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Earth Slope Stability of Xigeda Strata Under Headward Erosion
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Abstract: Engineering geological characteristics of Xigeda strata in Sichuan Province was analyzed. Xigeda
strata has multiple chemical composition that contains a certain amount of soluble salt, and tends to bring
about chemical reaction and forms secondary minerals when submerged in ground water or surface water.
This may reduce the strength of Xigeda strata and cause slope instability. Headward erosion is a kind of river
erosion, and if the flow of the lateral erosion and gravity act on the slope at the same time, it would acceler-
ate the instability velocity of slope. The main factors affecting headward erosion were analyzed using mechan-
ical methods of soil mechanics, hydraulics etc. A generalized physical model of Xigeda strata slope was estab-
lished on the basis of the unsaturated soil calculation. In order to make the model more accurate and reliable,
the model took river lateral scouring and hydrodynamic pressure into consideration. Since the present unsatu-
rated soil shear strength calculation was not unified, the stability calculation formulas of unsaturated soil
slope was deduced and optimized. The stability of Xigeda strata slope was analyzed based on the headward
erosion model, and the calculated stability coefficient of slope was 1. 061, but slope stability coefficient under
the same conditions was 1. 212 using classical Bishop method. Because the coefficient calculated by the opti-
mization calculation formula was lower.

Keywords: headward erosion; stability; unsaturated earth; Xigede strata

:2013-09-25 :2013-11-13
: “ 7(41172261) “
”(2011S70178)
(1988—), ( ) . s . E-mail: wyingjie0320@163. com,



26 )

4.00X10" km®, . . 1
[1 w Fp Fr Py
; AB g .
He 30 3 NisN;
’ 3 L
2] ’
1.2
[3] ’ N . [6] . ’
. (4] 7
’ ° [7]
| —6
’ ’ r(:66.8><d><102+% .
’ A 1 Te (N/mZ), dv
‘ ‘ ‘ (mm) ,
Sl()z ’ Alz ()3 9F€2 ()g . Mg(), PZ ()r) , Mn()z ’
7 ° Osman
TiO, , NaO. .
KZ ()9Ca() [s] . )
’ ’ — L3z,
o AB:CZX(T T()Xe (2)
| ’ Vs
’ : AB——
O (e (N/
1 mz); Te (N/mz); Clv
, Osman
. C,=3.64X107",
AB 1
’ H,=H—ABXtanf (3)
O :Hi (m) H Hli
1 ° ' (m),
qu , ’ o



5 27
¢=0.5X% 1an71[Hﬂ(l—kz)tan‘8]+gp} 4 e (kPays ¢
! (kPa) s 0
:k 5 U, 5 Us 3 b—
[o] ) .
0.3; g @OF
k=0,
_ - H
¢=0.5X {tan ' (7—tanB) +¢ 5 )
1
2 ey
2.1 ,
. r;=c +1 +otang 1o
(1) [10] 3 o — (kPa); ('/
! (kPa); ¢/ (kPa),
P, =v.Vysin —(0,+a;) (6) .
2 UU:
) (N/ma); a; { z'/—aa)b 1D
(0); Vz,i l 1Y) e H a’b
(m*); i— ¢ . , 3
(91 =V, ’ .
0: o o ,
(2) o ,
W,I»:}/,'Vh—‘—)’,\,»vg,» D) [14]:
Wi (N3 7, : r,=ctotangp+tr, 12)
(N/mg); Vl,‘i l s Ty (kPa); C
(m®); vo— i (kPa),
(N/m?*), o ,
(3) ° ’ T.s/
Fp =W,sing; + P cos(¢; —a;) ® g.tang m .,
Fp— i (N), T, =mg,tang (13)
o :mi ; q.\i
2.2 (q_\:AwA»A,/\ )o
. . L5J:
’ 7, =c+otangptmg tang (14)
o (100 (b :
s (j:C/‘F‘['/:CﬁL?nq‘\.tal’lgD (15)
s 1 ,
v ’ D) (16)
: Fo=C 4 (W, cosg+ Py sin(g, —a) tang,  (16)
SIng;
,  Fredlund ™ 1978 N— 1 (N/
r,=c +(o—u)tanp+ (u, +u,) tang, 9 m); Fr—— i (N/m); Li—




28 34
i (m); C;—— 1 N/m
(15) . i P., W, N, Fp, F
N;=W,cos¢; + P, sin(¢;—a;) 17 1 4.00119  242.76 241. 365 37.668 137. 849
2.3 2 3.72138 337.68  331.377  71.574  172.101
3 3.458 12 420.24  405.803 113.630  201.610
Fr
K\=F— (18) 4 3.15231  502.38 475.266  165.881  225.872
D
- 5 2.85556  570.86  526.760  222.222  246.004
C ¢”+[W,, cosg; + P sin(¢, —a) Jtang, 6 2.432 80  870.46  800.966  342.530  348.787
S1ny); - - [~
K.= W, sing, T Poycos(gh—ar) 7 2.34524  559.34  480.812  286.984  231.581
8 2.12565 368.78  302.431 211.924  170.896
(19
. ; P (N
: K. i Fr W, (N); N, i (N);
(N); Fp— (N, Fo: i (N); Fr i .
° 2
3 Bishop
1.139 1.212 1.194
, 20m 1:2,
80 mm/d, 24 h ,
4
7=8.0 N/m*, c=10 kPa, eD)
a=20°, y=18 kN/m?,
[5] b o
, m=1.457, . ,
(5] . .
0. 11 mm, , (2) ,
8 . ’ ’
1 o . o
(D—(3).(5) 3 ’
z.=0. 734 (N/m*), AB=3.06 (m), H, = ’
18.29 (m); Bishop
$=23.92 °; 2=1. 885, w=19.3%; ’
A=1.29X10°(m?); q,=Aw* =58 (kPa) °
4
(15) :C=c+mg,tanp=>53 (kPa) “
(6)—(8),(16)—(17) °
b 1 o [ ]
QL)) [1] . ) [1].
E(:’H"Jr n ) ,2004(S1) ;80-82.
i 1W (W, cosg; T P, sin(¢; —a;) Jtang, [2] !
s 10
W sing; + P cos(g, —a:) Ly, »2000,16(2)
L 130 =1 61-65.
=1.13
[3] , .
Ks=1.139, [yl ,2010,148(1) :151-153.
. [15] [4] ,
, Bishop 0l ,2007,134(5) ;175-176.

(TF#% 33 70



(2]

33

(3]

(4]

L6]

7]

(8]

(9]

[10]

[11]

2000,48(1) :71-90.

(Il 22003,8(4) :597-602.
[J1.

,2007,28(4) :689-694.
Hanson P J, Edwards N T, Garten C T, et al. Separa-
ting root and soil microbial contributions to soil respira-
tion: A review of methods and observations[J]. Biogeo-
chemistry, 2000,48(1) :115-146.
Li Hongjian, Yan Junxia, Yue Xiaofeng, et al. Signifi-
cance of soil temperature and moisture for soil respiration
in a Chinese mountain area[ J]. Agricultural and Forest
Meteorology. 2008,148(3):490-503.

s ’ 0l

L. ,2005,25(8)
1941-1947.
Davidson E A, Belk E, Boone R D. Soil water content
and temperature as independent or confound factors con-
trolling soil respiration in a temperature mixed hardwood
forest[J]. Global Change Biology, 1998,4(2):217-227.
Bond-lamberty B, Wang Chuankuan, Gower S T. Con-
tribution of root respiration to soil surface CO, flux in a
boreal black spruce chronosequence[ J]. Tree Physiolo-
gy, 2004,24(12):1387-1395.
Hendricks J J, Nadelhoffer K J, Aber J] D. Assessing
the role of fine roots in carbon and nutrient cycling[ J].

Trends in Ecology and Evolution, 1993,8(5) :174-178.

’ [l s

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[JJ.
,2002,26(1):29-32.

Wang Wei, Ohse K, Liu Jianjun, et al. Contribution of
root respiration to soil respiration in a C;/C, mixed grass-
land[ ] ]. Journal of Biosciences, 2005,30(4) :507-514.
Holt J A, Hodgen M J, Lamb D. Soil respiration in the
North-
Queensland[ J]. Australian Journal of Soil Research,
1990,28(5) . 737-745.
Robertson F A, Myers R J K, Saffigna P G. Respira-

seasonally dry tropics near Townsville,

tion from soil and litter in a sown perennial grass pas-
ture[ J]. Australian Journal of Soil Research, 1995,33
(1).:167-178.
Kucera C L, Kirkham D R. Soil respiration studies in
tallgrass prairie in missouri[ J]. Ecology, 1971,52(5):
912-915.

(] »2004,40(1) ;27-30.
Boone R D, Nadelhoffer K J, Canary J D, et al. Roots ex-
ert a strong influence on the temperature sensitivity of soil
respiration[ J |. Nature, 1998,396(6711):570-572.

s ’

[yl ,2010,24(3):
183-189.

Keith H, Jacobsen K L, Raison R J. Effects of soil
phosphorus availability, temperature and moisture on

soil respiration in Eucalyptus pauciflora forest [ ] ].

Plant and Soil, 1997,190(1) :127-141.

(5]

L6]

[7]

(8]

(9]

[10]

(B35 28 70
0.
,2003(5) :33-36.
[J]. ,1963(2) . 1-12.
Osman A M., Thome C R. Riverbank stability analysis
(D : theory[J]. ASCE, Journal of Hydraulic Engineer-
ing, 1988,114(2):134-150.

2009,20(3) :80-84.
(1l

’ )

(. ,2005,13(4) :335-344.

GB50330—

[11]

[12]

[13]

(14]

(15]

2002[S]. ,2002.
Fredlund D G, Morgenstern N R, Widger R A. The
shear strength of unsaturated 50115 [ J]. Canadian
Geotechnical, 1978,15(2) :313-321.
[Jl.
,1999,32(4) :3-9.
, . [J].
,2001,19(2) :56-61.
, . [Jl.
,2001(7) :79-83.
s ) , [M].

,2011:211-213.



