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Fig.3  Aggregate gravel soil
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Table 1 ~ Physical parameters of natural gravel soil

Dry density Natural moisture Spectific gravity Porosity Maximum density of soil ~ Optimum moisture content Saturated water content
p/(g/em®) w/% Gy n/% P/ ( glem?) w/% w ., | %
1.85 5 2.56 27.66 2.08 14.95
12 h k
2
Table 2 Test scheme
Initial dry density  Initial moisture Rainfall intensity
Scheme No. 3 .
pa!(glem’) contentw /% p/( mm/min)
4 1 1.85 5 1.2
Fig.4 Contrast of gradation curves about gavel soil 2 1.85 5 1.6
3 1.85 5 2.0
5~6 a 4 1.75 5 1.2
5 1.8 5 1.2
dgs 6( dss 6 1.9 5 1.2
85% ) . 7 1.95 5 1.2
60 mm (
dgs  28.9 mm) 2
2 mm P, o
8 2.1
P Pu P (1)
b P2 - Pdmax : °
P, (%) P, >2 5 .
mm ( %) Poi °
( %) Pdmax ( %) © °
1.3
(30 ~40 mm/min) .
o 7
3 21 ( 2). .
3
24 h, o
o o 1.2 mm/min
6 ~24 min 42 ~51 min
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1.6 mm/min 33 ~45 min 4 mm o
( 95, N
" ( 6). (1.2 mm/min.
1.6 mm/min.2 mm/min)
o 100 min.70 min 50 mino
1.2 mm/min 2 mm/min
1.641 x10 * m/s 2.407 x10™* m/
So o
o 2.3
2.2 V-J
3 o
o Schweyer "
3 x 10 7 mm/min J 0.2~0.3 0.3~0.5
6 . . JISA1218T - 1979 '
0.3,
1.5 mm/min 0.3

5

Fig.5 Relationship curve of water infiltration depth of gravel soil and time

6

Fig. 6 Relationship curve of gravel soil accumulated settlement and time in the water infiltration process
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7 V-J
Fig.7 Relationship curves of v and J in different

dry density gravel soil permeability test

8

Fig. 8 Relationship curve of permeability coefficient and dry density

3

Table 3 Test results

Dry density Permeability Saturated water  Porosity

Noo Halem’)  coefficient K/%  content /% n/%
1 1.75 0.034 03 17.45 30.54
2 1.80 0.025 55 15.85 28.53
3 1.85 0.015 95 14.95 27.66
4 1.90 0.011 83 13.71 26.05
5 1.95 0.005 59 11.88 23.17

o 1.75 g/
em’ 1.95 g/em’ 3.4 %10 *em/s

5.6 x107* em/so

K= -0.1412p, +0. 27981 (2)

K p(]
o (2) R 0.992 05,
R >ry 001
3
o Seep/w
Air/w
Van Genuchten (VG)
Van Genuchten "
0, -6
0" + i - n m w <O
ow) =" TG T T ()
0& lp",'Bo
0 (%) ¢
( kPa) ; ¢1l7 lﬂﬂ; ; 0§
(%) 0, (%);n m «
m=1-1/n « ( kPa) o
hll.' :lplc/’yu/ (4)
h. (m);y,
(N/m’) .
lp :¢7U _lﬁd (5)
i (kPa); 4,
( kPa)
-1 n-1 -1 n -my2
g A=l le ™ el 78,
Ky) ={ L+(a”'[y])

K =0
(6
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ra K, (m/s) o
dh";
=k (1-°2) (7)
Z
i, (m/s);z (m)
i,dt =pdi (8)
pdt=(0(¢,) -0, dz (9)
P ( mm/min) ; 6,
(%) 9 19
0) o
Fig.9  Pore air hydraulic conductivity vs volumetric
water content '
19
0(1 % _i paku alpa +p(zzk(1 + 0hu‘ -
(RT_{—p“m“’) at _(92 ‘y:m (92 poa pa’ywmw &t ’
(10)
k, (m/s); 6, .
(%) :p. (kg/m’) 7y,
(N/m%);p,, (kg/m’); R s
T (C)o (¢.)
Seep/w Air/W (3) | o
~(10) - k ]
650 mm 300 mm o
1. v,
N 0 kPa.
4 4 2 046 v, :
1950 . v, 0.4~0.8 kPa v,
° 17[/14,' wa "yll ‘
4o 0.3 ~0.5 kPa .
9 (v ( ) ( ) o
° .2 mm/min 2 mm/min
4 . "
Table 4  Gravel soil parameters 0.5 kPa
0./% 0,/% 0,/ % o kPa n m K,/(m/s) 0.4 kPa. 1.2 mm/min
276 276 9.05 0.5 2.6 0.615 1.595¢-4 1.5%x10°5 ~2.2 x
10 °m/s o 2 mm/min
10 1.7x107° ~3.5

<15%

x 107 m/so
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10

Fig. 10  Contrast of simulation value and experiment value about gravel soil permeability test

11 N N

Fig. 11  Relationship between the pressure head air pressure the seepage rate and soil column height under different rainfall intensity
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Seepage Regulation of Aggregate Gravel Soil under the Effect
of Air Entrapment

DONG Hui' ? LUO Xiao' SHI Cao' LUO Youwei'

(1. College of Civil Engineering and Mechanics Xiangtan University Xiangtan 411105 Hunan China;
2. Institute of Rheological Mechanics Xiangtan University Xiangtan 411105 Hunan China)

Abstract: During the rainfall the main factor for triggering landslides and other disasters is the changing of aggre—
gate gravel soil permeability. Specifically the entrapped air in gravel soils impedes aqueous phase flow thus will
have an effect on the rainwater permeability. The experiment of infiltration under different rainfall intensity ( 1.2
mm/min 1.6 mm/min 2.0 mm/min) investigates the permeability of gravel soil and sedimentation deformation by
our own infiltration and sedimentation integrated tester. Then further research will focus on the relationship between
the air entrapment impact with different rainfall intensity and wetting front migration rate through Seep/w and Air/
w soft wares. The results show that: there is stepladder trend between wetting front and time curve. More specifical—
ly wetting front migration rate will rapidly increase with the sudden increase of the topsoil moisture to a maximum
(30 ~40 mm/min approximately) then will slowly decrease with increased pressure. Finally the wetting front mi—
gration rate will slightly increase with the decreased pressure. The average rate of wetting front migration ( without
hydrops water) approach linear growth with the increased rainfall intensity. Development of soil settlement deforma—
tion passes through three stages: slow growth sharply rises and gradually stagnation. The minimum time ( approxi—
mately 50 min) for sharp morph and sedimentation of gravel soil with the rainfall intensity is 2.0 mm/min. There is

a negative linear correlation between the permeability coefficient of gravel soil and the dry density.

Key words: gravel soil; landslide; seepage regulation; air entrapment effects; rainfall intensity



