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7, 1936 Casagrande '°

€.o0
15 17-25 Sassa 2 7
Fleming *  Iverson '* *7%  Verdugo *'  Gabet
Mudd * §-11 33-47
14 26 28 29 32 48
?
Granta—gravel
1
1.1
“5 ° 12 ”»
R “U ”»
10.46 km*> 5.8 km 2693 m
1833 m 32.7% ~52.5%;
6 1.0 kmo

1.2
1.2.1
300 cm 100 cm 100 cm
( 1(a))- ( 1
(b)) 2.69 +£4.22%
1.48 g/em’( e 0.82)
2.36 g/em’( e.. 0.14)
( 1(c)) o 1(c) ( <
2 mm) 30.74% (
<0.075 mm) 2.78% 4
( 1)
1.54 g/em’1.62 g/em’<1.72 g/em’< 1. 81 g/em’
4
20 emy15 em 15 em 10 em
( 1(a)) o
1
Tab. 1  Sets of artificial flume soil model test
(%) (°) (mm/h) (g/em?)
1 1.54
2 1.62
5.7~6.4 27 47 ~50.2
3 1.72
4 1.81
1.2.2
GDS o
( X ) 15 x30 em( 2)
:0.8 mm/
min., 2
Pu 1.94 g/em’.2.00 g/cm’
3 150,100,150 Kpa
>2 cm
<5 mm
1(c) s N
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Fig. 1 Test model and grain composition of gravel soil particle
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Fig.2 Triaxial test equipment with soil sample

1.2.3
e P’ (e p)
3
1# . 2# . 3#
(a)) 3~5
p- ® Pa e=Glp, -1
; (
5 mm) P+ ( <2 mm) P,
( <0.075 mm) Py s 5

p =(o, +20,) /3 o
=y h=y zcosB o,=K,y z(h-
h = zcosB; z - vy -
K, - ) K,
49
e, —Inp~ o

(e p) e -lnp’

o (e p)
(e p) .
2
2.1
1.54 ~
1.72 g/em’
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( 3(a))
50 51
1.54 ~1.62 (b) Hi400 th 1
g/em’ 30 ~40
52 ' ‘ : :
° (c) P& A it A THI AL 3y (d) e i KLBORE 1} 7%
1.72 g/em’ 16 3
( 3( b) ) Fig.3 Phenomenon of experiments
20
( 3(c)) 5 so 40 cm
3
1.81 g/em’ 3 o 1.81 cm
N 3#
( 3(d)) °
. 2.2.2 Py
( 2) >5mm) 55.32%
1.54 ~1.72 g/cm’ 3#2#.1# 5~20 cm R
1# 3# . 1#
o 1.62 cm®  3# P
P0.075 > PZ ° 3
2 1.54 ~1.81 g/em’
Tab.2 Density and void ration of gravel soil with initial dry density 1.54 ~1.81 g/cm®
o=y, o3 = p =(oy
zcosB Kyy.z +205) /
(g/em’) z (\cm) pl( g/em’) w( %) palglem’)  e=G.lpy -1 ( Kpa) ( Kpa) 3 ( Kpa)

3# 5 2.08+0.05  9.35x0.85 1.90£0.04  0.39 +0.03 1.04 0.59 0.74

| L sa 3# 28 1.93+£0.03 8.61+1.16 1.77 £0.02 0.49 £0.02 5.39 3.07 3.84

’ 2# 33 2.07 £0.05 9.15+0.15 1.89 £0.04 0.40 £0.03 6.82 3.88 4.86

1# 21 2.10 £0.05 9.63 £1.01 1.91 £0.05 0.39 £0.04 4.40 2.51 3.14

3# 5 2.19 £0.01 10.77 0.5 1.98 £0.01 0.34 £0.01 0.44 0.25 0.31

5 0 3# 40 1.70 £0.02 7.66 £0.76 1.58 £0.02 0.68 +£0.02 6.79 3.87 4.84

1.

2# 20 2.09 £0.04 10.18 £0.21 1.90 +0.04 0.39+0.03 4.19 2.38 2.99

1# 13 2.23 +0.04 10.84 £0.83  2.01 +0.02 0.32+£0.02 2.90 1.65 2.07

3# 10 2.22£0.02 8.45+0.72 2.05+0.02 0.30 +0.01 2.22 1.26 1.58

3 1.72 3# 25 2.34+0.04 8.59+0.261 2.16+0.05  0.23 +0.03 5.86 3.33 4.17

1# 10 2.30+£0.01 9.26 £0.42 2.10+0.01 0.26 £0.01 2.30 1.31 1.64

. sl 3# 5 2.14+0.04  9.57+0.75 1.95+0.04  0.36 +0.03 1.28 0.73 0.91

’ 3# 10 2.26 +0.01 8.16+0.39  2.09+0.02  0.27 +0.01 2.26 1.28 1.61
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3
Tab.3  Variation of coarse-fine particles contents
PS PS PO.O75 P0.075 PZ PZ
(g/em’) z ((cm) (%) (%) (%) (%) (%) (%)
3# 5 61.00 10.25 0.66 -76.24 30.69 -0.16
1 1.54 3# 28 55.91 1.05 2.01 -27.90 34.36 11.76
1# 21 58.98 6.60 0.77 -72.36 31.07 1.05
3# 5 58.69 6.09 0.91 -67.23 31.40 2.15
2 1.62 3# 40 57.98 4.80 2.75 -1.26 31.69 3.07
1# 13 67.66 22.30 1.26 -54.81 26.23 -14.68
3# 5 55.98 1.18 1.03 -62.98 32.70 6.38
; - 3# 10 54.01 2.37 1.78 -36.14 33.94 10.40
.7
3# 25 55.32 0 3.17 13.85 34.05 10.75
1# 10 56.15 1.5 1.42 -49.09 33.67 9.53
4 . 3# 5 52.50 -5.11 2.06 -25.83 35.49 15.45
' 3# 10 52.55 -5.01 2.86 2.68 33.91 10.30
1.54 g/em®  1.62 g/em’ 1.81 g/em’ 5~10 em.,
3
Py s Py s 1.54 g/cm 1. 81
g/em’ Sem P
-5.11% ~
10.25% . P,
° Py o5
54 55
25.83% ~76.24% -
49.09% ~72.36% P o5 APy s
° Py 015 Pa 4 APy s =
40 cm 1.2632p, -2. 6464, AP, ;s = 1.709p, —3. 4391
-1.26% 40 cm. R’ 0.8827.0. 8199 AP s
3
1.72 ~ 1. 81 g/cm Pa Pa P0.075
Py s o 1.54 g/cm’ P,
5~25cm -0.16% P,
3
1.72 g/em 10 ~25 cm 2.15% ~15.45% o P, s P,
1.5 1.55 1.6 1.65 1.7 1.75 15 1.55 1.6 1.65 1.7 1.75 1.8 1.85
0.00% T T 0.00% T T
-10.00% r -10.00%
APy o7s=1.709p4 - 3.4391
20.00% | 20.00% | 0.075 4
20.00% APyrs = 1.2632p4 - 2.6424 30.00% | R=08199 o
-30.00% r R*=0.8827 =Y 0
-40.00% |
-40.00%
-50.00% |
-5 % |
50.00% . - .
-60.00% -70.00% |
-70.00% r S -80.00% | b4
-80.00% *“ -90.00% *“
(a) Wl (b) T
4 APygus  py

Fig.4 Relationship between AP, j;5and py
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Fig.6 Test results of gravel soil with the initial dry density 2.00 g/cm®
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040 - 0.40
A TR MR F LR e, =-0.043Inp"+ 0.5241
I , R2= 0.8566
. . w R ORI AL 035
. . .
'\ 4 - u FFE150Kpa, T8 FE1.94 < :
0351 ° ‘ﬁ. - -
. \‘ S0 . o FE100Kpa, F# 194 0.30 .
ié H] ‘.‘n‘ Tgpt, o F|E50Kpa, FH 5 1.94 .
= \ BS« o 025
0.30 "2 LY "o oMEIS0Kps FHEEL00
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4 4.5 5 55
o M 50Kpa, T35 2,00 Inp’
025 . . (a) e.-Inp'lif FAR A5 2k
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TR H7p (Kpa) 4= 0.6641(p")-963 °
300 - R2=0.9465
T e-p 250
Fig.7 e, —p~ planar critical state line 5_ 200 - ‘
L]
=150 |
4 e, 100 + o
Tab. 4 Critical void ratio e, f gravel soils 50 |
with different initial dry densities 0 \ . . \ \ )
0 50 100 150 200 250 300 350
p'/Kpa
e q(Kpa)  p7{(Kpa) b) g-p'lfi PR A2k
a3( Kpa) (g/em?) (b) g-p'lfi
1.94 0.32 93.41 95.98 8
>0 2.00 0.34 69.50 84.65 Fig.8 Critical sate line
1.94 0.30 227.43 213.80
100 . (
2.00 0.30 159.14 178.13
% 1.94 0.27 324.79 312.39 28 ¢m-40 cm) °
1 3 3
2.00 0.29 18112 239.86 1.72 g/em” ~1.81 g/em
: 1.81 g/ cm’
. 0.4
4 e, p
e, —Inp” 8( a) 0.
8566 o e, —Inp~
P 0. 964
(P =0.05) . .
e, - lnp z 0.55
) 5% o IEFRE & RESH
) T8 - BRRBEKE —— BRREL
0.45
e, =0.5241 —0.043 Inp” (2) o
23 040 s A S~
(3)g-p° =
= 0.35 ‘~\\.\
4 q % 030 “ ° \u.\'
) ) & a e, =-0.043Inp"+ 0.5241 .
P q-p 8 025 . R2= 0.8566 -
(1) 0.9465 ¢ p’ o
o q—p° S RS Inp”
9
Fig.9 Mechanical property of gravel soil
g =0.6641(p") "™ (3)
(e p) e -
Inp~ 9, 9

1.54 g/em’ ~1.62 g/cm’
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5 em Py g5
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The Mechanical Property of Gravel Soil in Seismic Area
and Its Critical State in Initiating Debris Flow

LIAO Liping' > * ZHU Yingyan*" YANG Zhiquan’ YANG Yunchuan' * *
HU Jin® STEVE Zou’ LUO Xiaohong®

(1. College of Civil Engineering and Architecture Guangxi University Nanning 530004 China;
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Abstract: Although gravel soils generated by seismic shaking in Wenchuan earthquake area have subjected to
natural consolidation process for nearly ten years geological hazards such as slope failures with ensuing debris
flows frequently are haunting the area. To understand the nature of geohazard initiation in this paper artificial
flume experiments and triaxial tests were used to make close observation on gravel soil samples which were
collected at Niujuan valley Yingxiu Town of Wenchuan County Sichuan Province China. Based on the
mechanical property analysis of gravel soil samples some results relevant to the micro-macro property action of
coarseine particles content on dry density and critical state of gravel soils in the process of motivating debris flow
were confirmed: (1) The timing and patterns of debris flow initiations were closely related to their initial dry
densities and initiation processes were accompanied with a variation of dry density and void ratio; (2) Fine
particle migration in soil and coarse-fine particle content rearrangement contributed to the internal micro structure
reorganization which was supposed to be the main reason for variation of dry density and void ratio; (3) Gravel
soils with unchanged grain compositions if under the same hydrostatic compression they approached to an
identical critical void ratio theshold to fail; (4) The mechanical state of certain sort of gravel soil can be identified
by its relative position between state parameter (e p°) and e, —p~ planar critical state line; (5) Gravel soil slope
failed and then evolved into debris flow under lasting rainfall leaching while in gravel slope there co-existed soil
dilatation and contraction but the dilatation was dominant. Above research findings not only could be used to
interpret debris flow initiation but also would provide an insight for debris flow warning forecast of gravel slope in

seismic area.
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