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Abstract: This paper addresses the core requirements for schedule, cost, quality, and safety control
in construction project management. By sorting out the management logic and operational details, it
analyzes the core contents and optimization paths of these four elements. Based on real-world
engineering management scenarios, the study summarizes methods such as task breakdown and
dynamic tracking for schedule management, full-cycle budgeting and loss control for cost
management, full-process inspection and closed-loop rectification for quality management, and risk
identification and safety measure implementation for safety management. It also elaborates on
optimization strategies including the introduction of dynamic tools and refined cost accounting,
providing practical references for enhancing the efficiency and quality of construction project
management.

1. Introduction

In the field of construction engineering, issues such as schedule delays, cost overruns, quality
defects, and safety accidents frequently impact project efficiency and safety. Schedule, cost, quality,
and safety, as the four core elements of management, directly determine the success or failure of a
project. Currently, some projects exhibit fragmented management of these four elements and
inadequate implementation of measures, necessitating a systematic sorting out of the management
logic and optimization paths for each element, along with clarifying operational key points. The
following sections will focus on these four elements to provide clear guidance for effective
construction project management.

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

Based on the total project duration and contractual requirements, the overall task is broken down
into sub-divisional projects using the Work Breakdown Structure (WBS), clarifying the start and
end times, dependencies, and responsible teams for each task. For example, the main structure
construction is broken down into sub-tasks such as foundation excavation, steel bar binding, and
concrete pouring, with completion deadlines marked for key milestones like "concrete curing
completion™ and "main structure topping out"™. During execution, tools such as Gantt charts and
Project software are utilized to update the construction progress in real-time, comparing planned
and actual progress deviations. If issues such as material supply delays or weather impacts arise,
timely coordination meetings are held to adjust the construction sequence or increase work teams to
make up for lost time. A progress communication mechanism is established, with weekly progress
reports from each team summarized to analyze lagging reasons. If equipment failure causes delays
in steel bar processing, backup equipment can be coordinated or temporary rental equipment
arranged to ensure the overall progress is not hindered by a single link, ultimately achieving project
delivery as stipulated in the contract.

2.2 Cost Control
At the project initiation stage, a detailed cost budget is formulated based on design drawings and
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market prices, covering material procurement, equipment rental, labor costs, and other indirect
expenses to ensure the budget covers all project expenditures. During construction, real-time
recording of various cost expenditures is required, with cost accounting software used to compare
actual costs against the budget. If the actual concrete usage exceeds the budget by 5%, issues such
as construction waste or improper mix proportions need to be investigated!. Cost reduction is
achieved through optimized resource allocation, such as reasonably arranging equipment entry
times according to construction progress to avoid equipment idleness, and adopting centralized
procurement to lower material purchase prices, while negotiating extended payment terms with
suppliers to improve cash flow. Strict control over change orders is exercised, with cost calculations
performed for non-essential changes to prevent cost overruns due to arbitrary modifications,
ensuring project economic benefits.

2.3 Quality Management

During material entry, each batch of materials is inspected. For example, steel bars are checked
for factory certificates and appearance quality, with samples taken for mechanical property testing
according to specifications; concrete is verified for mix proportion sheets, with slump and
workability tested, and non-compliant materials strictly prohibited from entry. In construction
process control, quality standards for each process are clearly defined. For template installation,
flatness and perpendicularity are checked; for steel bar binding, spacing and lap lengths are
inspected. Each process must pass self-inspection by the team, re-inspection by technicians, and
acceptance by supervisors before proceeding to the next processtl. For key processes, special
construction plans are prepared, outlining technical points and quality control measures. For
large-volume concrete pouring, measures such as layered pouring and temperature monitoring are
adopted to prevent cracks. During the completion acceptance stage, the project entity quality and
completeness of documentation are thoroughly checked against design drawings and acceptance
specifications. Quality defects identified are addressed with rectification plans, with re-inspection
conducted after rectification to ensure project quality meets standards.

2.4 Safety Management

Before construction, a comprehensive risk assessment is conducted to identify safety risks in
various stages, such as falls during high-altitude work, electric shocks from electricity use, and
collapses in deep foundation pits. Control measures are formulated for each risk point, such as
erecting scaffolding and wearing safety harnesses for high-altitude work, and adopting three-level
distribution and two-level protection for electricity use. Emergency plans are prepared, clarifying
emergency response procedures, responsible personnel, and rescue materials for incidents such as
fires and collapses, with regular drills conducted to enhance team emergency response capabilitiestl.
During construction, safety protection measures are implemented, with warning signs and
guardrails set up on-site and temporary facilities reinforced for safety. Regular safety training is
conducted to raise awareness among workers, with special operation personnel required to hold
certificates and prohibited from operating 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.

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

Before construction, simulation planning is conducted. After project initiation, BIM technology
is used to build a collaborative model covering architectural, structural, and mechanical and
electrical disciplines. The construction process is broken down into visual tasks by "week," with
"main structure construction” further divided into "Week 1-2: Foundation Excavation,”" "Week 3-5:
Steel Bar Binding,” and "Week 6-8: Concrete Pouring." Parameters such as material supply cycles
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and weather data are imported to simulate project duration differences under different schemes,
predicting risks such as "rainy season impact on concrete pouring™ and "steel bar supply delays" in
advance to adjust process sequences, such as completing indoor masonry work before the rainy
season. A graded early warning mechanism is established, with "yellow (1-2 days lag)," "orange
(3-5 days lag),” and "red (over 5 days lag)" thresholds set in schedule management software. When
the actual progress of a task triggers an orange warning, the system automatically sends warning
messages to the project leader, construction team, and material supplier, along with a "lag reason
reporting template" requiring the team to feedback specific factors within 24 hours®. Dynamic
resource allocation is carried out. Upon receiving a warning, the project team must formulate a
response plan within 48 hours: if human resources are insufficient, personnel of the same trade from
the company's reserve team are deployed for "two-shift" operations; if equipment is scarce, idle
equipment is coordinated from surrounding projects or emergency rental arranged, while adjusting
subsequent process logic to delay non-critical processes and prioritize key milestones such as "main
structure topping out" and "fire protection acceptance,” achieving early identification and quick
resolution of schedule risks through tool empowerment to control total project duration deviations
within contract allowances.

3.2 Cost Control: Implementing Refined Cost Accounting

The first step is to break down cost accounting units. The project is divided into the smallest
accounting units by "construction section + process,” with "Building 1 civil engineering" broken
down into "1-3 floors structural section steel bar engineering” and "1-3 floors structural section
concrete engineering.” Each unit has a separate cost budget prepared, clarifying material usage,
labor hours, and equipment usage duration to ensure budget data is traceable to specific processes.
Collaborative procurement management is carried out, with long-term agreements signed with core
suppliers featuring "volume-price linkage,” where the steel price is reduced by 3% if the annual
purchase volume exceeds 5,000 tons. The project progress plan is shared with suppliers through the
procurement management system, requiring steel to be delivered 15 days in advance for the "1-3
floors structural construction to be completed in March” milestone to avoid storage fees from
material backlogs or construction stoppages due to supply delays®l. On-site loss control is
implemented, with materials issued "by accounting unit" upon entry. For example, 30 tons of steel
bars are issued to the 1-3 floors steel bar team, with a "receiving - usage - residual material
recycling” ledger maintained to record residual material quantities daily. If steel bar loss in a unit
exceeds 4%, issues such as "cutting waste™ or "incorrect specification usage” are immediately
investigated and rectified. Monthly cost reviews are conducted, with the "budgeted cost - actual
cost” deviation for each accounting unit compared at the end of each month to analyze reasons for
deviations such as "2% concrete overconsumption” or "10% increase in labor hours." If
overconsumption is due to improper concrete mix proportions, the mix is adjusted; if increased
labor hours are due to insufficient worker skills, special training is conducted. Through full-process
refined cost accounting, the project's total cost overrun rate is controlled within 2%.

3.3 Quality Management: Building a Closed-Loop Control System

Clear responsibility division is established, with a "Position Quality Responsibility List"
formulated to detail the responsibilities of each role: technicians are responsible for
"pre-construction technical disclosures,” preparing disclosure documents containing standards such
as "template flatness allowable deviation < 3 mm" and "steel bar lap length > 35 d"; quality
inspectors are responsible for "process inspection,” carrying a "quality inspection manual” to record
detection data for each process; team leaders are responsible for "team self-inspections,” organizing
workers for self-checks after each process to ensure a "100% self-inspection pass rate” before
reporting to quality inspectors for re-inspectionl”. Intensive process detection is conducted, with a
combination of "drone inspections + professional equipment detection™ used during construction.
Drones conduct weekly aerial inspections of the overall project construction status, checking issues
such as "scaffolding compliance” and "template joint gaps™; for key indicators, quality inspectors
use rebound hammers and steel bar position detectors to test at a frequency of "3 points per 100
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m2," with detection data uploaded in real-time to the quality management platform. If issues such as
"concrete strength not reaching C30" or "steel bar protection layer thickness of only 10 mm
(standard 15 mm)" are found, they are immediately marked as "items to be rectified.” Problem
rectification tracking is implemented, with a "quality problem ledger" established to record problem
locations, rectification responsible persons, and completion deadlines. Technicians provide
guidance throughout the rectification process. If the steel bar protection layer thickness is
insufficient, pad positions need to be readjusted. After rectification, quality inspectors conduct
re-inspection according to the original detection standards, and only after passing re-inspection can
the next process proceed. At project completion, a "full item check” is conducted against design
drawings and acceptance specifications, with a "rectification - re-inspection™ cycle plan formulated
for any remaining issues until all quality indicators meet standards, forming a full-process
closed-loop control from process to completion.

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

Specialized risk assessments are conducted before construction. An assessment team composed
of technical, safety, and construction personnel is formed to grade project risk points using the "risk
matrix method" from two dimensions of "likelihood (high/medium/low)" and "consequence severity
(high/medium/low)." "High-altitude work falls" and "deep foundation pit collapses" are classified as
"high risks," "temporary electricity electric shocks" as "medium risks," and "material stacking
topples™ as "low risks," with a "Risk Assessment Report" prepared to clarify trigger factors for each
risk pointl®. 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 overloadst®. 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.”

4. Conclusion

The above research indicates that effective construction project management requires focusing
on the core points of the four elements: schedule management necessitates task breakdown,
deviation tracking, and timely coordination; cost control requires full-cycle budgeting and
optimized resource allocation; quality management demands strict material inspection, process
acceptance, and completion checks; safety management entails risk identification, protection
measure implementation, and intensive inspections. Introducing dynamic tools and implementing
refined cost accounting and other optimization paths can further enhance the management
efficiency of these four elements, ensuring projects progress as planned, costs are controlled, quality
meets standards, and safety incidents are avoided.
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