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Abstract: The focus of this paper is on the generic essentials of schedule, cost, quality and safety
control in construction project management. It sorts out the core contents and optimization paths of
these four elements by means of sorting out the management logic and operation details. The
methods have been summarized as task decomposition and dynamic scheduling for schedule
management, full-cycle budgeting and loss control for cost management, full-process inspection
and closed-loop rectification for quality management throughout engineering, risk identification and
safety measure implementation in accordance with safety management. It also expounds on some
optimization techniques such as the background for introducing dynamic instruments and detailed
cost accounting, offering valuable references for improving construction project efficiency and
quality management.

1. Introduction

Construction engineering is a unique sector that often suffers from repetitive issues including
schedule delays, cost overruns, quality defects and safety accidents which all lead to inefficiencies
and laxity in general. The success or failure of a project is affected directly by four core elements of
management: schedule, cost, quality, and safety. At present, many projects manage these four
elements in a disordered manner and fail to implement measures as outlined due to insufficient
sorting out of the management logic behind each element and clear paths for optimization, resulting
in unclear operational key points. The next sections will address these four elements, providing
straightforward advice on how to manage construction projects thoroughly.

2. Four Key Elements of Construction Project Management
2.1 Schedule Management

The overall task is divided into the sub-divisional projects using Work Breakdown Structure
(WBS) based upon the total project duration and contract requirements while defining start time,
end time, dependencies for each and every task along with allocation of teams responsible for that.
An example is the main structure construction task which is divided into sub-tasks like dig
foundation, bind steel bars and pour concrete where completion deadlines marked as key milestones
including "completion of concrete curing" or "topping out of the main structure"!. While executing
the tools like, Gantt charts and Project software are used to record live construction progress
measure deviations between planned and actual. In case of any issue like delay in the supply of
materials or weather impacts, meetings are arranged on a timely basis to discuss and change the
order of construction work sequence and deploy more teams if required to compensate time loss. A
mechanism for communication progress is established (this we do with weekly progress updates
from each team and an analytic overview of lagging in terms of reasons by theme). Even if
equipment fails and delays the processing of steel bars, an alternative method can be coordinated
very timely by coordinating emergency backup equipment or temporary rental equipment to not let
a single link delay the overall progress, so as to ensure that the entire contract content is completed
on time.
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2.2 Cost Control

When the project is established, a cost budget itemized by design drawings and market prices is
compiled for materials used in procurement and supplyment, equipment rental, labor costs &other
indirect expenses to consider that one form this detailed budget to ensure it can cover allthe
appropriate project expecensies. During the construction time, requires actual real-time recording of
various cost expenditure and it uses cost accounting software to compare the entire cost spent with
the budgeted amount. When the real use of concrete exceeds the budget estimates by 5% then
low-quality materials supply or incorrect proportioning needs to be further checked ?l. Reduced
cost, it is realized by combined resource allocation, such as reasonable scheduling of the entry time
of equipment according to the progress of construction, making sure that the idle time can be
minimized; centralized procurement can obtain preferential prices for raw materials and negotiate
extended payment terms for suppliers to ease cash flow pressure. No change orders are allowed
without strict control, cost calculation is performed for unimportant changes because those
non-needful changes will lead to arbitrary alterations on the project and could not take advantages
of'a economic benefit from the project.

2.3 Quality Management

Upon material entry, a sample batch of materials is inspected. E.g., steel bars are verified to have
factory certificates and appearance quality, mechanical property tests as per requirements are
conducted on samples, concrete is checked for mix proportion sheets with slump and workmanship
tested with unqualified material strictly banned from entrance. Private cloud computing — Quality
Standards of each process are clearly defined in construction process control. During the installation
of template, check flatness and verticality; during steel bar binding, you should inspect space
distance and overlap length. Every process should undergo self-inspection by the team, re-inspected
by technicians and finally accepted by supervisors prior to moving on the next process [*!. Special
construction plans include propositions of key processes, technical points and quality control. In
mass concrete pouring, steps like layered pouring and temperature monitoring are used to avoid
cracks. In the completion acceptance stage, check whether the project entity quality and document
completeness are in line with design drawings and acceptance specifications. The quality defects
found are rectified by formulating a rectification plan, and then after the completion of the
rectification work, the activity is re-inspected to ensure that it meets the standards required for
project quality.

2.4 Safety Management

Much has been undertaken in various parts of construction site planning, including a risk
assessment process before any construction work starts to identify safety-related issues that may
arise from each phase of work (falling at heights, electric shock from using electricity and
collapse/overload of deep foundation pit structures). Control measures are developed according to
each risk point, such as scaffolding and safety harness for high-altitude work, three-level
distribution and two-level protection for electricity use. Temporary emergency plans prepared by
teams, which clearly arrange the responsibility and preparation of emergency response personnel
and rescue materials for incidents such as fire and collapse, and conduct regular drills to improve
the team's emergency ability . Construction safety protection on site: (1) caution signs, guardrails
set up on site at the same time; (2) the temporary facility is reinforced to prevent collapse and wind.
Regular safety training is carried out to help workers be aware of the dangers and hazards, while
those in charge of specialized operations are also required to have a certificate and not allowed to
operate without certification. Intensive on-site safety inspections are carried out, with safety officers
inspecting the site daily to immediately stop and rectify violations such as failure to wear safety
protective equipment or unauthorized hot work, issuing rectification notices for major safety
hazards and tracking rectification to prevent safety accidents.

388



3. Specific Paths for Optimizing the Four Key Elements of Construction Project Management
3.1 Schedule Management: Introducing Dynamic Control Tools

Simulation planning is done prior to construction. Model CollaborationBIM technology is then
reliant on project initialization, to formulate a collaborative model that covers all architectural,
structural and mechanical & electrical disciplines. The construction process, therefore, is expression
vision by "week", where the "main structure construction" sub-categorized say "Week 1-2:
Foundation Excavation", "Week 3-5: Steel Bar Binding", and "Week 6-8: Concrete Pouring". Based
on different schemes of the same project, parameters such as material supply cycles and weather
data are imported for simulation to predict differences in project duration between schemes, and
risks such as 'rainy season impact on concrete pouring' and 'steel bar supply delays' in advance are
predicted so that they can be reflected when adjusting sequences in the process (for example, trying
to finish indoor masonry work before the rainy season). A staged early warning mechanism is built,
for which the thresholds of "yellow (1 2 days lag)", "orange (3 5 days lag)" and "red(over 5 daagse
lag)" are set on the scheduling management software. When the actual completion of a task raises
an orange warning level, the system automatically transmits warnings to the project leader,
construction team and materials supplier, as well as a "lag reason reporting template" requiring the
team to feedback specific causes within 24 hours®!. Resource allocation is done dynamically. After
being warned, the project team must formulate a response plan within 48 hours: if there is an
insufficient number of personnel, activate person relative to company agency class in the same trade
for "two-shift" operation; If equipment is scarce, idle equipment will be coordinated from nearby
projects or emergency rental arrangements made, and subsequent process logic adjusted by
postponing non-essential processes so as not to delay key milestones such as "main structure
topping out" and “fire protection acceptance," utilizing tools that empower early identification and
resolution of schedule risks while keeping overall delays under contractual limits.

3.2 Cost Control: Implementing Refined Cost Accounting

The first step is start by decomposing cost accounting items. The smallest accounting unit of the
project is based on "construction section + process," that is, Building 1 civil engineering can be
subdivided into "1-3 floors structural section steel bar engineering" and "1-3 floors structural
section concrete engineering." There is a separate cost budget prepared by each unit with clear
specific guidance on material usage, labor-hours consumption and how long to use operation
equipment so that all data related to the budget can be traced back to concrete processes. Long-term
agreements are made with core suppliers and collaborative procurement management is
implemented, where "volume-price linkage" is adopted: for the steel price, if the annual purchase
volume exceeds 5,000 tons a 3% reduction in the price will be given. The project progress plan6 —
is sent to the suppliers through the procurement management system, where steel must be delivered
15 days in advance for milestone "the construction of 1-3 floors structures to finish in March" and
when it compared with specific cases (eg supply delays causing material backlogs or construction
stops), risks such as storage quantities were incurred. On-site loss control is implemented, with
materials issued "per accounting unit" on entry!®. 30 tons of steel bars are issued to the 1-3 floors
steel bar team, this teams have daily ledger about "receiving - usage - residual material recycling".
Although steel bar loss refers to the true loss rate in unit, steel bar loss greater than 4% must be
immediately settled as "cutting waste" or "parameter specification error". You perform monthly
sensitive costing reviews whereby budgeted cost — actual cost is reviewed at each accounting unit
end of month and the deviations analyzed as "2% overconsumption in concrete", or "10% higher
labor hours and so on. In the latter case, the mix is altered if overconsumption is due to improper
concrete mix proportions; whereas if greater working hours take place as a result of insufficient
skills from workers, specific training is conducted. The total cost overrun rate of the project is
controlled within 2% through full-process refined cost accounting!”.

3.3 Quality Management: Building a Closed-Loop Control System

A clear division of labor is set up for responsibility, including a "Position Quality Responsibility
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List," where roles are clearly defined: Technicians take charge of "pre-construction technical
disclosures," preparing disclosure documents specifying standards such as "template flatness
allowable deviation < 3 mm" and "steel bar lap length > 35 d", inspectors hold responsibility for
carrying out "process inspection", armed with a quality inspection manual to register detection data
at various processing points; while team leaders put in charge of “in-team self-inspection”,
organizing workers to conduct self-checks after every construction process, ensuring that the pass
rate was kept at 100% after their inspections prior to presenting to inspectors for further checks [7].
During construction, intensive process detection is carried out, and "drone inspection + professional
equipment detection" are used. Project construction status overview through weekly aerial
inspections using drones to verify the “scaffolding compliance” and “template joint gaps”, etc.; for
key indicators, at the frequency of "3 points per 100 m2", quality inspectors are testing using
rebound hammers and steel bar position detectors; all detection data uploaded in real-time to quality
management platform. For instance, in his experience with certification, if the "concrete strength
does not meet C30" or "the protection layer thickness of steel bars is only 10 mm (standard 15
mm)", it is directly written as an item to be corrected. Problems are tracked to check that corrective
actions have been applied, and a quality problem ledger is created with recorded locations of
problems, rectification responsible persons, and completion deadlines. Technicians guide you from
the process of rectification. If there is not enough thickness of the steel bar protection layer
(thickness > 10 mm), pad positions need to be readjusted. Quality inspectors will re-inspect again
according to the original detection standards, and the next process can take place only if it passes
re-inspection. Throughout the project, a "full item check" is performed against design drawings and
acceptance specifications at each node; for remaining problems after initial inspection, formulate a
"rectification - re-inspection cycle plan" until all quality indicators meet standards, realizing
full-process closed-loop control from process to completion!®].

3.4 Safety Management: Strengthening Pre-positioned Risk Prevention and Control

Before construction, most projects have specialized risk assessments carried out. Select an
assessment team made up of technical, safety, and construction personnel to score the project risk
points with the "risk matrix method" from both dimensions of "probability (high/medium/low)" and
"consequence severity (high/medium/low)." The "high-altitude work falling" and the "deep
foundation pit collapse" are classified as "high-risk," the "temporary electricity electric shock" is
classified as “medium risk,” and the "material stacking topples" is classified as “low risk,” thus a
separate Risk Assessment Report was prepared to clarify trigger factors for each risk point [8].
Specialized protection plans are formulated, with "dual protection" adopted for high-risk points: for
high-altitude work, in addition to erecting complete scaffolding with "bottom sweepers - uprights -
crossbars," a 1.2 m high safety flat net is installed on the exterior of the scaffolding, and workers
must wear "double-hook safety harnesses" connected to lifelines; for deep foundation pit
construction, the principle of "layered excavation and layered support" is followed, with soil nailing
wall support adopted and displacement monitoring points set up for daily monitoring of slope
deformation. Intelligent monitoring is deployed, with dedicated monitoring equipment installed in
high-risk areas: "intelligent video monitoring" in high-altitude work areas to automatically identify
behaviors such as "failure to wear safety harnesses" and "unauthorized climbing"; "intelligent
electricity meters" in temporary electricity areas to monitor current and voltage anomalies in
real-time, immediately cutting off power if issues such as "unauthorized wire connections" cause
current overloads[9]. An early warning and disposal mechanism is established. When intelligent
equipment detects violations or risks, warning messages are pushed to on-site safety officers within
10 seconds (including "hazard location" and "violation type"), who must arrive at the site within 15
minutes to stop the violation and supervise rectification. After rectification, "before-and-after
comparison photos" are taken and uploaded to the safety management platform. Meanwhile,
warning data is analyzed weekly, and if "high-altitude work violation warnings" are frequent, safety
training frequency is increased, minimizing safety accident rates through a closed-loop of
"pre-positioned assessment - real-time monitoring - rapid disposal.’!"
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4. Conclusion

The essential points reflected by the above research are highlighted below: schedule
management requires conducting work breakdown, tracking deviations and coordinating tasks in
time; cost control which focuses on budgeting for every stage of the project life cycle and resource
allocation optimization; quality management requiring material inspec-tion, process acceptance and
completion checks; safety management: activities include risk identification, protective mode
implementation and intensively planning inspections. Dynamic tools and sophisticated cost
accounting and other optimization optimization pathways further improve the management
efficiency of these four elements, so that projects can be as planned, costs within budget limits,
quality standards are qualified to avoid safety accidents.
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