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Abstract: For the purpose of agriculture irrigation, river water has been introduced into Heifangtai 

region from the Yellow River several times a year since 1968, which ensued a steady rise in 

underground water level by a yearly rate of 0.18 m with a cumulative total rise of up to 20 m over 

Heifangtai catchment. This ponding effect of water injection triggered landslides (3~5 events per year) 

at the edge of Heifangtai tableland. Failures of loess slopes have caused high causalities, and inhibited 

the local economy. This study aims at investigating the distribution patterns of loess landslides and their 

formation conditions in Heifangtai region, so as to establish approaches to early recognition and 

prediction of underlying landslides. Landslides in Heifangtai were delineated through visual 

interpretation of high resolution images obtained by unmanned aerial vehicle photogrammetry. Digital 

Elevation Model with high resolution 10 cm was acquired by 3D laser scanning technology and close-

range photogrammetry. With field investigation, landslide distribution patterns and characteristics, as 

well as the local geological structure, were examined and two early recognition criteria for landslides are 

established. The results indicate that an intact slope section between two old landslide sections is the 

most possible locations for new landslides and areas with rising groundwater level are prone to 

landslides. For example, in 2015 a landslide occurred at the gaps of a 2014 landslide body. The rising of 

local groundwater level was induced either by blockage of underground water outlets by landslide 

deposits and freeze in winter or by heavy rainfall. Early recognition of loess landslides would protect 

local communities and land resources from landslide hazards. 
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1 Introduction 

 

Loess covers about 10% of the Earth’s land 

surface. It is mainly concentrated in the northern 

hemisphere temperate zones, semi-arid zones, and 

the leading edges of deserts (Derbyshire et al 

1998, Derbyshire et al 1991, Liu 1985, Pecsi 

1990). Many large-scale loess landslides occurred 

in these areas were reported (Derbyshire and 

Mellors 1988, Sun 1988, Ishihara et al 1990, 

Rogers et al 1994, Jefferson et al 2003). The 

Chinese Loess Plateau with 317,000 km2 

constitutes is the largest bulk accumulation of 

loess on earth (Liu 1985). The Loess Plateau is 

mainly distributed in four provinces, Shanxi, 

Shaanxi, Gansu and Ningxia. Loess thickness 

generally exceeds 100 m over large areas in the 

Loess Plateau. The maximum thickness is up to 

500 m, measured at a site near Jingyuan County 

in eastern Gansu (Liu 1985). Catastrophic mass 

movements with loess origin are recurrent over 

loess deposit areas (Derbyshire 2001), posing a 

serious threat to public safety, infrastructures and 

farmlands (Lin and Liang 1982, Sun 1988, 
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Derbyshire et al 1991). 

Existing researches about loess landslides are 

mainly focusing on the following aspects: 

(1) Triggering factors, such as earthquake 

(Zhang and Wang 2007, Chen et al 2014), 

extreme precipitation (Tu et al 2009, Peng et al 

2015), agricultural irrigation (Zhang et al 2009, 

Xu et al 2014), reservoir infiltration (Zhang et al 

2012b), engineering excavation (Wang et al 2014, 

Zhuang and Peng 2014) and other engineering 

activities; (2) Loess landslide mechanisms, such 

as unsaturated soil mechanics (Muñoz-

castelblanco et al 2012, Wen and He 2012), soil-

water interactions (Zhang et al 2013), infiltration 

process in loess (Zhou et al 2014) and loess 

dynamic patterns (Zhang et al 2011); (3) Risk 

management and control (Zhang and Liu 2010, 

Zhang et al 2011); (4) Early warning and 

forecasting.   

Most researches on loess landslide ensued 

from natural catastrophic events. However, 

pioneer studies on the risk of loess landslide 

didn’t combine the geological circumstances and 

landslide deformation. Therefore, it is necessary 

to develop a scientific approach for disaster 

prevention and risk reduction in close connection 

with the technology of early recognition of loess 

landslide. 

The success of geohazard prevention and risk 

mitigation in loess regions in northwestern China 

relies on early recognition of loess landslide and 

will contribute to future landslide control. Most 

past works on early identification of landslide 

were carried out from the following aspects, such 

as geological landform (Derbyshire et al 1995, 

Zhang et al 2012a), mathematical statistics (Gao 

et al 2010), remote sensing of geographic 

information technology (Meng et al 2009, Xiong 

et al 2014), differential Interferometric synthetic 

aperture radar (Wasowski and Bovenga 2014, 

Zeng et al 2014), etc. However, there was little 

loess landslide research about early recognition 

based on filed investigation (Mentes et al 2009, 

Xu et al 2012a, Wasowski and Bovenga 2014).  

A typical landslide-affected loess region in 

Heifangtai tableland was chosen as a research 

basement for early recognition of loess landslide. 

In recent decades, hydrogeological conditions in 

Heifangtai basin has been subjected to human 

activities to a great extent. In 1968, the Yellow 

River Water Diversion Project was launched for 

large-area agricultural irrigation. From the same 

year, Heifangtai started evolving into a populated 

resettlement because of the construction of dams 

and hydro-electric power stations of Liujiaxia and 

Yanguoxia on the Yellow River (Zhou et al 2013). 

Agricultural production is a major economic 

source for local community. The irrigation area in 

Heifangtai is about 7.6 km2. Due to durative 

agricultural irrigation, the thickness of 

unsaturated loess layer is greater than 20 m in 

natural condition at the edge of the tableland and 

more than 30 m in its center. Monitoring result of 

underwater table in loess layer at the northern 

margin of Heifangtai confirms that groundwater 

level has increased by average 0.18 m per year, 

cumulatively a total of 20 m (Xu et al 2014). 

There were 3~5 loess landslides occurred at the 

edge of the tableland every year (Fig. 6) 

(Derbyshire et al 1998, Xu et al. 2009, Zhang and 

Liu 2010, Wu et al 2014). Recently, the Jiaojia#4 

landslide happened on January 29, 2015, whose 

volume was about 6×103 m3 and the irrigation 

channel was ruined in this landslide (Fig. 6a). The 

Chenjia#3 landslide occurred on February 26, 

2015, with a volume about 0.3×104 m3, imperiled 

a high-speed railway nearby (Fig. 6b). Shortly 

later, the Chenjia#8 landslide occurred on March 

28, 2015 at 11 am (Fig. 6c) and its volume was 

5×103 m3, leading to suspension of the China 

mobile communication optical cable.  

The Dangchuan#2 landslide took place on 

April 29, 2015 at 7 am, 5×104 m3 in volume, 

exhibiting a sliding track from the fourth terrace 

of the Yellow River to the second terrace. 

Nevertheless, 3 hours later it was followed by a 

larger mudstone landslide, 3.5×105 m3 in volume, 

780 meters long and 100 meters wide, and the 

largest thickness of the mudstone deposit was 17 

meters. The Dangchuan#2 landslide is regarded 

as one of the most catastrophic landslides in the 

Heifangtai tableland. Therefore, Heifangtai 

tableland is also known as a “natural laboratory” 

for loess landslide research. 

This study aims to investigate the distribution 

patterns of loess landslides and its formation 

conditions in Heifangtai region, so as to establish 

approaches to early recognition and prediction of 
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landslide potentials. The landslides in Heifangtai 

is delineated by using visual interpretation 

method based on high resolution images obtained 

by unmanned aerial vehicle photogrammetry. 

Digital Elevation Model with high resolution 10 

cm was acquired by the 3D laser scanning 

technology (Fig. 1) and close-range 

photogrammetry. With field investigation, 

researches were performed on the distribution 

pattern of landslides and its characteristics as well 

as the local geological structure (Fig. 2). Two 

early recognition criteria for landslides are 

established. 

 

 
Fig. 1 The loess landslides induced by agricultural irrigation in Heifangtai, Gansu Province, China. a and b show the location 

of Heifangtai loess tableland. c shows topography and distribution of landslides in Heifangtai region 
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2 Geology and Setting 

 

2.1 Location of study site 

Heifangtai tableland is located near the Six Gorge 

Reservoir, northern bank of the Yellow River in 

Yongjing County, Gansu Province, China (Figs. 1 

a and b). It covers a total area of 13.7 km2, with 

7.7 km in west-east direction, and 2.5 km in 

north-south direction. Subjected to active uplift of 

the Tibetan Plateau, strong neotectonic 

movements dominate Heifangtai. Precipitous 

topography and multistage terrace landscape 

characterize local landform as a result of strong 

erosive action of the Yellow River. Heifangtai 

tableland lies on the fourth-level terrace of the 

Yellow River. There are more than 50 gullies 

developed in Heifangtai and these trenches are 

not only a runoff collection, but also drainage 

courses.  

Among them, the Hulang Gully, Moshi Gully 

and Shancheng Gully developed on Heifangtai 

tableland, cutting deeply into the pre-Pleistocene 

(Cretaceous) bedrocks, and created a landform 

with discrepancy at an elevation of 130 m with 

slopes inclined at an angle of 50° ~ 60°, making 

Heifangtai tableland relatively an enclosed 

hydrological system. Heifangtai tableland 

consists of Heitai and Fangtai separated by 

narrow Hulang Gully, the longest gully in 

Heifangtai (Fig. 1c). Because of the striking 

similarities between the two terraces (Heitai and 

Fangtai) in geological properties and 

geomorphological features, they are regarded 

wholly as “Heifangtai” tableland (Derbyshire et 

al 2000). Heitai is located at the confluence of the 

Yellow River and Huangshui River, an area about 

9 km2, and larger than Fangtai (1.5 km2), which is 

southwest to Heitai (Derbyshire et al 1995) (Fig. 

1c). This study focuses on Heitai region (Fig. 4).  

 

2.2 Formation lithology 

The lithological profile of Heifangtai tableland 

comprises 4 layers (Figs. 2a and b), from earth 

surface to bedrock including: (1) Holocene series 

landslide mass. It is made of post-slide loess, 

gravel and sand-shale. Crushed soil clutter 

deposited at slope toe. (2) Upper Pleistocene 

Loess. It is a mantle of Malan loess. Its thickness 

is 30 to 50 m. The loess is largely composed of 

silt with high porosity and weak cementation. 

Sub-vertical joints are well developed, allowable 

for phreatic water seepage through contacts. The 

open-packed fabric structure of loess makes it 

susceptible to wetting. (3) Upper Pleistocene 

Mild Clay and Gravel. It comprises two portions. 

The upper portion is Pleistocene Mild Clay. It is 

orange silty clay in horizontal layers. The 

thickness of Mild Clay at the NW side is thicker 

than that at SE side, with thickness of 3 to 20 m. 

The lower layer is gravel, formed as a result of 

weathering and erosion of rocks, with thickness 

of 1 to 10 m. The composition of gravel mainly 

includes quartz rock and granite. (4) Lower 

Cretaceous Mudstone/Sandstone. The bedrock in 

Heifangtai is constructed with mudstone and 

sandstone. The thickness of exposed rock stratum 

at the edge of the plateau is more than 70 m with 

attitude of approximately 135°∠11° (Fig. 2a). 

 

2.3 Agriculture irrigation 

Since the early 1960s, several hydropower 

stations, such as Liujiaxia, Yanguoxia and 

Bapanxia, have been put forward to construction 

and Heifangtai was selected as the resettlement 

for residents in the reservoir areas. Agricultural 

production becomes a major economic backbone 

for the local. Since 1968, the Yellow River Water 

Diversion Project was launched for agricultural 

irrigation. The irrigated land in Heifangtai is 

about 7.6 km2. From July 1966 to June 1969, it 

took three years to successively build three high 

water conservancy irrigation projects. Since then, 

more than seven massive irrigation operations in 

Heifangtai tableland are conducted every year, 

including once in November for soil moisture 

conservation, once in April for crops production, 

two times or more for seeding purpose, and 

another three times or more for crops growth. 

According to a report (Geological Environmental 

Monitoring Institute of Gansu Province, 2001), 

the annual water irrigation amount was 7.22×106 

m3 in 1980s and 5.76×106 m3 in 1990s. The 

volume of the pumped water increased to 

6.27×106 m3 in 2014. Fig. 3 presents the variation 

of diverted water from 1981 to 2014. In recent 

years, some agricultural crops with higher  
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Fig. 2 Cross-section of Heitai tableland and landslide recurrence. a) The typical cross-section; b) Loess landslides in step-

back (its location is shown in Fig. 1c) 

 

Fig. 3 The relationship between irrigation volumes and landslide occurrences from 1981 to 2014 at Heitai platform 
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Fig. 4 Regions A and B: six landslide sub-sections at Heitai tableland in Fig. 1c

economy values (such as strawberry and fruit 

trees) have been introduced into this area, but 

they consume more soil moisture for growth than 

traditional crops. The volume of lifting-water into 

Heifangtai keeps a high level from 2007 to 2014, 

which substantially modified the local geo-

hydrological environment and inevitably changed 

geohazard pattern.  

 

2.4 Spatial distribution of loess landslide 

The landslides caused by irrigation in Heitai 

tableland can be categorized into two subgroups: 

loess landslides and loess bedrock landslides. A 

total of 68 landslides have been identified in 

Heitai tableland, among them, seven were within 

the Yehu Gully, and the rest 61 on the edge of the 

tableland. Those landslides are distributed by 

groups and overlap with each other. Spatially, the 

tableland can be divided into region A and B by 

Yehu Gully and Chenjia Temple. Landslides in 

Region A are mainly loess bedrock landslides 

with relatively larger volume varying from 1 ×105 

to 6 ×106 m3; while landslides in Region B are 

mainly loess landslides with smaller volume 

varying from 4.9 ×103 m3 to 2.2 ×106 m3. The 

Region A and the region B can be further divided 

into 6 sections, ① Xinyuan, ② Dangchuan, ③

Huangci, ④Jiaojiaya, ⑤Jiaojia and ⑥Moshigou 

(Fig. 4). In consideration of geological structure, 

bedrock altitude and groundwater outlet locations, 

formation conditions of landslides at Heitai were 

examined in regions as shown in Fig. 2a. Sections 

① and ③ in Region A are bedrock landslides 

distributed along the dipping direction of the 

bedrock (160°∠ 10°). The groundwater also 

exposed bedrock at its outlets. As observed, 

large-scale bedrock slides are inclined to occur in 

this region. The dipping direction of bedrock 
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illustrated in section ② is almost perpendicular to 

the slope direction, which decreases the 

occurrence probability of bedrock slides in this 

region. There were few loess landslides found in 

this section before the irrigation operation. This 

was due to a lower groundwater level in the west 

of Heifangtai as opposed to an increase of 

underground water level in recent years, which 

caused landslides in this section. The rising 

groundwater level resulted in saturation of loess 

basis, namely “soft basis”. It was the major cause 

of loess landslides developed in the Region B, 

representatively at Sections ⑤ and ⑥. Landslides 

at Section ④  present plastic flow-like 

deformation features due to both the soft basis 

and man-made slope-cutting. (3) Groundwater 

level rising is the main triggering factor of 

landslide. Hence large loess bedrock landslides 

are mostly located on consequent slopes while 

loess landslides are located on transverse slopes 

and reverse slopes (Fig. 4). 

 

3 Early Recognition Method for Loess 

Landslide 

 

A latent landslide in loess is defined as a slope 

which is inclined to creep or has disclosed 

evidence of deformation but has not yet 

motivated, which is in natural balance state. 

However, once it suffered from certain natural 

triggers and engineering activities, a latent  

landslide is quite likely to immediately burst into 

landslide disaster. Besides, loess landslides have 

occurred on a smaller scale in this area. It is 

believed that large-scale loess landslide disasters 

probably could be recurrently triggered by human 

activities in the future. Landslide prediction and 

deformation observation is essential to landslide 

disaster prevention and mitigation. 

 

3.1 The gaps prone for new landslides 

occurrence 

The gaps between the landslide sections where no 

landslide happened before, are the most likely 

locations for new landslide occurrence. 

As early as 1899, a general classification of 

landform was proposed by geomorphologist W.M. 

Davis from the United States (Davis 1899). He 

believed that all the varied forms of lands were 

dependent upon, or, as the mathematician would 

say, were functions of three variables, structure, 

process and time (Davis 1899).  

The section ⑤, Jiaojia section was quite often 

selected by researchers due to its scale, 

occurrence frequency and catastrophe. GIS was 

utilized to inquire landslide documentation, 

analysis and temporal forecasting (Meng et al 

2009). Comparisons were made by landslides 

boundary and their height from 1970 to 2013. The 

pattern of slope deformation process was quite 

distinct before and after the time of landslide 

occurrence (Meng et al. 2009) when compared 

with the landslides in the surrounding area.  

In Section ⑥, Moshi Gully, there began to 

occur loess landslide at northern Heitai since 

1990s. The landslide occurrences increased from 

① in 2002 to ⑬ in June 2015 (Fig. 5). During the 

period of the two landslide events, ① in 1998 and 

② in 2003 (Xu et al 2009), there was no sliding 

until November 2004 (Fig. 5b). While the ⑥ 

occurred in November 2012 (Fig. 5c). Although 

the occurrence of landslide is relatively 

independent, but there is a certain regularity in 

the space. With landslides occurring in 

surrounding areas, the gaps (where no landslides 

happened) are highly likely to have loess 

landslide in following months or year according 

to the landslide boundary change in section ⑤ 

and section ⑥.  

Following the research of Davis (1899), 

changes in deformation process and boundary for 

landslide were addressed by Meng (2009) and 

according to the principle of “equal width of the 

same conditions for the development of 

landslides”, many potential landslides were 

identified at the end of December 2014 and they 

are further evaluated for the risk of landslide in 

the next period of time (Figs. 6 a, b and c). 

It was found that 4 new landslides occurred in 

the first half of 2015 and another 9 landslides by 

October 2015 (Figs. 4, 6 d, e, f and g), which is 

consistent with the landslide risk zoning which 

was completed in December 2014 (Figs. 6 a, b 

and c). 
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Fig. 5 Loess landslides with progressive recession (images from Google) (for location, see Fig. 1c)
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Fig. 6 Potential landslides delineated in December 2014 for risk assessment at Heifangtai platform (for location, see Fig. 1c). 

In Figs. a, b and c, the three sections (section ⑥，section ② and section ⑤) are marked for potential loess landslides in 

2014, as well as landslide in 2015. Figs. d, e, f and g demonstrated the typical loess landslides in 2015 
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Fig. 7 Landslides in the northern boundary of Heifangtai (for location, see Fig. 1c) 

 
3.2 Effect of Local underground water level  

1) Model one: rising of local groundwater 

level due to blockage by landslide deposits  

Heifangtai tableland is a typical loess highland 

haunted by landslides. Debris would deposit at 

the toe of pileup soon after loess landslide took 

place (Figs. 7 and 8). The accumulated debris 

may block the outlet of internal seepage channels 

of groundwater at lower places, causing 

groundwater level keep rising at the edge of the 

tableland (Xu et al 2012b). Hence, slopes in an 

appearance of concave is much more prone to 

sliding. These factors contributed to landslide 

recurrence and landslide traces identified in 

Heifangtai (Fig. 4). 

At 11:00 on March 29th, 2015, loess landslide, 

the CJ#8, occurred in the northern section ⑥. The 

landslide resurrected from an old unstable slope 

and retreated 5.5 m from the back scarp of the 

slope. In May 2015, we investigated the landslide 

by using low-altitude photogrammetry and field 

measurement to obtain high precision topographic 

map (Fig. 8). It was evident that groundwater 

level rising contributed to gradual recession of 

landslide boundary according to field measured 

two soil water content profiles and groundwater 

level position (Fig. 7).  

In Fig. 7 and Fig. 9, we used tape to measure 

the distance from sampling points to the edge of 

landslide crown at selected two soil water content 

profiles, and then used the geological profile line 

to determine the elevation of the location of 

sampling points. The geological profile line is the 

same as the water content profile (Figs. 9a and b). 

The landslide boundary of cross-section 1 

retreated more distance along post-sliding 

landslide than that of cross-section 2 (Fig. 7). 

Two sites were sampled to measure the average 

moisture content per 0.5 m altitude. The results 

show that the elevation of profile 1 (Fig. 10b) is 

19.5 m higher than profile 2 (Fig. 10c) at the 

same water content value (Fig. 10a). 

By using the Trimble Real-time Kinematic 

measurement on capillary water zone in loess 

(Fig. 9c), we obtained the relationship between 

the water point elevation and distance from the 

start point. It is found that the two peak values on 

the curve are 21.4 m and 18.8 m, which are 

corresponding to two groundwater outlets 

blocked (Figs. 7, 8 and 10d). This result is 

consistent with field water content profile test. 

Due to the strong hydrophilic sensitivity, 

loess is susceptible to moisture with rapid 

strength loss as long as it was corroded by water. 

Disturbances of long-term agriculture irrigation 

on the natural hydrogeological environment at 

Heifangtai tableland and groundwater level were 

regularly investigated in recent years. When loess 

zone got to be saturated and subsoil underneath 

loess bulk softened, it cultivated a situation 

favourable for slope failure. The feeble seat earth  
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Fig. 8 Topographic map of the study zone in Fig. 9 and the groundwater level (for location, see Fig. 1c). 

 

 
Fig. 9 Field investigation on moisture content and water quality with Real-time Kinematic site (for location, see Figs. 7 & 8) 
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Fig. 10 Groundwater level rising owing to groundwater outlets blocked by landslide deposits. a) The weight moisture content 

in two profiles; b) The cross-section profile 1; c) The cross-section profile 2; d) underground water table distribution along 

the edge of the tableland at the Chenjia Gully 

 
was inclined to creep toward open face of slope 

under the overburden pressure. In the meantime, 

with non-uniform subsidence and fractures grew 

in the overlying loess, surface cracks at the edge 

of tableland extended into the internal slope, 

generating a potential sliding surface. The pore 

water pressure will increase with the saturated 

loess continues to creep. When the pore water 

pressure exceeds its threshold and the mechanical 

strength of the loess layer is reduced, liquefaction 

of upper layer loess will occur causing slip in the 

end. It is a typical progress before the occurrence 

of static liquefaction as a type of loess landslides. 

Accumulated debris blocked transportation 

openings of groundwater which arrested moisture 

flow, followed by a rise of underground water 

table at the edge of the tableland. The rise in 

groundwater table can lead to soil liquefaction 

and is responsible for the occurrences of static 

liquefaction landslide. When the saturated loess 

layer forms, the soft foundation and the extrusion 

creep occurs continuously, it is likely to have 

recurrence of static liquefaction. Loess landslide 

at Heifangtai is characterized with a step by step 

back type and static liquefaction. Its disaster 

mode is shown in Fig. 11. 

2) Model two: freeze-thaw-induced rising of 

local groundwater level 

According to the Yongjing County Land Bureau 

and relevant statistics (Wu et al 2014, Xu et al 

2014), the distribution pattern of groundwater 

level in this area was non-uniform from 1980 to 

2015. As illustrated in Fig. 12, the number of 

landslides in March during snow melting is quite 

higher than other months. 

Among underlying factors in loess landslide, 

seasonal freezing and thawing often were ignored 

(Overduin et al. 2006, Wu et al 2014). With 

frequent occurrences of landslide during the 

transitional period between winter and spring, 

Heifangtai tableland was an ideal place to observe 

seasonal freeze-thaw action. The freeze-thaw 

phenomena can be further divided into periodical 

process with four intervals on a year basis, 

including a partially frozen period in early winter, 

a totally frozen period in deep winter, a freeze-

thaw period in spring and a melting period in 
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(a )

CrackSinkhole

(b)

Deposit
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Deposit

Loess Alluvial clay Fluvial gravels Groundwater table
Mudstone with

sandstone partings

CrackSinkhole

Sinkhole Crack

Deposit
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Pre-sliding topographic line

Post-sliding topographic line

 

Fig. 11 Disaster model of loess static liquefaction. a) The tension cracks grew to the upper part of loess slope; b) Locally 

underground water level rising because of blockage of underground water outlets by landslide deposits; c) It was easy for pre-

sliding landslide to recur static liquefaction of loess landslide again; d) Repeatedly, Heifangtai formed a step by step back 

type static liquefaction of loess landslide 
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Loess Alluvial clay F luvial gravels Mudstone w ith sandstone partings Groundwater t able  
 

Fig. 13 Freeze-thaw-induced locally rising of underground water level (Zhang et al 2013) 

 
summer. Besides, it contains a daily cycling 

process in response to daily temperature variation. 

The failure mechanism of landslide due to freeze-

thawing can be concluded: (1) the physical and 

mechanical performances of loess are reduced 

because soil structure is destroyed during the 

freeze-thawing processes (McKenzie et al 2007). 

(2) the sliding resistance force is decreased due to 

sharply increased groundwater level and water 

pore pressure (Overduin et al 2006, Zhang et al 

2013). These analyses demonstrate that the dual 

functions of the effect of frozen stagnant water 

and cyclic freeze-thaw were the primitive factors 

responsible for the frequent occurrences of 

landslide during spring. Its disaster mode is 

shown in Fig. 13. 

3) Model three: rainfall-induced rising of 

local groundwater level 

Subjected to gravitational forces and growth of 

internal stresses due to steep slope, tensile stress 

rapidly developed at the crest of slope, while 

shear stress centralized at the foot of the slope 

(Erginal et al 2008, Wang et al 2014). With 

rainfall infiltrated at a deeper depth along the 

weak plane, resulting in weakening of the soil of 

the inner slope. Vertical joints, which were 

commonly appear on the Loess Plateau, 

facilitated the formation of tension cracks in the 

upper part of cut slopes during excavation 

(Zhuang and Peng 2014). Under rainfall, the 

infiltrated moisture could move deeper through 

weak vertical joints and cracks, responsible for 

weakening of soil beneath the slope and local 

groundwater level rising. With initial cracks 

extended downward and sustained infiltration, it 

made soil damage in structures and lower loess 

softened, resulting in a concentration of soil stress 

in weak zones and forming the saturated zone at 

the bottom of loess. Then, a shallow collapse 

landslides would occur at a small scale. Its 

disaster mode is shown in Fig. 14. 

 

4 Conclusions 

 

This paper analyzes the distribution pattern and 

formation conditions of landslides in Heifangtai 

region, and ultimately establishes a practical way 

for early recognition and prediction of future 

landslides. The results are shown below, (1) The 

research region on loess landslide could be 

divided into two first-order sections and six 

secondary-order sections based on their formation 

characteristics. Groundwater level rise was the 

primary factor for frequent occurrences of 

landslides in the region. It was easy for bedrock 

landslide to occur in a secondary slope section. 

Loess landslide usually occurred at sites of 

transverse and reverse slope sections. (2) Two 

early recognition criteria were proposed: first, the 

remaining intact slopes between old landslide 

sections were the places most likely for new 
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landslide to occur; second, the area with rising 

groundwater level were prone to new landslides. 

Debris accumulation blocked drainage channels 

of groundwater, causing underground water table 

rising at the edge of the tableland. By measuring 

soil moisture profile and positions of groundwater 

table, it confirmed that groundwater table has 

raised by 19.5 m. Both the blockage of 

underground water outlets by landslide deposits 

and the freeze in winter rainfall can lead to a rise 

of local underground water level. 
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Fig. 14 Failure mechanisms of rainfall induced loess landslide. a) With gravitational forces, and an increase in internal 

stresses due to steep open face, tension stresses grew at the crest of the slope while the peaks of shear stress centralized at the 

foot of the slope; b) surface water infiltrated through vertical joints and cracks; c) As cracks extended downward and laterally 

after continuous rainfall infiltration, it caused soil failure in structures and softened lower loess; d) a shallow collapse 

landslides will occur with a small scale 
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