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Abstract: In order to effectively mitigate the deterioration of pavement and roadbed, the need for 

extensive repairs and costly reconstruction ought to be minimized. Hence, this study introduces a 

novel approach towards long-term preservation of asphalt pavement, which conducts in-depth 

research on pavement maintenance decision-making using the decision tree method. The selection of 

appropriate decision-making indicators is based on their respective significance and the actual 

maintenance requirements, from which a comprehensive decision model for asphalt pavement 

maintenance is developed. By employing the Analytic Hierarchy Process (AHP) and a network-level 

optimization decision-making approach, this study investigates the allocation of maintenance 

decisions, structural preservation, optimal combinations of maintenance strategies, and fund 

allocation schemes. The result is the development of a project-level and network-level structural 

preservation decision optimization method. Furthermore, a decision-making module is designed to 

accompany this method, facilitating the visualization of comprehensive data and decision-making 

plans. This module enhances the effectiveness and efficiency of the decision-making process by 

providing a user-friendly interface and a clear presentation of data-driven insights and decision 

outcomes. The case study clearly proved the applicability and rationality of the long-term 

preservation strategy of structures based on intelligent decision-making, which laid the foundation 

for the sustainable development of pavement maintenance and development. 

Keywords: asphalt pavements; analytic hierarchy process; network level optimization decision; 

long-term maintenance; highway engineering 
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1. Introduction 

The development of highway pavement as the basis for maintaining the national economy has 

led to a large investment in highway infrastructure construction in the early stages of construction 

worldwide, thus causing a lack of corresponding funds for maintenance and rehabilitation of 

highways [1,2]. Meanwhile, with the continuous development and expansion of China highway 

network, the durability of various highways in use is facing serious challenges. Pavement 

maintenance aims to prolong the service life of roads and ensure safe and comfortable driving of 

vehicles, which has been paid more and more attention by pavement maintenance engineers [3]. 

With the continuous development of pavement maintenance technology, based on which the 

concept of pavement management system has been proposed, pavement management has also made 

significant achievements in optimal decision making [4–8]. The main purpose of a pavement 

management system (PMS) is to identify pavement maintenance needs, generate appropriate 

pavement maintenance schedules, and maintain the pavement in good serviceable condition with 

limited funds, maximizing the ability to assist highway engineers and pavement managers in making 

cost-effective and effective pavement rehabilitation decisions [9,10]. The PMS includes 

environmental elements such as weather, traffic levels, axle weights, and detailed information such 

as pavement structure. It is important to incorporate factors such as pavement-related data into 

pavement maintenance decisions [11–13]. 

Determining the weight of each item factor is the main issue in road maintenance decision 

making. On the other hand, the hierarchical analysis method (AHP) is a typical systems engineering 

method that transforms qualitative analysis into quantitative analysis, which not only effectively 

determines the weight of each factor but also considers both quantitative and qualitative factors [14–17]. 

Applying the AHP method to the road maintenance decision system can solve a decision problem 

with many decision criteria that are difficult to quantify. At the same time, it is important for 

determining weights and expressing alternatives based on multiple criteria [11]. Network-level 

pavement maintenance decision-making as a multi-factor, multi-criteria problem determines the 

maintenance priority of the corresponding section of the road network by considering the 

performance and other characteristics of all sections [18]. The main factors that are usually 

considered for network-level maintenance decisions are pavement age, performance, load, and 

structure [19]. For network-level pavement maintenance decisions, on the one hand, various 

maintenance treatments are needed to maintain a high level of pavement performance so as to meet the 

requirements of road users; on the other hand, pavement maintenance costs need to be minimized [20,21]. 

The network-level pavement maintenance decision requires a reasonable ranking of all maintenance 

sections based on specific indicators such as performance, traffic volume, and relative importance of 

the sections to meet the maintenance requirements of individual sections [22]. The evolution of 

intelligent road systems has introduced innovative techniques for road ailment detection and 

real-time road weight measurements. This includes leveraging technologies such as sensitive surface 

layers and cement-based sensors, enabling the comprehensive collection and analysis of diverse 

traffic data within intricate and real-world driving scenarios. In addition, this innovative distress 

monitoring method will contribute to the intelligent maintenance of highways [23,24]. 

Furthermore, addressing the prevailing damage pattern observed in the semi-rigid base asphalt 

pavement of Chinese highways, as depicted in Figure 1, entails addressing several key aspects. These 

primarily encompass: 1) bottom-up fatigue cracks originating from the fatigue-induced fracturing of 
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semi-rigid base layers. 2) Bottom-up reflection cracks stemming from the dry or 

temperature-induced contraction of semi-rigid base layers. 3) Surface rutting, a consequence of 

vehicular loading. 4) Top-down T-D cracks are attributed to material aging under conditions of low 

temperature, load stress, and more. 5) Slippage and folding resulting from inadequate interlayer 

adhesion. 6) Potholes, loosening, and kipping slurry due to insufficient water stability within the 

asphalt mixture [25,26]. These modes of pavement damage exert a notable impact not only on the 

comfort and safety of highway travel but also on the overall service quality of highways. These 

effects are not conducive to the sustained progress of highway construction in the long run. 

 

Figure 1. Damage pattern of asphalt pavement. 

Given this understanding, a compelling initiative has been undertaken to secure the enduring 

stability of highway pavement structures. This endeavor is grounded in the pursuit of bolstering the 

immediate gains stemming from prevailing pavement maintenance decisions. Acknowledging the 

limitations of solitary maintenance approaches, a strategic and scientifically informed 

decision-making system for safeguarding pavement structures has been meticulously formulated. 

This system not only addresses these shortcomings but also elevates the efficacy of short-term 

maintenance strategies, thereby fostering a comprehensive and forward-looking approach to highway 

pavement preservation. Simultaneously, this article introduces a novel concept—the notion of 

long-term preservation for asphalt pavement structures. Employing the analytic hierarchy process 

and network-level pavement maintenance decision-making, the existing highway maintenance 

decision tree model is systematically optimized in alignment with this new paradigm. This approach 

takes into account the prevailing circumstances and maintenance requirements of the pavement. The 

overarching objective is to circumvent the necessity for major repairs and extensive reconstruction of 

asphalt pavement structures on highways. By maintaining the long-term stability of pavement 

structural performance, this approach aims to significantly prolong the service life of the pavement, 
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thereby contributing to the sustainable growth of highway infrastructure. 

2. Methodology 

2.1. Decision-making methods 

When it comes to making maintenance decisions at the project level, decision trees serve a dual 

purpose. They not only effectively rank the significance of various indicators but also hold the 

advantage of being straightforward and easily comprehensible to decision-makers [27]. Consequently, 

the decision tree approach is employed as the foundation for conducting the pavement maintenance 

decision-making study. The key process unfolds as follows: initiating with the selection of the 

primary decision indicator to establish the primary indicator’s branching threshold, progressing to 

the secondary bifurcation node for the choice of the secondary decision indicator and its 

corresponding branching threshold, and finally culminating in the tertiary bifurcation node where the 

conservation program decision is made, illustrated in Figure 2. 

 

Figure 2. Decision tree diagram. 

2.2. Selection of decision indicators 

The maintenance decision is predominantly categorized into three modules: preventive 

maintenance, structural preservation, and structural overhaul. These categories are determined based 

on the existing conditions and maintenance requirements of highway pavements [28]. In the process 

of identifying appropriate indicators for preventive maintenance decisions, the central objective 

revolves around fulfilling the demands of preventive maintenance. Specifically, functional indicators 

are employed as decision metrics, encompassing aspects like damage condition, levelness, and skid 

resistance [29]. Conversely, when discerning indicators for structural overhaul decisions, the primary 
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focus shifts to ensuring the pavement’s structural integrity. In this context, decision indicators 

encompass both structural criteria, such as the overall structural strength of the pavement (D0) and 

the structural strength of the subgrade (D20–D60), as well as material-related measures like the 

bottom tensile stress ratio of the inorganic bond stabilization layer. For the determination of 

indicators related to structural preservation decisions, the key considerations revolve around 

characteristic ailments such as rut depth and transverse cracks. Here, the chosen decision indicators 

span across structural elements, including transverse crack spacing and rut depth/rut annual 

increment, alongside material factors such as Hamburg rut depth and the composite average strain 

rate [30]. In this study, the evaluation of high-temperature stability was focused on the medium 

surface layer material for the surface layer. Furthermore, to streamline the maintenance 

decision-making process and enhance its practicality for maintenance management, design, and 

implementation, it is advisable to concentrate solely on macroscopic indicators when evaluating 

pavement crack conditions. Specifically, utilizing the transverse crack spacing indicator for 

decision-making purposes is recommended. Moreover, it is important to acknowledge that the 

magnitude of traffic axle load exerts a discernible impact on the optimal selection of maintenance 

strategies. Consequently, when deliberating over maintenance decisions pertaining to structural 

preservation and structural overhaul, it is essential to incorporate the traffic class as a significant 

decision indicator. 

2.3. Prioritization of decision indicators 

The process of determining the priority of decision indicators requires systematic arrangement 

and adherence to a hierarchical order of strength and relevance based on specific maintenance 

requirements. Given the inherent significance of each indicator and the actual maintenance 

imperatives, this prioritization is essential. Considering that the pavement’s structural strength index 

serves as a fundamental cornerstone for pavement structural design, and given that pavements 

experiencing greater bending and sinking also exhibit accelerated performance degradation, the 

initial focal point of pavement maintenance decisions should be the evaluation of structural stability. 

This pivotal assessment serves as the foremost step, setting the foundation for subsequent 

considerations. In contrast, the evaluation of functionality, encapsulating indicators such as damage 

condition and skid resistance, should be the concluding aspect of the decision-making process, as 

articulated in Figure 3 for reference [31]. Firstly, through the assessment of overall pavement 

condition, it is judged whether to carry out subgrade stability assessment or directly into surface 

stability assessment. Second, through the assessment of subgrade stability, it is judged whether to 

carry out structural overhaul or directly enter surface stability assessment. Then, through the 

assessment of surface stability, it is judged whether to carry out structural preservation or directly 

engage in functional assessment of the road surface. Finally, through the assessment of road surface 

functionality, it is judged whether to carry out preventive or routine maintenance. 
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Figure 3. Classification chart of pavement decision indicators. 

1) In gauging the comprehensive pavement condition, the foremost criterion employed for 

evaluation is the overall structural strength, denoted as D0. If the evaluation against this indicator 

aligns with the stipulated criteria, then an assessment of surface layer stability can be pursued. 

Conversely, when the criteria are not met, a subsequent examination of subgrade stability becomes 

necessary. Consequently, the overall structural strength index, D0, serves as the primary, 

foundational decision indicator for the initial assessment of subgrade stability. 

2) In the context of subgrade stability assessment, a twofold approach is adopted. Initial 

evaluation entails an analysis of macroscopic performance, followed by a more comprehensive 

exploration of material characteristics. Within this framework, the structural strength of the subgrade 

(specifically, D20–D60) serves as the second-tier decision index, addressing macroscopic 

performance. Subsequently, the tensile stress ratio at the base of the inorganic bonded stabilization 

layer was included as a tertiary decision indicator with focus on material-related properties. To 

account for the influence of traffic axle load, a fourth-tier decision index is incorporated, reflecting 

the traffic level. This multifaceted consideration ensures a comprehensive evaluation of subgrade 

stability, encapsulating both structural and material aspects as well as the impact of varying 

traffic conditions. 

3) When appraising surface layer stability, the emphasis centers on scrutinizing 

high-temperature stability and resistance against cracking. This evaluation revolves around distinct 

parameters. At the primary level, the transverse crack spacing stands as the key decision index, 

reflecting macroscopic performance. Subsequently, rutting depth and its annual increment serve as 

the second-tier decision index, addressing macro-level characteristics. Furthermore, material 

performance is taken into account, represented by the third-level decision index—namely, the 

Hamburg rutting depth of the medium surface layer in tandem with the composite average strain rate. 

To accommodate the influence of varying traffic axle loads, a fourth-tier decision index is 

incorporated, encompassing the traffic class as an additional determinant. This comprehensive 

approach ensures an encompassing assessment of surface layer stability, factoring in macro and 

material elements as well as the impact of traffic dynamics. 
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4) For the assessment of road surface functionality, the primary decision indicator is pavement 

deterioration, the secondary decision indicator is smoothness, and the tertiary decision indicator is 

skid resistance. 

2.4. Decision conditions 

Decision conditions play a pivotal role in the construction of decision trees. These conditions 

serve as the basis for making judgments that dictate the course of the decision tree’s branches, 

subsequently guiding the progression towards the subsequent levels of decision-making. Based on 

the outcomes derived from the assessment of pavement performance, as depicted in Table 1, the 

decision conditions associated with each evaluation index have been consolidated. By combining the 

decision conditions with the decision indicator selection scheme, the decision tree model for highway 

asphalt pavement maintenance is formulated. This model is visually represented in Figure 4. 

Table 1. Decision indicators and conditions for pavement performance. 

Decision priority Level 1 Level 2 Level 3 Level 4 

Structural 

overhaul 

Decision 

indicator 

Overall 

structural 

strength of the 

road surface D0 

Structural 

strength of the 

subgrade D20-D60 

Tensile stress 

ratio at the base 

of the inorganic 

bond stabilized 

layer 

Traffic class 

Decision 

conditions 

⚫ Level 1 

⚫ Level 2 

⚫ Level 1 

⚫ Level 2 

⚫ Level 3 

⚫ Light, medium, 

heavy 

⚫ extra heavy, very 

heavy 

Structural 

preservation 

Decision 

indicator 

Transverse crack 

spacing 

Rutting 

depth/annual 

increment of 

rutting 

Medium surface 

layer Hamburg 

rutting 

depth/composite 

mean strain rate 

Traffic class 

Decision 

conditions 

⚫ Level 1, 2 

⚫ Level 3 

⚫ Level 1 

⚫ Level 2 

⚫ Level 3 

⚫ Light, medium, 

heavy 

⚫ extra heavy, very 

heavy 

Preventive 

maintenance 

Decision 

indicator 
Breakage  Flatness Slip resistance  

Decision 

conditions 

⚫ Excellent 

⚫ Medium 

⚫ Sub-poor 

⚫ Excellent 

⚫ Medium 

⚫ Sub-poor 

⚫ Excellent 

⚫ Medium、

Sub-poor 
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Figure 4. Decision tree model for highway asphalt pavement maintenance. 

3. Optimization of decision methods 

3.1. Structure preservation decision optimization 

The intelligent execution of structural preservation decisions employs decision trees for 

decision-making at the project level. This approach involves establishing the maintenance priority 

for each road section through the selected decision indicators using a ranking methodology. This 

process identifies the road segments that require immediate maintenance attention. Subsequently, 

mathematical optimization techniques are employed to strategize and resolve the choice of 

maintenance measures for the remaining sections. This comprehensive approach culminates in the 

development of a structured preservation plan, effectively ensuring the longevity and integrity of 

the infrastructure. 

The hierarchical analysis method can better determine the weights of each sub-indicator [32], 

thus providing a basis for the development of comprehensive indicators. Therefore, the degree of 

urgency in this study can be determined by the target layer (A). The determination of the degree of 

urgency should take into account the traffic volume, subgrade condition, high temperature, and 

cracking performance of the pavement. Thus, these four aspects can be determined as the guideline 

layer (C). The classification of decision indicators D20–D60, traffic volume, rutting depth, and 

cross-joint spacing can then be used as the bottom layer P. 
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Expert survey data were meticulously gathered, with 30 sets of survey data chosen as 

representative samples. The process involved determining the single-layer weight coefficients, which 

are depicted in Table 2, and subsequently arriving at the ultimate synthetic weights, as illustrated in 

Table 3. 

Table 2. Single-layer weighting factors. 

Layer  Indicator Weighting factor 

Guideline layer 

Base layer performance 0.37 

High temperature deformation of the 

pavement 
0.29 

Pavement cracking performance 0.23 

Traffic volume 0.11 

Indicator layer - high temperature 

performance 
Macroscopic indicator 1 

Indicator layer - cracking 

performance 
Macroscopic indicator 1 

Table 3. Synthetic weights. 

Indicator Weighting 

Base layer 0.37 

High temperature macro-indicator (rutting depth / annual increment of rutting) 0.29 

Cracking resistance macro-indicator (cross-seam spacing) 0.23 

Traffic volume 0.11 

The sense of urgency directly corresponds to the imperative of promptly initiating the structural 

preservation initiative. Moreover, when faced with budget constraints, prioritizing the structural 

preservation of road sections becomes paramount. Utilizing the performance formula outlined earlier, 

a quantitative analysis is conducted, leveraging the urgency factor. This analysis yields a ranking 

from highest to lowest urgency values, thus enabling the identification of road sections with 

pronounced urgency, which are subsequently accorded precedence for structural preservation efforts. 

3.2. Network-level intelligent decision optimization 

Network-level optimal decision-making typically involves examining a specific-sized road 

network. The objective is to achieve the optimal synergy between maintenance strategies and fund 

allocation while considering financial limitations and other resource constraints. This pursuit aims to 

maximize defined benefits, such as pavement performance. Alternatively, this approach can also 

involve determining the most suitable maintenance strategies within the confines of prescribed 

pavement performance thresholds and resource limitations. In this scenario, the primary goal is to 

minimize various cost-related objectives, including maintenance expenses and user costs [33,34]. 

The optimization of the entire life cycle at the network level builds upon the optimized 

outcomes of individual section decisions. Each single road section’s optimized plan is treated as the 

foundational unit. The scheme table for each road section is converted into a scheme matrix, while 
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the cost data is transformed into a cost matrix. Similarly, the difference in the Pavement Quality 

Index (PQI) before and after maintenance for each section is tabulated into a performance matrix. 

This comprehensive framework enables a holistic approach to optimizing network-wide decisions 

while preserving the integrity of individual section-level plans. 

Assuming section i has p n-year options, then the p-dimensional vector Xi will be the solution of 

the optimal maintenance solution chosen for section i. 

𝑋𝑖 = (𝑥1 𝑥2 … 𝑥𝑖 … 𝑥𝑝)                       (1) 

The value of xi in the vector is only 0 or 1, which is a 0–1 planning problem in integer 

programming. When Xi is 1, it means that the i option is chosen as the maintenance option for the 

road section, in which the constraint is: 

∑ 𝑥𝑖
𝑝
𝑖=1 = 1                                (2) 

Indicating that among the p options for road section i, there is one and only one option that is 

the eligible n-year optimal maintenance option for that road section. 

Denote the maintenance company’s budget for year n as an n-dimensional vector 𝐹⃗, and fi 

denotes the maintenance budget for year i. 

𝐹⃗ = (𝑓1 𝑓2 … 𝑓𝑖 … 𝑓𝑛)                       (3) 

Based on the maintenance budget of the conservation company, the total cost of the selected 

options for each of the S sections each year cannot exceed the cost budget of the conservation 

company for that year, whereby the cost constraint equation established is: 

∑ 𝑋𝑖
𝑠
𝑖=1 ∗ 𝐵𝑖 ≤ 𝐹                              (4) 

𝑋𝑖 ∗ 𝐵𝑖 = [𝑥1 𝑥2 … 𝑥𝑖 … 𝑥𝑝] ∗

[
 
 
 
 
 
b11 b12

b21 b22

b13 b14

b23 b24

b15 …
b25 …

b31 b32

b41 b42

b33 b34

b43 b44

b35 …
b45 …

b51 b52

… …
b53 b54

… …
b55 …
… …]

 
 
 
 
 

     (5) 

Based on the analysis of the life cycle maintenance objectives, it is clear that the optimal 

solution to be sought in this paper is to minimize the total cost of the maintenance program during 

the life cycle and maximize the sum of the PQI differences before and after the implementation of 

the program to obtain the best performance benefits. The two objective functions are: 

𝑚𝑖𝑛 ∑ 𝑋𝑖
𝑠
𝑖=1 ∗ 𝐵𝑖

′                               (6) 

𝑚𝑎𝑥 ∑ 𝑋𝑖
𝑠
𝑖=1 ∗ 𝐶𝑖

′                               (7) 

The integrated cost constraint function solved Xi, which is the i section of the road to meet the 

conditions of the solution, where the solution of Xi for 1 indicates that the section of the alternative 

program of the i program is the optimal solution to meet the full section of life cycle planning. A 
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complete highway will generally be divided into at least dozens or even hundreds of sections based 

on the analysis of the actual condition of the highway, solving for: 

𝑋𝑖 = (𝑥1 𝑥2 … 𝑥𝑖 … 𝑥𝑝)                      (8) 

The solution corresponding to Xi = 1, which is the optimal solution in the section that meets the 

objective condition constraint, is solved by the multi-section association. 

3.3. Decision-making module design 

3.3.1. Visualization comprehensive data platform module 

This module provides a browsing of the technical condition of the highway pavement of the 

road network in a province, mainly including the GIS map of the road network, the introduction of 

management agencies, the traffic axle load situation, weather conditions, the current status of the 

road network, and statistical analysis. Through this function, the overall situation of the road network 

can be understood, and it is easy for the management to grasp the road network information on a 

macro level. Leveraging the GIS platform, the visualization management of highway road 

maintenance is actualized through the seamless integration of diverse data types. This integration 

encompasses spatial data, attribute data, road condition data, maintenance records, and visual content 

such as images and videos. This comprehensive approach enables a dynamic and comprehensive 

depiction of highway road maintenance activities. This encompasses an electronic map browsing 

feature and an attribute data query function that collectively enable a comprehensive window display. 

Additionally, it encompasses the viewing of pavement damage images and road condition videos, 

facilitating easy understanding of on-site road conditions while significantly streamlining field 

investigation efforts. The platform also facilitates map-based presentations of traffic volume, road 

conditions, maintenance history, and other pertinent information. These visualizations provide an 

intuitive representation of the technical state of the road network. A detailed listing of its functions is 

visually depicted in Figure 5. 

 

Figure 5. Visualization of the integrated data platform framework. 

3.3.2. Data quality control module 

Pavement technical condition data forms the cornerstone for pavement performance assessment, 
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maintenance determinations, and performance projections. However, because of potential 

inaccuracies stemming from instrument measurement deviations and human operational missteps, 

the initial pavement technical condition data may exhibit poor quality and formatting differences. 

This disparity can hinder an accurate representation of the actual pavement state, thereby 

compromising the scientific rigor and efficacy of maintenance decisions. To address these challenges, 

this module undertakes rigorous quality control measures based on the available pavement condition 

data. It meticulously evaluates the data’s accuracy, timeliness, consistency, and comprehensiveness, 

subsequently refining its quality. This meticulous process safeguards the rationality and precision of 

the research findings and conclusions. 

The data quality inspection process encompasses several stages: data format validation, 

identification of missing data points, assessment of value range adherence, verification of 

degradation patterns, and cross-indicator consistency checks. Following the completion of this 

inspection phase, any anomalous values are treated as missing data, and suitable interpolation 

techniques are employed to fill in these gaps, thereby achieving data rectification. Initially, the error 

rate for each dataset is calculated, considering aspects like missing entries. If the error rate, 

encompassing the missing values, exceeds 50% in the preceding data inspections for a particular 

dataset, it signifies an inadequate availability of valid information within that dataset for modeling 

and predicting other data. Consequently, the entirety of the data associated with that dataset is 

omitted and is substituted by the data from the nearest dataset. This meticulous procedure guarantees 

the robustness and accuracy of the ensuing analyses and predictive models. 

When a substantial portion of the preceding inspection data for the same pile number is deemed 

accurate—meaning the error rate remains below 50%—only the erroneous segment undergoes 

processing while the accurate data is preserved. In cases where missing values emerge, several 

interpolation methods can be employed, including mean interpolation, nearest neighbor interpolation, 

linear interpolation, and regression interpolation. This approach optimizes the correction process by 

focusing on rectifying inaccuracies and enhancing the reliability of the data set while ensuring that 

the majority of trustworthy information is retained. 

3.3.3. Pavement performance evaluation and prediction module 

Within this module, a comprehensive analysis and assessment of the technical state of all road 

sections within the network are conducted. This assessment draws upon the analytical outcomes 

derived from historical pavement technical condition data, enabling the prediction of pavement 

performance trends. These predictions furnish a foundational basis for evaluating network-wide 

maintenance decisions, thereby offering a robust framework to guide informed decision-making at a 

holistic level. The module provides a variety of data query and analysis methods to meet the needs of 

different users. Through this function, users can grasp the pavement performance status and 

development trend within the road network in a comprehensive and timely manner. Its functional 

framework is shown in Figure 6. Expanding upon conventional pavement performance evaluation 

metrics, additional indices are incorporated, encompassing both functional and structural facets. 

These encompass pavement driving quality assessment metrics, pavement safety performance 

indices, and evaluations of pavement rutting conditions. Furthermore, structural considerations are 

addressed through the inclusion of parameters such as bending and subsidence basin characteristics 

(D20–D60). To enhance the evaluative scope, material-related indices are introduced, spanning 
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assessments of the stability of semi-rigid base materials, the high-temperature stability of asphalt 

surface materials, and the performance evaluation of crack resistance. This comprehensive approach 

ensures a well-rounded evaluation that spans diverse dimensions of pavement performance and 

integrity [35–37]. 

 

Figure 6. Functional framework for pavement performance evaluation and prediction. 

Building upon the foundation of performance evaluation, the Garcia model is harnessed for 

performance prediction. This model comprises three regression coefficients that can be aligned with 

distinct performance impact indicators. By establishing a multi-factor differentiated performance 

degradation model, the accuracy of predictions is notably enhanced. It is important to acknowledge 

that the precision of the regression outcomes hinges on the accuracy of the original data. Inadequate 

data accuracy not only compromises the reliability of regression results but also casts doubt on the 

rationality of decision outcomes and the dependability of life cycle optimization findings [38]. 

The comprehensive amalgamation and streamlined analysis of all maintenance, performance, 

and traffic axle load data are facilitated through diverse methodologies. Simultaneously, cutting-edge 

data processing and optimization techniques are employed to guarantee users seamless and rapid 

access to the essential information stored within the extensive pavement database. This approach 

ensures that users can effortlessly and promptly retrieve the requisite data they need. 

3.3.4. Maintenance decision module 

The structural maintenance decision module and the network-level maintenance decision 

module in this study will further optimize the funding allocation scheme to rationally allocate and 

use the limited funding resources to maximize the system requirements. Four sub-functions are set in 

the “Maintenance Decision” module: intelligent decision-making, expert decision-making, 

decision-making scheme, implementation scheme comparison, and maintenance decision report. The 

functional framework is shown in Figure 7. 

The intelligent decision is based on the intelligent maintenance decision optimization method, 

providing intelligent maintenance decisions and displays under the conditions of financial constraints, 

pavement performance constraints, and custom constraints. The expert decision can refer to the 

expert decision result based on the intelligent decision scheme. The query function of the final 
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maintenance decision scheme is displayed in the form of graphs and tables, which can be 

downloaded and edited at the same time. 

 

Figure 7. Functional framework of the maintenance decision module. 

4. Project research cases 

The Jin-Hang Expressway, Lian-Su Expressway, and Su-Tai Expressway are selected 

respectively as the relieving sections to carry out the application of pavement structure preservation 

countermeasures. Based on the survey results, combined with the pavement maintenance decision 

tree model and pavement structure preservation countermeasures, a maintenance plan that meets the 

requirements is selected for physical engineering application, and the pavement quality after 

implementation is tested. 

4.1. Investigation of original road condition 

1) Traffic load condition 

For the purpose of traffic volume analysis, specific road sections were chosen: Sections XY-A 

and XY-B of the Jin-Hang Expressway; Sections HN-A and HN-B of the Lian-Su Expressway; and 

Sections GJXC-A and GJXC-B of the Su-Tai Expressway. These selections were subjected to 

comprehensive traffic volume surveys, and the resultant findings are presented in Table 4. 

Table 4. Traffic volume survey results. 

Road Section XY-A XY-B HN-A HN-B GJXC-A GJXC-B 

Directional coefficient 0.50 0.50 0.52 0.52 0.50 0.50 

Lane factor 0.60 0.60 0.42 0.40 0.50 0.55 

AADTT 

(Vehicles/day) 
3966 3863 48501 23593 14383 12791 

Annual growth rate of 

traffic volume(%) 
8 2 8 

Drawing from historical traffic data and in alignment with the Highway Asphalt Pavement 

Design Specification (JTG D60-2017), design parameters were meticulously chosen at level three. 

Conforming to the same specification, the Lian-Su Expressway was classified as TTC2 type, while 
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the Jin-Hang and Su-Tai Expressways were designated as TTC3 type. Vehicle type distribution 

coefficients were established in accordance with the stipulated specification, as detailed in Table 5. 

Based on an analysis of the road network surrounding the vehicle’s full load scenario and utilizing 

historical survey data, the complete range of non-full load and full load ratios for various models was 

derived. Refer to Table 6 for a comprehensive presentation of these findings. Table 7 presents the 

conversion factors correlating to the equivalent design axle loads for both unladen and laden vehicles 

across each model. 

Table 5. Vehicle type distribution coefficient. 

Vehicle type 2 3 4 5 6 7 8 9 10 11 

TTC2 22.0 23.3 2.7 0.0 8.3 7.5 17.1 8.5 10.6 0.0 

TTC3 17.8 33.1 3.4 0 12.5 4.4 9.1 10.6 8.5 0.7 

Table 6. Percentage of non-full and full vehicles (%). 

Vehicle type 2 3 4 5 6 7 8 9 10 11 

Proportion of vehicles 

not fully loaded 
85.0 90.0 65.0 75.0 55.0 70.0 45.0 60.0 55.0 65.0 

Proportion of fully 

loaded vehicles 
15.0 10.0 35.0 25.0 45.0 30.0 55.0 40.0 45.0 35.0 

Table 7. Conversion factors of equivalent design axle load for non-full load vehicles and 

full load vehicles. 

Design indicator 
Permanent deformation of the asphalt 

mix layer 

Fatigue cracking of the inorganic bond 

layer 

Vehicle type 
Non-full load 

vehicle 

Full load 

vehicle 

Non-full load 

vehicle 

Full load 

vehicle 

2 0.8 2.8 0.5 35.5 

3 0.4 4.1 1.3 314.2 

4 0.7 4.2 0.3 137.6 

5 0.6 6.3 0.6 72.9 

6 1.3 7.9 10.2 1505.7 

7 1.4 6.0 7.8 553.0 

8 1.4 6.7 16.4 713.5 

9 1.5 5.1 0.7 204.3 

10 2.4 7.0 37.8 426.8 

11 1.5 12.1 2.5 985.4 

Traffic data can be computed by considering the cumulative count of axle load actions across 

each road section. Additionally, the cumulative count of equivalent design axle load actions that 

correspond to permanent deformation of the asphalt mixture layer, along with those corresponding to 

fatigue cracking of the inorganic bond layer over the next eight years, is detailed in Table 8. 
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Table 8. Calculation results of the cumulative number of equivalent design actions. 

Road section 
Corresponding to the asphalt mixture 

layer permanent deformation times 

Corresponding to the inorganic bonding 

material layer fatigue cracking (times) 

XY-A 1.44 × 107 8.46 × 109 

XY-B 1.41 × 107 8.24 × 109 

HN-A 10.57 × 107 2.79 × 1010 

HN-B 4.9 × 107 1.29 × 1010 

GJXC-A 4.36 × 107 2.56 × 1010 

GJXC-B 4.26 × 107 2.27 × 1010 

2) Pavement technical condition 

The technical condition of the original pavement of each road section was tested separately, and 

the results are shown in Table 9. 

Table 9. Results of testing of the technical condition of the original pavement. 

Indicators XY-A XY-B HN-A HN-B GJXC-A GJXC-B 

D0 (0.01mm) 6.3 16.1 16.7 6.4 9.6 8.5 

D20-D60 (μm) 12.4 24.3 24.5 9.3 20.7 16.9 

Rutting depth (mm) 13.5 10.4 10.2 11.3 11.0 13.2 

Spacing of transverse cracks 

(m) 
78 93 112 48 108 126 

3) Pavement material performance 

The original pavement structure and material parameter information for each road section are 

shown in Table 10. 

Table 10. Material parameters of the original pavement structure. 

Road name Layer 

Hanburger rut depth 

(mm) 

Compressive 

strength (MPa) 

Flexural tensile 

strength (MPa) 

A B A B A B 

Jin-Hang 

Upper layer 1.2 0.8 / / / / 

Middle layer 2.5 1.5 / / / / 

Lower layer 2.6 2.3 / / / / 

Base layer / / 19.0 17.67 3.99 3.71 

Sub-base / / 6.95 5.24 1.46 1.1 

Lian-Su 

Upper layer 0.8 0.7 / / / / 

Middle layer 1.5 1.4 / / / / 

Lower layer 1.9 2.8 / / / / 

Base layer / / 20.43 16.9 4.29 3.55 

Sub-base / / 9.86 9.14 2.07 1.92 

Continued on next page 
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Road name 

Layer Hanburger rut depth 

(mm) 

Compressive 

strength (MPa) 

Flexural tensile 

strength (MPa) 

A B A B A B 

Su-Tai 

Upper layer 1.23 1.53 / / / / 

Middle layer 3.69 3.76 / / / / 

Lower layer 2.05 1.73 / / / / 

Base layer / / 10.89 14.86 2.29 3.12 

Sub-base / / 6.98 6.98 1.47 1.47 

4.2. Structural preservation countermeasures 

Drawing upon the preceding road condition inspection outcomes and material test findings, the 

structural preservation countermeasure decision process for each road section is illustrated in Figure 8. 

This process adheres to the highway asphalt pavement preservation decision tree while concurrently 

selecting an appropriate preservation intensity level. 

 
(a) XY-A            (b) XY-B             (c) HN-A 

Continued on next page 
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(d) HN-B              (e) GJXC-A             (f) GJXC-B 

Figure 8. Decision-making process for preservation countermeasures for each section of 

pavement structure. 

In accordance with the decision-making procedure, the preliminary pavement preservation 

alternatives for each segment are outlined in Table 11. Subsequently, the anticipated pavement 

performance was projected for each section upon implementation of the preliminary structural 

preservation plan, with the outcomes elaborated in Table 12. The findings reveal that, following an 

upper layer milling and resurfacing combined with overlay treatment, the projected pavement rutting 

depth for section XY-A over the upcoming 10 years is anticipated to be 7.37 mm—well within the 

stipulated 10 mm threshold. In parallel, section XY-B is projected to attain a pavement fatigue life 

of 8.75 × 109 times over the next 30 years, aligning with axle load criteria. Moreover, the pavement 

rutting depth of section XY-B is forecast to reach 6.05 mm over the next decade, satisfying the 

requirement of less than 10 mm. For section HN-A and section HN-B, milling and resurfacing 

accompanied by a 4 cm overlay and top layer respectively are envisaged. This intervention 

anticipates pavement rutting depths of 9.98 and 7.64 mm, respectively, over the subsequent 10 

years—both well within the 10 mm limit. Following P3 strength maintenance, the projected 

pavement rutting depths for section HN-A and section HN-B stand at 9.91 and 9.98 mm, respectively, 

over the upcoming 10 years, both comfortably meeting the less-than-10 mm requirement. These 

assessments underscore the accomplishment of structural preservation goals. 
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Table 11. Preliminary proposed surface structure preservation options. 

Road 

section 

Maintenance 

intensity 
Maintenance countermeasures 

XY-A P3 
Milling 4 cm top layer, back laying 4 cm SMA-13, adding 4 cm SMA-13 

overlay 

XY-B P4  
Milling 10 cm middle and upper layers, pave back 6 cm SUP-20 + 4 cm 

SMA-13, add 4 cm SMA-13 overlay 

HN-A P3 Add 4 cm modified asphalt SMA-13 overlay 

HN-B P2 Milling 4 cm top layer, pave back 4 cm modified asphalt SMA-13 

GJXC-A P3 
Milling 2.5 cm cover layer, pave back 4 cm modified asphalt SMA-13, 

add 4 cm modified asphalt SMA-13 cover layer 

GJXC-B P3 
Milling 2.5 cm cover layer, back to pave 4 cm modified asphalt SMA-13, 

plus 4 cm modified asphalt SMA-13 cover 

Table 12. Calculation results of different structural preservation schemes. 

Road 

section 
Checking content 

Maintenance 

strength 

Calculated 

value 

Contrast 

value 
Meet? 

XY-A Rutting of asphalt layers (mm) 
Not maintained 20.96 10.0 No 

P3 7.37 10.0 Yes 

XY-B 

Rutting of asphalt layers (mm) 
Not maintained 17.58 10.0 No 

P4 6.05 10.0 Yes 

Cumulative equivalent axes 

corresponding to fatigue cracking 

of semi-rigid layers (times) 

Not maintained 17.58 × 109 8.24 × 109 No 

P4 8.75 × 109 8.24 × 109 Yes 

HN-A Rutting of asphalt layers (mm) 
Not maintained 20.24 10.0 No 

P3 9.99 10.0 Yes 

HN-B Rutting of asphalt layers (mm) 
Not maintained 22.0 10.0 No 

P2 9.98 10.0 Yes 

GJXC-A Rutting of asphalt layers (mm) 
Not maintained 22.33 10.0 No 

P3 9.91 10.0 Yes 

GJXC-B Rutting of asphalt layers (mm) 
Not maintained 24.33 10.0 No 

P3 9.98 10.0 Yes 

5. Conclusions 

This research endeavor has yielded significant outcomes. It encompassed the formulation of 

comprehensive long-term preservation goals and definitions for pavement structures. A robust 

decision system was meticulously constructed to facilitate pavement structure preservation. Various 

structural preservation countermeasures, tailored to distinct maintenance requirements, were 

systematically identified and consolidated. Additionally, novel methodologies were established 

for both maintenance design and decision optimization. The principal findings can be 

summarized as follows. 

1) The definition of long-term preservation of asphalt pavement structure and technical 
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measures are proposed, and the objective of long-term preservation of pavement structure is clarified 

to slow down the deterioration of pavement interior and subgrade through periodic surface 

maintenance, overlays, and structural reinforcement. 

2) A decision tree model for asphalt pavement maintenance was established by combining the 

needs of pavement preventive maintenance and long-term structural preservation, and 

countermeasures for long-term preservation of pavement structures were established based on 

engineering experience and the applicability, service life, and maintenance benefits of various types 

of maintenance measures. 

3) A project-level and network-level structural preservation decision optimization method based 

on urgency and a life cycle algorithm was established, and the results were intelligently applied. 

4) Drawing from the outcomes of road condition assessments and material performance 

evaluations, the road maintenance decision-making system presented in this study has undergone 

rigorous validation. This has culminated in the successful implementation of a network-level 

structural preservation optimization decision-making system and has substantiated the accuracy 

of asphalt pavement maintenance decision-making. However, it is noteworthy that practical 

validation of the maintenance plan outlined in this article necessitates further assessment through 

more maintenance projects, thus advancing the trajectory of sustainable development within 

highway engineering. 
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