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Chapter 8. Summary, Conclusions and Recommendations 
for Further Research 

 

 

8.1. Summary and Conclusions 

 

This experimental study of the factors that control the behavior of filters in 

embankment dams involved development and use of three types of tests: 

(1) Filter performance tests using a 4-inch diameter filter test device, with 

composite specimens containing a segment of base and a segment of filter. The specimens 

were formed with cracks as wide as 0.09 inches through both the base and the filter. The 

tests investigated the ability of the filter to slump, fill the crack, and prevent erosion of the 

base. 

(2) Larger scale filter performance tests using a 12-inch square filter test device, 

also with composite specimens containing cracks. The cracks formed through the filter and 

the base in these specimens were as wide as 1.0 inch. 

(3) "Sand Castle" tests, in which a compacted specimen of filter was immersed in 

water to investigate its tendency to slump when submerged successful filter must be 

capable of slumping and filling cracks to prevent erosion. These simple tests can be used to 

investigate this aspect of filter performance. 

Tests were performed using the 4-inch diameter filter test devices to investigate the 

effects of the percentage of non-plastic fines in the filter (up to 15 percent), the effect of the 

crack widths (up to 0.09 inches), the effects of relative density in the range from 18% to 

70%, and the effects of compaction water content in the filter ranging from 10% to 14%. In 

all of the tests performed over this range of variables the filter material successfully 

collapsed and retained the base material. Investigation of the effects of percent fines on the 
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crack- stopping ability of filters was the major objective of this research. A major finding of 

the tests performed using the 4-inch filter test device is the fact that filters with as much as 

15% of non-plastic fines are sufficiently cohesionless to collapse and retain the base 

material in an initially cracked specimen.  

The 12-inch device was found to be effective for testing specimens containing 

particles as large as 1.5 inches, with crack widths as large as 1.0 inch. The behavior 

observed in these tests was qualitatively the same as had been measured in the tests using 

the 4-inch diameter device, and showed that this behavior, involving collapse of the filter to 

fill cracks and clogging to stop erosion, applies to particle sizes and crack widths 

representative of field conditions. A pressure membrane incorporated in the 12-inch device 

was effective in simulating the effect of overburden pressure in the field, enhancing the 

tendency of a filter to collapse and fill a crack. Two tests on specimen with 1.0-inch cracks 

were terminated prematurely when the membranes burst. However, in other respects the 

membranes functioned as intended, and were effective in simulating the effect of 

overburden pressure in the field. 

Tests in the 12-inch square filter test device were performed on specimens 

containing highly plastic fines (HPF). The crack widths in these tests were 1.0 inch, and the 

maximum particle size was 0.25 inches in all cases. The filter material with 5% HPF 

showed good filter performance, 10% showed marginal behavior, and 15% showed 

unacceptable results (the filter material could not stop continuous erosion). The limitation 

of 5% fines in current filter design criteria is appropriate, even if the fines are highly plastic. 

The results of the Sand Castle tests were found to be governed by: percent fines, 

plasticity of fines, and compaction water content. Samples with non-plastic fines collapsed 

immediately, even when the fines content was as large as 15%. Samples containing more 

than 5% of highly plastic fines (which were compacted at water contents greater than 5%) 

did not collapse immediately. The Sand Castle tests proved to be useful for examining the 

collapse potential of candidate filters. The important factors that control the collapse 

potential of a filter can be varied, and a qualitative assessment of ability of the filter to 

collapse can be made quickly. 
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8.2. Recommendations for Further Research 

 

The filter materials tested in this investigation contained inert particles that did not 

tend to cement or bond together when compacted. It would be of interest to continue these 

studies using materials such as limestone or dolomite, which may adhere during 

compaction, and thus be incapable of slumping to fill cracks. 
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