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parviflorum (B.Br)Schindl)
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Table 1 Characteristics of tested soils

©) (cm) (%) (g/em’) (%) (%) (mm)
23 0~10 20.1 1.10 68.7 2.69 2.14
10 ~ 20 25.8 1.35 59.4 1.91 1.80
20 ~ 30 30.7 1.47 57.4 0.86 1.21
30 ~40 30.8 1.54 55.6 0.53 0.95
18 0~10 229 1.12 66.9 1.04 1.33
10 ~ 20 29.3 1.45 57.6 0.59 1.00
20~ 30 29.2 1.47 57.0 0.13 0.47
30 ~40 29.8 1.44 58.2 0.05 0.29
+12.749(R*=0.995 5) C,=38.364G.+ 26.840(R*=
2 0.681 4) My ) (Gu Go)
2.1 M>=0.143 6Gy + 0.604 9(R*=0.754 9) C,=
2 M C 0.286 9G¢+ 0.810 2(R*= 0.449 6) (M,
2119 1475 713 563 /dm*> 60 63.7 19.2 C3) (Gu Go) M5=10.993Gy —
33.9 /dm* M C 4.094 7(R*=0.9017) C3=7.1525G¢c+ 1.963 5(R*=
( M2 0.965 5) (M, Cy) (Gm Go)
M3 C2 C3) C M M,=0.200 2Gy— 0.089 7(R*=0.885 3)
Cy=0.176 3Gc+ 0.020 2(R*=0.969 8) M
C
(M>Cy My>(Cy)
C (Ms<C; M,<C)) M
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M, C C>C3>C>C,
1 2 M C (M,
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Table 2 Characteristic parameters of macropores of tested soils

(cm) (mm) (mm) ( /dm?) (mm) (%) (ml/s)
Ml 0~10 1.9~1.5 1.7 7.2 1.02 28.61 0.51
1.5~1.3 1.4 11.0
1.3~1.0 1.15 51.4
1.0~0.8 0.9 142.3
M2 10~20 1.0~0.9 0.95 21.0 0.81 11.73 0.19
09~0.8 0.85 443
0.8~0.7 0.75 82.2
M3 20 ~30 1.1~0.9 1.0 15.1 0.83 6.48 0.11
09~0.8 0.85 21.0
0.8~0.7 0.75 35.2
M4 30 ~ 40 0.7~0.6 0.65 31.0 0.62 2.65 0.03
0.6~0.5 0.55 253
Cl 0~10 1.8~1.5 1.65 2.6 1.12 8.92 0.21
1.5~13 1.4 5.1
1.3~1.1 1.2 15.3
1.1~0.9 1.0 37.0
Cc2 10 ~20 1.7~14 1.55 2.4 0.93 7.09 0.11
14~12 1.3 3.5
1.2~1.0 1.1 7.1
1.0 ~0.7 0.85 50.7
C3 20~ 30 1.6~14 1.5 1.6 1.04 2.74 0.06
1.4~1.1 1.25 35
1.1~0.9 1.0 7.4
09~0.8 0.85 6.7
C4 30 ~40 09~0.8 0.85 52 0.67 2.05 0.02
0.8~0.7 0.75 4.8
0.7~0.6 0.65 11.5
0.6~0.5 0.55 12.4
M C
250 10 30+ 10
Z 200} - O 1925, 191
g * MAALBC {04 E <90 lo2%
< 150¢ A CRALBEGR & i E
e 1062 15 103%
& 100/ X = B
2 {085 K10 04&\
K 50¢ 110 5 105
0 . ! : . . 1.2 0 . . - 0.6
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 2 0 25 3.0
R RE (%) ’fﬁtﬁlﬁ(%)
1 REESXKIABEEMIAZHXAF 2 REESKIBEEMRSERNIR
Fig. 1 Correlations among root density, size and number of Fig. 2 Correlations among root density, macropore porosity and
macropores steady infiltration rate
2.2
2.2.1 ¢ 3 1
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Table 3 Characteristic parameters of root-soil annulus

oR R a
(cm) ( /dm?) (mm) (mm) (mm) (cm®)
M1 0~10 211.9 1.070 2.090 1.02 0.51 21.04
M2 10 ~20 147.5 0.900 1.710 0.81 0.53 9.61
M3 20 ~ 30 71.3 0.605 1.435 0.83 0.42 3.72
M4 30 ~ 40 56.3 0.475 1.095 0.62 0.43 1.69
Cl 0~10 60.0 0.665 1.785 1.12 0.37 5.07
C2 10 ~20 63.7 0.500 1.430 0.93 0.35 3.52
C3 20 ~ 30 19.2 0.235 1.275 1.04 0.18 0.93
C4 30 ~ 40 33.9 0.145 0.815 0.67 0.18 0.67
“|r:aR = “|r:R =0 @)
a
(6)

_RzAp' rY  1-a? r

r = Rsqrt[(1-a*)/2In(1/a)]

_R*AY' : 1-a’ —In I-a”
Umax = 4;uL {1 21n(1/6¥)|:1 1 (2111(1/0!)J:|}(9)

1 R
Upy =— > Iuandr—
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8ulL In(l/e)
®)  (10)
( L PP, R
. . e (R2 r? )ln(lj—i-Rz (1 -’ )ln [j
u 6 ) My @ 1 (11)
B3 e t R{(l+a2)ln(j+a2—l}
Fig. 3 Runner conceptual model a
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dr 2ul ru iy
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1.4 pu D
R, =fm= (14)
1.2+ H
Lol (1) (14)
5 1 r
$os8 (R2—r2)1n - +R2(1—a2)ln T
_ HUR, a R
0o PR (1-a) 2 2 1 2
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Fig. 4 Velocity distribution of annular flow
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Fig. 5 Relations between velocity with Reynolds numberand annulus size
( R=1)
4 40.91% ~ 93.33% 15.00% ~
50.00%
k4 THERERENH
Table 4 Flow distributions of annular channels
(cm) R. Um(mm/s) Umax(Mm/s) q,(ml/s) (%)
M1 0~10 1 0.495 0.743 0.209 40.98
M2 10 ~20 1 0.624 0.947 0.119 62.63
M3 20 ~ 30 1 0.608 0.917 0.045 40.91
M4 30 ~ 40 1 0.815 1.223 0.028 93.33
Cl 0~10 1 0.451 0.681 0.046 21.91
C2 10 ~ 20 1 0.543 0.824 0.038 34.55
C3 20 ~ 30 1 0.486 0.745 0.009 15.00
C4 30 ~40 1 0.754 1.165 0.010 50.00
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Flow Characteristics of Root-soil Annulus in Slope Soil Under
Different Vegetation Communities

GUO Lili'?, ZENG Qiang’, XU Zemin®", ZHANG Youwei’, YANG Jiqing®

(1 Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650500, China;
2 Wuhan University of Engineering Science, Wuhan 430200, China; 3 Faculty of Civil Engineering and Architecture,
Kunming University of Science and Technology, Kunming 650500, China; 4 Faculty of Civil Engineering, Yunnan
Agricultural University, Kunming 650204, China)

Abstract: As a new type of special soil macropore types, root-soil annulus plays an important role in the process of rainfall
infiltration of soil on a vegetated slope. Soils were collected in the high coverage slopes of different vegetation communities in
the experimental area of Chenggong, the characteristic parameters of the macropores were obtained by using the moisture
breakthrough method, then the flow characteristics of the root-soil annulus were studied combined with mathematical model of
annular tubes. Results showed there was little difference between the sizes of the root-soil annulus of the woody and herbaceous
vegetation communities, which were distributed in the ranges of 0.62—1.02 mm and 0.67-1.12 mm, respectively, and the annulus
scales in different layers in the former vegetation community were smaller than those of the latter. The maximum values of u/u,,
of root-soil annulus channels in the soils under the two vegetation communities increased with depth, however, the value was
nearly the same; within the scope of the depth, the » value was in advance when u/u,, of the soil layer reached the maximum value,
and the corresponding r values of all layers of woody soil were greater than those of the herb. The differences between the size of
root system and the annulus were the main reasons for the formation of the above characteristics. Under the same of the number
of fluid channels and Reynolds number, the average flow velocity, maximum velocity and flow contribution rate of the annular
increased with depth, however, the situation of flow was opposite. In addition, the flow rate, flow and contribution rate of woody
plant soil in each layer were higher than those of herb plant soil.

Key words: Vegetated slope; Landslide; Rainfall infiltration; Root-soil annulus; Reynolds number
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