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Abstract: This paper focuses on the technical management of concrete mixing plants. It introduces the whole-process
engineering consulting model and elaborates on multifaceted aspects of technical management, including a matrix-based
management framework, standardized design management pathways, cost early-warning systems, approval strategies,
regulatory databases, etc. This paper also emphasizes the importance of innovations in collaborative management

mechanisms for improving quality and efficiency.
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1. Introduction

Technical management of concrete mixing plants is a complex and critical field involving multifaceted elements.
With China’s increasing emphasis on the management of engineering construction, relevant policies have been
successively introduced. For instance, the 2017 release of the Guiding Opinions on Promoting the Transformation,
Upgrading, and Innovative Development of the Engineering Supervision Industry highlighted the importance
of innovating engineering management models. As an innovative approach, the whole-process engineering
consulting model, particularly its “1+N” framework, offers new perspectives for the technical management of
concrete mixing plants. Against this backdrop, technical management of mixing plants needs to be constructed
from multiple dimensions, including management frameworks, decision weight allocation, standardized design
management, cost early-warning systems, and optimization of approval strategies. These efforts aim to enhance

quality and efficiency while achieving sustainable development.

2. Construction of the project management theoretical framework
2.1. Analysis of the whole-process engineering consulting model

The whole-process engineering consulting model is an innovative engineering management approach centered
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on the “1+N” framework. “1” refers to project management, while “N” encompasses specialized services such
as engineering supervision, cost consulting, and tendering agency. This model emphasizes the overarching role
of project management in integrating diverse professional services to achieve information sharing, collaborative
operations, and enhanced efficiency and quality in engineering management. Regarding the collaborative
mechanism between project management and engineering supervision, project management establishes overall
objectives and plans, whereas engineering supervision focuses on monitoring construction processes and quality
control. Their synergy ensures smooth project execution. Compared to traditional management models, the
whole-process consulting approach demonstrates significant efficiency advantages. It eliminates information
silos, reduces coordination costs, improves decision-making efficiency, and delivers more comprehensive and
professional services for engineering construction !,

2.2. Construction of a technical management model for mixing plants

The construction of a technical management model for a concrete mixing plant needs to establish a system from
multiple dimensions. The matrix management framework should comprehensively cover six core elements, such
as design, investment, and approval, forming an interconnected management network. The design link should
be based on the actual production needs of the mixing plant, combined with future plans for capacity expansion
and technological upgrading, to ensure that the design of equipment layout, process flow, etc., not only meets
current production standards but also has room for expansion . Investment management needs to balance cost
control and benefit output, accurately calculate the input-output ratio in links such as equipment procurement and
site construction, to avoid capital waste or insufficient investment affecting production efficiency. The approval
process must strictly align with industry norms and policy requirements, and proceed in accordance with legal
procedures from project approval to environmental assessment, ensuring the legality and compliance of the mixing
plant’s operation.

The decision weight allocation model needs to assign differential values based on the degree of influence of
each element on technical management. The design link has a prominent weight proportion because it directly
determines the basic production capacity, while the investment and approval elements follow closely as they are
related to project feasibility. Quantifying the priority of each element in management decisions through weights
provides a clear basis for judgments in complex decision-making scenarios, reduces subjective deviations,
promotes the transformation of technical management of the mixing plant from experience-driven to data-
supported, and comprehensively improves the overall management efficiency.

3. Strategies for building a technical management system

3.1. Standardizing the design management pathway
In the technical management of concrete mixing plants, standardizing the design management pathway is a
core element for enhancing production efficiency. Utilizing BIM technology for three-dimensional simulation
and optimization of mix proportions enables the transformation of parameters for materials like cement, sand,
aggregates, and admixtures into visual models. This intuitively presents key indicators such as concrete strength
and workability under different mix ratios, providing a scientific basis for precise batching during production ™.
Establishing a material selection database requires systematic integration of the physical and chemical
properties, applicable working conditions, and quality standards of various raw materials. For example,
information such as setting times for different grades of cement and aggregate gradation ranges should be included
to facilitate rapid matching of optimal material combinations based on project requirements during production,

thereby reducing selection errors.
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Formulating equipment configuration standards should clearly define model parameters and quantity ratios
for mixer hosts, batching machines, conveying equipment, etc., ensuring interface compatibility and capacity
matching between devices to avoid production interruptions caused by equipment incoordination. Through
these standardization measures, a comprehensive process specification—f{rom material selection to equipment
coordination—is formed, driving the transformation of concrete mixing plant technical management toward
refinement and efficiency.

3.2. Dynamic control methods for investment management

Establishing a full-cycle cost early-warning system requires multi-dimensional integration of elements.
Developing an accurate cost accounting model must cover all process stages, including raw material procurement,
equipment maintenance, and labor costs . By detailing the cost composition of each stage, a dynamically updated
cost database is formed. Real-time monitoring of cost data and comparison against budget thresholds enables rapid
identification of abnormal fluctuations—such as sudden spikes in raw material prices or excessive maintenance
expenses—providing precise targets for cost control.

To address raw material price volatility, specialized compensation schemes should be formulated. Sign price
adjustment clauses with suppliers to define market fluctuation thresholds, automatically triggering procurement
price adjustments when preset ranges are exceeded. A synchronized price monitoring mechanism tracks market
conditions in real time, supporting price negotiations and procurement strategy adjustments. The dynamic budget
adjustment mechanism must flexibly respond by combining cost early-warning information with production
realities. If cost overrun risks emerge or production plans change, timely adaptive adjustments should be made to
budgets across all stages. This maintains both production continuity and the economic efficiency of investment

management, shifting cost control in mixing plants from reactive responses to proactive prevention.

4. Practice paths of whole-process management

4.1. Innovation mechanism for approval management

4.1.1. Optimization of the environmental protection approval process

The application for production licenses adopts a parallel approval strategy to break the inefficient barriers of
traditional serial approval. By integrating the approval processes of environmental protection, industry and
commerce, safety supervision, and other relevant departments, the originally sequential links such as material
review, on-site inspection, and qualification verification are carried out simultaneously, which greatly shortens the
approval cycle, enables enterprises to meet the conditions for compliant operation faster, and directly improves the
efficiency of operation startup .

The construction of a dynamic monitoring system for environmental assessment indicators needs to cover
key parameters such as dust emission concentration, noise decibel value, and wastewater treatment effect.
The system captures data fluctuations in real time: when dust emissions are close to the limit, it automatically
triggers the spray dust suppression equipment to enhance operation; when noise exceeds the standard, it timely
adjusts the production time or activates sound insulation devices. Dynamically optimizing production processes
and environmental protection measures based on monitoring data can not only ensure that production activities
continuously meet environmental protection standards, help successfully pass various approvals, but also promote

transformation into green production, and enhance social credibility and market competitiveness.

4.1.2. Legal risk pre-control system
Establishing a policy and regulation database forms the foundation of the legal risk pre-control system for concrete
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mixing plants. This database must systematically integrate policy provisions and updates across environmental
protection, land use, safety production, and other domains. Information such as environmental emission limits and
land approval procedures should be categorized by applicable scenarios and precisely matched to corresponding
management stages, providing comprehensive and accurate legal references for corporate decision-making .

Designing a dynamic assessment model for land use compliance requires real-time tracking of changes
in critical indicators, including land use nature, floor area ratio, and setback distances. By comparing current
regulatory requirements with actual land conditions, the model automatically identifies potential conflicts—such as
overdue temporary land use or encroachment on planning red lines—enabling enterprises to promptly implement
corrective measures and eliminate risks.

This system design ensures continuous alignment with legal norms throughout operations while accelerating
responsiveness to approval requirements during permitting processes, thereby shortening procedural timelines. By
preemptively avoiding legal violations and enhancing approval efficiency, it establishes a solid legal foundation
for the stable production and long-term development of concrete mixing plants.

4.2. On-site management technology innovation

4.2.1. Standardized management of production processes

Standardized management of production processes in concrete mixing plants is crucial for ensuring production
quality and efficiency. To guarantee the precision of concrete mix proportions, procedures for real-time moisture
content monitoring of aggregates must be established. By continuously tracking aggregate moisture levels, the
system dynamically adjusts water dosage and aggregate quantities, effectively preventing mix deviations caused
by moisture fluctuations and ensuring consistent concrete quality. This measure significantly enhances concrete
strength and workability, providing reliable material support for engineering projects.

Simultaneously, developing an equipment operation status early-warning system is a key initiative for
optimizing on-site management. Through real-time monitoring of core equipment such as mixer hosts and
batching machines, the system comprehensively tracks operational conditions. Upon detecting abnormalities—
such as motor failures or conveying system deviations—the warning system immediately triggers alerts, prompting
rapid maintenance interventions by personnel. This proactive warning mechanism effectively prevents production
interruptions caused by equipment failures, reduces downtime losses, and ensures process continuity. With real-
time monitoring and rapid response capabilities, the system lowers maintenance costs while improving production
efficiency and product quality.

The integration of standardized management and an intelligent early-warning system provides an efficient
solution for on-site management in concrete mixing plants. Aggregate moisture monitoring ensures mix proportion
accuracy, while the equipment warning system safeguards production stability. These elements complement each
other, driving production processes toward automation and intelligence, thereby establishing a solid foundation for
high-quality and high-efficiency operations in mixing plants.

4.2.2. Intelligent upgrade of quality monitoring

In the technical management of concrete mixing plants, the intelligent upgrade of quality monitoring is a core
element for enhancing quality and efficiency. loT sensor networks are deployed to build concrete strength
prediction models, which collect real-time critical production data—such as cement dosage and aggregate ratios—
providing precise foundations for quality control ", These models dynamically analyze concrete strength trends,
promptly identifying potential quality risks to ensure products meet design specifications. Simultaneously, the
implementation of online slump testing systems further strengthens quality monitoring capabilities. By tracking
concrete slump in real time, the system rapidly detects abnormal fluctuations, guaranteeing workability compliance
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and preventing construction issues caused by inadequate or excessive fluidity.

These intelligent technologies significantly drive innovation in on-site management techniques, transforming
quality monitoring from traditional manual inspections to automated, intelligent processes . Throughout the
whole-process management cycle—from raw material inspection to concrete production, transportation, and
pouring—every phase achieves precise control via loT technologies and online testing systems. This end-
to-end intelligent management effectively reduces quality incident rates, boosts production efficiency, and
provides technical assurance for high-quality operations of concrete mixing plants. Concurrently, it accelerates
the industry’s shift toward intelligent and refined development, delivering more reliable material support for
engineering projects.

5. Innovations in collaborative management mechanisms

5.1. Contract management risk prevention

5.1.1. Dynamic delineation of responsibility boundaries

To effectively mitigate contract management risks, it is essential to design a standardized contract template that
includes clauses for tracing raw material quality. This template should clearly specify the quality standards for
raw materials, inspection methods, and the responsibilities suppliers must bear, ensuring swift identification of the
source in case of quality issues. Simultaneously, establishing a supply chain responsibility matrix clearly delineates
the roles and responsibilities of all parties involved in the raw material supply process. For instance, suppliers are
responsible for providing raw materials that meet quality requirements and submitting relevant quality certification
documents, while the mixing plant is responsible for inspecting and receiving the materials, promptly reporting
any quality issues to suppliers. Through this dynamic delineation of responsibility boundaries, not only can
contract management risks be reduced, but collaborative management efficiency can also be enhanced, ensuring
the normal operation of the concrete mixing plant .

5.1.2. Digital transformation of performance evaluation

Developing a contract execution status dashboard system integrated with blockchain-based smart contracts
for progress payments is a critical measure for enhancing collaborative management mechanism innovation,
mitigating contract management risks, and promoting the digital transformation of performance evaluation. The
contract execution status dashboard system enables real-time monitoring of contract progress, providing all parties
with a clear overview of the contract status, facilitating the timely identification and resolution of potential issues,
and reducing contract management risks. Meanwhile, blockchain-based smart contracts for progress payments
offer a safer, more transparent, and efficient method for fund disbursements. They ensure accurate execution of
payment conditions, eliminate interference from human factors, and provide immutable records, offering reliable

data support for performance evaluation and advancing the digital transformation of performance evaluation "’

5.2. Information management platform construction

5.2.1. Big data center development

In the technical management of concrete mixing plants, innovations in collaborative management mechanisms,
information management platform construction, and big data center development are crucial. By establishing an
operational data platform for the mixing plant, centralized management and analysis of various data types are
achieved. Integrating ERP systems with GPS vehicle scheduling data streams enables the fusion of enterprise

resource planning and transportation scheduling information. This allows real-time tracking of dynamic data
across raw material procurement, production planning, and product delivery, while also leveraging big data
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analytics to identify potential issues and optimization opportunities. For instance, optimizing delivery routes based
on transportation data enhances efficiency, and adjusting raw material ratios based on production data improves
product quality. Additionally, the data platform provides a unified data interface for all departments, fostering
interdepartmental collaboration, breaking down information silos, and ultimately enhancing overall operational

efficiency and quality.

5.2.2. Intelligent decision support system

In terms of collaborative management mechanism innovation, establishing a cross-departmental communication
and collaboration mechanism is essential to ensure seamless coordination across all stages of the concrete mixing
plant. The construction of an information management platform should encompass raw material information,
production process data, and quality inspection results, enabling real-time data collection and sharing. The
intelligent decision support system should integrate root cause analysis algorithms for quality fluctuations and
digital twin models for capacity optimization. By analyzing large volumes of production data, the root cause
analysis algorithm precisely identifies the sources of quality issues, providing a basis for improvements. The
capacity optimization digital twin model simulates various production scenarios, predicts capacity changes, and
assists in formulating rational production plans, thereby enhancing production efficiency and quality stability,
ultimately achieving efficient and high-quality operations of the concrete mixing plant.

5.3. Integrated service model innovation

5.3.1. Cross-professional collaboration mechanism

The technical management of concrete mixing plants involves multiple professional domains, necessitating
innovative collaborative management mechanisms and integrated service models to strengthen cross-professional
collaboration. Designing a seamless integration process between project management and engineering supervision
duties is critical, clearly defining the responsibilities and handover points at each stage to avoid management gaps.
Simultaneously, establishing a joint conference system for knowledge sharing is essential, periodically convening
professionals from the mixing plant technology, engineering management, and quality supervision. During these
meetings, participants share technological innovations and quality control experiences, and discuss solutions to
practical issues. Through this cross-professional collaboration mechanism, information barriers are dismantled,
facilitating the integration of diverse professional knowledge, enhancing the overall technical management level of
the mixing plant, and achieving dual improvements in quality and efficiency.

5.3.2. Resource integration and value-added paths

In the technical management of concrete mixing plants, innovation in collaborative management mechanisms
is crucial. An industrial alliance covering collaborative waste disposal can be established to achieve resource
sharing and complementary advantages through cooperation among various parties. In terms of innovation in
integrated service models, a green supply chain evaluation system should be built to assess the entire process
from raw material procurement to product delivery, ensuring environmental friendliness and reliable quality. The
path of resource integration and value addition lies in making full use of resources such as waste, applying them
reasonably in concrete production, reducing costs while improving the environmental performance of products.
Through these innovative measures, mixing plants can achieve sustainable development while improving quality

and efficiency, and better adapt to market competition and environmental protection requirements.
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6. Conclusion

The technical management of concrete mixing plants is crucial for enhancing quality and efficiency. Through
systematic analysis of innovative pathways and validation of the application value of the whole-process
engineering consulting model, significant results have been achieved. The synergistic optimization of the six
major management systems has demonstrated a powerful impact, substantially improving production efficiency
and significantly reducing quality incident rates. This not only provides strong support for the actual operation of
mixing plants but also offers valuable references for industry development. Meanwhile, future research directions
are clear: optimizing intelligent scheduling algorithms will further enhance the intelligence level of production,
while establishing a carbon emission accounting system aligns with environmental requirements, contributing
to the sustainable development of mixing plants. These research outcomes and future directions will collectively
drive continuous progress in the technical management of concrete mixing plants, achieving higher efficiency and
greater social benefits while ensuring quality.
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