Investigating the stability and anchor support parameters of slopes subjected to wetting and drying cycles in relation to the Nanfen open-pit mine, China
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Abstract: Periodic rainfall and evaporation have a major influence on slope instability. In order to explore the changes in seepage characteristics and the stability of slopes under wetting-drying cycles, finite element numerical simulations have been conducted using a case study of the Nanfen open-pit mine in China. The slope stability analysis has been based on the strength reduction method and the effectiveness of anchors was also studied. The results showed that the slope safety factor decreased nonlinearly under the action of the wetting-drying cycles. The pore water pressure of the slope responded quickly to the wetting-drying cycles and had a certain lag, which changed periodically with the process of rainfall and evaporation. When strengthening the slope with anchors, the effects of the anchoring parameters such as anchor length, inclination angle and installation position on the slope reinforcement effect needs to be investigated. The change in anchor parameters was found to affect the position and depth of the potential sliding surface, thus affecting the stability of the slope. When installing anchors in a slope, the combined effect of the favorable parameters should be considered to ensure a balance between the benefits of the anchor in improving the stability of a slope and the associated economics of the anchoring system.
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1 Introduction
Water is an important factor affecting the mechanical properties of rock and hence the stability of slopes, and the stability of high and steep slopes is one of the main factors affecting the safe production of open-pit mines (Kristo et al. 2017; Eang et al. 2018; Yang et al. 2018; Xing et al. 2019; Karim et al. 2019). As one of the largest single open-pit mines in Asia, Nanfen open-pit mine has been affected by special geological conditions and long-term mining, resulting in frequent accidents such as slope collapses and landslides, which is threatening the sustainable production of the mine and the safety of personnel and equipment (Tao et al. 2018a; Zhang et al. 2020). According to statistical data of the recorded rainfall and sliding force monitoring system at the Nanfen mine, there are more significant changes in the sliding force during periods of concentrated rainfall, especially rainstorms, which indicates that rainfall is an important factor related to slope instability (Yang et al. 2016). The infiltration of rainwater and the change in groundwater level caused by rainfall can lead to a change in the physical and mechanical properties of the slope rock mass, resulting in a decrease in slope stability (Collins et al. 2004; Acharya et al. 2016). However, in reality, the influence of water on the slopes is not only due to infiltration and absorption of water, but there is also long-term rainfall and evaporation, which causes some slope rock masses to experience wetting-drying cycles (Kanyaya et al. 2005; Qin et al. 2018; Hale et al. 2003). The continuous changes in the water-rock interaction will cause cracks in the rock mass to expand and the material locally to deteriorate, resulting in a decrease in the rock mechanical properties, and hence an effect on the stability of the slope. In addition, the influences of wetting-drying cycles on slope stability are cumulative, which lead to the cyclic change in pore water pressure inside the slope. The effect of this deterioration on the rock mass can be even greater than from long-term soaking (Al-Kiki et al. 2011; Ismail et al. 2008). Therefore, the influence of periodic water change on rock properties and slope stability has also attracted the attention of many scholars (Zhao et al. 2017; Sun et al. 2019; Suddeepong et al. 2018; Ulusay et al. 2016). Zhou et al. (2017) found that with the increase of the number of wetting-drying cycles from 0 to 50, the porosity and water absorption of the rock increased, while the density, velocity, disintegration durability index and elastic modulus decreased. Gratchev et al. (2019) carried out a series of wetting-drying cycle experiments on Greywacke (sandstone) samples and found that the point load strength of the sandstone decreased rapidly with the number of cycles gradually increased to 18. Zeng et al. (2012) discussed the effect of wetting-drying cycles on the stability of expansive soil slope and found that the cohesion of the expansive soils gradually decreased by 87.5% after 5 cycles, , and the safety factor of the slope stability greatly decreased by 71.8%. Chen et al. (2018) carried out strength tests on granite under the action of different wetting-drying cycles and found that the uniaxial compressive strength and elastic modulus decreased by 50% and 64% after 60 wetting-drying cycles, respectively. The above studies show that wetting-drying cycles can have a significant effect on the deterioration in the mechanical properties of a rock, which will further affect the stability of engineered slopes. However, the research to date has mainly focused on the strength and microstructure of the rock under the action of wetting-drying cycles, and there has been little systematic analysis on the stability of the whole slope and associated remedial measures. Therefore, the present study investigates in greater depth the effect of wetting-drying cycles on the whole slope stability and includes the effectiveness of reinforcement measures in these conditions.
GeoStudio with limit equilibrium methods is a set of professional, efficient, and powerful simulation software, which is suitable for geological engineering simulation, including a variety of analysis modules (Hu et al. 2016; Jian et al. 2014). In this paper, taking a slope at the Nanfen open-pit mine as an example, the SEEP/W and SLOPE/W modules have been used to conduct a systematically study of the influence of wetting-drying cycles on the slope stability. The pore pressure regimes within the slope have been investigated, as well as the improvement effect of anchors on slope stability, including the influence of anchor length, anchor inclination, and anchor installation position. 
2 Slope model development
2.1 Engineering overview
The Nanfen open-pit mine, located in Benxi City, Liaoning Province, is a great open-pit iron mine in China (Tao et al. 2018c; Yang et al. 2012). The geographical location of Nanfen open-pit mine is shown in Figure 1. The upper right illustration is the satellite image of the mining area, and the lower right illustration is the side slope of the study area. The overall height difference of the side slopes at the Nanfen mine is about 288 meters (divided into a number of individual slope segments according to the steps formed by the mining operations), and the inclination of the slope segments is 46 to 54 degrees.
[image: ]
Fig.1 The geographical location of Nanfen open-pit mining area
Due to increased national energy demand, the slopes within the mine have been steepened and raised by mining activities over many years. Adverse geological factors such as mining disturbance and rainfall have caused several large-scale geological disasters such as slope cracks, collapses and landslides. According to the rainfall records and sliding force monitoring data at the Nanfen open-pit mine site, it has been observed that the rainfall is one of the important factors affecting causing landslides, and hence the influence of water on the slope stability cannot be ignored (Hou 2013). Due to periodic rainfall events and subsequent evaporation and associated change in the groundwater level within the slope, parts of the slope rock mass are always under the action of wetting-drying cycles, which affects the stability of the slope. 
2.2 Model development and parameter selection
The side slopes of the Nanfen open-pit mine are made up of a number smaller slopes separated by horizontal platforms. Observing the failures that have occurred at the mine site to date, it appears that these were focused on the smaller slopes between the horizontal platforms rather than the overall stability of the entire mine wall. Hence, in this study a small section of the mine slope has been investigated, as shown in Figure 2.
[image: ]
Fig. 2 Slope seepage model 
[bookmark: _Hlk47954996]Figure 2 shows a numerical seepage model for the slope (SEEP/W), which has been based on the real slope between the platforms with elevations of 322 m and 334 m. The slope in this area has previously collapsed and had landslides because of overmining, and the slope rock mass is relatively fractured with the development of cracks. The size of the overall model was investigated, and the safety factor of the slope was not greatly affected by the distances around the slope. The model boundaries were 31 meters long and 22 meters high, of which the slope area was 9 meters long and 12 meters high with an inclination of 53.1 degrees. The number of grid elements used in the model was 2125, including 2078 four-node rectangular and 47 three-node triangular elements. Based on investigations at the site, the whole slope was divided into two zones, the surface layer was a heavily fractured zone with a thickness of 3 m, and the rock composition was mainly quartz chloritic schist. Below this was a hard rock stratum, and mainly comprised chlorite amphibolite and mica quartz schist. The initial boundary condition for the ground water level at the left boundary was 10 meters below the ground surface, and the water level at the right boundary was 6 meters below the ground surface. The groundwater level after a steady-state calculation was shown as the blue dotted line in Figure 2. The left and right boundaries above the water level were set as the zero flow boundaries, and the boundary conditions for the rainfall or evaporation were applied to the ground surface of the slope. 
[bookmark: _Hlk36034835]The results from the SEEP/W model were used in the SLOPE/W to assess the stability of the slope. The size of the analytical model was the same as that of the seepage model. The Morgenstem-Price method was used for the slope stability analysis, which can satisfy the balance of forces and moments at the same time. This method is not affected by the shape of the sliding surface and so it can evaluate well the current slope stability problem. The constitutive model used in the analysis was the Mohr-Coulomb model. The range of saturated permeability coefficients and strength parameters for the rock were obtained from geological analysis and using laboratory results from rock samples obtained in situ. The physical and mechanical parameters of the two rock stratums are shown in Table 1. The selection of rock parameters was mainly based on the experimental study of Nanfen open-pit mine carried out by Tao et al. (2018b) and Hou (2013). The ranges of the unit weights of the two rock strata were set as 19.3~25.3 kN·m-3 and 21.1~29.1 kN·m-3, respectively. The ranges for the rock shear strength parameters were determined from the experimental data and the Standard for Test Methods of Engineering Rock Mass (2013). The ranges for the cohesion and internal friction angle of the rock mass in the fractured zone are 40~80 kPa and 22~30º, respectively, while those of the intact rock are 180~240 kPa and 27~33º, respectively. The values of Ksat and water content were determined according to the experimental results conducted by Hou (2013).
Table 1 Physical and mechanical parameters of the rock stratum
	Rock stratum
	Unit weight
	Cohesion
	Internal friction angle
	Saturated infiltration coefficient
	Initial volatile water content
	Saturated volatile water content

	
	γ / (kN·m-3)
	c / kPa
	ϕ / º
	Ksat / (m·s-1)
	%
	%

	Fracture zone
	19.3~25.3
	40~80
	22~30º
	9.02*10-7
	0.32
	0.45

	Intact rock stratum
	21.1~29.1
	180~240
	27~33º
	3.68*10-8
	0.27
	0.38



3 Numerical simulation and stability analysis of the slope under wetting-drying cycles
3.1 Simulation of the wetting-drying cycle process
When designing the wetting-drying cycle process, most scholars simulate the water content of the slope in the wet or dry environment by making the water level change periodically. Wang et al. (2018) simulated the rainfall infiltration, tailings recycling water and evaporation from the tailings dam by adjusting the position of the phreatic surface. Xiong et al. (2018) changed the rainfall infiltration depth of the slope to simulate the process of the wetting-drying cycle according to the change in rainfall in each season. However, this method will make the bottom of the slopes under the action of the wetting-drying cycle to be completely saturated, without considering the phenomena of the rainfall and evaporation in practical engineering. Therefore, the rainfall and evaporation process applied to the slope will be considered in this simulation in order to better simulate the wetting-drying cycle process.
The SLOPE/W and SEEP/W modules were combined, and rainfall-evaporation boundary conditions were applied to simulate the periodic water effects on the slope. The rainfall in the Nanfen mining area is concentrated in July and August, while the rest of the months are dry with little rainfall. Therefore, the ratio of wetting duration to drying duration in the simulation was designed to be 2:10. The total duration of a wetting-drying cycle was set to 12 days, in which the days of rainfall and evaporation were 2 days and 10 days respectively. The rainfall intensity was designed as the dividing point between the heavy rain and rainstorm in the rainfall intensity standard issued by the China Meteorological Administration. This value was determined as 50 mm per day, and the associated evaporation intensity was taken as the local average evaporation rate of 0.2 mm per hour. 
The specific wetting-drying cycle steps used were as follows: 
(1) The SLOPE/W module was used to analyze the stability of the slope before the wetting-drying cycles. The initial pore water pressure for each rock layer and the associated initial shear strength parameters were used to obtain the initial safety factor of the slope. 
(2) SEEP/W was then used to analyze the water seepage into the slope from the first rainfall event. The upper boundary of the slope was set as the rainfall boundary with the rainfall intensity as 50 mm/d, and the rainfall duration of 2 days. The upper boundary was then set as an evaporation boundary with an evaporation intensity of 0.2 mm/h and a duration of 10 days. This completed the first wetting-drying cycle. 
(3) SLOPE/W was used again to analyze the stability of the slope after this first rainfall and evaporation cycle, and the safety factor of the slope was obtained. 
(4) The second and third steps were then repeated until fifteen wetting-drying cycles were completed. The safety factor values after each cycle can be obtained respectively.
3.2 Analysis of seepage characteristics
In the seepage analysis, the initial groundwater level was obtained from the boundary of the fixed water head. According to the given boundary conditions, the transient seepage field under rainfall was simulated by SEEP/W with 180 steps, each step represented 1 day, and the total duration was 180 days, with a total of 15 wetting-drying cycles. The distribution diagrams of pore water pressure and seepage field of the slope at the initial time and cycles of 1, 3, 6, 10 and 15 are shown in Figure 3.[image: ]

[bookmark: _Hlk47871345]Fig. 3 Transient seepage within the slope after different wetting-drying cycles
Figure 3 shows the seepage fields during the process of rainfall and evaporation cycles at 0, 1, 3, 6, 10 and 15 cycles, respectively. Different color areas represented different pore water pressure ranges. The pore water pressure distribution curve of the slope in the initial state was smooth and even, and the matric suction at the near ground surface of the slope was the largest, of approximately 120 kPa. After the first cycle of rainfall and evaporation, the original balance of the matric suction was broken, and the pore water pressure curve on the slope surface began to become disordered. A transient saturation zone began to appear up to a shallow depth (from 4m to 6m) within the slope, and the groundwater level had not changed significantly after 3 cycles. With an increasing number of wetting-drying cycles, the transient saturation region gradually expanded and finally disappeared, and the pore water pressure contours tended to become more regular again. The maximum suction of the matric at the near ground surface of the slope was gradually reduced to approximately 60 kPa, and the groundwater level also gradually increased. The matric suction profile can be greatly influenced by the underground water level and boundary conditions subjected to the slope surface. Figure 4 shows the variation in pore water pressure at different depths at the section with an elevation of 20 m, ranging from 0 cm (i.e. the surface of the slope), 0.5 m, 1 m, 1.5 m and 2 m. 
[image: ]
Fig. 4 The relationship between pore water pressure and time at different depths
It can be seen from the figure that the pore water pressure responded quickly to the wetting-drying cycles, showing an obvious cyclic response. In each rainfall period, the moisture in the slope increased and the suction decreased, while during the evaporation period, the moisture decreased and the suction increased, which corresponded with the basic law of unsaturated soil mechanics (Fredlund et al. 1993). The smaller the suction, the more unstable the slope. Frequent rainfall and evaporation processes caused the pore water pressure to increase, which tended to zero gradually, and a positive value may even appear at the toe of the slope. 
3.3 Analysis of slope stability
Periodic rainfall and evaporation will have an impact on the stability of the slope, and the safety factor method based on limit equilibrium analysis is a common method to evaluate slope stability (Baba et al. 2012; Lin et al. 2014). When evaluating slope stability, the specific values for the mechanical parameters of the rock should be determined first. Table 1 shows the range of mechanical parameters of the two kinds of rock strata. By conducting a sensitivity analysis on each parameter, it was found that with an increase in the unit weight of the rock mass, the safety factor of slope decreased gradually, and with an increase in the cohesion and internal friction angle of the rock mass, the safety factor of slope increased gradually. Therefore, taking the average values of unit weight, cohesion and internal friction angle for the rock mass seemed sensible in this case. A strength reduction method was considered during the wetting-drying cycle process. Sayem et al. (2016), Fu (2010), Li et al. (2013), Wang (2014), He (2011), and Feng et al. (2016) carried out experimental studies on the effects of wetting-drying cycles on the shear strength parameters of rocks and obtained attenuation fitting equations for the cohesion and internal friction angle of rocks. In this analysis, the reduction in the shear strength parameters after each wetting-drying cycle will be determined with reference to these experimental results. According to the fitting function obtained by these researchers, the attenuation coefficients for the cohesion and internal friction angle after each wetting and drying cycle were calculated, and the average values were taken as the attenuation coefficient for the shear strength parameters of rock in this simulation.
After 5, 10 and 15 cycles, the cohesion of the rock mass decreased by 22.58%, 32.33% and 38.58%, respectively, while the angle of internal friction decreased by 10.10%, 15.09% and 18.31%, respectively. The attenuation for the cohesion after each cycle was greater than that for the internal friction angle, indicating that the cohesion of rock mass was more sensitive to the response of wetting-drying cycles than the angle of internal friction. The slope safety factor varied with an increase in the number of wetting-drying cycles as shown in Figure 5. 
[image: ]
Fig. 5 Influence of wetting-drying cycles on the safety factor of the slope
With an increase in the number of wetting-drying cycles, the safety factor of slope decreased gradually, with a decrease of 38.3% after the 15th cycle. This result also corresponded to the change of pore water pressure shown in Figure 5, i.e. the matric suction within the rock mass of the slope gradually decreased and finally tended to zero under the action of continuous wetting-drying cycles, resulting in the weakening of the slope. According to the fitting analysis conducted with the Origin software, the two variables were exponentially correlated as shown in equation 1.
[bookmark: _Hlk35808180]           (1)
Where FoS represents the safety factor of the slope, n is the number of wetting and drying cycles, and R2 is the correlation coefficient between the safety factor of slope and the number of wetting-drying cycles.
[bookmark: _Hlk36035109]According to the evaluation standard for slope safety factors, Technical Code for Building Slope Engineering (2013), the safety factor of the Nanfen open-pit mine slope should not be less than 1.35. Based on the current analysis, the safety factor of the slope after 15 wetting-drying cycles was greater than the minimum standard value. However, in the actual project, the influence of excavation disturbance, torrential rain and other extreme conditions on the slope should also be taken into account. Therefore, some reinforcement measures still need to be taken to strengthen the slope in order to improve its long-term stability and ensure safety in production.
4 Effect of anchor reinforcement on slope stability
Anchor reinforcement technology can effectively improve the stability and integrity of rock mass, and it is widely used in the reinforcement of rock slope (Grasselli 2005; Chen 2014; Li et al. 2020). In order to study the influence of anchor support parameters on the slope stability, the control variable method was used to study the anchor length, inclination, installation position and whether the anchor could provide sufficient shear force. According to the design documents of the anchor reinforcement used at the Nanfen slope site, the ratio of the bond length of the anchor to the total length was approximately 0.2, and the diameter was 0.15 m.
Considering the limitation of the slope model, the total length of the anchor was limited to 12~16 m, giving a bond length for the anchor as 2.4~3.2 m. The range of anchor inclinations was selected as 0 to 60 degrees to explore the influence of anchor inclination on the reinforcement effect. The bond tension capacity considering the stress loss was taken as 200kN. The bond pullout resistance can be specified as a shear force per unit area between the grout and the surrounding rock. According to the literature and above parameters, the pullout resistance was designed to be 120kPa considering the resistance reduction. Therefore, the factored pullout resistance P per unit length could be calculated from equation 2.
          (2)
Where  is pullout resistance considering the resistance reduction (i.e. shear strength per unit area) in ; D is the diameter of the anchor. Hence, the pullout force can be obtained by multiplying the factored pullout resistance by the bond length of the anchor. Prestressed anchors were selected in this case, and the parameters assigned as shown in Table 2.
Table 2 Reinforcement parameters for the anchor
	[bookmark: _Hlk31484356]Parameters
	Anchor

	Length (m)
	12~16

	Bond length (m)
	2.4~3.2

	Bond diameter (m)
	0.15

	Inclination (º)
	0~60

	Bond tension capacity (kN)
	200

	Bond pullout resistance (kPa)
	120


The magnitude of the anchor load was determined by the following two factors: the tension capacity of the steel bar, and the bond pull-out resistance between the grout and the surrounding rock. A comparison of the maximum pullout force and the maximum tension capacity indicated which mechanism determined the magnitude of the anchoring force. In this case, the maximum pullout force was equal to the factored pullout resistance per unit length multiplied by the maximum bond length, i.e. 180kN, which was less than the tension capacity (200kN). Therefore, the impact of the anchors was determined by the pullout resistance, and the above information was set in the anchor parameter dialogue box before computing the safety factor of the slope using Geo-slope.
4.1 Anchor length
The anchor was installed in the middle of the slope (installation elevation was 16 m), and the change in the slope safety factor was calculated when the anchor inclination angle was 0 degrees and 40 degrees, respectively, and the total length of the anchor changed from 12 to 16 meters (in 1 meter intervals). The change in safety factor of the slope after 15 wetting-drying cycles with anchor length is shown in Figure 6. 
[image: ]
Fig. 6 Influence of anchor length on safety factor of slope
On the premise that other parameters remain unchanged, whether the inclination of anchor was 0 degrees or 40 degrees, with an increase in anchor length, the slope safety factor increased gradually. Therefore, in practical engineering terms, in order to increase the safety factor, increasing the length of the anchor could be generally adopted. However, it should be noted that after the anchor extends a certain distance past any potential slip surface within the slope (i.e. there is adequate anchor pull out resistance), the improvement in the safety factor in marginal. It is necessary not only to ensure the safety of the slope stability, but also to minimize the length of the anchor, and find the optimal length of anchor which can balance both the reinforcing effect and the economic benefit.
4.2 Anchor inclination 
The anchor was installed in the middle of the slope (installation elevation was 16 m), and the change in the slope safety factor was calculated when the total length of the anchor was 12 m, 13 m and 14 m, respectively, and the inclination of the anchor changed from 0 degrees to 60 degrees (in intervals of 10 degrees). The change in the safety factor of the slope after 15 wetting-drying cycles with anchor inclination is shown in Figure 7.
[image: ]
Fig.7 Influence of anchor inclination on the safety factor of the slope
On the premise that other parameters remain unchanged, with an increase in anchor inclination, the change in slope safety factor increased initially and then decreased. The different anchor inclination will lead to a difference in the potential sliding surface of slope after reinforcement. However, when the inclination exceeded a certain value, it will cause a negative effect on the slope safety as the sliding surface cannot be well restrained. At the same time, when the inclination of the anchor becomes too large, installation becomes more difficult, and the impact of the construction process on the surrounding rock is also increased. It can be inferred that there an optimal inclination angle for the anchor reinforcement, and the optimal inclination angle is also related to the length of the anchor. As can be seen from the Figure 7, when the length of the anchor is 12 meters, the safety factor corresponding to the installation inclination of 20 degrees is the largest. When the anchor increases to 13 and 14 meters, the inclination angle with the best anchoring effect is 10 degrees.
4.3 Anchor installation position 
The anchors were set at the top, middle and foot of the slope, respectively, as shown by the red dots in the Figure 8, and the corresponding installation elevations were 11.33 m, 16 m and 20.67 m. The length of the anchor at these three installation positions was kept constant at 13 meters. 
[image: ]
Fig. 8 Influence of anchor installation position on the safety factor of the slope
It can be seen from the Figure 8 that the slope safety factor was greatest when the anchor was at the foot of the slope. With an increase in installation elevation of the anchor, the safety factor decreased, which showed that the anchor had a great reinforcement effect at the foot of the slope. By observing the stress distribution along the sliding surface, the shear stress at the foot of the slope was highest, forming a stress concentration zone. Therefore, the installation of anchor at the foot of the slope was most effective among all three installation positions and made the slope more stable. The black dotted line shows the safety factor of the slope without any reinforcement. Compared with the safety factor of the slope without anchor reinforcement, there are some cases when anchors were installed at the top of the slope that may even cause a detrimental effect. When an anchor with excessive inclination angle is installed at the top of the slope, the anti-sliding force provided by the anchor to the potential sliding surface could be less than the increase in sliding force caused by its own weight and installation disturbance, hence making the slope more prone to instability. Therefore, for the condition of satisfying adequate bearing capacity, the anchor should be preferentially installed at the foot of the slope.
4.4 Inclusion of shear force 
The shear force in the anchor bar can be considered in the SLOPE/W simulation analysis. However, it is difficult to determine an appropriate shear force, and hence this potential resisting force is usually omitted in the SLOPE/W analysis unless a realistic value can be obtained. Therefore, in this part of the analysis, the shear force provided by the anchor was determined according to the case example given by the Geostudio corporation, which was only used to study the effect of shear force on the reinforcing effect of the anchor. In this case, the anchor was installed at the middle of the slope and assumed to have a shear force of 50 kN and a shear reduction factor of 2. The shear force was parallel to the slice base. The safety factors of the slope subjected to 15 wetting-drying cycles both with and without shear force are shown in Figure 9. 

[image: ]
Fig. 9 Safety factor of the slope when the anchor with and without shear force 
The red and blue solid lines in Figure 9 indicate that the anchor could provide a certain amount of shear force, while the dashed lines indicate that the anchor had no shear force. Compared with the anchor without shear force, the safety factor of the slope when the anchor can provide shear force increased significantly. The anti-shear force provided by the anchor can counteract the initial sliding force of the sliding surface and delay the failure of the slope. Therefore, the stability of the slope can be improved even more.
The above research results show that when installing anchors to strengthen the slope, the anchors should pass through the potential sliding surface and go deep into the intact and stable rock mass, so as to effectively prevent the instability of the slope. Anchor reinforcement can also improve shear strength along the potential slip surface and improve anti-sliding ability to some extent. In the process of anchor design and installation, there is the most reasonable combination of anchor length, inclination angle and installation position. With the increase of anchor length, the reinforcement effect of anchor is slightly improved, and when the design length of anchor is greater than a certain value, the length of anchor has little effect on the stability of slope. There is a most effective inclination angle for anchor reinforcement, which is also related to the length of anchor. And when the installation position of the anchor is a little closer to the foot of the slope, a better stability effect can be obtained. Therefore, it is necessary to determine suitable anchor parameters and take into account both the cost of the anchor system and beneficial reinforcing effect. In this paper, there are still some limitations about the influence of anchor characteristics on slope stability after wetting-drying cycles, and only some universal and regular conclusions are obtained, which are consistent with and supplement the results of other literatures (Sun et al. 2012; Li et al. 2013; Zou 2013). In the future, further in-depth research will be carried out in order to provide a theoretical reference for on-site anchor construction.
5 Conclusions
[bookmark: _Hlk47955568]In this paper, taking the slope of the Nanfen open-pit mine, China as an example, the finite element numerical method has been used to simulate both the seepage characteristics and the changes in slope stability under the action of periodic rainfall and evaporation. The influence of various parameters related to reinforcing anchors on the slope safety factor was also studied.  The calculation results showed that the safety factor of the slope decreased exponentially with the increase of the number of wetting-drying cycles. The relationship between these two variables was determined as, with a correlation coefficient of 0.994. The pore water pressure of the slope responded rapidly to the wetting-drying cycles, showing an obvious cyclic process. During the rainfall process, the water content within the slope increased and the suction decreased, while during the evaporation process, the water content decreased, and the suction increased. The smaller the suction value, the more unstable the slope. When using anchor to strengthen the slope, the reinforcing effect of the anchor was improved slightly with an increase in anchor length, but once the anchor extended well past any potential slip surface, the improvement in safety factor is marginal. There was a most effective inclination angle for the anchor reinforcement, which was also related to the anchor length (for example, for the anchor length was 12 meters, the effective inclination of 20 degrees). In addition, the closer the installation was to the foot of the slope, the better the reinforcing effect. The influence of the anchor support parameters should be comprehensively considered in the actual engineering design to ensure a balance between stability improvement and economy.
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