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Abstract: Municipal road and bridge engineering constitutes the core of urban infrastructure. Its
quality directly relates to the efficiency of urban traffic operation and is closely linked to public
travel safety. As the fundamental guarantee for project quality, the inspection and control of material
quality must cover the entire project construction cycle. This research clarifies the significant
importance of material quality inspection and control, identifies current practical problems such as
lagging detection technologies, inadequate implementation of systems, and lack of whole-cycle
control. Subsequently, targeted optimization strategies are proposed from three aspects: upgrading
inspection technologies, improving management systems, and constructing a whole-cycle control
mechanism, aiming to provide references for enhancing the level of material quality inspection and
control in municipal road and bridge engineering.

1. Introduction

Municipal road and bridge engineering involves complex construction, diverse materials, and
high-quality requirements. Its quality concerns urban traffic stability and citizen safety. Material
costs account for 60% to 70% of the total project investment. The quality of core materials such as
cement, steel, and asphalt directly determines the load-bearing capacity, durability, and service life
of roads and bridges. Issues like asphalt pavement rutting and bridge structural cracking often
originate from oversights in material inspection. In recent years, with the advancement of
urbanization in China and the expansion of project scales, some projects "emphasize construction
over inspection, focus on results over process,” leading to problems such as inspection technologies
struggling to adapt to new materials, data falsification, and disconnection in whole-process control,
which constrain quality improvement and pose safety hazards. Therefore, exploring optimization
strategies for material quality inspection and control holds significant practical importance.

2. Importance of Material Quality Inspection and Control in Municipal Road and Bridge
Engineering

2.1 Ensuring Engineering Structural Safety and Reducing Safety Risks

Municipal roads and bridges, as core facilities bearing urban traffic functions, need to withstand
the dual effects of vehicle dynamic loads and the natural environment over the long term. Material
quality is the core factor determining the safety and stability of the engineering structure.
Establishing a strict material quality inspection and control system allows for precise verification of
materials upon entry and their performance during construction, intercepting substandard materials
from entering the construction phase at the source. From engineering practice, if the tensile strength
of steel reinforcement fails to meet design specifications, the load-bearing structure of a bridge is
prone to stress concentration during service, leading to fracture risks . A sound inspection and
control mechanism can identify material quality defects in advance, fundamentally reducing the
probability of engineering safety accidents and building a strong defense for public travel safety.

2.2 Controlling Engineering Construction Costs and Avoiding Resource Waste
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Material costs typically represent a high proportion of the total investment in municipal road and
bridge projects. If substandard material quality leads to rework, additional costs will be incurred.
Taking bridge pier construction as an example, if untested concrete is used and subsequent
inspection finds its strength does not meet the design standard, the already poured piers need to be
demolished and rebuilt. This process not only consumes additional human and material resources
but also causes project delays, further increasing the overall project cost. Through standardized
material quality inspection and control, substandard materials can be identified in time at key stages
such as material entry acceptance and dynamic monitoring during construction, preventing their use
in the physical construction of the project, thereby reducing rework costs and resource waste.
Furthermore, accurate inspection data can provide scientific support for material procurement,
helping construction units select suppliers with better cost-effectiveness while complying with
quality standards, achieving refined control of project costs.

2.3 Enhancing Engineering Durability and Extending Service Life

The designed service life of municipal road and bridge projects is typically 15 to 50 years.
Material durability directly determines the actual service life of the project. In special geographical
environments such as rainy, coastal, or severely cold areas, projects place higher demands on
material indicators like impermeability, frost resistance, and corrosion resistance. By conducting
targeted durability inspection and control, it is possible to ensure that material performance matches
the environmental conditions, effectively reducing maintenance costs during the project's service
period [?, Taking bridge engineering in coastal areas as an example, by strengthening the inspection
and control of concrete's resistance to chloride ion penetration, the erosion rate of chloride ions on
steel reinforcement in the marine environment can be slowed down, extending the service life of the
bridge structure, reducing later maintenance investment, and enhancing the project's
whole-life-cycle economic and social benefits.

3. Existing Problems in Material Quality Inspection and Control for Municipal Road and
Bridge Engineering

3.1 Lagging Inspection Technology and Equipment, Struggling to Meet Engineering Needs

In the current field of municipal engineering construction, some construction units still rely on
traditional manual inspection methods. For instance, manual sieving is still used for testing the
particle size distribution of sand and gravel, and manual reading of rebound hammer data is
common for concrete strength testing. Such methods are not only inefficient but also highly
susceptible to human interference, making it difficult to guarantee inspection accuracy 1. With the
continuous innovation of engineering technology, new engineering materials are gradually being
widely used, but there are significant shortcomings in specialized inspection technologies and
equipment for these new materials. Furthermore, the slow progress in inspection data
informatization is a prominent issue. Some inspection institutions still use paper-based recording
methods, resulting in severe delays in data transmission and sharing, unable to achieve real-time
interaction between inspection data and project construction progress. This leads to difficulties in
timely detection and rectification of material quality issues, hindering the timeliness of project
quality control.

3.2 Incomplete Inspection Management System and Lack of Enforcement

On one hand, some construction units have not yet established a sound material quality
inspection management system. Inspection processes, standards, and responsibility divisions are
vague, causing inspection work to fall into disorder [“l. At the material entry stage, the "inspect first,
use later" system is not fully implemented. Driven by schedule pressure, some construction units
put materials into construction without inspection. If subsequent inspections find the materials
unqualified, rework becomes necessary, causing significant waste of human and material resources
and delaying the project progress. On the other hand, there are loopholes in the inspection
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supervision mechanism. Government regulatory departments lack sufficient daily supervision of
inspection institutions, and their verification of the authenticity of inspection data is superficial.
Some inspection institutions, catering to the needs of construction units, blatantly falsify inspection
data. Due to limited verification methods, regulatory authorities find it difficult to effectively
identify such violations, damaging the credibility of inspection reports. The handling mechanism for
non-conforming materials is not robust enough. Some projects only remove non-conforming
materials from the site without thoroughly tracing the material source and manufacturer, failing to
curb the flow of substandard materials into the market at the root and burying hidden dangers for
project quality.

3.3 Lack of Whole-Cycle Inspection Control and Weak Management of Key Links

Material quality inspection for municipal road and bridge engineering should run through the
entire life cycle of "material procurement - entry acceptance - construction process - completion
acceptance.” However, currently, some projects only focus on material entry inspection, paying
insufficient attention to inspection control during the construction process and completion
acceptance stages. During concrete construction, the lack of real-time monitoring of key parameters
such as concrete pouring temperature, slump loss, and curing conditions often leads to significant
deviations between the actual strength of the concrete structure and the strength of laboratory
specimens. During bridge bearing installation, neglecting the inspection of bearing flatness and
displacement leads to uneven force distribution on the bearings, shortening the bridge's service life.
Furthermore, there is insufficient attention paid to material durability inspection. Some inspections
only focus on the mechanical properties of materials, while neglecting durability indicators such as
impermeability, frost resistance, and corrosion resistance 1.

4. Optimization Strategies for Material Quality Inspection and Control in Municipal Road
and Bridge Engineering

4.1 Upgrade Inspection Technology and Equipment, Promote Informatization Construction

Construction units need to increase investment in inspection technology and equipment,
prioritizing the introduction of automated and intelligent inspection equipment to improve
inspection efficiency and accuracy. For particle size distribution testing of sand and gravel,
automated particle size analyzers can be used to complete sample sieving, data calculation, and
recording automatically, minimizing manual operation errors. For testing the in-situ strength of
concrete structures, use combined technologies like ultrasonic testers and rebound hammers to
achieve non-destructive testing and avoid secondary damage to the structure. Facing new materials
like high-performance concrete and modified asphalt, specialized testing equipment is required,
such as Dynamic Shear Rheometers (DSR) for modified asphalt, tensile property testers for carbon
fiber composites, etc., ensuring that key quality indicators of new materials can be accurately
detected and effectively controlled.

Units need to build a municipal engineering material quality inspection information platform
based on digital technology, achieving full-process informatization of inspection data from
collection, transmission, sharing, to analysis. Inspection institutions upload inspection data to the
platform in real time through smart inspection instruments, mobile terminals, and other devices.
Construction units, contractors, supervision units, and government regulatory departments can
access inspection results in real time through the platform, forming a linkage mechanism of
"inspection data - construction progress - quality control.” When material entry inspection results
are unqualified, the platform can automatically send early warning information to the construction
unit and supervision unit, procedurally blocking the use of unqualified materials. Meanwhile, the
platform can use big data analysis technology to uncover patterns of material quality fluctuations
behind the inspection data, identify potential quality risks in advance, and provide predictive
support for project quality control €1,

4.2 Improve the Inspection Management System and Strengthen Enforcement
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Construction units should formulate the "Measures for the Management of Material Quality
Inspection in Municipal Road and Bridge Engineering" based on the actual project, clarifying
inspection standards and operational procedures for each stage: material procurement, entry,
construction, and acceptance. Specifically, the procurement stage requires material suppliers to
provide complete quality certification documents, while strictly auditing supplier qualifications,
prioritizing suppliers with good reputation and strong quality control capabilities to reduce material
quality risks from the source. The entry stage strictly implements the "inspect first, use later” system,
with the supervision unit witnessing sampling throughout the process. The inspection agency
samples and tests according to the batches and quantities required by the specifications. Materials
can only enter the construction phase when the test results are qualified. The construction stage
involves dynamic inspection during material usage, such as real-time monitoring of slump during
concrete pouring and simultaneous detection of mixture temperature during asphalt pavement
paving, ensuring material performance meets quality requirements during construction. The
acceptance stage focuses on the quality of materials in the finished structure, sampling key
indicators like concrete strength in bridge structures and compaction degree of road base layers,
ensuring the project acceptance quality meets design and specification standards [,

Government regulatory departments need to strengthen daily supervision of inspection
institutions, regularly conducting qualification checks, equipment calibration inspections, and
random checks on the authenticity of inspection data. Inspection institutions found with violations
should be penalized according to regulations, with serious cases leading to the revocation of
qualification certificates. Simultaneously, build a tripartite responsibility tracing mechanism
involving the "construction unit - supervision unit - inspection agency,” clarifying the responsibility
boundaries of each party in material quality inspection: if an inspection agency issues a false report
leading to the use of unqualified materials, it must bear the cost of rework and be included in the
industry credit blacklist; if the supervision unit fails to perform its sampling witnessing duties and
neglects supervision of the inspection process, it shall bear corresponding joint liability. Clear
division of responsibilities forces all parties to perform their duties standardly.

4.3 Build a Whole-Cycle Inspection Control System and Strengthen Management of Key
Links

During the construction process, the construction unit needs to strengthen real-time monitoring of
material usage status and optimize inspection methods targetedly. Specifically, in the concrete
construction phase, use portable slump testers to monitor the change in concrete slump during
pouring in real time, ensuring workability meets construction requirements; use temperature sensors
to record the curing environment temperature in real time, avoiding insufficient concrete strength
development due to improper curing; in the asphalt pavement construction phase, use infrared
thermometers to detect the paving temperature and rolling temperature of the mixture, ensuring
compaction meets design standards and reducing early pavement distress; in the bridge steel
structure construction phase, use magnetic particle or ultrasonic flaw detection technology to
comprehensively inspect weld quality, identify potential structural stress hazards, and ensure the
safety of steel structure connections €1,

Leverage loT technology to build a whole-life-cycle traceability system for material quality.
Assign a unique "quality traceability code” to each batch of materials entering the site, linking key
information such as the material manufacturer, production date, and inspection results. By scanning
the traceability code, managers can query the full-process quality information of the material from
production to use in real time, achieving "traceable origin, traceable destination, attributable
responsibility.” For example, when a batch of materials fails inspection, the traceability code can
quickly locate where that batch was used, allowing timely corrective measures like rework or
replacement. Meanwhile, the traceability information can be fed back to the manufacturer, urging
them to improve production processes and enhance material quality from the upstream supply chain,
forming a closed loop of quality control.
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5. Conclusion

Material quality inspection and control is a core link in ensuring the quality of municipal road
and bridge engineering. Currently, this field still faces practical problems such as lagging inspection
technology, imperfect management systems, and lack of whole-cycle control. Through optimization
paths like upgrading inspection technology and promoting informatization, improving the
inspection management system, and constructing a whole-cycle control system, the efficiency of
material quality inspection and control can be enhanced, effectively resolving potential project
quality hazards. With the deepening of smart city construction, material quality inspection and
control for municipal road and bridge engineering will evolve towards intelligence, digitalization,
and refinement.
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