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1. Introduction

A large amount of construction waste has been discharged in 

China in recent years for the accelerated urbanization (China 

Strategic Alliance of Technological Innovation for Construction 

Waste Incycling Industry, 2014). Due to restricted land use, 

many waste disposal sites have to be built near residential 

quarters and transportation facilities. Most of these waste disposal 

sites will develop into large-scale waste dumps that are in need 

of appropriate treatment and disposal. If these sites are not 

managed properly, they can give rise to catastrophic landslides, 

which have a strong impact on the safety and property of nearby 

residents. On December 20, 2015 at 11:40 a.m, a landslide of 

spoil mass occurred at the Hong′ao Waste Disposal Site (the 

“Hong′ao Site”) in the southern part of the Guangming New 

District, Shenzhen, Guangdong Province, China, involving 2.7 × 

106 m3 of MSW, running 700 − 800 m and covering an area of 

3.8 × 105 m2. Thirty-three industrial park buildings were destroyed, 

73 people were killed and 17 people were injured in this 

landslide event. This landslide is the largest and most disastrous 

waste disposal site landslide in China to date. 

Landslides of MSW are occasionally reported, such as the 

1972 landslide of a tailing heap in the north-central part of West 

Virginia, which caused 125 deaths and thousands of injuries 

(Davies et al., 1972), the 1985 Tranto spoil mass mudflow slide 

in north Italy caused 268 deaths (Sammarco, 2004), the 2000 

Payatas landfill landslide in Philippines caused 278 fatalities 

(Merry et al., 2005), and the 2005 waste avalanche at Leuwigajah

dumpsite of Indonesia caused 147 deaths (Lavigne et al., 2014). 

The rise of the groundwater table induced by atmospheric 
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A disastrous landslide occurred at the Hong’ao Waste Disposal Site in Shenzhen, China on 
December 20, 2015, involving a volume of 2.7 × 106 m3 of municipal solid waste (MSW) that 
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simulation showed that the pore water pressure induced by underground water seepage and 
gradual loading from the upper MSW placement aggravate the failure. Consequently, the main 
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precipitation is a key factor for landslides of MSW (Chen et al., 

2004; Guzzetti et al., 2008; Ghiassian and Ghareh, 2008; Pirone 

et al., 2015). For example, groundwater softens the spoil mass 

and leads to a gradual saturation at the lower part of the spoil, 

thus reduces its mechanical parameters such as the cohesion and 

internal friction angle. In conditions where groundwater is 

permitted to pond and collect at a soil-bedrock contact with long 

duration time, positive pore water pressures may be developed as 

the result. Accordingly, the shear strength of MSW is reduced. The 

previous investigations on the mechanisms of groundwater inducing 

slope failures were based largely on CIU tests on saturated 

materials. The CIU test results indicated that the static liquefaction 

could lead to flow initiation, the pore water pressure keep 

increasing with the increasing axial strain until it reaches a steady 

value, and excess pore water pressures can enhance the runout 

(Lade and Pradel, 1990; Doanh et al., 1997; Zhang, 2009).

The purpose of the present study is to investigate the triggering 

factors of the disastrous landslide at Hong′ao Site in hope of 

providing references for the stability assessment of similar 

urban waste disposal sites. The author examined the 

geomorphological characteristics of the waste disposal site and 

the forming process of the MSW accumulation body (mainly 

sandy silt), followed by a detailed description of this landslide 

event. Then potential mechanism were analyzed by means of 

laboratory tests and numerical simulation. Furthermore, some 

suggestions were given for the design and construction of 

waste disposal sites.

2. Hong’ao Site and Municipal Solid Waste 

Accumulation Body

2.1 Hong’ao Waste Disposal Site
The Hong′ao Site was located at 22o 42' 47"N and 113o 56' 3"E 

near Hong′ao Village in the Guangming New District, Shenzhen, 

Guangdong Province, China (Fig. 1). The Waste Disposal Site 

was set up in January 2014 in an abandoned quarry with an outlet 

at N30oW (Fig. 2). Its terrain, with a higher elevation in the south 

than the north, developed on a mountain bedrock of Yanshanian 

granite. Part of the bedrock exposed by quarrying exhibits weak 

weathering and poor permeability, and was considered an 

impervious boundary. As shown in Fig. 2, a huge stone pit was 

collecting groundwater and run-off to form a man-made lake. 

The lake water area covered 1.05 × 104 m2 in November 2013. 

The central and rear parts of the pit were generally about 300 m 

wide on average, and the front way out narrowed to a minimum 

of 50 m. The quarry resembled a huge “basin structure” with 

steepened back and side walls. 

2.2 Harm of the Landslide
The disastrous landslide resulted in significant damage to the 

neighboring structures and underground utilities. It ruptured the 

Guangzhou-Shenzhen section of the West-East Gas Transmission 

Pipeline, and for a time caused the failure of the gas supply to 

Fig. 1. Location of the Hong'ao Waste Disposal Site

Fig. 2. Hong’ao Quarry: (a) Photo Taken in March, 2008, (b) Photo Taken in November, 2013 (From Google Earth, the white dashed line is the 
boundary of the quarry.)
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Hong Kong. The relative elevation between the rear and the front 

edges of the sliding mass produced a high starting potential and 

hence a very strong impact force during movement. The taller 

buildings involved in the head-on collision with the slide all 

collapsed (Figs. 3(a) and 3(b)). A building 700 m further away 

was hit and inclined at a large angle, while the other low rise 

structures were buried 10 − 15 m deep under the fallout from the 

landslide. According to local government data, 33 buildings 

were destroyed, including 14 industrial factory buildings and 3 

dormitory buildings of the neighboring industrial park. The 

gravest parts of this situation were the deaths of 73 and the injury 

of 17. The images taken before and after the slide event are 

compared in Fig. 4. 

2.3 Characteristics of the Municipal Solid Waste 

Accumulation Mass
The stone pit was not dewatered prior to starting the spoil deposition 

(Ministry of Emergency Management of the People's Republic of 

China, 2016). Then, a 15-m-high retaining dam with 3 layers was 

built along its northern edge (50 m above sea level, Fig. 5). The 

material of dam was the same as the spoil accumulation and each 

5-m-thick layer was compacted, the target dry density was 1.85 

g.cm−3 (Yin et al., 2016). Based on the project report, the stone 

pit and retaining dam constituted the waste disposal site with a 

design storage capacity of 2 × 106 m3 (Xu et al., 2016). 

The storage capacity formed by the retaining dam and the 

quarry pit was filled with the MSW (Fig. 5). The filling elevation 

Fig. 3. Buildings Destroyed by the Landslidea: (a) The Buildings Buried by the MSW, (b) The Collapsed Building (The Xinhua News Agency, 2015)

Fig. 4. A Comparison of the Images of the Hong’ao Site before and after the Landslide Event: (a) Before the Landslide, (b) After the Landslide 
(Photos provided by the National Administration of Surveying, Mapping, and Geoinformation.)
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was designed to be 155 m high with 9 layers, and each layer was 

10 m high with a gradient of 1:2.5. Each 10-m-thick layer was 

compacted by bulldozers, and the target dry density was 1.81 

g.cm−3 (Yin et al., 2016). To speed up the construction pace, there 

were no time intervals between the disposals of 2 consecutive 

layers, consequently the pore water pressure could not dissipate 

timely. Failure occurred when the elevation reached 125 m with 

6 compacted layers (Fig. 6). The site investigation indicated the 

amount of spoil was loose with a very high water content (Fig. 7), 

and through in situ tests, it was found that the dry density of the 

spoil was 1.3 − 1.5 g.cm−3 and moisture was 20% − 46.4% 

(Ouyang et al., 2016; Xu et al., 2016; Yin et al., 2016). 

The source of the MSW mainly from the Shenzhen metro 

construction nearby was classified as sandy silt, a granite-

weathered product (with a grain size of 0.075 − 2 mm) widely 

distributed in southern China. For the source area was still under 

the state of martial law after the landslide, it was very difficult to 

take more spoil samples and only one sample was allowed to be 

removed for testing. The sample was taken from the middle part 

of the Hong′ao Site, marked as “#1” in Fig. 9, which is inadequate to 

Fig. 5. The Hong’ao Site (Google Earth, 2015)

Fig. 6. Profile A−A' along the Hong’ao Waste Disposal Site (The blue dotted line represents the underground water level with an elevation of 63 m.)

Fig. 7. Photographs Taken 1 Day after the Landslide: (a) The Landslide Mass with Abundant Water, (b) The Almost Completely Saturated Spoil Mass 
(The Xinhua News Agency, 2015)

Fig. 8. Grain Size Distribution Curve (with sieve size of 60 mm, 20 mm, 
10 mm, 5 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.1 mm, 
0.075 mm, 0.01 mm, 0.001 mm)
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represent the grain gradient property of the source area. Fortunately, 

other researchers performed the grading test of the spoil (Ouyang 

et al., 2016). Using these testing data for reference, a lower and 

upper bound values shown in Table 1 are expected to describe 

the physical property of source area. Accordingly, the grain 

gradient property of the source area is considered to be located 

between these two lines. 

3. Landslide of the Hong’ao Landfill

On December 20, 2015 at 11:40 a.m. (Beijing time) a sudden 

occurrence of a landslide of spoil accumulation was witnessed at 

the Hong′ao Site as the slope toe of the landfill fell out, followed 

by the slipping of its upper part. The total volume of this landfill 

Table 1. Physical Property Indexes for the Accumulated Materials

2 − 60 mm 42% − 50% Specific Gravity 2.75

0.075 − 2 mm 12% − 17%  Liquid Limit (%) 42

< 0.075 mm 26% − 31% Plastic Limit (%) 23

Fig. 9. Bird’s-Eye View of the Hong’ao Landslide: (a) Front View, (b) Back View (Photos provided by the National Administration of Surveying, 
Mapping, and Geoinformation.)

Fig. 10. Side View of the Landslide Elements: (a) Tension Crack, (b) Landslide Scarps, (c) Slide Direction, (d) Landslide Walls (December 22, 2015)
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was 5.8 × 106 m3, nearly three times of the design storage 

capacity of the disposal site (Yin et al., 2016). The landslide 

involved a volume of 2.7 × 106 m3, the Liuxi Industrial Zone was 

208 m northwest of the landslide, and Hong′ao Village was 650 

m northeast of the landslide toe. 

The Hong′ao village was in a flat area about 30 m above sea 

level, and the elevation of landslide crest was 125 m, which 

formed a relative elevation of 90 m. The sliding mass burst out 

through a cut, flowed 700 − 800 m downslope for a total length 

of 1,140 m and fanned out, scattering in an area of 650 × 550 m2

and involving an earthwork volume of 2.7 × 106m3 in an area of 

3.8 × 105 m2 (Fig. 9). The side view of the landslide is shown in 

Fig. 10, and the place where the photos were taken is shown in 

Fig. 9(b) (marked by “ ▲ ”), the symbol (1), (2), (3), and (4) in              

Fig. 9 represent the area displayed in Fig. 10.

The numerous tension cracks shown in Fig. 10(a) indicated 

that the landslide belonged to the “retrogressive”, and the 

landslide scarps followed the original pit wall boundary closely 

was shown in Figs. 10(b) and 10(d). The image shown in the 

lower left part of Fig. 10(c) is the MSW surface covered with 

green plastic mulch. Because the Hong′ao Site was constructed 

near a residential area, environmental beauty was an important 

issue, so green plastic mulch was placed on the middle and lower 

parts of the MSW accumulation to enhance its overall appearance. 

The site investigation revealed that the landslide had three 

characteristics: A sudden occurrence without obvious premonitory 

signs; a long sliding distance (700 − 800 m from landslide toe to 

deposit toe); extremely rapid sliding (the spoil mass poured 

downslope like a flood). The three characteristics allowed us to 

categorize the landslide as a rapid and long run-out landslide. Its 

pre-failure phase was hardly realized and downslope motion 

during the post-failure phase occurred very rapidly (Hungr et al., 

2014; Pirone et al., 2015).

4. Analysis of the Accumulation Slide 

4.1 Antecedent Rainfall 
One important factor for a spoil mass to flow or slide quickly and 

over a great distance is the rise of the groundwater table induced 

by rainfall or irrigation (Lee and Pradhan, 2007). According to 

the rainfall data released by the Shenzhen Weather Bureau (Fig. 

11), the rainfall amount measured on the day of the event was 

only 0.5 mm. More research has suggested that, in addition to the 

above conditions, the already existing effective rainfall amount 

(Ra) was an important aspect of the slide generation (Guzzetti et 

al., 2007; Take et al., 2015). Since there is no agreed-upon method 

for calculating the amount of the earlier effective rainfall, we 

adopted the following expression for its calculation (Ra) (Wei et 

al., 2006): 

(1)

where Rt is the rainfall amount of the tth day; at is the rain 

attenuation coefficient, and at = 0.5t/T; T is the half-life period of 

the precipitation, generally T = 1d. Calculations using the rainfall 

data give Ra = 0.135 mm. This low value indicates that this slide 

did not belong to the rain-induced landslide. 

4.2 Isotropic Consolidation Undrained Test and Direct 
Shear Tests

According to the information provided by the State Administration 

of Work Safety, the Hong′ao Site did not construct a drainage system 

(http://news.xinhuanet.com/2016-03/09/c_1118283481.htm). 

The landfill was continuously built with the groundwater could 

not drain out. This working condition equated to the undrained 

triaxial test of saturated spoil masses. Therefore, we conducted 

the CIU test to investigate the pore pressure variations in the 

saturated spoil accumulation. 

4.2.1 Isotropic Consolidation Undrained Test
The CIU test was conducted with respect to the landslide 

mechanism under the stress-strain control to study the stress-

strain characteristics of the saturated spoil under pressure from 

multiple layers. The spoil specimens were selected as representative 
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Fig. 11. Daily Rainfall (mm) in the Guangming New District in December 
2015 Fig. 12. The Conventional Static Triaxial Apparatus
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of the spoil samples at the landslide site on December 22, 2015. 

The test used the conventional static triaxial apparatus (Fig. 12). 

An oven-dried specimen was put through a 5 mm mesh screen. 

Enough water was added to mix it uniformly before pounding 

the sample into 5 layers into a 6.18 × 12.5 mm mold. 

Then, the specimen was subjected to the confining pressure 

and back pressure, which we increased by 30 kPa, with a pressure 

difference of 20 kPa. The observation record was made of the 

changes in the pore water pressure and confining pressure in the 

saturation process. The ratio of the former over the latter was 

taken as the saturation degree B. When the value B 0.95, the 

spoil specimen became saturated (Skempton, 1954). The saturated 

specimen was put under the required effective stress conditions 

for solidification to dissipate at least 95% of the pore water 

pressure. After this, the drain valve was closed as the confining 

pressure remained unchanged for the undrained shear test. 

During this test, the axial compression pressure was exerted on 

the specimen at a rate of 0.075 mm/min until its axial stress 

reached approximately 18%. We applied a range of confining 

pressures (50 kPa, 100 kPa, 150 kPa, 200 kPa, 300 kPa, and 400 

kPa) to reflect the characteristics of the confining pressure 

increments in the lower part of the layered accumulation. The 

spoil accumulation was a loose, saturated body, so the initial dry 

density was regulated to 1.5 for every specimen throughout the 

test. The CIU test results are shown in Fig. 13. 

It can be seen from Fig. 13 that the specimens have the following 

characteristics: 

1. The shear stress reached a peak value when the axial strain 

was lower than 2%. Thereafter, all specimens exhibited 

strain softening behavior, i.e., further increase of axial 

strain led to a decrease of deviatoric stress beyond the peak 

value. The specimens were assumed to have been at a 

steady state when the axial strain was about 18%, because 

of the insignificant change in deviatoric stress. The steady 

state is that state in which the mass is continuously 

deforming at a constant volume, constant normal effective 

stress, constant shear stress, and constant velocity (Sladen 

et al., 2011);

2. The pore pressure kept increasing during the softening 

process, and thereafter reached a high level with no decrease. 

The CIU test results indicated that the spoil had static 

liquefaction characteristics. Static liquefaction enables the 

landfill to slide fast with a long sliding distance, and it is 

transferred to the flowslide with a high liquidity (Iverson et 

≥

Fig. 13. CIU Test Results: (a) Curves of the Deviatoric Stress vs. Axial Strain, (b) Curves of the Pore Water Pressure vs. Axial Strain, (c) Curves of the 
Average Effective Stress vs. Shear Stress
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al., 1997). The strain softening behavior with a high pore 

pressure indicates that a shortening contraction existed 

during the shearing of the specimens (Dai et al., 1999). The 

shearing contraction makes the excess pore water pressure 

impossible to dissipate in a timely fashion, which results in 

a reduction of the effective stress that causes the shearing 

contraction failure. This process is very quick, usually 

occurring with the sudden sliding of the spoil mass. 

4.2.2 Direct Shear Tests
A direct shear test was performed on the specimens with different 

water contents to reveal their shear strength parameters for 

analysis. The variation curve of the water content vs. cohesion 

and internal friction angle is plotted in Fig. 14 using our 

laboratory findings. A softening effect of the water content on 

the spoil mass is obvious from its mechanical parameters. As the 

water content increases, the cohesion c increases up to a peak of 

20 kPa before decreasing rapidly. The friction angle φ decreases 

monotonically over the whole range of the water content.

4.3 Numerical Analysis of the Municipal Solid Waste    
Accumulation under the Layered Load

4.3.1 The Groundwater Level Analysis and Numerical 
Simulation Theme 

The Hong′ao Waste Site was a typical valley-type landfill. The 

area of the quarry was about 6.7 × 104 m2. The catchment area 

was 3.5 × 105 m2
, which is about 5 times the size of the quarry. As 

shown in Fig. 15, the annual accumulated rainfall in the 

catchment area between January 1, 2014 and December 20, 2015 

was nearly 3,350 mm. Research on the underground water table 

of this landslide (Yin et al., 2016) indicated that the stone pit was 

not dewatered beforehand and the lack of drainage facilities 

causing groundwater below the elevation of 63 m undischarged. 

So the initial ground water table was set to be 63 m in our 

simulation model. 

Then, according to the rainfall and atmospheric transpiration data 

released by the Shenzhen Weather Bureau (http://www. 

szmb.gov.cn/), six working conditions were designed for simulating 

the layered accumulation of the spoil mass that occurred over nearly 

2 years (Table 2). The rise of the groundwater levels under each 

working condition was determined using the water budget method: 

 (i = 1 − 6) (2)

Where h0 is the initial water table and h0 = 63 m; hi, Hi and Ai

are the groundwater level, the rainfall and the atmospheric 

transpiration of each working condition, respectively; Sc is the 

catchment area, about 3.5 × 105 m2; S is the area of the quarry, 

about 6.7 × 104m2. 

4.3.2 Numerical Analysis Method and Model Parameters
Our simulation model used the couple method through the Seep/

w module and Slope/w module of Geo-studio software, the 

Bishop method with a transient seepage simulation was applied 

to investigate the stability of each working condition. In our 

simulation model, the spoil below the water table was considered 

saturated. The cohesion and friction angle were set to 4 kPa and 

14.5o, because these values correspond to saturated conditions 

and to a water content of about 26%. For the similar reason, the 
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Fig. 14. Variations in the Cohesion (c) and Friction Angle (ϕ) as a 
Function of the Water Content

Fig. 15. Monthly Rainfall and Cumulative Rainfall from January 2014 to 
December 2015 in the Guangming New District

Table 2. Numerical Simulation Scheme

Working 
condition

Backfill elevation
on slope (m)

MSW volume
(m3)

Groundwater 
table (m)

Rainfall
(mm)

Atmospheric 
transpiration (mm)

Date
(day/month/year)

Duration
(days)

1 50 − 75 2.25×106 67.0 1,868 1,120  Before 1/3/2015 365

2 75 − 85 0.75×106 66.9 70 172 1/3/2015 − 30/4/2015 61

3 85 − 95 0.75×106 68.2 440 200 1/5/2015 − 30/6/2015 61

4 95 − 105 0.75×106 69.7 512 232 1/7/2015 − 31/8/2015 62

5 105 − 115 0.75×106 70.2 370 145 1/9/2015 − 31/10/2015 61

6 115 − 125 0.55×106 70.1 92 90 1/11/2015 − 20/12/2015 50
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values above the water table (corresponding to the unsaturated 

conditions) were set to 10 − 18 kPa and 17o − 30o. The granite 

bedrock was considered as a non-slipping stratum for the elastic 

model calculation. The landfill and the retaining dam were 

simulated with the Mohr-Coulomb model, which included the 

other physical-and mechanical parameters resulting from the 

researches on the engineering properties of similar granite-

weathered earth in the Shenzhen region (Dai et al., 1999; Zhang, 

2009; Yin et al., 2016). The parameters for the numerical model 

were as follows:

4.3.3 Model Result
The safety factor Fs in each working condition (1-6) was shown 

in Table 4. The stability analysis and seepage simulation result of 

working conditions 1-6 were shown in Fig. 16. As shown in 

Table 4, the safety factor decreases with the rising pore-water 

pressure at the front top and bottom of the landfill. As for the 

working conditions 1 and 2, the elevation of groundwater level 

was 67.0 m and 66.9 m, respectively (Table 2). The pore-water 

pressure at the front top was 0 − 60 kPa (Table 4) in the transient 

seepage simulation meaning a weak influence of seepage on the 

front top (Figs. 16(a) and 16(c)). Therefore, Fs in working conditions

1 and 2 showed a relative stable state of MSW (Figs. 16(b) and 

16(d)). The groundwater level of working condition 3 rose from 

66.9 to 68.2 m, due to the lack of drainage system and transient 

seepage effect, the saturated zones propagated at the bottom of 

landfill and the pore-water pressure increased gradually (Fig. 16(e)). 

Therefore, the stability of working condition 3 decreased

continuously, coming close to a critical state (Fig. 16(f)).

With the groundwater level rising from 68.2 m to 69.7 m in 

the working condition 4, the bottom of the stone pit had the 

maximum pore-water pressure of 550 kPa, and the pressure at the 

front part of the landfill was 100 − 120 kPa (Fig. 16(g)). A 

potential unstable zone with a volume of 0.9 × 106 m3 began to 

appear at the front of the landfill (Fig. 16(h)). In the working 

conditions 5 and 6, the potential unstable zones propagated 

quickly from the front top to the rear part of the landfill, the 

stability of landfill deteriorated remarkably ((Figs. 16(i) −

 16(l)). According to the Terzaghi's consolidation theory, Okura 

et al. (2002) and Wang and Sassa (2009) classified the pore-

water pressure into two kinds including seepage-induced pore-

water pressure and external load induced pore-water pressure. 

The gradual loading from the upper MSW placement caused 

the consolidation of bottom saturated soil mass, which will 

induce the excess pore-water pressure. Due to the lack of 

drainage facilities, the excess pore-water pressure induced by 

the external load and underground water transient seepage 

increased continuously, resulting in the potential unstable zones 

expanded quickly and aggravate the failure of the Hong’ao 

landfill. 

5. Discussion

5.1 Drainage of the Hong’ao Site
Due to a large upstream catchment area and the lack of groundwater 

runoff drainage at the Hong′ao Site, the amount of underground 

water gradually gathered at the bottom spoil over a period of 

nearly 2 years, resulting in a landslide disaster with serious 

casualties. For waste disposal sites with a large catchment area, 

the rising underground water table is a non-negligible factor that 

declines the stability of the spoil accumulation. For example, due 

to the groundwater seepage effect, the loss of fine particles may 

result in internal erosion in the retaining dam or spoil accumulation,

which could cause seepage failures such as piping. Piping frequently 

occurs in the coarse-grained soil when Cu > 10 (Istomina et al., 

1975; Skempton and Brogan, 2015). The spoil of the Hong′ao 

accumulation was classified as sandy silt, and the value of Cu

Table 4. Factor of Safety Fs of the Working Condition 1 − 6

Working
condition

Factor of safety
Fs

Potential unstable  
zone volume (m3)

Total volume of 
MSW(m3)

Pore-water pressure at  
the front of landfill (kPa) 

Pore-water pressure at the  
bottom of landfill(kPa)

1 1.3 0 2.25 × 106 0 − 40 400 

2 1.2 0 3.00 × 106 40 − 60 450 

3 1.0 0 3.75 × 106
60 − 100 500 

4 0.9 0.9 × 106 4.50 × 106 100 − 120 550 

5 0.8 1.5 × 106 5.25 × 106 120 − 140 600 

6 0.7 2.2 × 106 5.75 × 106 140 − 180 700 

Table 3. Parameters for the Numerical Model

Material
γ 
(kN.m−3)

C

(kPa)
ϕ

(°)
Hydraulic 
conductivity k (m·d–1)

Bedrock 24.5 15,000 45 1 × 10–10

Working 

Condition 1

17 − 20 4 − 18 14.5 − 24 0.05 − 0.00005

Working 

Condition 2

18 − 20 4 − 18 14.5 − 30 0.15 − 1.5

Working 

Condition 3

16 − 19 4 − 18 14.5 − 30 0.2 − 2.0

Working 

Condition 4

15 − 18 4 − 18 14.5 − 30 0.25 − 2.5

Working 

Condition 5

14 − 17 4 − 18 14.5 − 30 0.25 − 2.5

Working 

Condition 6

14 − 17 7 − 10 14.5 − 30 0.3 − 3.0

Retaining dam 20 20 17 − 30 0.05 − 0.00005
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was 12.14, thus indicating the spoil met the requirement for 

piping. Constructing a drainage system is an effective way to 

prevent and control the piping and other seepage failures. A 

system of ditches, dewatering orifices, and pit-rimming catchwaters 

should be constructed to remove the overland and groundwater 

runoff. Dewatering orifices should be cleaned periodically, and 

Fig. 16. The Stability Analysis and Seepage Simulation Result of Working Condition 1 − 6: (a) Pore-Water Pressure of Working Condition 1, (b) Factor of 
Safety of Working Condition 1, (c) Pore-Water Pressure of Working Condition 2, (d) Factor of Safety of Working Condition 2, (e) Pore-Water 
Pressure of Working Condition 3, (f) Factor of Safety of Working Condition 3, (g) Pore-Water Pressure of Working Condition 4, (h) Factor of 
Safety of Working Condition 4
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pit-rimming catchwaters should be built deep enough to intercept 

the groundwater runoff. In areas where the groundwater runoff 

acts at a greater depth, there should be a combination of a vertical 

diaphragm and cut-off ditch to intercept its slope-led flow.

5.2 Periodic Monitoring of the Mass Movement and 

Groundwater Table
The Hong′ao Site suffered from the absence of periodic inspections 

of the slope, including the groundwater level and mass movement. 

A rise in the groundwater table and the gradually-lowered 

stability of the accumulation resulted in the landslide accident. 

During construction, regular monitoring of the slope displacement is 

necessary. Regular monitoring is of great importance in that it 

can find a number of mechanical parameter variations in the 

accumulation and also help warn of a potential mass movement 

under extreme weather conditions (for example, heavy rainfall). 

Regular monitoring can increase the survival time for the masses 

living downstream and reduce their losses. 

5.3 Design and Construction Codes and Proposal for 
Waste Disposal Sites

The Hong′ao Site lacked specific construction guidelines for its 

design and this resulted in the obvious deficiency in the job 

specifications for engineers working with spoil storage and 

backfilling. Therefore, it is necessary to establish a set of norms 

for urban waste dumping and disposal in order to prevent 

similar disasters. Layered spoil accumulation of this kind 

should have been managed in a similar way to roadbeds or dam 

buildings: each finished layer requires a waiting period to allow 

the pore pressure to dissipate from within. The construction 

speed should be regulated properly to make sure the layers 

are compacted equally. A greater degree of compactness 

induces a higher intensity of the spoil and strengthens the 

stability. As for the thicker layers, a standard moisture-

Fig. 16. (continued): (i) Pore-Water Pressure of Working Condition 5, (j) Factor of Safety of Working Condition 5, (k) Pore-Water Pressure of Working 
Condition 6, (l) Factor of Safery of Worting Condition 6

Fig. 17. The Timeline of Hong’ao Landslide
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density test must be conducted to obtain their optimum water 

contents and maximum dry densities as a standard for layered 

compaction.

5.4 The Timeline and Mechanism of This Landslide
The timeline of this landslide is shown in Fig. 17. As shown in 

Fig. 17, in December 2013, a huge man-made lake was formed 

in the Hong′ao stone pit without drainage measure. In January 

2014, the retaining dam was constructed in the north edge of 

stone pit. Then the spoil mass was compacted in layers with 

10 m thickness for each every 4 months (Fig. 17). The landslide 

occurred in December 2015 after the sixth layer was constructed. 

The failure mechanism was described as follows: Due to no 

drainage facilities constructed in this site, atmospheric precipitation 

and groundwater all over the upstream catchment area converged 

into the spoil mass and made the underground water level rising 

continuously in almost 2 years. The transient seepage of underground 

water raised pore pressure of spoil mass and soften the bottom 

saturated soil. The groundwater seepage effect may also cause 

internal erosion of the retaining dam, stability analyses indicate 

once the dam failed a circular failure mechanism rapidly propagated 

through the waste spoil. CIU test revealed the static liquefaction 

phenomenon appeared in the lower part of spoil mass, which was 

beneficial to the flowslide flowing extremely rapidly to 700 −

800 m.

6. Conclusions

The huge landslide that happened at Hong′ao Waste Disposal 

Site in Shenzhen was investigated to better understand its 

characteristics and mechanism by means of site investigation, 

geotechnical tests, and numerical stimulation. The following 

conclusions can be drawn:

1. The Hong′ao landslide is a rapid and long runout landslide 

of MSW, which is the largest and most disastrous landfill 

landslide in China to date. However, both the antecedent 

effective rainfall and the intraday rainfall were too small to 

trigger this landslide. Due to the lack of drainage system 

and the basin-like structural bottom of the granite bedrock 

which should be viewed as impermeable boundary, large 

amount of groundwater all over the catchment area converged 

into the lower part of the landfill and was not able to drain 

away in a timely fashion, resulting in a rising local groundwater 

table at the bottom of the spoil accumulation. The volume 

of MSW was in exceedance of the design storage capacity, 

this unregulated disposal activities plus the impossibility of 

the drainage of the groundwater within and created an 

undrained load working condition, resulting in the static 

liquefaction of the loose saturated spoil masses. The static 

liquefaction was verified by CIU test, the excessive pore 

pressure reduced the resistance during the sliding, and the 

relative elevation difference between the front top and rear 

was so great (about 90 m) that it provided the effective 

potential for a start-up acceleration to slide for a distance of 

700 − 800 m.

2. It is urgent to establish a set of norms for urban waste 

dumping and disposal to prevent similar failures. In the 

design of a waste disposal site, an effective groundwater 

drainage system is indispensable, such as site-rimming 

catchwaters and the intercepting blind ditch. Deep pumping

shafts drilled along the slope toe can be used in an 

emergency to decrease the water table. Meanwhile, the 

MSW should be compacted to target dry density, moreover, 

periodic monitoring of the displacement and the groundwater 

table provides is also a necessity for landslide prediction.
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