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Abstract 
 
Sinkholes are frequently occurred around the world, and soil erosion due to defective pipe is one of the possible 
causes of sinkholes. As water infiltrate through the defective pipe and soils are washed away creating a cavity or 
sinkhole. This paper is focused on the effect of soil erosion due to defective pipe in wet condition. Experiments 
are conducted to simulate soil erosion through a defective pipe in the two-dimensional condition. This experimental 
study has been used to analysis particle image velocimetry to provide a deeper understanding of the mechanism of 
soil erosion due to defective pipes. The sand particle velocities are analyzed and sand-water flow rates are 
measured. Increasing the slot size results in increase in the rate of erosion. Water height and angle of defective 
pipe also play an important factor in sand and water flow rate. The flow rate or erosion rate decreases with the 
angle drop of defective pipe. 
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1 Introduction 
 
Soil erosion is the displacement of the upper layer of soil, one form of soil degradation. A low level of erosion of 
soil is a naturally occurring process on all land. The agents of soil erosion are water and wind, each contributing a 
significant amount of soil loss each year. Water increase the speed of process of soil erosion and cause mass 
devastation.  
 
Water logging is a common problem in rainy season, and ground surface collapse is a frequent occurrence. In 15th 
February of 2018, Massive sinkhole came after a day of rain in the Italian capital, swallowing several cars and over 
20 families were evacuated after a huge sinkhole opened up in a northwestern neighborhood of Rome. According 
to USGS, A sinkhole is a depression in the ground that has no natural external surface drainage. Basically, this 
means that when it rains, all of the water stays inside the sinkhole and typically drains into the subsurface. When 
water from rainfall moves down through the soil, these types of rock begin to dissolve. This creates underground 
spaces and caverns. Sinkholes are dramatic because the land usually stays intact for a period of time until the 
underground spaces just get too big. If there is not enough support for the land above the spaces, then a sudden 
collapse of the land surface can occur. 
 
Sinkhole commonly occurs in rainy season. A sinkhole can be created by defective sewer lines or tunnel and logged 
water moves down through the defective pipe line or tunnel. As the water moves through the pipe line or tunnel, 
the soil begins to erode and forms sinkhole. The sinkhole creation in submerged condition is quite a fast action. 
 
(Guo, Shao, Zhang, Zhu, & Zhang, 2013) investigate the soil erosion problem around cracked sewer pipes, which 
is usually associated with groundwater infiltration in sewer systems. (Tang, Zhu, & Chan, 2017) has measured the 
sand and water flow rate and done Particle Image Velocity analysis. The sand erosion occurred in different stages. 
Relative density of soil has an important effect on soil failure. According to (Mukunoki, Kumano, & Otani, 2012) 
high relative density greater than 80% reduces the sever soil collapse  due to the cyclic behavior of water inflow 
and soil drainage. They have discussed failure mechanism of soil with single defective analyzing X-ray CT images. 
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2 Materials and Methodology 
 
In this study, locally available filling sand has been used as eroded material. A 2D experimental setup has been 
created to simulate sand erosion through a defect pipe. The experimental setup contains an erosion tank and slots 
in different parameters. The model box has been constructed using Plastic glass with dimensions of 600×120×500 
mm (length × width × height). The Plastic glass is 6mm thick. Both sides of the tank are scaled. A pipe with a slot 
has been used to simulate a defective pipe or tunnel. The erosion tank is filled with sand and compacted naturally. 
After removing the slot pipe at the defect, sands begin to erode and the experiment is initiated. A video camera 
(Samsung SM-G950F) is used to record the experiment to determine the time and duration of the flow.  
 

        
                    
                            Figure 1. Erosion Tank.                                                                   Figure 2. Slot. 
 
Experiments are conducted using 3mm and 5mm slots in variable angles and water height. But the sand height 
remains constant. PIV and volumetric measurements are done processing the images. PIV of the sample is done 
using MATLAB.  
 

Table 1. Experimental program. 

Condition Slot size 
(mm) 

Angle of Slot 
(Degree) 

Water level 
above sand 

(mm) 

Sand Height 
(mm) 

Wet 3mm 0°, 45°, 90° 100 100 

Wet 3mm 0°, 45°, 90° 150 100 
Wet 5mm 0°, 45°, 90° 100 100 

Wet 5mm 0°, 45°, 90° 150 100 

 
 

3 Results and Discussion 
 
The sand erosion process in different position can be generalized. As a result of sand particles lost, the width of 
the void or sinkhole expands. Finally, the void reaches the defect. During the erosion process, the mobilized zone 
doesn’t change. Only height of the mobilized zone decreases with the sand erosion. PIV analysis shows, the 
mobilized zone is created in 90º and 45º within 2 seconds. The mobilized zone can be recognized easily in the 
picture by bright yellow and red color. The Image analysis shows that the magnitude of velocity is high in 90º 
condition. The scale of velocity magnitude is given below the picture.  In 10 seconds, sinkhole is formed in 90º 
and 45º condition. As the process is slow, the sinkhole hasn’t been formed yet in 0º condition. The sinkhole of 90º 
is larger than the 45º. In 15 seconds, the sinkhole of 90º and 45º condition have reached the defective pipe. But the 
sinkhole of 0º condition is in midway. The both side of 90º and 45º have collapsed and enlarged the sinkhole width 
within 30 seconds. The magnitudes of velocity increases with angle rise although water height has a great impact 
on the velocity magnitude. 
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Figure 3.  Velocity magnitude of particles in wet condition (15cm water height above sand). 
 
Volumetric measurements show similar results. Slot size increasing increases the average rate of sand flow. 5mm 
slot have highest average sand flow rate of 2.2 m3/s and 3mm slot have highest average sand flow rate of 1.8 m3/s.  
 
 

 
 

Figure 4.  Slot Size Effect on Avg. Sand Flow. 
 

The angle of slot has a significant effect on the rate of sand and water flow. The 90-degree condition have the 
highest flow rate. The flow rate decreases with angle drop. The 0-degree condition has the lowest flow rate of sand 
and water. 
 
The sinkhole formation has become a common phenomenon in rainy season. In rainy season, the water logging is 
common. When the water tries to go through the defective pipe line or tunnel, it creates sinkhole. Water height 
accelerates the sinkhole formation. Water makes the soil loose and both side of the sinkhole collapse creating a 
larger sinkhole. Figure 6. shows that, increase in water height increases the sand flow rate in 0º, 45º and 90º 
condition. The water flow rate will also be increased with the increase in water height. With the increase in water 
height, it creates more pressure on the soil particles. As the pressure increases the sinkhole formation also 
accelerates. It increases the risks and produces larger sinkhole. 
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Figure 5.  Comparison of sand flow in different angle. 
 
 
 

 
 

Figure 6.  Effect of water height on the sand flow rate in 5mm and 3mm slot. 
 
 

4 Conclusions 
 
Physical model has been designed to simulate 2D sand erosion through a slot on a defective pipe. The sand and 
water flow rates through the defect have been measured and PIV has been used to analyze sand movement. With 
the increase in slot size, the sand and water flow also increase. Water height increases the erosion process and 
erosion rate is highest in 90º condition and decreases with the angle drop. 
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