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Abstract: With the acceleration of urbanization, the scale of municipal road and bridge construction 
continues to expand. The drawbacks of traditional building materials—high energy consumption, severe 
environmental pollution, and excessive resource depletion—are becoming increasingly apparent. New 
eco-friendly materials, characterized by low carbon footprint, energy efficiency, recyclability, and 
superior performance, are gradually emerging as a key development direction in municipal engineering. 
This paper begins by examining the types and characteristics of new eco-friendly materials, focusing on 
their practical applications in road and bridge construction. Through case studies, it explores their 
performance in durability, cost-effectiveness, and environmental benefits. The sustainability of these 
materials is further evaluated, highlighting technical and institutional challenges in their widespread 
adoption, while proposing future development trends and research directions. These materials not only 
enhance the service life and performance of municipal roads and bridges but also effectively reduce carbon 
emissions and environmental burdens, providing crucial support for advancing green infrastructure 
development and achieving sustainable urban growth. 

1. Introduction 
With the rapid advancement of urbanization and transportation infrastructure development in China, 

the scale and complexity of municipal road and bridge projects continue to increase [1]. While meeting 
transportation functional demands, the extensive use of traditional building materials has also brought 
numerous environmental and resource challenges [2]. The production processes of conventional asphalt, 
concrete, and steel commonly involve high energy consumption, high carbon emissions, and excessive 
resource depletion [3]. These drawbacks not only intensify pressure on the ecological environment but also 
constrain the sustainable development of urban transportation infrastructure [4]. 

Driven by the “dual carbon” strategic goals and green development philosophy, the development and 
application of new eco-friendly materials have become a key direction for municipal road and bridge 
construction [5]. Such materials typically feature low-carbon energy efficiency, recyclability, and high 
durability [6]. They not only effectively alleviate resource and environmental pressures but also enhance 
engineering quality and service life, aligning with the requirements of green urban construction and 
sustainable development [7]. 

Extensive research and practical applications have been conducted globally on eco-friendly asphalt, 
recycled concrete, high-performance composite materials, permeable and cooling materials, gradually 
yielding mature application experiences [8]. However, challenges persist in practical implementation, 
including inconsistent material performance standards, relatively high application costs, and insufficient 
technical adaptability. There is an urgent need to explore feasible promotion pathways through the 
integration of theoretical research and engineering practice. 

This paper analyzes the application of new eco-friendly materials in municipal road and bridge 
construction. It first categorizes their primary types and characteristics, then examines their performance 
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in road and bridge projects through practical case studies. Finally, it provides a comprehensive 
sustainability assessment and proposes future development trends and strategies to inform the 
advancement of green municipal engineering. 

2. Types and Characteristics of New Eco-Friendly Materials 
New eco-friendly materials find extensive application in municipal road and bridge construction, with 

recycled materials being the most representative category [9]. By reprocessing waste pavement and 
construction debris, recycled asphalt and recycled concrete can be produced. This not only effectively 
reduces consumption of natural aggregates, cement, and asphalt but also significantly alleviates landfill 
pressure from solid waste. Recycled asphalt is typically processed using hot or cold recycling techniques, 
enabling high-ratio reuse that saves costs while maintaining fundamental pavement mechanical properties. 
Recycled concrete is more commonly applied in subgrades or secondary structures, balancing economic 
efficiency with environmental sustainability [10]. 

Traditional concrete production processes consume high energy and generate substantial carbon 
emissions. To address this, high-performance eco-friendly concrete has emerged. By incorporating 
industrial byproducts like fly ash, slag powder, and silica fume, these formulations not only reduce clinker 
usage and lower carbon emissions but also enhance concrete workability and durability. Geopolymer 
concrete is gaining prominence, utilizing fly ash and slag as primary cementitious materials. Through 
alkali-activated reactions, it forms a dense inorganic polymer matrix exhibiting excellent acid resistance, 
high-temperature tolerance, and long-term durability, demonstrating broad engineering application 
potential, showed in Figure 1: 

 

Figure 1 CO2 emissions comparison 
With advancements in new materials technology, specialized modified materials are being introduced 

into municipal road and bridge construction. Materials like nano-silica and carbon nanotubes significantly 
enhance concrete strength and toughness; certain biodegradable polymers help mitigate long-term 
environmental pollution from ancillary engineering facilities; photocatalytic materials improve local air 
quality by decomposing harmful substances such as nitrogen oxides. Permeable concrete and cold-laid 
pavement materials play a positive role in improving urban microclimates, mitigating stormwater runoff, 
and reducing heat island effects, embodying the organic integration of environmental performance and 
functionality. Carbon emission calculation 

C = ∑ (Qi ⋅ EFi)n
i=1    (1) 

In bridge construction, the application of green steel and low-carbon building materials is gaining 
increasing attention. Traditional steel smelting involves high energy consumption and significant 
emissions, whereas green steel utilizes processes like electric arc furnace steelmaking and hydrogen-based 
smelting to effectively reduce carbon emissions and energy consumption. New building materials like 
lightweight composites, fiber-reinforced materials, and recycled plastics are gradually entering 
engineering practice. These materials can reduce self-weight while ensuring structural strength and safety, 
enhancing durability and fatigue resistance. With the continuous innovation and promotion of low-carbon 
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building materials, municipal road and bridge construction is progressively moving toward energy 
efficiency, environmental protection, and high performance. 

3. Practical Application of New Eco-Friendly Materials in Municipal Road and Bridge 
Construction 

The application of new eco-friendly materials in municipal road and bridge construction has evolved 
from isolated pilot projects to systematic implementation across multiple domains and levels. Their value 
extends beyond reducing resource consumption and environmental pollution to enhancing overall 
engineering performance and service life. In road engineering, these materials significantly improve 
comfort and durability by optimizing pavement structures, drainage systems, and thermal regulation 
functions. In bridge engineering, the use of green concrete, composite materials, and new steel grades has 
made structures stronger and more resilient while effectively reducing maintenance costs. Typical case 
studies and practical outcomes from domestic and international engineering practices provide strong 
evidence for their feasibility and economic viability. These applications not only embody the 
implementation of environmental concepts in municipal engineering but also provide crucial support for 
achieving the green transformation and sustainable development of urban infrastructure. 

3.1 Application Cases in Road Engineering 
Recycled asphalt finds the widest application in road construction. With increasing demands for urban 

road rehabilitation and highway maintenance, the reuse of waste asphalt pavement materials has become 
particularly crucial. Through hot and cold recycling technologies, old asphalt mixtures can be reused while 
maintaining essential mechanical properties, significantly reducing new material consumption and 
alleviating environmental pressures from waste landfills. This technology not only reduces project costs 
but also enhances resource efficiency in road construction, yielding positive outcomes in numerous urban 
road maintenance projects. Life cycle cost (LCC) 

LCC = ∑ Ct
(1+r)t

T
t=0    (2) 

Permeable concrete, as an emerging eco-friendly material, has seen increasing application in urban 
sidewalks and plaza projects in recent years. This material offers high permeability and excellent freeze-
thaw resistance, effectively mitigating urban stormwater runoff issues and reducing flood risks while 
replenishing groundwater resources through natural infiltration. Compared to traditional concrete, 
permeable concrete also improves surface thermal conditions, reduces the urban heat island effect, and 
plays a positive role in enhancing the regulatory functions of urban ecosystems. 

Cold-laid pavement materials represent another category of environmentally friendly road construction 
materials. Unlike traditional hot-mix asphalt, cold-laid asphalt materials do not require high-temperature 
heating during production and construction, significantly reducing energy consumption and carbon 
emissions during the construction process. These materials generate minimal fumes and dust emissions at 
construction sites, making them more environmentally friendly and safer for workers. Particularly for 
urban roads and small-scale repair projects, cold-laid materials are increasingly adopted due to their ease 
of construction and minimal environmental impact. 

Functional materials are also being integrated into road construction. Photocatalytic pavement 
materials, for instance, decompose harmful substances in vehicle exhaust, improving air quality around 
roads. rubber-modified asphalt utilizes recycled tire rubber, enhancing pavement durability and crack 
resistance while repurposing solid waste. These innovative materials not only improve road mechanical 
properties and driving comfort but also inject new momentum into urban green development. 

3.2 Application Cases in Bridge Engineering 
In bridge construction, the use of high-performance eco-friendly concrete stands out. By incorporating 

industrial byproducts like fly ash and slag powder into concrete mixes, it significantly reduces cement 
clinker consumption and carbon dioxide emissions while effectively enhancing the structure's 
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impermeability and durability. This concrete demonstrates greater stability under long-term loads and 
complex environmental conditions, extending bridge service life and reducing maintenance frequency. 
With the development of novel cementitious materials like geopolymer concrete, the application prospects 
for such eco-friendly concrete in bridge engineering continue to expand. Energy consumption of materials 

E = ∑ �Mj ⋅ ej�m
j=1    (3) 

The use of green steel offers new solutions for bridge engineering. Traditional steel production involves 
high energy consumption and significant pollution. In contrast, green steel employs energy-efficient 
steelmaking, electric arc furnace (EAF) processes, and hydrogen-based smelting during manufacturing, 
effectively reducing carbon emissions and energy usage. In practical applications, green steel not only 
matches the mechanical properties of conventional steel but also demonstrates superior corrosion 
resistance and service life, offering a more sustainable choice for long-span bridges and critical load-
bearing structures. 

Composite materials are also seeing increasingly widespread use in bridges. Fiber-reinforced 
composites, characterized by light weight, high strength, and corrosion resistance, can reduce bridge 
structural self-weight while enhancing load-bearing capacity and fatigue resistance. These materials 
demonstrate exceptional performance in bridge reinforcement and rehabilitation, enhancing structural 
integrity without adding excessive load while extending service life.  

fc = P
A
   (4) 

Beyond structural materials, functional eco-friendly materials are increasingly integrated into bridge 
engineering. Vibration and noise reduction materials effectively mitigate vibrations and noise generated 
by vehicular traffic, positively contributing to improved residential environments. Self-healing concrete 
incorporates microorganisms or self-healing particles that automatically repair cracks upon formation, 
reducing water seepage and reinforcing steel corrosion while enhancing structural durability. The 
application of these novel materials not only advances bridge engineering technology but also promotes 
the widespread adoption and development of green building materials in practical engineering projects. 

3.3 Case Studies and Effect Analysis 
Domestic municipal road projects are actively promoting the application of new eco-friendly materials. 

Taking major cities like Shanghai and Shenzhen as examples, recycled asphalt technology is widely 
adopted in road rehabilitation. By combining on-site hot recycling with plant-mixed cold recycling, these 
projects achieve high rates of recycled material utilization. This approach not only reduces costs associated 
with large-scale transportation and disposal but also effectively lowers carbon emissions during 
construction. Practice demonstrates that recycled asphalt pavements exhibit performance comparable to 
new construction, with superior resistance to rutting and enhanced durability, providing an exemplary 
model for urban road maintenance. 

In bridge engineering, high-performance eco-concrete has been incorporated into major river-spanning 
bridge projects in cities like Beijing and Wuhan. By incorporating industrial byproducts such as fly ash 
and slag powder, these projects have reduced raw material consumption while enhancing concrete's crack 
resistance and impermeability, significantly extending structural lifespan. These engineering practices 
demonstrate that eco-concrete not only possesses excellent mechanical properties but also reduces 
maintenance costs throughout its entire lifecycle, offering clear economic advantages. 

Internationally, countries like the United States, Japan, and Germany have accumulated extensive 
experience in applying novel eco-friendly materials. They pioneered the use of permeable concrete, 
photocatalytic materials, and composite materials in highway and bridge construction. For instance, Tokyo 
has paved sections of urban roads with photocatalytic asphalt, which effectively decomposes nitrogen 
oxides in exhaust gases under high traffic conditions, improving air quality. In Europe, fiber-reinforced 
composite materials are extensively used in bridge reinforcement, achieving notable weight reduction and 
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enhanced durability. These cases offer valuable references for China's engineering practices, showed in 
Figure 2: 

 

Figure 2 Life cycle cost analysis 
Effect analysis reveals that new eco-friendly materials demonstrate comprehensive advantages across 

environmental, economic, and social dimensions. Environmentally, they reduce carbon emissions, energy 
consumption, and solid waste discharge. Economically, despite higher initial costs, their superior 
durability and low maintenance expenses yield long-term savings over the full lifecycle. Socially, these 
green materials enhance road and bridge performance, minimize construction impacts on the environment, 
and improve residents' quality of life. These exemplary cases fully validate the feasibility and 
sustainability of applying new eco-friendly materials in municipal engineering. 

4. Sustainability Analysis and Development Trends 
The application of new eco-friendly materials in municipal road and bridge construction has 

demonstrated significant environmental, economic, and social benefits. From recycled asphalt to high-
performance eco-concrete, and from green steel to fiber-reinforced composites, these innovative materials 
have not only achieved breakthroughs in structural performance and service life but also played a crucial 
role in resource conservation and environmental protection. This has propelled municipal engineering 
projects toward a shift from “high consumption” to “green practices.” 

Practical cases demonstrate the feasibility of applying eco-friendly materials in road and bridge 
projects. Whether in recycled asphalt pavements for urban roads or high-performance concrete and green 
steel in river-spanning bridges, these applications have yielded positive outcomes—ensuring engineering 
quality while reducing lifecycle costs. The emission reduction, energy conservation, and urban 
environmental quality improvements evident in typical cases provide robust justification for promoting 
green building materials. Sustainability index 

SI = α ⋅ Es
Et

+ β ⋅ Cs
Ct

+ γ ⋅ Ls
Lt

    (5) 

Nevertheless, the promotion of new eco-friendly materials still faces significant challenges. 
Performance standards remain inconsistent, and the stability and adaptability of certain materials require 
further validation. Insufficient updates in construction techniques and equipment limit large-scale 
application. Additionally, high initial investment costs and an incomplete industrial chain constrain 
widespread adoption. These issues necessitate a coordinated approach involving policy support, scientific 
innovation, and market mechanisms for gradual resolution. 

Municipal road and bridge construction will increasingly prioritize greening and sustainability. As 
China advances its dual carbon goals, the application of eco-friendly materials will become more 
widespread and profound, while cutting-edge directions like intelligent, self-healing, and recyclable 
technologies will gradually mature. By refining standard systems, increasing R&D investment, and 
promoting industry-academia-research collaboration, municipal engineering can achieve large-scale 
application of eco-friendly materials, providing robust support for building green, low-carbon cities and 
ensuring sustainable infrastructure development. Reduction ratio of CO₂ emissions 
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R = Ctrad−Ceco
Ctrad

× 100\%   (6) 

5. Conclusion 
The application of new eco-friendly materials in municipal road and bridge construction represents not 

only an inevitable trend in materials science but also a crucial measure for the green transformation of 
urban infrastructure. Through the promotion and practical implementation of recycled materials, high-
performance eco-concrete, composite materials, and green steel, resource consumption and carbon 
emissions can be effectively reduced, urban ecological environments improved, and robust support 
provided for achieving low-carbon transportation systems. 

Typical case studies and practical outcomes demonstrate that new eco-friendly materials exhibit 
significant advantages in durability, cost-effectiveness, and environmental benefits. Recycled asphalt and 
permeable concrete in road projects, alongside eco-concrete and green steel in bridge construction, have 
all shown promising performance and application prospects in real-world scenarios. These achievements 
confirm the feasibility of large-scale implementation of new eco-friendly materials in municipal 
engineering. 

During the promotion and application process, challenges such as an incomplete technical standards 
system, insufficient material performance stability, and relatively high initial costs must be addressed. 
These constraints not only slow the adoption of new materials but also limit their sustainable development 
potential. Collaborative efforts involving government policy guidance, technological innovation from 
research institutions, and active participation from enterprises are essential to drive the large-scale 
application of eco-friendly materials. 

As the “dual carbon” strategic goals advance, eco-friendly materials will assume an increasingly central 
role in municipal engineering. Developments in cutting-edge technologies—such as intelligent systems, 
self-healing capabilities, and circular utilization—will offer more options and possibilities for green urban 
infrastructure construction. Only through continuous research advancement, standard refinement, and 
enhanced promotion can sustainable development in road and bridge construction be truly achieved, 
providing robust support for building livable, green, and low-carbon urban environments. 
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