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Abstract. Traditional cost control methods in the field of engineering management often rely on
experience judgment and limited data, which is challenge to satisfy the needs of increasingly
complex engineering projects. This paper mainly explores the use of big data analysis methods in
the field of cost control of engineering projects. First, data collection is carried out in combination
with Web Crawler, and then data cleaning, data storage, data display, etc. Then, among the many
available data, a project is selected as a typical case for Earned Value Management (EVM). Through
data analysis of three basic parameters and four evaluation indicators, it is concluded that the project
may have the risk of overspending and delay. The results show that the effective processing of the
collected data not only improves the quality and availability of the data, but also lays a firm foundation
for the data analysis of engineering cost control. At the same time, EVM analysis outcomes have
important early warning significance for the management team of the project, which can help timely
adjust strategies and avoid potential economic losses. This research combines the current big data
boom and effectively integrates it into engineering management related fields. The field's research
horizon is enhanced, as well as new tools and methods are provided to the practice community. As
big data technology continues to develop and improve, its application prospects in engineering
management are broad, and it is expected to play a greater role in the future project cost control.
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1. Introduction

With the advent of the era of big data, data has become a key resource to promote social development
and innovation [1]. In the field of engineering construction, cost control is the core of project
management, which is directly related to the return on project investment and the competitiveness of
enterprises [2]. Therefore, the innovative combination of big data analysis methods and engineering
cost control has practical significance for meeting the needs of future projects. At the same time, it
also has important theoretical significance in improving the accuracy of cost forecasting, optimizing
the allocation of resources and reducing risks.

At present, engineering cost control is faced with many challenges [3]. First of all, the scale and
complexity of engineering projects are increasing, and traditional cost control methods are difficult
to adapt to the rapidly changing market demand and technological progress. Secondly, the
phenomenon of information island is widespread, which leads to low efficiency of data sharing and
utilization. In addition, the increase of uncertain factors in the process of cost control, such as material
price fluctuations, labor cost changes, increases the difficulty of cost forecasting and management.
Therefore, how to use big data technology to improve the accuracy and adaptability of cost control
has become an urgent problem in the field of engineering management.

The purpose of this study is to explore the application of big data technology in engineering cost
control, in order to realize the innovation of it. Firstly, a large amount of data in engineering projects
will be integrated and analyzed. Secondly, big data technology will be used to help improve the
accuracy of cost data, and finally, in the cost control process of a project, Earned Value Method will
be used to predict risks and other aspects. Through these steps, this study is expected to provide new
perspectives and solutions in the field of engineering cost control.
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2. Theoretical Basis

Big data refers to the collection of data that cannot be captured, managed and processed with
conventional software tools within a certain time frame, and it represents a massive, high-growth and
diversified information asset [4]. These datasets require new processing patterns to enable greater
decision-making, insight, and process optimization.

2.1. Characteristics of Big Data
Big data typically has a 5V characteristic, as shown in Table 1 [5].
Table 1. 5V Characteristics of Big Data
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The processing process of big data mainly includes the following steps, as shown in Fig 1.
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Figure 1. Data Processing Flow
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In the process of big data processing, the first step is data collection, which involves obtaining data
from different data sources, including structured data, semi-structured data and unstructured data.
These data sources may include social media, transaction records, sensor data, etc. Part of the data
obtained from the data sources can also be data integrated and directly stored. In addition, part of the
data collected can be entered into the data stream processing, and the rest of the data collected will
then enter the data storage stage. Here the data is stored in a suitable storage system for subsequent
processing and analysis. This is followed by data batch processing and then data storage [5]. The next
stage may involve initial processing of the data, which is cleaned to further ensure its accuracy and
trustworthiness. In this step, recommendation algorithms may be used to help identify and correct
problems in the data to ensure the quality and reliability of the data. Then through systematic data
aggregation and correction, data from different sources and types are merged and unified to form a
completer and more consistent dataset. The processed data is stored as reliable data, which is the basis
for subsequent analysis and mining. The last is to let the data play a different role, there is data
visualization, through the analysis of the results through the form of graphs or charts, so that non-
technical users can understand and use the data. There is also processed and analyzed data to support
business decisions, and data-driven insights to help organizations make more informed decisions.
There is also the flow of data between the various stages, constantly being processed, analyzed, and
utilized to support organizational goals and strategies, and so on.

2.2. The Benefit Evaluation Method of Building Engineering

The cost of housing construction project mainly includes the following aspects: (1) Direct cost:
including labor cost, material cost, mechanical cost and other costs directly used for project
construction. (2) Indirect costs: including management fees, financial fees, taxes and other costs that
are not directly included in the project entity. (3) Risk cost: Additional costs that may be caused by
uncertainties, such as design changes, construction delays.

The benefit evaluation of building engineering usually includes two aspects: economic benefit and
social benefit [6]. Economic benefits are mainly measured by financial indicators, such as return on
investment, net present value. Social benefits include non-financial indicators such as improving the
living environment of residents and enhancing the image of the city.

The existing cost-benefit analysis methods of housing construction projects have the following
limitations:

(1) Data collection difficulties: it is difficult for traditional methods to collect all relevant data
comprehensively and accurately.

(2) Low processing efficiency: Faced with massive data, traditional methods are inefficient and
difficult to analyze in real time.

(3) Low prediction accuracy: Due to incomplete data or limited analysis methods, the accuracy of
cost prediction and benefit evaluation is low.

(4) Insufficient decision support: It is difficult for traditional methods to provide comprehensive and
in-depth decision support information.
2.3. Application on Big Data Technology in the Field of Building Engineering

At present, the application of big data technology in the field of housing construction engineering is
more and more extensive, and remarkable results have been achieved [7].

(1) Cost forecasting and control

Through the collection and analysis of historical project data, market data, etc., the cost forecast
model is constructed. In-depth analysis of historical project data and market trends enables the
construction of more accurate cost forecasting models. Accurate prediction and control of housing
construction project cost can help project managers adjust resource allocation in time and reduce cost
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risks [6]. This considers not only the cost of materials, labor and overhead, but also the impact of time
value and market fluctuations. Project managers can use these models to predict future cost changes,
adjust budget and resource allocation strategies in a timely manner, and effectively reduce the risk of
cost overruns. In addition, by continuously monitoring cost data, managers are able to quickly identify
cost deviations and take preventive or corrective actions to ensure that project costs are kept within
predetermined limits.

(2) Engineering optimization

The application of big data technology is not limited to cost control, it can also significantly improve
the efficiency and safety of the construction process [1]. The big data technology for real-time
monitoring and analysis of construction progress, quality, safety, etc. is used to find potential
problems and solve them in time. This helps to improve construction efficiency and quality and
reduce construction risks. By collecting various data from the construction process in real time, such
as project progress, material usage, equipment status and worker safety records, advanced analytical
tools can be used to monitor construction status. Once the construction progress is found to be behind
or there is a safety hazard, the system will automatically issue an early warning, prompting the project
team to respond quickly and take measures to solve the problem. This intelligent construction
management helps reduce construction delays, improve project quality, and ensure the safety of the
construction site.

(3) Materials procurement and management

When it comes to material procurement and management, big data analysis can help companies
deeply understand the dynamics of the supply chain and predict material demand and price
fluctuations. Through big data analysis of supply chain information, optimize material procurement
planning and management processes, reduce procurement costs and improve the efficiency of
material use, and by analyzing historical procurement data and market information. Enterprises can
optimize inventory levels and reduce inventory costs, while ensuring the timeliness and cost
effectiveness of material supply [3]. In addition, through the evaluation of supplier performance,
enterprises can choose the best supplier partners to further improve the efficiency and quality of
material procurement.

(4) Market analysis and decision support

The complexity of the real estate market and the construction industry requires developers and
construction companies to make decisions based on accurate market information. By analyzing big
data of the real estate market and construction industry, it provides market insight and decision
support information to developers and construction companies. This helps companies more accurately
target markets, develop growth strategies, and improve return on investment. Big data analytics
provides in-depth market insights, including consumer behavior, competitive environment, and
macroeconomic trends. This information can help enterprises better understand market demand,
predict market trends, and formulate effective market entry strategies and investment plans
accordingly. In this way, enterprises can improve market response speed and optimize resource
allocation, thereby gaining an advantage in a highly competitive market.

In short, the application of big data technology in the field of building engineering provides project
managers with more comprehensive and in-depth data support and analysis capabilities, which helps
to achieve the optimization of cost effectiveness, and provides in-depth insight and decision support
in many aspects of construction management, material procurement and market analysis, thus
promoting the innovation and development of the entire industry.

3. Research Methods

Earned Value is a cost and schedule control model designed to effectively measure the amount of
work planned to be done and the amount of work already done [6]. In fact, Earned VValue Management
(EVM) is a mature management system based on the joint monitoring of cost and schedule, and
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evaluates project performance and progress by comparing the actual work done with the original
budget. EVM is a complete and effective project monitoring index and method. In fact, it is a method
to analyze the difference between goal implementation and goal expectation, so it is often called
deviation analysis [8].

3.1. Three Basic Parameters of EVM

(1) Budgeted Cost of Work Scheduled (BCWS)

The budgeted cost of the work (or part of the work) that should be done at a given time according to
the schedule. In general, BCWS should remain unchanged during the implementation of the project
unless the contract is changed. The project work budget is a benchmark to measure the progress and
cost of the project.

BCWS = PW xEUP. (1)

where PW indicates planned workload and EUP indicates estimated unit price.
(2) Budgeted Cost of Work Performed (BCWP)

Refers to the total amount of money required for the work (or part of the work) that has been
completed at a given time, based on the approved budget. Since it is based on this value that the
employer pays the corresponding fee for the workload completed by the contractor, that is, the amount
of money that the contractor gets (earned), so it is called Earned Value. It reflects the actual progress
of the project that meets the quality and the performance of the completed work, and reflects the
transformation of capital investment into the project results.

BCWP = CW <EUP. )

where CW indicates completed workload.
(3) Actual Cost of Work Performed (ACWP)

The total amount of money spent on the work or part of the work done up to a certain point in time.
In numerical terms, ACWP is equal to the sum of the product of the completed works and the actual
unit price of the project.

ACWP = CW xAUP. (3)
where AUP indicates actual unit price.

3.2. Four Evaluation Indicators of EVM

Based on these three basic parameters, four evaluation indexes of EVM can be determined, which are
all functions of time [9].

(1) Cost Variance (CV)

CV = BCWP — ACWP. (4)
When CV<0, it means that the current cost control effect is not good, and the project operation
exceeds the budgeted cost, that is, the actual cost of the project exceeds the established value.

When CV>0, it means that the actual cost is lower than the budget and the project operation is
economical, that is, the actual cost of the project is saved and the actual cost does not exceed the
budget cost.
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When CV=0, it means that the actual expense is equal to the budget.
(2) Schedule Variance (SV)

SV =BCWP - BCWS. (5)
When SV<0, it means that the actual progress is less than the planned progress. It indicates that the
progress is delayed, that is, the actual progress is behind the planned progress.

When SV>0, it means that the actual progress exceeds the planned progress. It indicates that the
progress is ahead of schedule, that is, the actual progress is faster than the planned progress.

When SV=0, it means that the actual progress is consistent with the planned progress.
(3) Cost Performance Index (CPI)

CPI = BCWP / ACWP. (6)

When CPI<1, it means that the actual cost of the project is higher than the budgeted cost, and the
project is at risk of loss.

When CPI>1, it means that the actual cost of the project is lower than the budgeted cost, and the
project has the possibility of profit.

When CPI=1, it means that the actual cost of the project is consistent with the budgeted cost, and the
project is performing normally.

(4) Schedule Performance Index (SPI)

SPI = BCWP / BCWS. )

When SPI<1, it means that the progress is delayed, and the actual progress of the project is slower
than the planned progress.

When SPI>1, it means that the progress is ahead of schedule, and the actual progress of the project is
faster than the planned progress.

When SPI=1, it means that the actual project progress is consistent with the planned progress.

4. Results and Discussion

4.1. Data Processing

Data acquisition is the first step in big data analytics processing and usually involves collecting data
from a variety of data sources and storing it into a unified data platform. Data acquisition may involve
crawler technology, API interface call, etc. The data collected is often incomplete, duplicate, or
contains errors. Therefore, the data needs to be cleaned before data analysis to ensure the quality and
accuracy of the data. Data cleaning usually involves removing duplicate data, filling in missing values,
handling outliers, and so on [7]. After data cleaning is complete, the data is saved to a proper data
storage engine for subsequent data analysis and display. Common data storage engines include
relational databases, NoSQL databases, and data warehouses.

4.2. Data Analysis

Data acquisition is the first step in big data analytics processing and usually involves collecting data
from a variety of data sources and storing it into a unified data platform. Data acquisition may involve
crawler technology, API interface call, etc. The data collected is often incomplete, duplicate, or
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contains errors. Therefore, the data needs to be cleaned before data analysis to ensure the quality and
accuracy of the data. Data cleaning usually involves removing duplicate data, filling in missing values,
handling outliers, and so on. After data cleaning is complete, save the data to a proper data storage
engine for subsequent data analysis and display. Common data storage engines include relational
databases, NoSQL databases, and data warehouses [10].

4.2.1. Work breakdown structure.

Work Breakdown Structure is the process of breaking down a project into tasks according to certain
principles, breaking down tasks into tasks, and finally assigning these tasks to each person's daily
activities until they can no longer be broken down, as shown in Table 2.

Table 2. Work Breakdown Structure

Number Part Project Subdivisional Work
1 Earth-Rock Works 1.1
2 Foundation Pit Support Works 1.2
3 1. Foundation Engineering Foundation Pit Dewatering 13
Engineering '
4 Pile Foundation Project 1.4
5 Concrete Work 2.1
6 . L Steel Structure Work 2.2
5 2. Main Structure Engineering Formwork 23
8 Masonry Work 2.4
9 Floor, Roof Decoration Project 3.1
10 3. Decoration Work Waterproof Engineering 3.2
11 Insulation Works 3.3
12 Strong aggg\?rlmizi:ifg:ecmcny a1
13 4. Mechanical and Electrical Water Supply and Sewerage 492
Installation Engineering Works
14 Ventilation Duct Works 4.3
15 Civil Air Defense Engineering 4.4

4.2.2. Cost calculation.

The actual project lasts 360 days, and the planned working period of the project up to this node is
shown in Table 3.
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Table 3. Planned Operation Duration

Planned days

Period proportion of

Subdivisional Planned up to the planned construction
Work days (a) curre;rtl)g time days (c=b/a) /%
1 1.1 Earth-Rock Works 389 270 69.41%
Foundation Pit 0
2 1.2 Support Works 501 500 99.80%
Foundation Pit
3 1.3 Dewatering 482 433 89.83%
Engineering
4 g | PPl 493 457 92.70%
Project
5 2.1 Concrete Work 355 151 42.54%
6 22 S5 SUTE 342 165 48.25%
Work
7 2.3 Formwork 333 160 48.05%
8 2.4 Masonry Work 298 103 34.56%
9 3.1 Floor, Roof 302 23 7.62%
Decoration Project
10 3.2 i 120 10 8.33%
Engineering
11 3.3 Insulation Works 341 31 9.09%
Strong and Weak
12 4.1 Electricity 866 122 14.09%
Engineering
13 4p ~ WaterSupplyand - gq, % 10.79%
Sewerage Works
Ventilation Duct .
14 4.3 Works 755 10 1.32%
15 44  CWVilAirDefense ., 0 0.00%
Engineering

(1) BCWS is shown in Table 4. As can be seen in Table 4, the BCWS of the current time node is
612,622,200 yuan.
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Table 4. The Part Projects BCWS

Number Item Subdivisional Work Percentage of _Planned BCWS/ ten
Coding Completion thousand yuan
1 1.1 Earth-Rock Works 69.41% 3154.26
2 19 Foundation Pit Support 99.80% 8839 50
Works
3 13 SOUERON PIE 89.83% 131.62
Dewatering Engineering
4 1.4 Pile Foundation Project 92.70% 27149.24
5 2.1 Concrete Work 42 54% 7142.30
6 2.2 Steel Structure Work 48.25% 7668.41
7 2.3 Formwork 48.05% 5122.35
8 2.4 Masonry Work 34.56% 413.20
9 31 Floor, Roof_Decoratlon 7 62% 410 30
Project
10 3.2 Waterproof Engineering 8.33% 101.68
11 3.3 Insulation Works 9.09% 413.39
12 41 Strong and Weak 14.09% 505.77
Electricity Engineering
13 4.2 Water Supply and 10.79% 198.30
Sewerage Works
14 4.3 Ventilation Duct Works 1.32% 11.88
15 4.4 Civil Air Defense 0.00% 0.00
Engineering
Total 61262.20

(2) BCWP is shown in Table 5. The BCWP of the current time node is 434,471,400 yuan.
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Table 5. The Part Projects BCWP

Subdivisional Work

Physical Percent

BCWHP/ ten

13
14
15

4.2
4.3
4.4

Earth-Rock Works

Foundation Pit Support
Works

Foundation Pit Dewatering
Engineering
Pile Foundation Project
Concrete Work
Steel Structure Work
Formwork
Masonry Work

Floor, Roof Decoration
Project

Waterproof Engineering
Insulation Works
Strong and Weak Electricity
Engineering
Water Supply and Sewerage
Works
Ventilation Duct Works
Civil Air Defense
Engineering
Total

Complete
60.55%

59.73%

55.69%

57.41%
33.20%
40.93%
45.26%
17.88%

4.35%

2.61%
9.01%

13.89%

11.35%
0.98%
0.00%

thousand yuan
2751.63

5290.41

81.60

16813.78
5574.15
6505.04
4824.92

213.77

234.23

31.86
409.75

498.59

208.59
8.82
0.00

43447.14

(3) ACWP is shown in Table 6. The ACWP of the current time node is 446,511,500 yuan.
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Table 6. The Part Projects ACWP

subdivisional Work Physical Percent ACWP/ ten
Complete thousand yuan
1 1.1 Earth-Rock Works 60.55% 2965.13
2 19 Foundation Pit Support 59.73% 6004.87
Works
3 13 Foundatlon_Plt D_ewaterlng 55.69% 103.50
Engineering
4 1.4 Pile Foundation Project 57.41% 15408.65
5 2.1 Concrete Work 33.20% 7061.42
6 2.2 Steel Structure Work 40.93% 6341.12
7 2.3 Formwork 45.26% 5010.36
8 2.4 Masonry Work 17.88% 397.02
9 31 Floor, Roof_Decoratlon 4.35% 21592
Project
10 3.2 Waterproof Engineering 2.61% 37.87
11 3.3 Insulation Works 9.01% 381.61
12 41 Strong and Weak_ Electricity 13.89% 597 97
Engineering
13 4.2 Water Supply and Sewerage 11.35% 188.34
Works
14 4.3 Ventilation Duct Works 0.98% 7.37
15 4.4 e 0.00% 0.00
Engineering
Total 44651.15

Based on the above data analysis, the current nodes BCWS, BCWP and ACWP are as follows:
(1) The current BCWS of the node is 612,622,200 yuan.

(2) The current BCWP of the node is 434,471,400 yuan.

(3) The current ACWP of the node is 446,511,500 yuan.

4.2.3. Result of data.

Based on the above relevant data of the project, its correlation analysis was carried out according to
the calculation principle of EVM, and evaluation indicators were calculated. The results are shown
in Table 7.

Table 7. Evaluation Indicator Result

Name Result Comparison
cVv -12,040,100 <0
SV -17,815,060 <0
CPI 0.97 <1
SPI 0.71 <1

To sum up, up to now, CV<0, CPI<1. The project has overspent and the risk of loss. Meanwhile,
SV<0, SPI<1. The project has the risk of delay. This has an important early warning effect for the
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project management team, helping them to take measures in advance to avoid potential financial
losses.

By combining big data technology with project management, this study provides data-driven decision
support for project management and enhances the scientific and foresight of decision making.
Moreover, through the data analysis of EVM, this study provides a new analysis method for
engineering cost control, which helps to predict and manage project cost more accurately. Through
in-depth analysis of typical cases, this study can identify project risks in advance and provide a basis
for project management teams to adjust strategies in time, which not only enriches the research
content in the field of engineering management, but also extends the application of big data
technology to the field of cost control, providing a new direction for subsequent research.

5. Conclusion

This paper collects and collates engineering data through big data analysis method and analyzes a
project by EVM, and draws the following conclusions:

(1) This paper confirms the effectiveness of big data analysis methods in cost control. Using big data
crawler technology for data collection, as well as data cleaning, storage and presentation, the quality
and availability of data is improved, laying a solid foundation for in-depth analysis.

(2) The EVM analysis was carried out on a project, and the research revealed the possible risk of
overspending and delay in the project. This finding has important warning significance for project
management teams, which can help them adjust their strategies in time to avoid potential economic
losses.

(3) This paper provides a new research method for the field of engineering management, which is
helpful to promote the innovation of research methods in this field. In addition, this paper
complements traditional cost control methods that rely on empirical judgment and limited data,
demonstrating the potential of big data technology in addressing the demands of increasingly complex
engineering projects.

(4) Although this paper takes a project as a case for in-depth analysis, the analysis results of a single
case may not fully represent the general situation of all engineering projects. Project cost control is a
multi-factor and multi-stage complex process, and this study may not cover all the factors that affect
the cost. Moreover, the application of big data technology in project management is still in the
exploration stage, and there may be problems such as technical implementation difficulty, data
security and privacy protection. Future research can be extended to more project cases to verify the
applicability and effectiveness of big data technology in different types and sizes of engineering
projects. It is also possible to further explore more in-depth data analysis methods and how to
optimize the data collection and analysis process to improve overall efficiency.
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