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During the rainy season from March to May 2018, four ground fissures were generated in the rift valley area along the first phase of the Nairobi–Malaba Railway in Kenya, among which the ground fissures B3 highway, DK76, and DK77 were larger in scale, which seriously endangered the safety of the railway. According to the author’s previous study, the ground fissure B3 highway belongs to a typical fault-type fissure, and the ground fissures DK76 and DK77 are qualitatively concluded to be generated under the groundwater erosion of collapsible soils. To quantitatively summarize the mechanism of ground fissures, DK76 and DK77, physical model tests on the overlying soil properties, compactness, the intersection angle between hidden cracks and the water flow direction, the height of confined water level, and the groundwater flow rate are conducted to analyze the effect of these factors on the formation and expansion of ground fissures. The test results show that the soil with strong collapsibility under the action of underground erosion produces fissures, collapses, and holes similar to those in the rift valley area along the first phase of the Nairobi–Malaba Railway in Kenya; the loose overburden is conducive to the occurrence of surface collapse; the collapse of the soil surface is the most severe when the underlaid cracks are parallel to the water flow direction; the higher confined water level and faster inflow rate will aggravate the collapse of the overlying soil layer.
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1 INTRODUCTION
From March to May 2018, it was the rainy season in Kenya, and four ground fissures appeared successively in the Rift Valley along the Nairobi–Malaba Railway (hereinafter referred to as Nei-Ma railway). Among them, three larger ones are named ground fissure DK76, ground fissure DK77, and ground fissure B3 highway. The three ground fissures are arranged and spread from southwest to northeast, extending approximately vertically. The ground fissure B3 highway is distributed along the eastern boundary fault zone of the East African Rift Valley and consists of a series of nearly north–south strike normal faults, which belongs to a typical fault-type ground fissure. Compared to the ground fissure B3 highway, ground fissures DK76 and DK77 are small in scale, and there are a number of uneven ground settlements (as shown in Figures 1A,B) and local collapses along the fissures (Figures 1C,D). As can be seen from the figures, the vegetation covering the local uneven settlement and the collapsed cave is largely intact, and this geomorphic feature indicates that the formation of ground fissures is due to the loss of bearing capacity of the underlying soil layer, rather than the scouring effect of rainwater on the surface soil.
[image: Figure 1]FIGURE 1 | Uneven settlement of the surface. (A) Surface uneven settlement with complete vegetation; (B) surface uneven settlement with holes; (C) collapsed hole; and (D) collapsed hole with the complete surrounding vegetation.
Leonard (1929) started the first research on the mechanism of ground fissures, and then scholars usually divided them into structural and non-structural ground fissures for research. Structural ground fissures are mainly caused by crustal tectonic movement. In crustal tectonic movement, sudden seismic activity and tectonic creep activity occurring under the slow accumulation of tectonic stress over a large area may trigger ground fissures (Dobrev and Košt'ák, 2000; Wheeler, 2006; Bergemann et al., 2020; Mibei et al., 2021). The ground fissure B3 highway is characterized by such ground fissures. Non-structural ground fissures mainly include collapse-type ground fissures (Billi et al., 2016; Xu et al., 2016; Venturi et al., 2018), settlement-type ground fissures (Liu et al., 2015; Jin et al., 2016; Peng et al., 2018; Li et al., 2019), soil physical property ground fissures (Lu et al., 2019, 2021), and meteorological ground fissures (Gutie´rrez et al., 2014). It has been shown that many ground fissures are not of a single cause but are integrated causes of fissures dominated by one cause and influenced by other conditions (Wang et al., 2018; Yang et al., 2018; Valenta et al., 2021).
Therefore, when analyzing the conditions of formation of ground fissures, it is necessary to conduct targeted research in connection with specific phenomena. The primary condition controlling the activity of ground fissures is the degree of tectonic activity, followed by the degree of dynamical activity of disasters such as collapse and landslide as well as the conditions of hydrodynamic activity (Zhang et al., 2014; Peng et al., 2016; Bergemann et al., 2019; Jia et al., 2019; Nina et al., 2019; Wang et al., 2019).
2 ANALYSIS OF INFLUENCING FACTORS ON GROUND FISSURES DK76 AND DK77
Through physical and mechanical tests on the soils at the ground fissures DK76 and DK77, combined with the results of the exploratory trench, our team proposed the conclusion that collapsible soils subjected to groundwater erosion is the mechanism of the ground fissures DK76 and DK77. First, during the geological tectonic activities, fractures and cracks form in the underlying bedrock, providing channels for groundwater intrusion into the overlying loose soil layer. During the dry season, the water level is low and the overlying soil layers are not affected by groundwater erosion, while in the rainy season, as the groundwater level rises, the groundwater flows along the bedrock cracks to the overlying soil layers, soaks the soils, destroying the cohesion of soils, stripping the soil particles, and subsequently leading to the continuous loss of soil-bearing capacity. As the water level drops, groundwater wrapped with stripped soil particles flows along the bedrock cracks to the lower part of the bedrock, causing the overlying soil layer to form a cavity at the bottom due to the loss of soil particles. With multiple cycles of groundwater fluctuations, the cavity at the bottom of the overlying soil layer gradually expands until the overlying soil layer loses its bearing capacity and collapses, manifesting as ground fissures and subsidence on the surface. Based on qualitative analysis, our research verified the rationality of the mechanism of ground fissures DK76 and DK77 by geotechnical and physical model tests (Hao et al., 2022).
From the previous mechanism analysis, it can be concluded that the main influencing factors for the formation and expansion of ground fissures DK76 and DK77 include: the influence of geological tectonic activities on the soil layer and the erosion of groundwater, etc. Geological tectonic activities, especially the tensional fault activities, will lead to the loosening of the overlying soil of the fault; the erosion action of groundwater is influenced by the confined water level, inflow rate, and outflow rate of groundwater and the intersection angle between hidden crack and the water flow direction.
On this basis, this study will analyze the effects of overlying soil collapsibility, compactness, confined water-level height, groundwater flow rate, and other factors on the formation and expansion of ground fissures through further physical model tests.
In addition, it is found that there are three hidden cracks in the bedrock through the ground fissure DK76 field exploratory trench, named LF1, LF2, and LF3, respectively (Figure 2), and there are three layers of soil overburden on the bedrock, the bottom layer is brownish-yellow silty clay (layer 1), the middle layer is green–gray volcanic ash (layer 2), and the top layer is grayish-yellow silty clay (layer 3). LF1 with a width of about 5 cm and no filler runs through the entire trench from south to north, and at its south end, a local collapse can be clearly seen in the soil profile corresponding to the ground fissure DK76 (the location of “this collapse” is shown in Figure 2A). LF2 filled with soil is intermittently distributed throughout the exploratory trench from south to north, and there is no surface collapse along LF2, but there are historical traces of large-scale collapse of the overlying soil at the southern end of LF2 (Figure 2B), and the structure of the overlying soil layer has changed, with layer 1 and layer 2 disappearing and only layer 3 covering the bedrock. LF3, which is about 5 cm wide and without fill, extends in an arc from the southwest corner of the exploratory trench to the east, while the volcanic ash layer of the overlying soil layer at the southern end of LF3 is about 5 cm lower than the volcanic ash layer at both sides (“predict the possible collapse in the future” in Figure 2C). To sum up, the overlying soil layers corresponding to LF1 and LF3 expose different degrees of settlement, while the overlying soil layers above LF2 are not, which results from the difference in the structure of the overlying soils. As shown in Figure 2, the overlying soil structure of LF1–LF3 from bottom to top is layer 1, layer 2, and layer 3, respectively. However, the overlying soil layer of LF2 is layer 3. The test study by Hao et al. (2022) shows that soil layer 1 has strong collapsibility compared with soil layer 2 and soil layer 3. Thus, it can be concluded that the soil property of the soil layer above the bedrock cracks is one of the factors affecting the formation and expansion of ground fissures under underground erosion.
[image: Figure 2]FIGURE 2 | Location relation of overlying soil collapse and bedrock cracks in exploratory trench nearby ground fissure DK76. (A) Location of “this collapse”; (B) position of “old collapse”; (C) position of “possible collapse in the future.”
Based on the mechanism analysis of ground fissures, DK76 and DK77, in this study, physical model tests will be conducted on the effects of properties and compactness of the overlying soil layer, confined water level, inflow and outflow rates of groundwater, and the intersection angle between hidden cracks and the water flow direction, so as to reveal the formation mechanism and expansion feature of ground fissures DK76 and DK77.
3 PHYSICAL MODEL TEST ON THE GENETIC MECHANISM OF GROUND FISSURES IN KENYA
3.1 Physical Model Design Principles
In the physical model test design, it should be given full consideration to the hydraulic conditions, property, and compactness of the overlying soil, to analyze the influence of various factors on the formation and expansion of ground fissures.
3.2 Test Modeling
Based on the aforementioned principles of the test model design, the model is designed into two parts, that is, a tempered glass chamber and a glass fiber-reinforced plastic tank, as represented in Figure 3. The bottom plate of the tempered glass chamber is set with three penetration joints with a parallel spacing of 50 mm to simulate hidden bedrock cracks; the test soil layer is laid on them. The tempered glass chamber is 780 mm diameter and 1000 mm height, the cracks are 5 mm wide and 760 mm long, and the chamber is equipped with a cover plate, and a positioning camera point is arranged in the center of the cover plate. A glass fiber-reinforced plastic tank is divided into the horizontal tank and vertical tank. The horizontal tank size is 1300 mm*1000 mm*500 mm, paved with stones to simulate the effect of the connecting channel under the hidden cracks and effectively reduce the speed of water influx and outflow. The top plate of the horizontal tank is equipped with an 800 mm diameter hole for positioning and installing a reinforced glass chamber, which simulates the change of the angle between the hidden cracks and the groundwater flow direction by rotating the reinforced glass chamber. There are four drainage holes with a diameter of 50 mm in front of the horizontal tank to control the falling speed of the groundwater level. The vertical flume size is 1000 mm*300 mm*1000 mm, for controlling the height of the water head and the rising speed of the groundwater level.
[image: Figure 3]FIGURE 3 | Designed test model. (A), (B) Hydrological condition control tank; (C,D) reinforced glass chamber of the simulated bedrock layer.
It is not difficult to obtain that the ratio of crack length to width is 152, and the ratio of crack spacing to crack width is 10. This design can better reflect the striking effect of hidden cracks and eliminate the mutual influence between cracks. In addition, the height of the reinforced glass chamber is set at 1000 mm to place the HD camera on the cover plate, to photograph the whole process of the soil surface change during underground erosion.
3.3 Test Design and Results Analysis
According to the factors affecting the breeding and development of ground fissures DK76 and DK77 mentioned earlier, quantitative physical model tests are carried out on the soil properties and compactness of the overlying soil layer, the angle between water flow direction and hidden cracks, the height of confined water level, inflow and outflow rates, and other factors.
3.3.1 Comparison Test of Overlying Soil Properties
Due to the shortage of undisturbed soil in the Kenya Rift Valley area, the test requirements could not be met. Therefore, based on the corresponding physical and mechanical properties obtained from geotechnical tests on undisturbed soil in the Kenya rift zone (basic physical indexes of soils are listed in Table 1). The northwest loess is used to replace layer 1, the brownish-yellow silty clay with strong collapsibility; the non-cohesive sand is used to replace the cyan–gray volcanic ash of layer 2; the silty clay with cohesive force but low collapsibility is used to simulate the grayish-yellow silty clay of layer 3, to compare and analyze the influence of soil properties of the overlying soil layers. The comparison test setup is shown in Table 2, and the tests are compared in two aspects: the first aspect is to observe the development degree of ground fissures after a long period of underground erosion. The comparison test group with thinner soil layer thickness and higher water flow rate is selected, which has a strong erosion effect, and the surface collapse can reach stability after a few times of water reserve and water discharge. The comparative analysis of the degree of collapse development can be carried out according to the collapse degree on the soil surface (Cases 1, 2, and 3). The second aspect is the collapsed form of the overlying soil layer in the process of erosion. The test group with a thicker soil layer and lower water rate, which has weaker erosion and slower development of bottom holes, was selected for the quantitative water reserve and discharge process, and the collapsed form can be observed from the profile and comparatively analyzed (Cases 4, 5, and 6).
TABLE 1 | Basic physical indexes of three types of soils.
[image: Table 1]TABLE 2 | Test design of soil property comparison.
[image: Table 2]3.3.1.1 Comparative Analysis of Soil Collapse Degree in Different Overlying Soil Layers
The test result of Case 1 is shown in Figure 4. The soil layer directly above the hidden cracks quickly infiltrates and quickly spreads to the whole soil layer when the silt clay is under erosion (e.g., Figures 4A,B); after repeated water reserve and discharge cycles, the surface collapses, followed by the formation of penetrating holes (e.g., Figures 4C,D), and a certain length of voids extend along the crack direction (e.g., Figures 4E,F).
[image: Figure 4]FIGURE 4 | Surface collapse process under sand erosion. (A) After the first water reserve–discharge cycle; (B) after three water reserve–discharge cycles; (C) after five water reserve–discharge cycles; (D) after seven water reserve–discharge cycles; (E) after ten water reserve–discharge cycles; and (F) after thirteen water reserve–discharge cycles.
Under the action of erosion, the surface layer of non-collapsibility silt clay in Case 2 does not appear phenomenal, such as wetting belt, cracking, and collapse after exposing the same water reserve-drainage process as silt clay.
The test result of Case 3 is shown in Figure 5. Loess under the action of erosion, the surface fracture directly above the hidden cracks appears during a few times of water reserve and discharge cycle, and the surface soil is completely infiltrated (e.g., Figures 5A,B); after multiple water reserve–discharge cycles, the holes are further developed (e.g., Figures 5C,D), and intermittent penetration channels appear intermittently along the crack direction (e.g., Figures 5E,F).
[image: Figure 5]FIGURE 5 | Surface collapse process under loess erosion. (A) After the first water reserve–discharge cycle; (B) after three water reserve–discharge cycles; (C) after five water reserve–discharge cycles; (D) after seven water reserve–discharge cycles; (E) after ten water reserve–discharge cycles; (F) and after thirteen water reserve–discharge cycles.
Comparing the test results of three types of soils, it can be seen that under the strong erosion effect, the test group with silt clay and loess as the overlying soil layer has an obvious collapse phenomenon, while the test group with silty clay has no surface collapse. The test results show that when the overlying soil layer is cohesionless or strong collapsibility soil, the ground surface is prone to ground fissures and collapses under erosion.
3.3.1.2 Comparative Analysis of Soil Collapse Forms in Different Overlying Layers
The profile comparison of the three categories of soils under weak erosion is given in Figure 6. The profile of Case 4 is shown in Figure 6A, it is obvious that silt forms a slide when it collapses, which is because the slit clay has low structural strength. When the silt particles at the bottom along the bedrock cracks are carried away by erosion and the bottom soil along the bedrock cracks is gradually lost, the upper soil gradually loses bearing capacity and slips toward the bottom, eventually forming a funnel-type hole or a slope-type groove above the bedrock cracks. During the test, the cracks expand to the surface at first and then filled by the slip silt, as shown in Figure 7. In the silt clay test, some small penetrating holes to the surface first appear by water reserve and discharge (Figure 7A); further water reserve and discharge makes the holes become larger, but some of the holes are filled gradually by slip silt (Figure 7B); finally, all the holes become larger and are filled by slip silt (Figure 7C). It can be seen that the characteristics of silt clay exhibits are significantly different from those investigated in field ground fissures. Figure 6B shows the test profile of Case 5, where the soil layer is undisturbed, due to the weak erosion of the low collapsibility silty clay.
[image: Figure 6]FIGURE 6 | Profile phenomena after the erosion of three types of soils. (A) Silt; (B) silty clay; and (C) loess.
[image: Figure 7]FIGURE 7 | Test phenomena of the sand surface under subsurface erosion. (A) After three water reserve–discharge cycles; (B) after five water reserve–discharge cycles; and (C) after ten water reserve–discharge cycles.
The profile of Case 6 is shown in Figure 6C, the loess forms holes at the bottom of the soil layer under erosion, and its collapse pattern is different from that of the silt clay, which is due to the difference in cohesive force. By the continuous water reserve and discharge, the bottom soil particles along the bedrock cracks are taken away, the collapse holes are formed above the bedrock cracks, and due to the cohesive force, the soil on both sides of collapse holes does not slip. From the test results of loess under weak erosion, it can be seen that holes appear on the surface of loess and ground fissures appear along the direction of bedrock cracks, which is very similar to the phenomenon of uneven surface settlement accompanied by holes in situ (Figure 8A).
[image: Figure 8]FIGURE 8 | Comparison between loess test results and ground fissures with holes. (A) After the first impoundment and drainage (red line is the direction of simulated hidden fissures); and (B) after five times of impoundment and drainage (the blue arrow is the flow direction of water).
As can be observed from Figure 8B, when the underground erosion reaches a certain extent, two types of holes begin to appear in the loess surface layer, one is the larger penetration hole, occurring at the location close to the water inlet. From the corresponding profile, it can be seen that the collapse is vertical subsidence, similar to the deeper, large holes found by field investigation, and the other is the smaller size non-penetration holes, occurring at a location close to the water outlet. The collapse also shows vertical subsidence with possible small channels through the bottom, similar to the smaller holes found in the field survey.
Comparison tests results show that soils without cohesion exhibit slope collapse under erosion action, while silty clay with cohesion but weak collapsibility does not collapse under erosion, and only soils with cohesion and strong collapsibility can have a similar phenomenon to that of the ground fissure in Kenya, which is consistent with the test results of Hao Bing’s study that the brownish-yellow silty clay of layer 1 at the LF1 crack has strong collapsibility. It also explains the phenomenon that the collapse occurred after rainfall when the overlying layer of bedrock at LF2 was soil layer 1, while the collapse did not occur after rainfall when the overlying layer of bedrock was filled with layer 3, which has cohesive force but low collapsibility.
The subsequent tests will be conducted with loess as the overlying soil layer and analyzed the effects of soil compactness, simulated cracks and water flow direction angle, confined water-level height, and flow rate on the formation and development of ground fissures. The test design is listed in Table 3.
TABLE 3 | Test design of loess erosion.
[image: Table 3]3.3.2 Comparison Test on the Compactness of the Overlying Soil Layer
The test results of Case 7 and Case 14 are used to compare and analyze the effect of overlying soil compactness on ground fissures’ incubation and development. The test results of compacted soil show local wetting near the water inlet and clear cracks appear on the top surface of the soil, while the test results of loose soil show penetration holes on the soil surface and locally connected collapse along the direction of hidden cracks. This indicates that the compacted soil has stronger resistance to erosion compared with the loose soil, and the loose soil is more likely to form ground fissures and collapses under the erosion of groundwater. The characteristics of this test are similar to the field investigation results. Combined with the previous study, it suggests that lower compacted site soils are more likely to form ground fissures and collapses under erosion.
3.3.3 Comparison Test on the Included Angle Between Simulated Crack and Water Flow Direction
Based on the test results of Case 8 and Case 14, we compare and analyze the effect of the included angle between hidden cracks and water flow direction on the incubation and development of ground fissures. The tests with an angle of 0° present discontinuous penetration holes on the surface, while the tests with an included angle of 90° present wetting and ground fissures on the surface. The test phenomenon of 0° is consistent with the distribution characteristics of ground fissures and collapses along the hidden cracks in the field.
3.3.4 Comparative Test of Different Confined Water Levels and Water Flow Rates
Tests are designed for a 2-cm-thick soil layer with a 1-cm high confined water level, and a 5-cm-thick soil layer with a 3-cm high confined water level two group tests. Each test set shows slow water reserve–slow water discharge, fast water reserve–slow water discharge, slow water reserve–fast water discharge, and fast water reserve–fast water discharge in four comparison groups. The phenomenon of the test group with a 2-cm-thick soil layer and a 1-cm high confined water level is the collapse process shown in Figure 7, which is not repetitious here. The phenomenon of the test group with a 5-cm-thick soil layer and 3-cm high confined water level is shown in Figure 9. Loess under the action of erosion, the surface fracture directly above the hidden cracks appears during the first water reserve and discharge cycle, accompanied by holes, and the surface soil is not completely infiltrated (e.g., Figures 9A,B); after multiple water reserve–discharge cycles, the soil is gradually infiltrated, the holes are further developed (e.g., Figures 9C,D), and holes of different scales appear intermittently along the direction of cracks (e.g., Figures 9E,F).
[image: Figure 9]FIGURE 9 | Test results of 2-cm-thick soil layer and 1-cm confined water level. (A) After the first water reserve–discharge cycle, (B) after three water reserve–discharge cycles; (C) after five water reserve–discharge cycles; (D) after seven water reserve–discharge cycles; (E) after ten water reserve–discharge cycles; and (F) after thirteen water reserve–discharge cycles.
To further explain the progress of ground fissure formation, the relative test profiles are drawn in Figure 10. It is seen that the collapse progress of collapsibility soil performs as follows: under the action of erosion, first the collapsibility soil layer is hollowed out and small holes are formed (Figure 10A); next, the holes gradually expand and interpenetrate (Figure 10B); then, the holes continue to expand upward to the surface and penetrate along bedrock cracks (Figure 10C) and eventually, forms collapse holes or gutters (Figure 10D).
[image: Figure 10]FIGURE 10 | Profile maps of the subsurface erosion test.
There are two kinds of water reserve speed settings: slow water injection and fast water injection: slow water injection is carried out by a water pipe with a diameter of 30 mm; rapid water injection is to calculate the water injection amount in advance and quickly inject the required test water into the water injection tank. Discharge speed is set to two forms middle double-hole and four-hole discharge. Each test ends after 20 cycles of water reserve and discharge.
The test phenomena under different reserve–discharge combinations with the same collapse form are very close, and it is difficult to conduct a comparative analysis. Therefore, it is necessary to quantify the test results and quantitatively analyze the effects of water reserve and discharge rate on underground erosion. Quantitative analysis of test pictures requires data processing of images, and binarization of the pictures is a simple and effective method for data processing of images. The RGB images of the test results are grayed out according to the test situation to obtain grayed-out images that retain information about the collapse, and then the grayed-out images are binarized by selecting a threshold value to obtain binarized images with only black and white color points. The binary images are read and the proportion of white spots is determined, to determine the proportion of the crack area in the whole shooting area. The specific processing method is as follows: Figure 11A is the original RGB image, and the image is processed to obtain a grayscale image where the ground fissures and the uncollapsed soil can be clearly distinguished, as shown in Figure 11B; an appropriate threshold is selected to make the image become a binarized image while keeping the shape of the cracks on the soil surface as much as possible, as shown in Figure 11C, from which the number of white spots is calculated as 6,92,386, accounting for 36.61% of the total points, and the crack development degree is determined to be 36.61%.
[image: Figure 11]FIGURE 11 | Display of picture-processing results. (A) Original picture, (B) grayscale picture, and (C) binary picture.
According to the aforementioned image-processing method, the crack development degree determined after processing the test results is listed in Table 4. It can be concluded that the closer the confined water level is to the soil surface, the easier it is to breed and develop ground fissures. Under the conditions of fast reserve and fast discharge, the proportion of crack area discrimination is the largest, while under the conditions of slow reserve and slow discharge, the proportion of crack area discrimination is the smallest, which shows that fast reserve and fast discharge aggravate the occurrence of cracks. Under the condition of the same layer thickness and confined water level, the discrimination ratio of a crack area in fast reserve–slow discharge test is larger than that in slow reserve–fast discharge test, which indicates that fast reserve is more likely to cause ground cracks than fast discharge.
TABLE 4 | Proportion of the crack discrimination area in the binary image.
[image: Table 4]4 DISCUSSION
Combining the previously mentioned tests for a comprehensive analysis, the overlying soil layer above the bedrock has strong cohesion and collapsibility. The continuous expansion of rock cracks loosens the overlying soil layer near the bedrock cracks, and the included angle between hidden cracks and the groundwater flow direction is close to 0°—are important factors to produce ground fissures DK76 and DK77. The closer the confined water level is to the soil surface, the faster the groundwater flows into and out of the overlying soil layer and the more obvious the development of ground fissures is. Based on the earlier findings, the inference of the formation mechanism of ground fissures in the valley floor area of Nei-Ma Railway in Kenya proposed by previous research is supplemented as follows:
First, during the geological tectonic activity, the bedrock is subjected to tension and pressure to produce hidden cracks, forming a channel for the upward and downward flow of groundwater; the continuous expansion of bedrock cracks makes the overlying soil near it loose and susceptible to underground erosion and makes groundwater flow easily along the direction of crack extension, providing tectonic conditions for the formation of ground fissures. During strong rainfall, the groundwater level in bedrock cracks rises continuously due to rainwater inflow, and groundwater flows upward through the hidden cracks, soaking the brownish-yellow silty clay layer with high cohesion and strong collapsibility, partially destroying its structure, and with the continuous erosion effect, the soil structure damage area increases and gradually spreads to the surface. After heavy rainfall, the groundwater level decreases due to seepage, and some soil particles flow out along bedrock cracks to lower cracks and cavities, forming small holes at the bottom of the overlying soil layer. Because of the high cohesive force of soil, there is still partial bearing capacity for the upper part of the soil layer, and the ground surface will not collapse immediately. During the strong rainfall season, the groundwater level keeps rising and falling, and the cavity at the bottom of the overlying soil layer gradually expands, leading to the gradual loss of its bearing capacity on the upper part of the soil layer. When the groundwater level is far from the surface of the soil layer and the flow rate is slow, it is easy to produce ground fissures, uneven settlement, and intermittent holes on the surface; when the groundwater level is close to the surface of the soil layer and the flow rate is fast, it is easy to trigger geological disasters such as surface collapses and gullies.
5 CONCLUSION
Based on the inference of the genesis mechanism of ground fissures DK76 and DK77 in the rift valley area of Kenya, through field investigation and combined with geological exploration data, this study concluded that the influencing factors of ground fissure incubation and development include the properties and compactness of the overlying soil on the bedrock, the included angle between the hidden cracks and the water flow direction, the height of confined water level, and the rate of groundwater flow. The main conclusions drawn from the item-by-item analysis in combination with the physical model tests are as follows:
1) The cohesive force and high collapsibility of the overlying soil layer on the bedrock are important factors for the generation of ground fissures DK76 and DK77. When the overlying soil layer has no cohesion, it is easy to form landslide collapse under the action of erosion; when the overlying soil layer has cohesion but low collapsibility, the surface is not easy to appear ground fissure or collapse; only when the overlying soil has cohesion and high collapsibility, it can produce geological phenomena similar to the field situation.
2) The small compactness of soil and the angle between hidden cracks and the direction of groundwater flow is close to 0° are important factors for the generation of ground fissures. Therefore, before the occurrence of a ground fissure, the continuous expansion of bedrock cracks loosens the overlying soil near the bedrock cracks, making it easy for groundwater to flow along the direction of crack extension, providing tectonic conditions for the formation of ground fissures.
3) The closer the confined water level is to the soil surface, the easier it is to breed and develop ground fissures; the faster the groundwater inflow and outflow rates are, the more remarkable the development of fissures is. When the groundwater level is far from the surface of the soil layer and the flow rate is slow, it is easy to produce ground fissures, uneven settlement, and intermittent holes on the surface; when the groundwater level is close to the surface of the soil layer and the flow rate is fast, it is easy to trigger geological disasters such as surface collapses and gullies.
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