأمثل لشغام 
بت الاستجامة وفعالية التكمفة. يجب تؾفيخ التعميؼ السدتسخ لسيشجسي الأرصفة والباحثيؽ تظبيق ىؾ القخار الحي يسكؽ أن يث

 والسسارسيؽ لإطلاعيؼ عمى أحجث الشتائج والاحتياجات والتظؾرات في ىحا السجال.
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