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Introduction

Gully erosion causes a drop in the channel bed, widening the channel and transporting a large amount of
sediment downstream. Understanding the effects of various factors such as soil consolidation and the
placement of the sandy layer on sediment transport rate are the goals of this research. Therefore, five
samples of cohesive soils with various percent of clay and silt with short- and long-term consolidation were
tested under natural conditions. Moreover, in one test, a sandy layer was laid on the gully bed to study the
effects of this layer. Results indicated gully migration to upstream occurred at angles closer to 90 degrees
when the percent of clay was raised. The same reduction in clay amount in long- and short-term
consolidation caused the total gully migration and amounts of sediment to increase 2.5 times in long-term
compared to short-term consolidation. The effect of clay reduction was more pronounced in the sample
with long-term consolidation.

Methodology

The tests were performed in a re-circulating flume in the experiment Lab of Water Research Institute,
Tehran, Iran. The flume has a dimension of 12m*0.45m*0.6m (length* width* height). Also, the
observational interval in all tests had a dimension of 3m*0.45m*0.6m (length* width* height), and gully
upstream length for all tests is 1.6m with no slope (smooth surface).
Initial tests were performed to determine the hydraulic conditions (depth, velocity, and discharge) to be
applied for the occurrence of our tests. Moreover, to conduct the gully erosion tests on the samples, it was
necessary to prepare the sediment bed for different percentages of adhesion and to be consolidated naturally
under sediment weight. For each test, first, naturally pre-saturated consolidated sediment was performed.
To this aim, a three-meter part of the flume in the middle was selected as the test section. Both upstream
and downstream of the test section were closed by glass sheets. Then the dried sediment mixture was put
in the sediment tank, and water was added and mixed with the help of an electrical agitator. After ensuring
complete mixing, the test section was filled with solute sediment mixture by pumping from the sediment
mixing tank. This situation was kept for almost one week. During this time, the sediment mixture was
consolidated naturally by its own weight, and the bed was ready for the hydraulic tests. It is worth
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mentioning that the same procedure was followed for all sediment mixtures. To prepare the test with the
sandy layer in the gully bed, a layer of clay was first laid in the observational interval. After one week of
consolidation, a sandy layer was laid on that clay layer. Then gully was made on the sandy layer. It remained
one week. And after one week of consolidation, the gully is ready for testing. The observational time
interval was the same for all tests and lasted from minute 1 to minute 17. Six different interval times were
assumed as the reference for measurements (i.e., minutes 1, 2, 3, 5, 10, and 17). From the start to the end
of each test were filmed or photos were taken. From these photos, various parameters such as gully
migration and sediment yield were obtained.

Findings

Results indicated gully migration to upstream occurred at angles closer to 90 degrees when the percent
of clay was raised. The slope angle of the gully measured from a vertical line was 34.6 degrees under
conditions of using only clay. However, in soils with 70 percent clay, this angle increased to 37.5 degrees.
When the clay amount is the same in two tests (test 2 and test 5), gully migration and amount of sediment
are far more in test with more erodible bed (test 5 with sandy layer bed). Because of piping and empty space
under the gully, changes increased.
Reduction in clay percent increased gully migration and amount of sediment. But sandy layer in the gully
bed, with a decrease in the clay content, caused more increases in gully migration and amount of sediment.
The effect of short-term consolidation to accelerate the rate of changes is far more than the effect of the
sandy layer in the bed of gully and reduction in clay percent. Over time, the variations declined and
converged to a fixed value.

Conclusions

The same reduction in clay amount in long- and short-term consolidation caused the total gully migration
and amounts of sediment to increase 2.5 times in long-term compared to short-term consolidation. The
effect of clay reduction was more pronounced in the sample with long-term consolidation. In this study,
part of the analysis relating to this type of erosion has been considered. But gully erosion, especially in
cohesive soils that have complex behavior, needs more tests and research.
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Table 1- Specifications of Conducted Experiments

Tests Soil Material Consolidation Type
Test 1 100% Clay Long-term
Test 2 70% Clay+30% Silt Long-term
Test 3 100% Clay Short-term
Test 4 70% Clay+30% Silt Short-term
Test5 70% Clay+30% Silt With Sandy Layer Long-term

Fig. 4- Sandy layer piping in Test 5
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Parameters Dimension  Test1 Test 2 Test3 Test4  Testb
Total headcut movement (H in Fig. 2) cm 55 70 90 100 76
Total waterfall decline (D in Fig. 2) cm 15 18 23 24 20
Total produced sediment volume m3 0.16 0.21 0.32 0.36 0.24
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Table 3- Specifications of Compared Experiments

Tests Consolidation Type Variations of Clay content Sandy Layer
Test2 to Test 1 Long-term 30% decrease -
Test4 to Test 3 Short-term 30% decrease -
Test5 to Test 2 Long-term Constant In waterfall bed of test 5
Test4 to Test5  Short-term & Long-term Constant In waterfall bed of test 5
Test3 to Test 1 Short-term & Long-term Constant -
Test4 to Test2  Short-term & Long-term Constant -
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Table 4- Total headcut movement, waterfall decline and produced sediment volume comparison

Tests Total headcut movement (cm)

Total waterfall decline (cm)

Total produced
sediment volume
(m)

Test2 to Test1
Test4 to Test 3
Test3 to Test 1
Test4 to Test 2
Test4 to Test5
Test5 to Test 2

27% increase
11% increase
64% increase
43% increase

32% increase
9% increase

20% increase
5% increase
53% increase
33% increase

20% increase
11% increase

31% increase
12% increase
double
71% increase

50% increase
14% increase
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