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  Abstract 
Traditional methods for detecting the quality of anchor bolts have certain limitations 
and cannot meet the requirements of engineering structure safety and stability. The 
introduction of virtual instrument technology provides a new solution to this prob-
lem. This article discusses the quality testing technology for anchor rod anchoring 
and further explores the specific application of virtual instrument technology in an-
chor rod anchoring quality testing. Combined with the characteristics of virtual in-
struments, it analyzes the non-destructive testing technology for anchor rod anchor-
ing quality, which helps to promote the continuous deepening of the application of 
virtual instruments in anchor rod anchoring quality non-destructive testing, thereby 
improving the level of anchor rod quality testing. 
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1. Introduction 

Anchor rods, as a common support structure, are widely used in various fields such as geotechnical engineering, tunnel 
engineering, bridge engineering, and so on. The quality of anchor rods directly affects the long-term stability of the project, 
so it is crucial to conduct quality inspections and monitoring of them. The traditional quality inspection methods for 
anchor rods have certain limitations, such as difficulty in observing deep anchoring, inability to achieve real-time moni-
toring, and the need for a large amount of human and material resources. Therefore, in order to improve the detection 
efficiency and accuracy of anchor bolt anchoring quality, more and more research has begun to explore the application of 
virtual instrument technology in this field in recent years. 

2. Overview of anchor rod anchoring quality inspection technology 

2.1 Limitations of traditional detection methods 

Firstly, traditional methods typically rely on manual detection and observation, which may lead to subjectivity and 
inconsistency, as different operators may have different judgment criteria. Secondly, traditional methods require on-site 
operations, which may require downtime or a reduction in project progress, thereby increasing the cost and time of the 
project. Once again, traditional detection methods typically only provide limited information, making it difficult to com-
prehensively evaluate the quality of anchor anchoring and detect potential issues such as corrosion, fracture, or looseness. 
Finally, traditional methods of data recording and analysis often rely on manual processing, posing a risk of human error, 
and data storage and management are not efficient enough. 

2.2 Advantages of virtual instrument technology 

The technical advantages of virtual instrument technology are shown in Figure 1 and will be discussed in detail below. 
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Firstly, virtual instrument technology can intelligently integrate sensors and data collection devices to achieve remote 
monitoring of anchor bolt anchoring. This means that engineering personnel can obtain data without having to be on-site, 
reducing dependence on on-site operations and improving safety. In addition, virtual instrument technology can also 
achieve real-time data collection and storage, ensuring the accuracy and completeness of data. Secondly, the automated 
data analysis capability of virtual instrument technology makes it possible to conduct a more comprehensive and in-depth 
evaluation of anchor bolt anchoring quality. Through advanced algorithms and models, virtual instruments can identify 
potential problems such as bolt corrosion, fracture, or loosening, and provide timely alerts. This helps engineering per-
sonnel take preventive measures to prevent potential safety hazards. Finally, virtual instrument technology can also 
achieve visual presentation and remote sharing of data. Engineering personnel can easily view and analyze data through 
a graphical interface, thereby better understanding the status of anchor anchoring [1]. 

3. Application of virtual instrument technology in quality inspection of anchor bolt anchorage 

3.1 Basic principles of virtual instruments 

The application of virtual instrument technology in the quality inspection of anchor bolt anchoring is based on its basic 
principles. Virtual instrument is an advanced measurement and control system, whose core idea is to integrate multiple 
functional modules such as sensors, data acquisition, signal processing, data analysis, and result display based on com-
puter software and hardware platforms to achieve various measurement and testing tasks. The entire process is shown in 
Figure 2. The basic principle includes the following key elements: 

Firstly, virtual instruments rely on suitable sensors and data acquisition devices to capture the parameters or signals to 
be tested. These sensors can be physical sensors such as strain gauges, temperature sensors, displacement sensors, etc., or 
virtual sensors that generate virtual signals through software simulation. Secondly, data acquisition is the core link of 
virtual instruments, which is responsible for converting analog signals obtained by sensors into digital signals and trans-
mitting them to computers for processing. This step involves signal conditioning, analog-to-digital conversion, data com-
pression, and other processes to ensure the accuracy and reliability of the collected data. Once again, signal processing 
and data analysis are the keys to virtual instrument technology. By using appropriate algorithms and mathematical models, 
virtual instruments can filter, denoise, analyze, and calculate the collected data to extract the required information and 
parameters. This can include key indicators of anchor bolt anchoring quality, such as tension, strain, displacement, etc. 
Finally, virtual instruments have the function of visualizing results and reporting data, typically displaying monitoring 
data through a graphical interface, providing real-time trend charts, reports, and alarms, enabling engineering personnel 
to timely understand the status of anchoring quality and take necessary measures [2]. 

3.2 The role of virtual instruments in the quality inspection of anchor rod anchoring 

Firstly, virtual instruments achieve multifunctional integration. It can simultaneously collect and process multiple data, 
such as tension, strain, displacement, and other parameters. At the same time, traditional detection methods may require 
the use of different instruments and equipment, increasing the complexity and cost of construction. The multifunctional 
integration of virtual instruments makes anchoring quality detection more efficient and convenient. Secondly, virtual 
instruments have high accuracy and sensitivity. Through digital data collection and precise signal processing algorithms, 
virtual instruments can achieve precise measurement and analysis of anchor bolt anchoring quality. It can detect small 
changes and anomalies, helping to detect problems early and take measures to repair them, thereby improving the safety 
and reliability of the project. Once again, virtual instruments support real-time monitoring and remote control. It can 
display monitoring data in real time and remotely transmit data to the remote monitoring center through the network, 
enabling engineering management personnel to monitor the anchoring status of anchor rods anytime and anywhere. When 
abnormal situations occur, virtual instruments can also issue alarms and take timely emergency measures to avoid acci-
dents. Finally, virtual instrument technology provides a convenient way for data storage and management. It can archive 
and analyze historical data to form a complete quality report, providing important data support for the long-term stability 
of the project. At the same time, these data can also be used for subsequent maintenance and management of the project, 
extending its service life. 

3.3 Selection of relevant hardware and software tools 

Firstly, in terms of hardware, it is necessary to select sensors and data acquisition equipment suitable for detecting the 
quality of anchor rod anchoring. These sensors should have high accuracy and stability to ensure accurate data collection. 
Meanwhile, hardware devices should have reliable communication capabilities for data transmission and remote moni-
toring. When selecting hardware, it is also necessary to consider its applicability, durability, and cost-effectiveness to 
meet engineering requirements. Secondly, in terms of software, it is necessary to choose data analysis and processing 
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software suitable for virtual instruments. These software tools should have functions such as data visualization, real-time 
monitoring, and data storage to support comprehensive analysis and management of anchor bolt anchoring quality. Finally, 
the coordination between hardware and software is also crucial. Hardware devices and sensors should be compatible with 
the selected software to ensure smooth data transmission and processing. In addition, it should be ensured that the software 
has the capability of real-time monitoring and remote control to meet the needs of engineering management. In the design 
and implementation process of the entire system, it is necessary to fully consider the collaborative work between hardware 
and software to achieve comprehensive monitoring and management of anchor bolt anchoring quality [3]. 

 
Figure 1. Advantages of Virtual Instrument Technology. 

 
Figure 2. Working principle diagram of virtual instrument. 

4. Nondestructive testing technology for anchor bolt anchoring quality 

4.1 Virtual instrument data collection 

(1) Sensor selection and arrangement 
Firstly, it is necessary to consider the type of sensor. For the quality inspection of anchor rod anchoring, commonly 

used sensors include strain gauges, displacement sensors, temperature sensors, etc. When selecting a sensor, the appro-
priate sensor type should be determined based on the specific detection target and the parameters to be measured. For 
example, for stress detection of anchor rods, strain gauge sensors should be selected, while displacement sensors are 
suitable for measuring the displacement of anchor rods. Secondly, the arrangement of sensors also needs to be carefully 
designed. The position and arrangement of sensors should take into account the geometric shape, stress situation, and 
specific requirements for the detection of the anchor rod. The sensor should be placed in a position that accurately reflects 
the status of the anchor rod and ensures close contact with the anchor rod. In actual layout, the multi-point layout can be 
used to obtain more data in order to comprehensively evaluate the anchoring quality of anchor rods. Finally, the 
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installation and connection of sensors also need to be handled with caution to prevent errors in data collection. The in-
stallation of the sensor should be firm and reliable, ensuring that it will not fail due to external interference or vibration. 
The connection line between the sensor and the data acquisition system should be maintained in good condition to avoid 
signal interference and data loss. 

(2) Data collection and storage 
Firstly, data acquisition requires the use of appropriate data acquisition equipment, usually data acquisition cards or 

modules, to receive analog signals from sensors and convert them into digital signals. These data collection devices should 
be selected based on the type of sensor and output signal, and have sufficient sampling rate and accuracy to ensure the 
capture of sufficiently fine data. Next is the storage of data. The storage of data should be done in a reliable manner to 
ensure the integrity and security of the data. Usually, the collected data is saved on a computer or data storage server. 
When storing data, appropriate backup measures should be in place to avoid data loss or damage [4]. 

4.2 Data analysis and processing 

(1) Data preprocessing 
Data preprocessing aims to clean, correct, and optimize the original collected data to ensure reliable results in subse-

quent analysis and interpretation work. 
Firstly, data preprocessing involves handling outliers and noise. By detecting and removing outliers, as well as using 

filtering techniques to remove noise, the quality and stability of data can be improved. This helps to avoid the impact of 
errors introduced by outliers or noise on subsequent analysis. Secondly, data preprocessing also includes data calibration 
and calibration. This is a key step in ensuring that the collected data matches the actual situation. Through calibration, 
data can be mapped to real physical scales for more accurate analysis and evaluation of the quality of anchor anchoring. 
Once again, data preprocessing also includes normalization and normalization of data. This helps to unify the data col-
lected by different sensors to the same scale and unit for comparison and comprehensive analysis. Finally, data prepro-
cessing also includes interpolation and smoothing of the data. Interpolation can fill in missing values in the data and 
maintain data integrity. Smoothing can reduce noise in data and make trends and changes more pronounced. 

(2) Data analysis algorithm 
Firstly, regression analysis is a common data analysis method used to establish a relationship model between data. In 

anchor rod anchoring detection, regression analysis can be used to estimate the correlation between anchoring quality and 
various factors, such as the length, diameter, material, etc. of the anchor rod. Through regression analysis, the most sig-
nificant factors affecting the anchoring quality can be identified, thereby helping decision-making. Secondly, machine 
learning algorithms have also been widely applied in the quality inspection of anchor bolts. Supervised learning algo-
rithms, such as support vector machines (SVM) and decision trees, can be used to classify and identify anchor quality 
problems. By training the model, machine learning algorithms can automatically identify anchor rods with different qual-
ity states and provide accurate classification results. Finally, cluster analysis is a method used to group data into different 
categories, which is very useful for anomaly detection in anchor bolt anchoring detection. Clustering algorithms, such as 
K-means clustering, can classify similar anchor samples into one category, thereby helping to identify anomalies or qual-
ity issues. 

4.3 Result display and reporting 

The result display is usually presented in the form of graphics, images, tables, etc., to visually display the quality status 
of the anchor rod. These displays include the distribution of the anchor rods, any potential defects or anomalies, and the 
deformation of the anchor rods. Through intuitive diagrams, engineers can quickly identify problem areas, providing a 
visual reference for further analysis and decision-making. 

The result report is the official document for non-destructive testing, which includes detailed testing information, anal-
ysis results, and recommendations. The report should clearly state the testing methods and instruments used, the setting 
of testing parameters, the process of data collection and processing, and the final analysis results. It is important that the 
report also includes an evaluation and explanation of the test results, indicating whether there are problems or anomalies, 
and the severity of the problem. Finally, the report should provide recommendations and feasibility analysis based on the 
test results to support engineers and decision-makers in developing further action plans, including maintenance, repair, 
or replacement of anchor rods [5]. 

5. Conclusions 
In summary, the non-destructive testing technology for anchor bolt anchoring quality based on virtual instruments has 

enormous application potential, which can effectively improve the safety and stability of engineering structures. However, 
further research and practice are needed to improve this technology, including improving sensor performance, optimizing 
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data analysis algorithms, and developing standardization. 
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