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Effects of soil aggregates on settling velocity of sediment
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Abstract  Background Sediment eroded by water consists largely of soil aggregates. The settling
velocity of such aggregates and soil primary particles is of fundamental importance to the processes of
sediment transport and deposition in water. However most currently available process-based soil erosion
models are using soil texture or mineral particle distribution and little consideration is given to
aggregates therefore which cannot fully reflect the transport behavior of sediment. ~Methods Five
typical soils including loess soil cinnamon soil purple soil black soil and red soil were used to compare
the settling velocity of sediment. The settling velocity of sediment for the undispersed particles ( soil
particles and aggregates) and dispersed particles( soil particles) were measured using a modified bottom
withdrawal tube method. By comparing the results of dispersion and indispersion the impact of soil

aggregates on settling velocity of sediment was analyzed. The data analysis process of this study was
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completed by Excel 2016. The significance difference test and correlation analysis were carried out by
SPSS 23. Origin 2016 was used to complete the fitting of the model and the drawing of the graphs.

Results Aggregates had a significant effect on settling velocity of sediment. For the tested soils the
aggregates resulted in the increase in settling velocity. Aggregates had more obvious effect on the settling
velocity of small particles than that of the large particles. Among the different soil types the effect of
aggregates on the increasing rate in settling velocity of purple soil black soil red soil loess soil and
cinnamon soil decreased in turn and the main reason was that the characteristics of soil particles
( including soil primary particles and aggregates) were different. Among the soil characteristic parameters
the mean weight diameter of aggregates and aggregation degree had more important effect on sediment
settling velocity. The increasing rate in settling velocity was significantly correlated to the mean weight
diameter of aggregates and aggregation degree. Conclusions The results indicate that there is a great
difference between the settling velocity of sediment containing aggregates and only soil particles. The
mean weight diameter of aggregates or aggregation degree may be a proper parameter for reflecting the
effects of aggregates on settling velocity of sediment. It is of great significance for considering the
influence of aggregates in the process of sediment settling to understand the law of sediment movement
study the mechanism of erosion process and even develop the process-based soil erosion models.
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1
Tab.1 Physiochemical properties of the five soils

Primary particle size distribution/%

Soil type Clay silt Sand Organic matter/%
( <0.002 mm) (0.002 ~0. 05 mm) (0.05 ~2. 00 mm)
Loess soil 14.47 £0. 37 72.66 +1.13 12.87 +1.49 0.34 +£0.01
Cinnamon soil 22.16 £0. 19 50.67 £2.54 27.17 £2.36 0.58 £0. 01
Red soil 31.70 £0. 50 26.76 £0. 30 41.54 £0.21 0.78 £0. 01
Black soil 30.68 £0.43 62.12 £0.73 7.20 £1.17 4.18 £0.08
Purple soil 33.66 £1.02 53.37£1.92 12.96 £1. 10 0.96 £0. 01
A=a/b (3) <0. 05 mm g b
D=c/d (4) <0. 05 mm g c
K=(c-d) /c. (5) <0. 002 mm g d
L x; mm; w, <0.002 mm go
%, g a
2
Tab.2 Evaluation index of the five aggregates
Water
) Mean weight Geometric mean Median diameter stable aggregate Aggregation Dispersive Structure
SOLOPE ameter Dygyy /mm diameter Doy /mm Dy /mm WSA 55 /% degree A coefficient D coefficient K
Loess soil 0.23 £0.01 0.09 +£0.01 0.06 £0.01 26.93 +1.88 1.87 0. 19 11.21 +£1.19  0.91 £0.01
Cinnamon soil 0.51 £0. 02 0.18 £0.01 0.21 £0. 04 45.22 £2.56 3.09 0. 17 35.57+£6.79 0.97 £0.01
Red soil 0.85+0. 13 0.35 +0. 06 0.42 £0.03 61.35 £3.96 4.25 +£0.62 79.77 £6.65 0.99 £0.00
Black soil 1. 15 +£0.07 0.38 0. 02 0.44 £0. 06 62.96 £3.59 6.42 £0.54 131.67 £22.54 0.99 +£0.00
Purple soil 1.63 £0. 15 0.52 +0. 03 0.65 +£0. 04 68.47 £1.56 7.99£0.86 31.18 £11.79 0.97 £0.01
1.2 ( +0.5C ).
1.2.1 5 180° 10
( ) ( )2
o 2 30¢ ( 10.20.30.40.50.60.70.80.100
20 /1. "%) 2 mm 120 s 10
100 mL ( 0.01 s)
10 min ( 0.1 cm) ,
.5 ( 0.001 g)
4 o
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1
Fig.1 Setiling tube apparatus
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2
Fig.2 Settling velocity distributions of sediment
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3

Tab.3 Typical settling velocities of sediment

Settling velocity Loess soil Cinnamon soil Red soil Black soil Purple soil
Vs 0.081 0. 003Aa 0. 088 +0. 004Aa 0. 168 +0. 004Ab 0. 180 0. 004Ac 0. 180 0. 004Ac
Vs 0.078 +0. 003Ba 0. 070 0. 003Bb 0. 154 +0. 003Bc 0. 047 +0. 002Bd 0. 057 0. 002Be
Vuso 0.039 +0. 002Aa 0.038 +0. 003Aa 0.059 +0. 004Ab 0. 072 0. 004Ac 0.074 +0. 003Ac
V50 0.033 +0. 002Ba 0.028 +0. 001Bb 0.023 +0. 001 Bc 0. 006 0. 001Bd 0. 007 0. 001Bd
Vs 0.012 0. 001 Aa 0.010 0. 002Aa 0.020 +0. 003Ab 0. 025 0. 002Ac 0. 030 +0. 002Ad
v as 0. 004 +0. 001 Ba 0.001 0. 000Bb 0. 001 +0. 000Bb 0.001 0. 000Bb 0. 001 =0. 000Bb

(

P <0.05) . Notes: The different capital letters within the column mean significantly different between soil particles and aggregates. The different small
letters within the row mean significantly different between different soils. ( mean value test by LSD P <0.05) . v5 0,5 v,s refer to the typical settling
velocities of sediment containing aggregates where the corresponding cumulative percentage is 75% 50% and 25% respectively and vz v,59 o5 re=

fer to the typical settling velocities of sediment only soil particles where the corresponding cumulative percentage is 75% 50% and 25%  respectively.

4 . .
Tab.4 Increasing rate of typical settling velocities Dywo

Settling  Loess  Cinnamon  Red Black  Purple ’
velocity soil soil soil soil soil

V75 0.04 0.26 0.09 2.89 2.17

Vs 0.18 0.37 1.59 10. 26 10. 06

Uy 1.63 6.37 21.91 27.67 38.46 °

Unean 0.62 2.33 7.86 1360 16.90 6

) . . Tab.6 Correlation between aggregate characteristics
Notes: v;5 w5y vy5 are the settling velocities where the correspond—

and the increasing rate of settling velocity

ing cumulative percentage is 75% 50% and 25% respectively. v, is
the average of the typical setting velocities. Index Correlation
5 Dy 0.98*
Tab.5 Correlation between soil characteristics and the Deyp 0.97"
increasing rate of settling velocity Ds, 0.96"
Index Correlation WSA g 55 0.90"
Clay 0.88" Aggregation degree 0.99™
silt ~0.16 Dispersive coefficient 0.47
Sand -0.32 Structure coefficient 0. 60
Ds, -0.06 L okk (P <0.01) o Notes: **indicates highly
Dyiwp -0.24 significant correlation( P <0.01) .
Doy -0.61

ok k 3

(P <0.05) . Notes: * indicates significant
correlation( P <0. 05) .
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