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中文摘要 
自然土壩破壞的眾多破壞機制之一是滲流侵蝕引起的邊坡破壞。

滲流侵蝕使土壤粘結鬆動，導致土壤結構失效。本研究通過實驗室試

驗確定了滲流侵蝕引起的臨界地下水位。進行了砂箱實驗以模擬土壩

與水的接觸。首先基於土壤的邊坡穩定性，發展破壞的臨界地下水位

控制方程。其次以實驗室實驗，測試控制方程式之正確性。控制方程

算出地下水的臨界高度為 19.117厘米，實驗將地下水高度保持在 16 厘

米、18 厘米和 20 厘米。試驗結果發現，大壩在地下水位達 18 厘米時

發生潰壩，與方程式推算結果相近。 

關鍵詞：渗流侵蝕，滑坡，滑坡壩，砂箱試驗，邊坡穩定 
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Abstract 

One of the many failure mechanisms for natural earth dam failure is slope 

failure due to seepage erosion. Seepage erosion loosens the soil bonding 

causing failure in soil structure. This research determine the critical 

groundwater level due to seepage erosion by laboratory experiment. A 

sandbox experiment is done to recreate the landslide dam’s exposure to 

water. A governing equation has been developed for the critical groundwater 

level for the failure of the landslide dam. The governing equation is based on 

the slope stability of the soil. Thereafter, that governing equation has been 

justified by the laboratory experiment. The experiment was done by varying 

the height of water near the value found by the governing equation. The 

governing equation gave the critical height of the groundwater is to be 

19.117cm. the experiment was done keeping the heights of groundwater at 

16cm, 18cm, and 20cm. The experimental result showed that the dam failed 

at an 18cm groundwater level. The result found by the experiment satisfies 

the value from the equation. 

Keywords: seepage erosion, landslide, landslide dam, sandbox experiment, 

slope stability
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1. Chapter 1: Preface 

1.1. Introduction 

Landslide dams develop when a river is obstructed by mass movements such 

as rock avalanches, landslides, and debris flows caused by earthquakes, heavy 

rainfall, and other causes (Korup, 2002). Landslide dam failures may result in 

disastrous outburst floods (or debris flows) that inundate downstream regions, 

resulting in fatalities and property destruction (Evans, 1986; King et al., 1989; 

Walder & O’Connor, 1997; Becker et al., 2007). Landslide dams can vary in 

scale from a few cubic meters in volume and a few decimeters in height to 

multiple cubic kilometers in volume and several meters in height, and they can 

completely block an entire mountain valley (Hermanns, 2013). In all cases, 

the damming adds to the landslide hazard thanks to combinations of flooding 

of the valley upstream of the dam, diversion of the watercourse, and 

catastrophic flooding of downstream areas if the dam fails. 

Natural dams can result in upstream flooding when the lake level increases 

and downstream flooding if the dam fails(Costa & Schuster, 1988). There are 

many examples of downstream flooding due to the failure of landslide dams, 

such as the Tsatichhu landslide dam in Bhutan, which failed due to dam-face 

saturation and progressive seepage (Dunning et al., 2006), Castle Lake near 

Mount St Helens, Washington, seepage-induced instabilities (Meyer et al., 

1994), Bairaman landslide dam in Papua New Guinea, due to seepage (King 

et al., 1989). 

Most landslide dams fail by overtopping (Costa & Schuster, 1988; Evans et 

al., 2011), when the landslide dammed lake fills with water, and erosion of the 

dam crest starts down cutting into the deposit. However, overtopping by 

displacement waves induced by a mass movement into a landslide-dammed 

lake has been confirmed and is a significant hazard where vast unstable slope 
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areas or glaciers occur above the lake (Hermanns et al., 2004). Other forms of 

breakdown include piping (Meyer et al., 1994), gradual upstream erosion 

(Hancox et al., 2005), and the downstream face of the dam slidingly collapsing 

(Beach et al., 2006). All of these processes are self-accelerating, as the more 

water that escapes growth, the faster the outflow velocity increases and the 

faster the material erodes. Consequently, erosion of landslide dams often 

results in breaching. Max discharges through such failures may be many times 

those of a river's seasonal peak flow, with amounts of many tens to more than 

100,000 m3 /s (Evans et al., 2011). Such discharges have the potential to flood 

a considerable portion of the river valleys downstream, causing disruption and 

devastation to bridges, towns, farm fields, and hydropower infrastructure in 

the days following the wave's descent (Evans et al., 2011). These volumes of 

water and solids flushing downstream may significantly impact more than 

1,000 km deep valleys (Schuster, 2006; Evans et al., 2011). This downstream 

sediment flush is not limited to the breach case itself but continues for years, 

causing aggravation in the river system (Davies & Korup, 2007). The failure 

of a landslide dam due to seepage erosion is the focus of this study. Seepage 

flow in a dam is defined as water movement from the dam's upstream to 

downstream sides via the embankment beneath the foundation base. Seepage 

in dams is primarily determined by soil properties such as plasticity, soil 

gradation, degree of compaction, and so on. Poorly graded soil has a lower 

resistance to seepage. The soil in the landslide dam is primarily poorly graded, 

and the degree of compaction is low due to self-compaction. 

1.2. Structure of the study 
This study consists of five chapters.  

Chapter 1 is the preface, where the introduction and objective is discussed. 

Chapter 2 is literature review, here the previous studies related this study is 

discussed. 
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Chapter 3 is theory and experiment, here all the theory related to the study is 

and the experiment procedure is discussed. 

In chapter 4 the experimental outcome is discussed. 

Chapter 5 is the conclusion, here the research is concluded. 

 

1.3. Objective 

The main objective of this study is to develop a governing equation for 

predicting the critical water level for landslide dam failure and create a small 

prototype of a landslide dam and expose it to the pore pressure to trigger the 

seepage erosion and critical velocity of the seepage erosion.  
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2. Chapter 2: Literature Review 

2.1 Landslide Dam 
In geologically active areas, landslide dams form mainly in steep and narrow 

valleys but also in open stream valleys. The most common landslide processes 

are the avalanches, slumps, slides, and flows caused by over-snow or 

precipitation, or earthquakes. At least six types of landslide dams vary 

morphologically, and the risk of failure and flooding varies accordingly (Costa 

& Schuster, 1988). 

Table 2-1: Types of landslide dams according to their morphology 

Types Description 

Type I Dams are modest in comparison to 

the breadth of the valley floor and do 

not span the entire valley. 

Type II Dams are larger and span the valley 

floor, dropping debris high on 

opposite valley sides in some 

situations. 

Type III Dams fill the valley from side to side, 

travel long distances up and down the 

valley after the failure, and often 

involve the most landslide debris. 

Type IV Landslide dams are formed when 

material from both sides of a valley 

fails at the same time. The landslides 

can be next head-to-head in the 

valley's middle, or they can be 

juxtaposed. 
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Type V Landslide dams form when a single 

landslide contains many lobes of 

debris that spread over the valley 

floor and construct two or more 

landslide dams in the same river 

reach. 

Type VI Landslide dams are made up of one 

or more failure surfaces that run 

beneath a stream or river valley and 

emerge on the other side of the valley 

from the landslide. Slow basal 

sliding and slumping are common 

features of these dams, which 

generate lakes by raising the height 

of the streambed and modifying the 

stream's local gradient. 

Reference:  (Costa & Schuster, 1988) 

Landslide dams fail fast after training (half failed within ten days of formation, 

and only 15 percent last more than a year). The primary fault mechanism by 

far overtops and violates head-to-head erosion (Costa & Schuster, 1988). 

Milder slopes on the initial dam surface and higher gravel content in the dam 

will significantly strengthen the dam, reduce the likelihood of dam collapse, 

and thereby influence the flood. Cohesive clay can act to minimize seepage 

through the dam and subsequent subsidence, as well as significantly alter the 

timing and rate of the dam failure phase (Cao et al., 2011). The textural 

features of landslide dams, which are governed by particle size distribution 

and hydrodynamic conditions of the inflow discharge, have a significant 

impact on landslide dam collapse mechanisms and processes (Zhu et al., 2020). 
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A high steady water level in the reservoir or a progressive rise in the water 

level leads water to penetrate the dam body, increasing mobilized shear stress 

and causing the dam to break by rapid collapse when it gets larger than the 

dam's resistance to shear stress (Awal et al., 2007). 

The rate at which the water level rises upstream of the dam body is determined 

by the rate of moisture migration within the dam. The saturated hydraulic 

conductivity and van Genuchten parameters, which are dependent on the sand 

mix and compaction, are the most important parameters for guiding moisture 

transport and, as a result, dam failure time (Regmi et al., 2013). The 

deformation behaviour of the landslide dam model is associated with the 

fluctuation in turbidity of the seepage flow. The hyper-concentrated seepage 

flow could be a sign that the landslide dam is about to fall. Turbidity can only 

be used for landslide dams with abundant fine particles during the early stages 

of internal erosion. Turbidity cannot be used in a landslide dam prone to long-

term plumbing and internal erosion because the conveyed particle size may 

become too large to generate murky water (Wang et al., 2018). 

 

Table 2-2: List of Landslide dams failed due to Seepage erosion. 

Place Type Time to 

failure 

Failure 

Mechanism 

Reference 

France 

Isere 

Department, 

NE of Livet 

Romanche 

River; St. 

Laurent Lake 

Avalanche, 

rock /flow, 

debris 

10,220 

Days 

Erosion of 

downstream 

face. 

(Montandon, 

1933); 

(Eisbacher, 

1984) 
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India 

Uttar Pradesh 

State, 

Garwhal 

District 

Birehi Ganga 

River; Gohna 

Lake 

Slide, rock 338 Days Overtopping 

(with 

seepage) 

(Holland, 

1894);  

Italy 

Calabria 

Region 

Buonamico 

River; Lake 

Costantino 

Slide, rock 

/avalanche, 

rock 

31 Days Piping (Guerricchio, 

1973); 

(Ergenzinger, 

n.d.) 

Peru 

Ayacucho 

Department, 

Cerro Condor-

Seneca 

Mantaro River 

Slide, rock 73 Days Piping and 

seepage. 

(Snow, 1964) 

U.S.S.R. 

Kirghiz 

S.S.R., 

Kichik·Alay 

Mountains 

Tegermach 

River; Lake 

Yashilkul 

Fall, rock and 

debris 

48,000 

Days 

Piping (Glazyrin & 

Reyzvikh, 

1968); 

(Pushkarenko 

& Nikitin, 

1988) 

 



 
 
 
 
 
 
 
 
 
 
 
 

 

 

8 

 

2.2 Seepage erosion of soil 
The passage of a fluid, usually water, through the soil under a hydraulic 

gradient is known as seepage. If the 'hydraulic head' between the two places 

differs, a hydraulic gradient is anticipated to exist between them. The total of 

the location or datum head and the pressure head of water is referred to as the 

hydraulic head. 

Seepage parallel to the path is the limited condition for a failure of the 

Coulomb type. Three factors: the fluctuation of the river phase, rise in the river 

phase, and the permeability of the soil control the number of sediment 

involved in the erosion of the sediment. The greater the range, the higher the 

river stage and the more permeable the active area of the inlet erosion. Cyclic 

aggravation and erosion of sediment are caused by the sediment contained by 

the stable slope of this drain and the maximum incline angle, depending on 

the regime of dam releases, local hydraulic conditions, and sediment 

availability. (Budhu & Gobin, 1995) 

Increased porosity and reduced safety are given internal erosion is the result 

of migration of fines. For the stability of dams, the long-term density of fine 

particles is very important. The differences in porosity and the security factor 

between internal and non-erosion cases are small, where the long-term density 

of fine particles is almost identical to their initial density. In this situation, the 

incidence of inadvertent pitfall is the main factor. When analyzing the stability 

of natural dams, the internal erosion can be ignored to avoid complex 

calculations (Jiang et al., 2020). 

When the seepage flow direction is perpendicular and emerging from the slope, 

it is the most critical condition for slope stability, and when the flow direction 

is vertically downward, it is the least critical (Ghiassian & Ghareh, 2008). 
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The maximum depth of erosion, rather than the volume of lost material, 

determines how much soil erosion contributes to the crucial Factor of Safety 

(Vandamme & Zou, 2013). 

When the long-term density of tiny particles is nearly the same as the initial 

density, the difference in porosity and factor of safety between cases with and 

without internal erosion is minimal. As a result, seepage is the primary cause 

of slope failure (Jiang et al., 2020). 

Coarse-grained soils and high infiltration rates result in the creation of positive 

pore water pressures, which cause the slope to collapse due to seepage forces. 

Fine-grained soils and low infiltration rates do not result in the creation of 

positive pore pressures, and failure occurs more frequently as a result of the 

loss of suction-induced shear power (Collins & Znidarcic, 2004). 

2.3 Stability of Slope 
Slope stability is commonly described in terms of shear stress and shear stress, 

with the majority of external factors increasing shear stress and the majority 

of internal factors decreasing shear strength (Terzaghi, 1962). Stability may 

be determined by examining the relationship between driving and resisting 

stresses. The production of shear stresses contributes to the collapse of the 

majority of landslide forms. The resisting stresses are the residue of 

reactionary stresses and can be thought of as the slope's mobilized shear power 

in relation to the shear stresses (McColl, 2015). The geometry of the slope, 

initial loading conditions, boundary conditions, and other material properties 

all play a role in slope stability analyses, as does the choice of appropriate 

shear strength values (Gündo, n.d.). 

Slopes, both natural and man-made, are often categorized as finite or infinite. 

The equilibrium of force acting on a probable slope failure surface can be used 

to examine the stability of a finite slope. The complexity of a finite slope's 

stability analysis is determined by the nature of the materials the slope and the 
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loading circumstances associated with the probable failure surface. An infinite 

slope is a slope with a constant slope and a small depth. The soil is considered 

to be homogeneous in most circumstances, however, an infinite slope could 

contain non-homogeneous material (Ahmad, n.d.). There is a maximum stable 

seepage slope below which slope failures are uncommon for sandbars if 

instability is induced by outward groundwater seepage. Depending on the dam 

discharge regimes, sands deposited between this maximum stable seepage 

slope and the maximum depositional slope angle will cyclically aggravate and 

erode. For freshly deposited sediments subjected to externally directed 

seepage forces, the maximum stable seepage slope provides the desired failure 

surface (Budhu & Gobin, 1995).  
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3. Chapter 3: Theory and Methodology 

3.1. Theory 

3.1.1 Seepage 
Seepage, also known as seepage flow, is the slow movement of liquid through 

small gaps or cracks in the surface of unsaturated soil in hydrology. Seepage 

flow weakens the soil mass. And seepage is one of the most common factors 

in the failure of earthen dams, whether it is natural or men made. It directly 

affects the stability of the dam slope due to a rise in the pore water pressure, 

which leads to internal erosion, which further leads to piping. 

The phreatic line, the pore pressure inside the dam or in its base, the exit 

gradient at the dam's downstream face, and the amount of seepage flow that 

can pass through the dam's cross-sections are all investigated during the 

seepage analysis in the earth dam. 

3.1.2 Effective stress 
The relationship between water pressure and mobilized stress in a soil matrix 

is determined by effective stress. Simply put, it's known as: 

 𝝈′ = 𝝈 – Pw (1) 

 

Effective Stress (𝝈′) = Actual pressure of the soil  

Total stress (𝝈) = The total pressure of the soil.  

Pore Water Pressure (𝒖) = The pore water pressure. 

3.1.3 Slope stability 
Slope stability is the primary means of quantitatively assessing the level of 

stability of a slope, done using a Factor of Safety. Soil tends to fail in shear; 

these concepts directly govern slope failures. Soil has shear strength, 

conventionally defined as friction and cohesion. • At a given shear surface, 

there is shear stress, induced by:  

• The gravitational mass of the soil.  

• Water pressures.  

• Overloading, seismicity, etc.  

Figure 1 shows the the gravity forces and seepage erosion acting on an element 

from a slope of infinite slope. The governing equation is derived as follows. 
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Figure 3-1: Infinite slope 

Assuming that soil gravity and water gravity are the principal factors on 

changes in slope movement. The difference between destabilising forces (), 

which are based on weight and slope and are constant, and resisting forces (r), 

which are based on water pressure at the slip surface, governs the landslide 

dynamics. The normal, lifting, and shear stresses can be defined as follows, 

assuming forces vertical and parallel to the slope (洪耀明, 2018): 

 
σ =

𝑊 cos𝛼
𝑏/ cos𝛼

=
𝛾𝑏𝐻 cos𝛼
𝑏/ cos𝛼

= 𝛾𝐻 cos2 𝛼 
(1) 

and  

 p𝑤 =
𝛾𝑤𝐻𝑤 cos𝛼
𝑏/ cos𝛼

= 𝛾𝑤𝐻𝑤 cos2 𝛼 (2) 

and 

 
 =

𝑆

𝑏/ cos𝛼
=
𝛾𝑏𝐻 sin𝛼
𝑏/ cos𝛼

= 𝛾𝐻 sin𝛼 cos𝛼 
(3) 

Where  is the slope angle;  is the specific weight of solid; H is the height 

from slip slope to the surface; Hw is the height from slip slope to the water 

table. 

For a local point of the landslide where infinite slope conditions apply, 

resisting forces can be estimated using Mohr-Coulomb criterion, depending 

on cohesion and friction as follows: 

 𝜏𝑟 = c + (𝜎 − 𝑝𝑤)𝑡𝑎𝑛𝜑 = 𝑐 + (𝛾𝐻 − 𝛾𝑤𝐻𝑤) cos2 𝛼 tan𝜑 (4) 

where c is the cohesion, σ is the normal stress, pw is the groundwater 

pressure, and  is the friction angle, all magnitudes referred to the slip 



 
 
 
 
 
 
 
 
 
 
 
 

 

 

13 

 

surface (Corominas et al., 2005). pw is the temporal variable in the 

resisting shear stress. The critical condition occurs in =r. A large GL 

will increase pw, and decrease τr, and induce landslide finally. 

Replacing Eq. (4), the threshold of groundwater level pwc can be written 

as 

 𝑃𝑤𝑐 = σ − (𝜏 − 𝑐)/ tan𝜑 (5) 

Substituting Pwc by Hwc by Equcation (1b), the maximum groundwater level 

Hwc will be 

 𝐻𝑤𝑐 = (γ 𝛾𝑤⁄ )H − (𝛾𝐻 sin𝛼 cos𝛼 − 𝑐)/(γ𝑤 cos
2𝛼 tan𝜑) (6) 

 

Equation (6) displays that Hwc is the function of  specific weight of solid and 

water, the resisting forces, the cohesion, the slope angle, and the frictionn 

angle. 

 

3.2. Laboratory Experiments 

3.2.1. Preliminary Experiments 

Calibration is mostly used to ensure that the sensors (soil pressure and pore 

pressure meter) are compliant with our assumptions. The most effective 

method is to attain relationships by the use of laboratory instruments and 

resources with well-defined constitutive relationships. Real-world landslides 

cannot be used to calibrate models since the timing of real-world landslides is 

unclear, and the aspects of motion are not well understood. The experimental 

experiment was conducted in our laboratory using a setup called 'sandbox.' 

The setup allowed mass to move along a path as the pore water pressure in the 

sand mass increased, simulating the lateral spreading caused by internal 

stresses. 

Calibration is used to equate those parameters derived from the simulations to 

the observed values. The criteria include the increase of pore water pressure 

inside the sand mass, the displacement of sand, and so on. For calibrating the 

sensors, initial measurements were taken, and a graph was plotted; the linear 
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equation was then determined from the graph. The following figure shows the 

pressure at different depths in the soil. 

 

Figure 3-2: Effective Pressure, Pore Pressure and Total pressure at different 

depth 

 

Soil sensor  

The sensors are exposed to the soil load and their behaviour is recorded to 

formulate an equation according the characteristics they gave in the different 

loads. 
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Figure 3-3: Setup for calibration of soil sensor 

Procedure: 
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Sensor 1 

Table 3-1: Soil Sensor 1 readings 

Height 

of soil 

(cm) 

Soil 
Transducer 

1 (Mv) 

5 3.218 

10 3.224 

15 3.222 

20 3.225 

25 3.226 

30 3.225 

 

 

Figure 3-4: Graph for soil sensor 1 calibration 
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Sensor 2 

Table 3-2: Soil Sensor 2 readings 

Height 

of soil 

(cm) 

Soil 
Transducer 

2 (Mv)  

5 4.123 

10 4.126 

15 4.129 

20 4.132 

25 4.135 

30 4.137 

 

 

Figure 3-5: Graph for soil sensor 2 calibration 
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Sensor 3 

Table 3-3: Soil Sensor 4 readings 

Height 

of soil 

(cm) 

Soil 
Transducer 

3 (Mv)  

5 3.255 

10 3.261 

15 3.263 

20 3.266 

25 3.267 

30 3.267 

 

 

Figure 3-6: Graph for soil sensor 3 calibration 
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Sensor 4 

Table 3-4: Soil Sensor 4 readings 

Height 

of soil 

(cm) 

Soil 

Transducer 

4 (Mv)  

5 3.941 

10 3.95 

15 3.957 

20 3.963 

25 3.968 

30 3.97 

 

 

Figure 3-7: Graph for soil sensor 4 calibration 
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Pore pressure sensor 

The sensors are exposed to the water load and their behaviour is recorded to 

formulate an equation according the characteristics they gave in the different 

loads. 

 

Figure 3-8: Setup for calibration of soil sensor 

Procedure: 
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Sensor 1 

Table 3-5: Water Sensor 1 readings 

Sensor (mV) Height of 

water(cm) 

Pressure(KN/m2) 

0.071 0 0 

0.08 5 0.4905 

0.087 10 0.981 

0.095 15 1.4715 

0.103 20 1.962 

0.111 25 2.4525 

0.117 30 2.943 

0.125 35 3.4335 

0.133 40 3.924 

 

 

Figure 3-9: Graph for water sensor 1 calibration 

 

 

y = 64.065x - 4.6011

R² = 0.9992

0.06

0.56

1.06

1.56

2.06

2.56

3.06

3.56

4.06

4.56

0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14

P
re

ss
u
re

(K
N

/m
2
)

Sensor Voltage (mV)

Pressure Vs Sensor Voltage



 
 
 
 
 
 
 
 
 
 
 
 

 

 

22 

 

Sensor 2 

Table 3-6: Water Sensor 2 readings 

Sensor 

(mV) 

Height of 

water(cm) 

Pressure(KN/m2) 

0.003 0 0 

0.013 5 0.4905 

0.018 10 0.981 

0.027 15 1.4715 

0.034 20 1.962 

0.043 25 2.4525 

0.05 30 2.943 

0.058 35 3.4335 

0.065 40 3.924 

 

 

Figure 3-10: Graph for water sensor 2 calibration 
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Sensor 3 

Table 3-7: Water Sensor 3 readings 

Sensor 

(mV) 

Height of 

water(cm) 

Pressure(KN/m2) 

0.298 0 0 

0.308 5 0.4905 

0.314 10 0.981 

0.325 15 1.4715 

0.333 20 1.962 

0.342 25 2.4525 

0.349 30 2.943 

0.358 35 3.4335 

0.365 40 3.924 

 

 

Figure 3-11: Graph for water sensor 3 calibration 
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Sensor 4 

Table 3-8: Water Sensor 4 readings 

Sensor 

(mV) 

Height of 

water(cm) 

Pressure(KN/m2) 

0.069 0 0 

0.08 5 0.4905 

0.091 10 0.981 

0.102 15 1.4715 

0.112 20 1.962 

0.124 25 2.4525 

0.133 30 2.943 

0.144 35 3.4335 

0.155 40 3.924 

 

 

Figure 3-12: Graph for water sensor 4 calibration 
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Soil And Water Together 

Procedure: 
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Figure 3-13: Setup for sensor calibration when subjected to water and soil 

both 

 

Table 3-9: Transducer reading when subjected to sand and water both 

Sl 
No 

pore 
(CH1) 
mV 

sand 
(CH1) 

pore 
(CH2) 

Sand 
(CH2) 

Pore 
(CH3) 

Sand 
(CH3) 

Pore 
(CH4) 

Sand 
(CH4) 

Pore 
(CH0) 

Sand 
(CH5) 

Hei
ght 

1 0.08 3.224 -
0.007 

4.119 0.295 3.285 0.084 3.146 -
0.038 

3.939 18 

2 0.083 3.23 0.018 4.123 0.307 3.289 0.09 3.149 -
0.038 

3.942 20 

3 0.087 3.233 0.025 4.127 0.312 3.29 0.094 3.149 -
0.038 

3.946 23 

4 0.09 3.235 0.028 4.13 0.316 3.291 0.101 3.15 -
0.038 

3.949 26 

5 0.095 3.237 0.033 4.133 0.324 3.292 0.108 3.152 -
0.038 

3.952 29 

6 0.1 3.239 0.037 4.134 0.328 3.293 0.115 3.154 -
0.038 

3.955 32 
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Figure 3-14: Graph for water sensor 1 when subjected to sand and water 

 

 

Figure 3-15: Graph for water sensor 2 when subjected to sand and water 
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Figure 3-16: Graph for water sensor 3 when subjected to sand and water 

 

 

Figure 3-17: Graph for water sensor 4 when subjected to sand and water 
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Figure 3-18: Graph for soil sensor 1 when subjected to sand and water 

 

 

Figure 3-19: Graph for soil sensor 2 when subjected to sand and water 
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Figure 3-20: Graph for soil sensor 3 when subjected to sand and water 

 

 

Figure 3-21: Graph for soil sensor 4 when subjected to sand and water 
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Figure 3-22: Graph for soil sensor 5 when subjected to sand and water 

3.2.2. Sandbox Experiment 
Sandbox experiment is an equation where a prototype of the landslide dam is 

made in a box and exposed to water pressure. To recreate a similar 

environment as the actual case of the field. 

Procedure  
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Experiment setup: 

 

Figure 3-23: Schemetic diadram of Experimental sutup 

 

Figure 3-24: Layout of sensor placement 

 

 

Figure 3-25: Experimental Setup 
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Dimensions 

 

Figure 3-26: Landslide Dam prototype Dimensions 

 

1. Height of the dam: 30cm 

2. Slope angle: 85.71% 

3. Base length: 65cm 

4. Top length: 30cm 

The diagram in Figure 3 26 shows the experimental setup of the sandbox 

experiment. The trapezoidal shape in the middle of the sandbox equipment is 

the landslide dam prototype. The height of the dam is 30 cm and the length is 

65 cm. The slope is kept at 85.71%. The angle of the slope is 40.600. 
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4. Chapter 4: Result and Discussion 

4.1. Result 
The following figures shows the outcome of the sandbox experiment. The 

sensor pairs 1, 2, 3 were under the dam prototype from the start, but sensor 

pair 4 was outside the dam prototype. That pair of sensors came under the 

contact of any water or sand was after the dam has started to breach. The 

experiment is done three times with different groundwater levels 16cm, 18cm, 

20cm respectively. The results from the experiments are discussed bellow. 

 

 

Figure 4-1: Setup for groundwater level 16cm 

 

Figure 4-2: Setup for groundwater level 18cm 
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Figure 4-3: Setup for groundwater level 18cm 

 

Figure 4-4: Did not fail only seepage and crack ground water 16cm. 
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(a) Top view                                                  (b) Side view 

Figure 4-5: Failure of dam 
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(b) Top view                                                   (b) Side view 

Figure 4-6: After the failure of the dam at groundwater 20cm 
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Groundwater 16cm 

 

Figure 4-7: Sensor Reading Pair 1 groundwater 16cm 

 

Figure 4-8: Sensor Reading Pair 2 groundwater 16cm 
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Figure 4-9: Sensor Reading Pair 3 groundwater 16cm 

 

Figure 4-10: Sensor Reading Pair 4 groundwater 16cm 

The dam did not fail when the groundwater level was at 16cm. Therefore, there 

is no drop in soil pressure. The drop in water level is because of the seepage 

flow as the water flowed out. 
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Groundwater 18cm 

 

Figure 4-11: Sensor Reading Pair 1 groundwater 18cm 

The above Figure 4-11 the characteristics of sand and water pressure on sensor 

pair 1. In this, it can be observed that the sand pressure dropped after the 600-

second mark. That is the time when the dam failed. The 400-second mark to 

the 600-second mark is the period of breaching of sand in the dam. That is 

because of the bulking of sand as its density decreases due to an increase in 

water level. As for the water pressure, it has an average increment after the 

200-second mark till the end. The water reached sensor pair 1 at the 200-

second mark.  

 

 

Figure 4-12: Sensor Reading Pair 2 groundwater 18cm 
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The above Figure 4-12  is the characteristics of sand and water pressure on 

sensor pair 2. In this, it can be observed that the sand pressure dropped after 

the 600-second mark. That is the time when the dam failed. The 400-second 

mark to the 600-second mark is the period of breaching of sand in the dam. 

That is because of the bulking of sand as its density decreases due to an 

increase in water level. As for the water pressure, it has an average increment 

after the 200-second mark till the end. The water reached sensor pair 2 at the 

200-second mark.  

 

 

Figure 4-13: Sensor Reading Pair 3 groundwater 18cm 

The above Figure 4-13 is the characteristics of sand and water pressure on 

sensor pair 3. In this, it can be observed that the sand pressure sharply raised 

after the 600-second mark. As for the water pressure, I has increased sharply 

a bit after the soil pressure rise.  
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Figure 4-14: Sensor Reading Pair 4 groundwater 18cm 

The above Figure 4-14 The above figure is the characteristics of sand and 

water pressure on sensor pair 4. In this, it can be observed that the sand 

pressure sharply raised after the 600-second mark. As for the water pressure, 

it hasn’t changed a lot. 

Groundwater 20cm 

 

Figure 4-15: Sensor Reading Pair 1 groundwater 20cm 

The above Figure 4-15 is the characteristics of sand and water pressure on 

sensor pair 1. In this, it can be observed that the sand pressure dropped after 

the 650-second mark. That is the time when the dam failed. The 450-second 

mark to the 650-second mark is the period of breaching of sand in the dam. 

That is because of the bulking of sand as its density decreases due to an 

increase in water level. As for the water pressure, it has an average increment 
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after the 250-second mark till the end. The water reached sensor pair 1 at the 

250-second mark.  

 

Figure 4-16: Sensor Reading Pair 2 groundwater 20cm 

The above Figure 4-16  is the characteristics of sand and water pressure on 

sensor pair 2. In this, it can be observed that the sand pressure sharply 

increaded after the 680-second mark. That is the time when the dam failed. 

The 450-second mark to the 680-second mark is the period of breaching of 

sand in the dam. That is because of the bulking of sand as its density decreases 

due to an increase in water level. As for the water pressure, it has an average 

increment after the 450-second mark till the end. The water reached sensor 

pair 2 at the 450-second mark.  

 

Figure 4-17: Sensor Reading Pair 3 groundwater 20cm 
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The above Figure 4-17 is the characteristics of sand and water pressure on 

sensor pair 3. In this, it can be observed that the sand pressure sharply 

increased after the 680-second mark. That is the time when the dam failed. 

The 450-second mark to the 680-second mark is the period of breaching of 

sand in the dam. That is because of the bulking of sand as its density decreases 

due to an increase in water level. As for the water pressure, it has an sharp 

increment after the 600-second mark till the end. The water reached sensor 

pair 3 at the 600-second mark.  

 

 

Figure 4-18: Sensor Reading Pair 4 groundwater 20cm 

The above Figure 4-18 is the characteristics of sand and water pressure on 

sensor pair 4. In this, it can be observed that the sand pressure sharply 

increased after the 680-second mark. That is the time when the dam failed. 

The 450-second mark to the 680-second mark is the period of breaching of 

sand in the dam. That is because of the bulking of sand as its density decreases 

due to an increase in water level. As for the water pressure, it has a sharp 

increment after the 600-second mark till the end. The water reached sensor 

pair 4 at the 600-second mark.  
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4.2. Discussion 

The sandbox experiment conducted shows the laboratory level demonstration 

of the failure of the landslide dam. From the outcome of the experiment it is 

found that the dam failed when it is subjected to a groundwater of height 18cm 

or more. Therefore the critical ground water level for the dam failure is 18cm. 

The relation between the failure of the dam and the water level developed 

before (equation 6) can be implemented here to match with the outcome of the 

experiment and the prediction value. From the governing equation putting all 

the parameters the critical level of water can be determined. 

 𝑯𝒘𝒄 = (𝛄 𝜸𝒘⁄ )𝐇 − (𝜸𝑯𝐬𝐢𝐧𝜶𝐜𝐨𝐬𝜶 − 𝒄)/(𝛄𝒘 𝐜𝐨𝐬
𝟐𝜶𝐭𝐚𝐧𝝋) (6) 

 

c'=1.019 kPa = 10.39 g/cm2 

𝛗′=0.64228 rad 

0.7086 rad 

𝛄=1.432g/cc  

𝛄𝐰=1g/cc 

𝐇=23.5 cm 

Putting all these values in eq (6): 

Hw= 19.177 cm 

According to the experiment the critical ground water level for the dam to fail 

is 18cm. According to the governing equation the critical ground water level 

is 19.177 cm. There is a mismatch of 6.54% between experimental result and 

the result from the governing equation. 
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5. Chapter 5: Conclusion 

5.1. Conclusion 

In this study, an experimental approach has been adopted to justify a 

governing equation for determining the critical water level for the failure of a 

landslide dam. The governing equation was established by considering the 

infinite slope method. The stability analysis was done under a critical 

condition when the resisting force equals the destabilizing force. A small 

prototype landslide dam is recreated in the laboratory to perform the sandbox 

experiment. The slope angle is kept at 85.71%. In this experiment the dam 

prototype started failing due to the seepage erosion in the sample prototype. 

The sandbox experiment has been done in different level of ground water. The 

governing equation gave a critical value of 19.117cm for the failure of the 

landslide dam due to seepage erosion. The experiment was done wile keeping 

the ground water level at 16cm, 18cm, and 20cm. In the experimental result it 

has been found that the dam prototype failed when the groundwater level was 

at 18cm. In the experiment it was observed that at first the water seepage starts 

to occur in the soil, which loosens the friction in the soil particles. This leads 

the soil mass to slide above a certain height. The water level in the experiment 

totally justifies the water level from the governing equation developed in this 

study. Therefore the governing equation can be used to predict the water level 

for the failure of the landslide dam. Which can be helpful for developing a 

warning system from the upcoming flood in the downstream by the failure of 

the landslide dam. 

Moreover, further study should be done in this topic by altering the soil 

composition and slope angles to observe the equation’s reliability. The results 

may be different in different soil profile and different slope angles. This study 

was done in a controlled environment in the laboratory. So, this experiment 

can be done in open environment to recreate the similar situation of a landslide 
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dam. The governing equation used in this study is based on the infinite slope 

stabilization method. Other slope stabilization method can be used to develop 

the governing equation also which may lead to more accurate results for the 

critical ground water level prediction. 
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