2025 International Conference on Architecture, Civil Engineering, and Landscaping (ICACEL 2025)

Research on Supervision Strategies for Quality Monitoring and Risk Early
Warning in High-Rise Construction

Yuan Tian
Tianli Project Management Consulting Co.,Ltd., Anhui Branch, Hefei, Anhui, 230000, China

Keywords: High-rise buildings; Construction quality; Risk early warning; Supervision strategy;
Project management

Abstract: With accelerated urbanization, high-rise buildings have become increasingly prominent in
engineering. However, the complexity of construction process itself and those procedures involved
in high-rise construction often introduce latent and incidental quality-related safety risks which it is
becoming increasingly challenging for project management/stakeholders to manage. Due to its
importance on site, effective quality monitoring and risk warning mechanisms are particularly
important in construction field, but how to implement them has become a key issue that needs urgent
solution. This article is focused on the quality monitoring of high-rise building construction,
systematically detailed analysis of key factors influencing quality monitoring, establish a full-process
supervision system including risk identification of basic information collection, risk assessment and
warning model as well as corresponding risk intervention and emergency response measures.
Consequently, case studies of these common projects are performed to validate the applicability and
practicality of the strategy being proposed. Research Results: The construction risks can be
effectively reduced by means of the scientific quality monitoring and multi-level risk early warning
mechanism, as well as the overall project quality level and safety level can be significantly improved;
it is theoretical reference value in and practical guide significance in high-rise building construction
supervision work.

1. Introduction

Urbanization is still encouraged, as high-rise building instrumental but subsumes the chief place in
urban spatial evolution. High-rise buildings have become a research focus in engineering construction
quality and safety problems due to the characteristics of their industry, complicated style design
process, long construction period, and high technical indicators [*l. The processes and functions cutting
across many disciplines in high-rise construction are more specialized than for typical buildings. As
long as there is an error. quality defects or even major safety accidents may occur. These factors finally
decide the project construction progress and long-term operational safety 21,

Internationally and domestically, research has been carried out in terms of construction quality
management, risk control management model so on. Existing studies overseas focus on systematic and
information-based risk management systems, such as construction risks identification and prediction
based on big data and Al; however, domestic researches only stay within the scope of through on-site
quality monitoring methods, supervision responsibility implementation forms or BIM technology
application under construction process 1. The literature on high-rise building construction should be
further improved, such as more detailed discussion based on the characteristics of high-rise
construction, dynamic optimization for reconstructing early warning models and improve the
systematization of monitoring measures 1.

This article discusses high-rise construction, its quality monitoring and risk early warning. Focuses
on the objective of quality monitoring quantity monitoring in high-rise building construction and
establishes a related content through supervision strategy, risk identification model, risk assessment
model, early warning models I, This paper aims to aid both theory and practice, which serves as a
reference for quality management and supervision in high-rise construction industry and boosts the
optimiza[ti]on design of quality monitoring system and risk early warning system of construction
industry (1,
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2. Core Elements of Quality Monitoring in High-Rise Construction

As the construction process has many stages attempts should be made to assess its quality in an
orderly manner. High-rises which almost always consists of significant structural volumes and
multiple construction approaches means cross-disciplinary coordination among civil engineering,
MEP installation, curtain walling and other trades which require interoperability across DfMA
practices 1. During any part of construction, small errors will multiply and later, when the process is
further advanced, they will lead to structural safety and functional integrity. Hence quality monitoring
should range from the delivery of construction materials, to process transfer, until finished product
protection, i.e. a complete circle of quality . This mathematically express the end-to-end monitoring
efficiency as:

D=4 100%(1)
Xo

More vigilance is needed on important domains and custom processes. High-rise construction
applies a number of strict technical requirements for foundation works, erecting main structures,
provision of fireproofing, waterproofing and seismic resistance . Incorporated with special
operations by deep excavation, super-long span and reinforced concrete core wall and lifting work,
supervisors should reinforce the process inspection and sampling frequency. Specific tracking and
monitoring measures in place ensure localized construction defects do not escalate to become project-
wide risk %, IN THE CASE you pit that with the question of how well a project will manage its risks
like what happened in Figure 1, effort can be replace by statements (e.g. Big Data) which include risk
factors and Assessment turns into Information Extraction.
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Figure 1 Quality Index Distribution by Construction Phase

It will share wisdom of scientific innovation for quality monitoring. High-rise buildings are fused
with BIM, 10T and drone inspections, enabling real-time data collection and in-flight monitoring. By
continuously monitoring critical indicators—such as structural strain, temperature fluctuations and
settlement movement—you can spot early signs of potential danger providing data-driven insights to
inform quality assurance. Integration of big data analytics and Al predictive models for better decision-
making in construction quality monitoring
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Quality Control constitutes mechanisms for rigorous supervision and management systems.
Research & Technology — Due to the complexity of high-rise buildings, necessary technical measures
must be taken: improvement of construction techniques, strengthening quality monitoring on site for
excavation and piling work, etc. However, the work on construction quality management methods
based on technology currently suffers from some limitations—namely that discussions of systematic
deviations are ineffective and only organizational-level approaches can supplement them; instead, only
pooling systemic support at an organizational level with a continuous cycle of development can
strengthen the overall system for high-rise building construction quality management. The supervision
unit shall implement a responsibility system at all levels, clarify the management responsibilities for
relevant personnel at different levels, and improve the mechanism of reporting and feedback of
information; Carry out connection between construction, design and supervision party. Train
construction personnel regularly to improve quality awareness, guarantee project quality through
management method & culture-internalization forms.

3. Construction Risk Early Warning Mechanism and Supervision Strategy

Therefore the construction of high-rise buildings is a risk and uncertain nature. A single quality
defect or management negligence may result in high safety and economic losses. A scientific risk early
warning mechanism and a complete system supervision strategy must be established. Construction
risk early warning refers not only to the identification and classification of potential risks in all aspects,
but also to assess reasonable probability of occurrence and impact severity, and model construction.
And based on this, it will develop mitigation and emergency measures for practical supervision. In this
regard, In order to establish a comprehensive high-rise construction risk early warning and supervisory
system, the paper studies three important elements: risk identification and classification; risk
assessment and early warning models; supervisory strategies and countermeasures.

3.1 Risk ldentification and Classification

The high rise construction early warning mechanism is algorithm of risk identification. The
complexity of the high-rise building construction process, built-up from multiple layers and types of
structure and multipoint onsite construction process with unique characteristics of operational
environment, renders tremendous variety in potential risk factors. It will not only identify risks at the
technical and process levels, but also the risk assessment must cover management, environment and
project external conditions as well. It can only lay a sound basis for risk classification and early
warning later through systematic identification. By solving this equation, we obtain the optimized
resource allocation:

PR)=3(2)
We will model the probability of a delay happening for a project, as such:

R=2L w; 1i(3)

At present, from an general area and technology stage, the risks of excessive diploma structure are
these typically derived from foundation engineering dangers, structural stability dangers and special
system risks. With regard to these aspects, they include problems such as collapse and seepage in deep
foundation pits construction, deformation or connection failure of components when lifting the steel
structure and cracking caused by large-volume concrete pouring. Not appropriately tackling these risks
quickly enough will subsequently endanger the overall quality and safety of the project. In Figure 2,
we show how monitoring strategies cluster based on the different phases of a project:
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Figure 2 Correlation Matrix of Construction Risk Indicators

Construction risks are often related to unreasonable scheduling, the supervision of worker quality
associated with a building project, as well as the poor oversight management and organizing functions
linked to that construction project. The unavailability of in-demand material may postpone work,
improper safety training can cause falls from heights, and poor site management can disrupt the flow
of construction. These management risks take part in crashes as well, even though they are not as
visible on the technical point of view.

One of the areas particularly affected by external environmental and social factors are high-rise
construction, which is sensitive to weather conditions, geological context or policy. In addition, when
the weather is extreme, tower cranes may be stopped from working and some concrete curing could
not meet the standard because of bad weather as well, even exogenous geological conditions will cause
the settlement of foundation. Increased scrutiny and changes to policy can lead to higher compliance
risk. However, while effective identification of the risks require a multidimensional framework
covering technical, managerial, environmental and policy dimensions to ensure coverage of all
potential sources.

3.2 Risk Assessment and Early Warning Model

Risk assessment is one of the most important processes in construction risk management for
measuring risks — how likely they are to occur and what consequences will result. Since a high-rise
construction project is uncertain in many aspects, risk assessment needs to be performed by qualitative
and quantitative methods. The experts first qualitatively evaluate the type and degree of possible risks
based on experienced using Analytic Hierarchy Process (AHP) and Fuzzy Comprehensive Evaluation
Method, then make quantitative calculations to generate scientific risk assessment results. The
effectiveness index of monitoring strategies may be computed with the following formula:

1= —=5(4)

1+e-k(x-x0)

Cost/Quality = (Constant) constant determined by the market.:
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Constituting a risk assessment indicator system is of great significance for scientific early warning.
Building on top of the tall-building construction, the system should include all details such as structural
security, material quality, construction environment, personnel management and timetable control.
The system constructs the multi-level and multi-dimensional evaluation index, which fully embodies
the warning state in the construction phase of risk. As a result, weighting distributions and overall
calculations are required to create a reasonable risk analysis model in light of the connections between
markers.

It builds an early warning model capable of achieving dynamic risk monitoring and multi-level
management. The building site information shows naturally dynamical and timeless data. The
incorporation of 10T sensors, monitoring instruments, and information platforms enables continuous
acquisition of key data that can be compared to the early warning model. The model triggers alerts of
varying severity levels in response to monitored values48 surpassing pre-established thresholds. If the
monitored settlement data exceeds a predetermined safe limit, immediate yellow or red warnings can
be issued to its monitoring and construction staff for timely remedial action.

Big data and Al predictive models offer a new type of risk warning. But these models are trained
on historical construction project data to identify risks and generate warnings in advance. This is the
reason ML algorithms are trained in large datasets to detect hidden patterns and predicting high-rise
construction risk through trends. Should you need further advice regarding these models, stay tuned
for our other advisory services to improve the accuracy and timeliness of risk warnings for optimizing
supervision strategies.

3.3 Supervision Strategies and Countermeasures

This mechanism of intervention into supervision at different levels is crucial for risk management.
The supervision units can intervene at appropriate levels through intervention measures of different
intensities based on the multilayered outcomes of the risk warning model. For low-level risks, close
the loop with a regular check-in and some random spot-testing. Medium risk will require more frequent
testing to be performed and have specific remediation plans that must be followed by the contractor.
High-level hazards include emergency stop work orders or activation of an emergency plan to prevent
escalation. Supervision based on a tiered level of priority can help enhance the accuracy of supervision
and also avoid wasting resources. The integrated risk assessment model presented can be described as
follows:

L(R)=R<R_{1}\\R {1} <R<R_{2} \R>R {2} ) (6)

The emergency response mechanism is another way to prevent damages from extreme hazards.
Because a lot of standard high-rise construction mishaps— like falls from heights, crane break downs
or abrupt groundwater surges in excavation pits— demand the immediate activation of emergency
situation actions. The supervision units here should coordinate with the contractors on their
contingency plans, specifically laying out how personnel will be involved as well as material
preparation and response procedures. As a part of the system to further bring about an efficient and
orderly response during such an emergency which will see losses minimised in as much greatest
possible extent, regular drills should be conducted in order to be prepared for opportunities needing
them at times of crisis.

Enhancing those information-based management approaches is one of the key methods to enhance
risk response efficiency. Through the large-scale application of BIM, loT, big data and other
technologies can realize the information sharing change in the supervision work, so as to enhance the
supervision based on risk supervision. BIM Platforms help to manage properly and visually the
construction quotes; Sensory can applied for structural health monitoring and big data analytics allow
you evaluate in a dynamic way the progress of construction and quality. These information-based
means promote the scientific and technological nature of the supervision work, provide direct data
support for risk response in a timely manner.
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The fundamentals of supervisory tactics are personnel skills improvement and management control.
They are also suggested to improve the skills of professionals which are working in supervision units
by providing they employment notification and orienting them about risk identification, emergency
response and application of IT. A collaborative mechanism among quality and safety management
units shall be established to mobilize the advantages of all parties, multi-party interaction, a three-
dimensional risk prevention and control network system should be formed. As for the effective
implementation of supervision strategies in the three synergistic areas, dual protection of technical
measures and management measures is necessary to comprehensively promote the quality and safety
level of high-rise construction.

4. Case Study and Practical Application

A typical local super-high-rise complex project was selected as the research case for practice
verification of construction quality monitoring and risk warning strategy. With a total height of over
200 metres, this project involved long lead times in civil engineering, mechanical & electrical
installations as well as curtain walling disciplines. Because of the large scale of this project and high
degree of complexity as well as quality on site, when starting laying this project, primary concerns at
client side were about prevention and risk management. To upgrade the quality supervision monitoring
system and apply dynamic risk early warning using a modern information technology approach. Such
a case study is largely representative and rather trite, thus allowing for practical insights in the field of
research management.

For quality control of construction, the supervision unit made special inspection plans for key
processes including material detection, structural construction, concrete pouring and steel structure
installation. Raw steel materials required pre third-party inspection approval before being used.
Sensors repeatedly monitored internal weather changes during large-scale pouring of the concrete,
helping to prevent cracking by detecting temperature and stress. During the construction of the main
structure, a BIM platform coordinated component sizes and installation locations for fabrication in
accordance with the design drawings. It enabled controllable qualities and assured results across the
entire construction.

The project team established a hierarchical alarm model based on the modeling technology of big
data analysis and Al model, which is a key resource for risk early warning and control by ID. Moreover,
the monitoring system enables early warning of possible threats through realtime collection and
analysis of site settlement, crane operation and weather data. The system automatically gave an orange
warning when the observed data on foundation pit displacement were close to the alert threshold. Only
construction supervision unit requested the contractor first fortify scaffolding, also blocked works in
this area, material certification inhibited risk of foundation pit instability. Furthermore, ongoing safety
compliance training and emergency drills aimed at enhancing the risk awareness of those present on
construction sites were two more positive outcomes for employees.

In the course of construction, there was no significant quality or safety event and it remained within
defined limits. Everything shows that the adoption of a systematic and multi-tier scientific quality
monitoring/sensor network system, in combination with risk warning mechanism can not only have
improved controllability on the construction but also effectively eliminate risks from becoming abrupt
phenomenon. The case illustrates the significance of site-specific supervision strategies. For example,
the warning model and supervision measures should be improved in complex geological conditions or
extreme climatic environments. This also is the important way of full promotion high-rise construction
management standards need according to actual project conditions implement the effective and built-
in integrated supervision for managers and supervisors at all levels.

5. Conclusion

High-rise construction is inherently on a larger scale, with longer and more complex processes and
timelines thus requiring stricter quality assurance and risk management. Literature advocates for
comprehensive monitoring of quality control over the entire lifecycle of construction processes while
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focusing on specific project stages or unique methods that are crucial to the overall quality and safety
of projects. Integrating these along with supervision, is intelligent and information-based technology
which need to be adopted rather than being based on traditional management methods, like scientific
decision analysis capability or dynamic real-time monitoring. This study studies on early-warning
mechanism of construction safety, which is the key practice to realize security in construction. A multi-
dimensional risk identification and assessment early-warning based monitoring across sectors can
enable a layered risk management system with roll-over alerts. This allows supervisory units to step
in before the emergence of risks by using control to prevent accidents from spiralling. Practical case
inspired results are successfully exhibited that shows prevents largely risk from occurring at actual
environment theory which focuses keeping quality and progression of construction task in control.

Selection becomes a cross-cutting dimension that enables the day-to-day monitoring mechanisms
supported by organisational structures and employee capacity. The supervision units should further
perfect institutions and mechanisms, strengthen joint collaboration, carry out practical kick-off training
in professional skills training and quality awareness education. Outlook:With the further development
and improvement of Al, big data and intelligent construction technology, high-rise construction quality
monitoring systems and risk warning model will get higher precise efficient to meet solving enormous
construction project management demand.
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