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Chapter 3. Filter Test Concept 
 

 

3.1. Introduction 
 

The objective of this research was to determine under what conditions distressed 

filters will be able to prevent erosion of base materials. The major focus of the investigation 

was development of test equipment and procedures to investigate the ability of filters to 

prevent erosion of cracked base materials, even if the filter initially contains a crack. 

Sherard and his colleagues performed pinhole tests to investigate a similar phenomenon. 

The major differences between this research and Sherard's studies were (1) cracks rather 

than pinholes were used to simulate more closely what may occur in the field, and (2) the 

cracks extended through the filter as well as the base. The test specimens were compacted 

in filter test devices of two sizes, with pre-formed cracks between the soil and the wall of 

the test devices, as shown in Figure 3.1. The basic technique employed in these tests was to 

perform experiments wherein the specimens were subjected to flow of water through the 

pre-formed cracks, and to determine by observation whether the filter was able to collapse, 

close the crack, and retain the base soil. 

Cross sections through the filter test devices used in this investigation are shown in 

Figure 3.2(a) and (b).  The aluminum void-forming plates shown in the figures were 

removed after compaction to leave a "crack" or void through the base and the filter. Tests of 

this type were performed with void-forming plates of various thicknesses with filter 

materials containing various quantities of fines, which were compacted to various densities. 

The closure plates were replaced with clear plastic panels after compaction so that 

movements of soil particles could be observed. 
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Figure 3.1 Filter test concept 
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(a) 4-inch diameter filter test device 
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(b) 12-inch square filter test device 

 

Figure 3.2 Cross sections through 4-inch and 12-inch filter test devices 
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3.2. Water Supply and Data Acquisition Systems 
 

Figure 3.3 shows the water supply and data acquisition systems that were used in 

the tests. The measurements made during the tests included pressure, flow, and visual 

records in digital movie files. For pressure measurement, a pressure transducer was used. It 

was located in the water supply line upstream of the filter device.  A turbine type sensor 

was used for flow measurement.  

Pressurized water was introduced at the upstream ends of the filter test devices 

through a three-way control valve. Initial tests were performed using the tap water in the 

laboratory as the source of water, controlling the pressure using a water pressure regulator. 

However, it proved not to be possible to maintain a constant pressure in this way. To 

overcome this difficulty, a water tank pressurized with regulated air pressure was used for 

subsequent tests. The pressure at the upstream end of the specimen was maintained at about 

5 psi, which corresponds to hydraulic gradients through the base material varying from 39 

to 46. The pressure transducer and flow rate sensor were connected to a data acquisition 

card in a personal computer. Observations of particle movements and the cloudiness or 

clarity of the effluent during the tests were recorded using a digital camera. 
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Figure 3.3 Schematic of Data Acquisition System 

 

 

3.3. Crack Orientations and Flow Directions 
 

Tests were performed using two crack orientations (horizontal and vertical) and two 

flow directions (horizontal and vertical) as shown in Figure 3.4.  It was found that these 

orientations had a significant effect on the test results.  Horizontal flow through a vertically 

oriented crack represents perhaps the most likely field condition, and the major emphasis 

was placed on the results of these tests. 
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Figure 3.4 Crack orientation and Flow direction 
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3.4. Clogging Mechanism 
 

By observing particle movements through the Lucite side panels during the tests, it 

was possible to understand the clogging mechanism through which an initially cracked 

filter is able to collapse and stop erosion of a cracked base. The mechanism is illustrated in 

Figures 3.5(a) through 3.5(d).  

As shown in Figure 3.5(a), particles of the base material began to be eroded and 

move with the flowing water within 1 to 2 seconds. Within another one to two seconds 

particles of the filter material were also eroded and moved with the flowing water and were 

retained by the pea gravel below the filter, as shown in Figure 3.5(b). It is important that the 

pea gravel is able to retain the filter material.  

As shown in Figures 3.5(b) and (c), the process of erosion and movement of 

particles continued and resulted in an accumulation of particles of both the filter and the 

base material within the preformed crack, which then prevented particles of the base 

material from being washed into the pea gravel. (It may be noted that a test in which the 

filter material was replaced with pea gravel, complete failure occurred by continuous 

erosion of the base material through the pea gravel, because the pea gravel did not satisfy 

filter requirements for restraint of the base material.) As shown in Figure 3.5(d), during the 

next few minutes, the conditions stabilized with an accumulation of base and filter material 

in the preformed crack. The flow rate decreased to a small value, and the effluent from the 

device became clear. 
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Clogging Mechanism (cont’d)

1~2 seconds after opening the valve1~2 seconds after opening the valve

Particles of the base material begin to Particles of the base material begin to 
move with the flowing watermove with the flowing water

 
(a) 

 

Clogging Mechanism (cont’d)

2~3 seconds after opening the valve2~3 seconds after opening the valve

Base material is continuously erodingBase material is continuously eroding

Particles of the filter material Particles of the filter material 
also start to move with the also start to move with the 
flowing waterflowing water

* The particles that move with the * The particles that move with the 
flowing water are predominantly flowing water are predominantly 
from the base material. Only from the base material. Only 
about 20% of the particles in the about 20% of the particles in the 
filter are smaller than the crack filter are smaller than the crack 
width (0.03 inches)width (0.03 inches)

 
(b) 

 

Figure 3.5 (a) and (b) Early stages of clogging by erosion of base and filter 
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Clogging Mechanism (cont’d)

During the next few secondsDuring the next few seconds

Base material is continuously erodingBase material is continuously eroding

•• Particles of the filter material are Particles of the filter material are 
restrained by the pea gravelrestrained by the pea gravel
•• Particles of the base material are Particles of the base material are 
restrained by the filter materialrestrained by the filter material
•• Particles of the both material start to Particles of the both material start to 
accumulate accumulate 

Particles of the base material, which Particles of the base material, which 
has already passed through pea has already passed through pea 
gravel, flow out with water (outflow is  gravel, flow out with water (outflow is  
dirty)dirty)

 
(c) 

 

Clogging Mechanism (cont’d)

During the next few minutesDuring the next few minutes

Base material is continuously erodingBase material is continuously eroding

Particles of the base material are Particles of the base material are 
restrained by the filter materialrestrained by the filter material

Outflow is clearOutflow is clear

 
(d) 

 
Figure 3.5 (c) and (d) Later stages of clogging – eroded particles restrained by pea gravel 
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3.5. Summary 
 

The concept and procedures described above were used in designing two filter test 

devices, one 4 inches in diameter; and the other 12 inches square in cross section. These 

devices were used to investigate the effects of the amount and type of fine material in the 

filter, the density of the filter, the crack width, and the water content of the filter, as 

described in the Chapter 5 and 6. 
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