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Abstract: Along with electronic information technology, the rapid development of scientific 
research and engineering practice, continuously produce various kinds and great number of data, 
large data phenomenon has emerged, in areas such as scientific data analysis, electronic commerce 
and the banking sector has been more and more attention and application of big data will 
profoundly affect the human life, work and thinking. In order to analyze rock and soil anchoring 
with big data technology, the field test scheme of anchor cable is formulated in this paper. With the 
help of ANSYS software, the shear slip constitutive model is established, and the distribution of 
axial force, interfacial shear force and deformation in different deformation stages of the anchorage 
section under the action of drawing load is deduced. Combined with theoretical analysis, the shear 
strength parameters of the interface between the anchorage segment and the rock and soil mass in 
the deformation stage are obtained respectively. The results show that the precision rate of the 
model combined with big data is improved by 21.6%, which improves the accuracy of the rock and 
soil anchorage work. 

1. Introduction 

Geotechnical anchorage is an important branch of geotechnical engineering. Anchorage 
technology in geotechnical engineering can give full play to and improve the self-strength and 
self-stability capacity of the rock and soil mass, significantly reduce the volume of the structure and 
reduce the weight of the structure, and effectively control the deformation of geotechnical 
engineering [1-2]. The prominent characteristics of controllable, measurable and reliable rock and 
soil anchorage are playing an increasingly important role in the construction of water conservancy, 
hydropower, transportation, railway, mining, urban infrastructure and other projects in China [3-4]. 

The numerical simulation method of rock bolt is a key problem to study the working mechanism 
of rock bolt and its effect on surrounding rock seismic support. Based on the theory of neutral point, 
Zhou Hao established a mechanical model of joint action of bolt and surrounding rock under 
seismic load, and proposed a new numerical simulation method for full grouting bolt considering 
multiple yield failure conditions of bolt element. Moreover, the validity of the numerical simulation 
method is verified by comparison with the grouting bolt static drawing test [5]. Blake A.P 
introduced and considered the field data of buried depth loss and bearing capacity factor of plate 
anchor unit caused by plate anchor keying process. The loss of plate-anchor insertion is 
significantly higher than that reported in the corresponding centrifuge test [6]. Steel screw anchor 
has been widely used in geotechnical engineering for its simple structure and convenient design and 
construction. The main disadvantage of SSAs is that they quickly rust unless adequate corrosion 
protection is in place. The anchor is made of fiberglass reinforced plastic (GFRP), a 
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corrosion-resistant and lightweight material. Wei-lie Zou introduced the physical and mechanical 
properties, tensile and creep properties of the newly developed GFRP screw anchor (GFRP- SA) as 
well as its laboratory and field properties [7]. 

Based on the big data technology, this paper summarizes the shear-slip constitutive relation 
model between anchor solid and rock mass. Based on the shear slip constitutive model of pore wall 
interface established by Et al., the theoretical space model of elastic-plastic was established [8-9]. 
Studies have shown that the interface between anchorage solid and surrounding rock can be divided 
into residual shear stage, plastic softening stage and elastic deformation stage. The interface at 
different stages has different shear stress distribution rules, and the influencing factors of anchoring 
effect are systematically analyzed [10]. 

2. Rock and Soil Anchorage under Big Data 

2.1 Rock and Soil Anchorage 
Rock and soil anchoring technology is widely used in mining, hydropower, highway, railway, 

construction and other industries. Since the mid-1990s, the highway industry has become a large 
user of prestressed anchor cables (rods). The advance, reliability and economy of rock and soil 
anchorage technology have been recognized. However, as a permanent support project, especially 
the prestressed anchor cable project, the safety of the project is guaranteed. The question of how 
long their service life is and whether they will lose their effectiveness one day has aroused wide 
concern in the engineering field. The durability, safety testing and evaluation methods of anchorage 
system are urgent problems to be solved. In addition to material, design and construction, the 
factors affecting the safety of anchorage are closely related to the durability and long-term 
performance of the anchorage structure itself. The failure modes of anchor defects mainly include 
anchor hollowing, sliding wire, anchor body fracture, anchor structure corrosion, stress relaxation, 
external anchor head detachment, external anchor head shrinkage reinforcement and so on. 

2.2 Data Analysis of Rock and Soil Anchorage 
The displacement of surrounding rock and anchor solid after anchoring includes the deformation 

of surrounding rock itself, the displacement of bolt and the deformation of bolt. In addition, most of 
the anchor cables are preloaded by the tray, which can limit the early deformation of the 
surrounding rock in time and reduce the intensity decline. On the other hand, due to certain 
pre-deformation of the metal rod body, when the surrounding rock is deformed, the bonding shear 
stress will increase quickly, the constraint ability of the anchor cable to surrounding rock is 
improved, and the role of the anchor cable is thus maximized. Assume a circular roadway with 
radius a, anchor length L, homogeneous and continuous isotropic surrounding rock and hydrostatic 
pressure. The roadway is infinitely long and the section is circular, which is a plane strain problem. 
There is no relative sliding between any point of the bolt and the hole wall: 

( ) ( ) 0=+ dzzDzdP τπ                             (1) 
It is assumed that the shear stress on the micro-segment anchor solids is proportional to the 

relative displacement between the anchor solids and the surrounding rock mass. That is: 

( )
( ) ( )( )zrza uuD

dz
zdP

−= π
                           (2) 

3. Design of The Experiment 

3.1 Experimental Background 
The acceptance test is mainly aimed at the newly completed anchoring project, and the purpose 

is to quickly and economically determine whether the anchor has enough bearing capacity, whether 
the length of the anchor reinforcement dominant free section meets the requirements, and whether 
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the creep rate is stable within the specified limits. However, the acceptance test can not reflect the 
quality of rock and soil anchoring comprehensively, it can only reflect whether the anchor length, 
bearing capacity and prestress meet the design requirements, it can not reflect the grouting fullness, 
corrosion, prestress relaxation and other aspects that greatly affect the safety of the anchorage 
system. Even in the evaluation of anchor length, it is difficult to judge the full-length bonded 
prestressed bolt with threaded reinforcement. 

3.2 Experimental Design 
The site selected for this experiment is the cutting slope of the railway line of a coal company. 

The partial collapse of the slope was treated with anchor cable frame beam and drainage hole. 
According to the experimental purpose, referring to the relevant research process and results, this 
experiment designed a strict test program. In order to facilitate the control and draw effective 
conclusions, only loess stratum is selected as the research object in this experiment. 

The face-surface contact analysis function in ANSYS software can be calculated by using 
enhanced Lagrangian algorithm or penalty function method according to the specific situation. 
Allows for a variety of modeling controls and provides engineered contact results such as normal 
pressure and frictional stress. In view of the above advantages, this paper selects the face-surface 
contact function in ANSYS to simulate the mechanical behavior of the anchorage interface. Some 
experimental data are shown in Table 1. 

Table 1. Experimental Results 

Group The anchor hole 
number 

Elastic limit drawing force 
P(kN) 

Elastoplastic ultimate drawing force 
P(kN) 

1 
1-1 530 560 
1-2 526 550 

2 
2-1 521 541 
2-2 518 529 

3 
3-1 510 526 
3-2 450 510 

4. Research on Rock and Soil Anchorage under Big Data Analysis 

4.1 Research on Rock and Soil Anchorage Based on Big Data Analysis 
As shown in Figure 1, the three grouting bodies tested in the field all adopt pure cement slurry, 

and the water-cement ratio of the grouting bodies is 0.4:1, 0.5:1, 0.6:1 respectively. The free length 
of anchor cable is 9m, and the anchorage length is 11m. It can be seen from the analysis that the 
variation law of load-displacement curve of each anchor cable under different ratio is basically 
consistent. According to the field test results, when the water-cement ratio decreased from 0.6 to 0.5, 
the ultimate elastic bearing capacity of the anchor cable increased from 500kN to 510kN, and the 
ultimate elastoplastic bearing capacity increased from 510kN to 518kN. The bearing capacity of 
different deformation stages increased slightly, but with a small increase of less than 3%. 
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Figure 1. Comparison of Anchorage Capacity Under Three Types Of Grouting 

When the water-cement ratio continues to decrease to 0.4, the ultimate elastic bearing capacity of 
the anchor cable increases to 518kN and 540kN respectively. Compared with the water-cement ratio 
of 0.6, the ultimate elastic bearing capacity of the anchor cable increases slightly at different 
deformation stages, but with a small increase of less than 3%. The above analysis results show that 
the limit bearing capacity of loess strata in the water cement ratio of 0.4-0.6 range change is not big, 
according to the field test shows that the destruction of the anchor cable are pulling anchor solid, 
suggesting that the anchor body with anchor solid interface and destruction does not occur, but the 
anchor solid and relative sliding soil lager interface and anchoring layer interface bond stress is 
insufficient to provide drawing force of anchor cable, anchor cable produced destruction caused, so 
for the anchor solid and physical mechanics of rock mass quality is large, the destruction of the 
anchorage system mainly consists of physical and mechanical properties determine the weaker party. 
On the other hand, when the water-cement ratio decreases from 0.6 to 0.4, the grouting fluid in the 
anchoring section of the anchor cable becomes less fluid and the diffusion capacity of cement slurry 
in the soil decreases, which has a certain influence on the anchoring quality of the anchorage system. 
Therefore, increasing the mixture ratio of the grouting body alone cannot effectively improve the 
ultimate bearing capacity of the anchor cable. 

As shown in Figure 2, the two analysis methods of load change trend is basically the same, the 
ultimate bearing capacity of anchor wire elastic and plastic limit bearing capacity increases with the 
increase of anchorage length, the maximum field test values, the numerical simulation value 
minimum error within 5%, analysis of the reason may be that the field test, the actual body length, 
body length more than design grouting anchor layer increases the contact area, makes the ultimate 
bearing capacity of the different deformation stages. When the anchor solid has a certain length, the 
bolt will not suddenly fail, while the load decreases gradually, the displacement has a significant 
increase, which can be called the bolt's stability failure. This failure mode is similar to the ductility 
failure in the material strength failure, which is an acceptable way for the bolt to fail. When the 
length of anchor solid is large and the drawing force exceeds the peak load, the load does not 
decrease while the displacement increases greatly, but increases slightly, but this increase is very 
limited. Therefore, in the design of rock-soil anchorage, when the length of anchorage section 
reaches a certain length, increasing the length of anchorage section is not obvious to the increase of 
ultimate tensile force of the bolt, and it is very unreasonable to do so economically. Through the 
above analysis, considering that the real length of the anchor solid of the old bolt may be greatly 
reduced due to various reasons such as the change of the sliding surface, etc. 
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Figure 2. Analysis of Anchor Solid Length and Displacement 

When both the ultimate pull-out force of anchor rod anchor bolt (old) is less than the original 
anchor rod retaining wall slope lateral soil pressure and the sum of the lateral soil pressure 
increment caused by various reasons, the need of the anchor rod retaining wall slope reinforcement 
engineering, this article choose set up a new anchor near both the anchor, to meet the needs of the 
slope stability of lateral soil pressure. And working mechanism of reinforced concrete structure, in 
front of the reinforcement of the anchor rod retaining wall slope, both have to bear all the anchor 
rod retaining wall slope anchor of lateral soil pressure, anchor rod anchor grouting body and 
formation between the most potential binding force has played a role, and anchoring bolt free period 
under the action of lateral soil pressure, a lot of elastic deformation. At this time, of the anchor rod 
retaining wall slope after reinforcement, the new bolt will not immediately share the newly added 
that part of the lateral soil pressure (i.e., the lateral soil pressure increment), but in the original slope 
lateral soil pressure and the combined forces of lateral soil pressure increment, when both the bolt 
(anchor) old new deformation and displacement occurs, new anchor will begin to bear loads. 

4.2 Suggestions on Rock and Soil Anchorage Research Based on Big Data Analysis 
The long - term performance of anchor is monitored by embedded instruments. Many kinds of 

stress monitors (such as hydraulic type, vibrating string type, etc.), displacement gauges (such as 
inclinometer, multi-point displacement meter, etc.) have been developed, and some intelligent 
anchor structures have also been developed. The premise of long-term monitoring is that monitoring 
instruments must be embedded in advance during the construction period, and the number of 
monitoring instruments must be large enough to fully reflect the working conditions of the 
anchorage project. In addition, the processing of long-term monitoring data and the criteria for 
determining stability remain to be studied. Because of these problems, long-term monitoring can 
not be used to evaluate the safety of rock and soil anchorage projects with unburied monitoring 
instruments in operation. 

It is difficult to evaluate the safety of slope anchorage engineering with this method because 
there are few long-term monitoring instruments. The nondestructive detection technology mainly 
USES the corresponding hardware equipment and media and processes the acquired signals, so as 
to evaluate the safety of rock and soil anchorage. With the development of digital electronic 
technology and computer technology, the application of non-destructive detection technology to the 
safety evaluation of rock and soil anchorage has developed. Working mechanism, the former by 
electromagnetic oscillation excitation electromagnetic wave, the latter for mechanical vibration 
excitation seismic wave, sound wave, ultrasonic wave. The working frequency of electromagnetic 
wave can range from 10 MHz to 2000MHz, and the working frequency of vibration-ultrasonic 
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method can range from several Hz to 100KHZ. The working mode can be divided into reflection 
method and transmission method. Among them, the geological radar method can carry out the 
high-density continuous sweep anchor detection along any direction of the surface, draw the 
real-time color section diagram, the speed is fast, the resolution is high, the result is intuitive, 
through the image processing and analysis research, the geometric size of the anchor can be 
quantitatively described. 

Conclusion 

In this paper, the rock and soil anchoring technology combined with big data analysis is 
preliminarily studied. Through the combination of field test and algorithm analysis, the anchoring 
performance and load transfer mechanism of the anchorage segment in the anchor cable are studied, 
and the field test and theoretical analysis are verified by numerical simulation. The contact element 
in ANSYS is used to simulate the bonding slip between anchor solid and rock mass, and the stress 
of anchor cable in loess soil is numerically simulated. 
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