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ABSTRACT

When the slate is influenced by weathering and gravitation for a long time, it become weak and
it may cause the sliding slope creep and folding rock. In the past, people had demonstrated the
structure phenomenon of creeping rock through field investigation; however, nowadays no one can

demonstrate this phenomenon through the mechanics. According to the result of previous study, by
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taking the slate slope of Lushan for example, We used the numerical software of finite element
“Plaxis” to simulate the creep behavior for the long-time effect of weakening factors. According to
the failure criterion by Hoek-Brown and literatures, We used different material models to estimate the
parameter of slate strength and creep, and then we added different weakening factors to simulate
possibly situation of slate creep, comparing with the previous study. The result of this research
showed that the simulation of slate creep through the mechanics is comparable with the phenomenon

of slate creep in Taiwan.

(Keywords : slate, creep, finite element method)
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L A [P et [ h5 ) et (A5t
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BT TR Ripger 0.48 0.6 1

41



oot USSR 43(1) 1 35 - 48 (2011)
Journal of Soil and Water Conservation , 43 (1) : 35 - 48 (2011)

%2 B R

Table 2. parameter for anisotropy model

g A et HIE = P et # R e
VAR ET Yunsar (KN/m’) 26.7 26.7 26.7
BEATHT A ET v (KN/m’) 27 27 27
1?]? (A A Ey 1.017E+06 1.985E+06 1.763E+07
1?! [T B 0.3 0.3 0.3
CYBSETRI T 7y 1y A O
R (s 1.017E+06 1.985E+06 1.763E+07
BrE,
BRI [P BRI
i f
HSEE v, 0.3 0.3 0.3
INBER L[ P B
f177 i
9 15448 G 3.913E+5 7.633E+05 6.782E+06
1 C (kPa) 118 178 1328
TR ) () 45.14 48.37 48.79
AR w() 0 0 0
BERIEIHT al”) 57 57 57
AP B TR Riger 0.48 0.6 1
WIEET FIATR 2Rk - BB rR =g
TERRAITRE (755575 1000 “«%’iﬂ%ﬁﬁ! [T Aeprfs

s if?ﬁ’}ﬁ} £h 0.24x10-4 m/day~0.77x10-4

T (2B AT P [
ﬁt'gEJ*J ) ]’Eir,% Plaxis [ IF7EA8LE] " f ffl i
i & V?F%Elfifﬁ 440 ST HIIEL soft soil creep f5LE]
== anisotropy fHUE| i & TR B 15"1“'??[ 5
WP S B R % R R
e T’gﬂﬁ&ﬁfﬂﬁ”ﬁﬁfﬁlﬁﬂ%& o IERY

[S’&ZUEU%@T‘%@}EI%(%I 8 ~ 9)7}{["" '—t‘*{:\“[’ s
Bl i ﬁ,{_} E P ‘FEF}@E“@ LA h‘*&@fﬁ%
ir.;fﬂ%a‘
1.Soft soil creeptt? B[] 22 Byt 15

P8 EIE pORS TR R

7 Hoek-Brown ’F'gei%ﬁé FIE fF‘,J‘JHﬁl I37]

42

Figure 8. Bending folds formed of Lushan



A~ I MRS

slate m/day > Fﬁ/—] 2HY Rﬁf[[ﬁ[ﬁj?[?,ﬁ%;ﬁi
0 YR 10 Fr o 79 soft soil creep AU

. %iﬁ?ﬁﬁ PP IRG Sho AerS a7

11 R LA T 2 fﬁﬁlﬁl}ﬁ?ﬁ%{‘l BEEY
R EEASET I 1000 “[[H AR TRt

PIFSER AR 2 HTEE P ip AR POERE (ORI SRS PO - I 12 R
& PR AR PR
A P 5 T EET 1 1000 . » FUERS
PRER L AP P IR WP T
ASHERS et SR NS T A
FOTF7 = I 13 KL AT 2 vy et
i "‘WEI%’(”U“ PR S
P P IRRAET 1 1000 [l A8
R8T IR AR VIR e 81
CEATE R RS - @ HIFIR ST ) 9
PR EE R A PR
WA P Ry o A3 - LR
BT B e A s - e s
TR ﬁup&lmﬁ‘é |91 Chigira(1992)
L PR )RR I (8 | P
AT BV AT LT R 4

B o e EIUWE [i*‘ﬂ%d’,??’—??ﬂ%l

Figure 9. Surface creep phenomena of Lushan

slate

B S B T R e T R
PORTP[EILRAE - ST IR 11~13 5 - [

p 00 10000 000 X000 %qo0 | S000 600 Q00 80000 90000 100000 L
AT
1300.00
N
1 \\-
- NAA
’°°°-°-‘E Dafarmed mesh

Extreme total displacement 77.58°10°" m
{dizplacements scaled up 500.00 times)

qig‘[[ 10 A% 1 soft soil creep #2414 éﬁ%\?ﬁ’?@’?’y fYfh

Figure 10. Displacement of material parameters of calibration soft soil creep model

43



A P 43(1) 1 35 - 48 (2011)
Journal of Soil and Water Conservation , 43 (1) : 35 - 48 (2011)

-
:.mm-:
:«mm__:
s
mnm_f
mom.;
-
mm__: Deformed mesh
Extreme total displacement 104.15%10° m
(displacemants scaled up 500,00 times)
1L E T
Figure 11. Displacement of gravity increase to simulate weathering
0
-
e
m-&_' Deformed mesh
Extreme total displacement 78.73°10°" m
{displacements scaled up S00.00 times)

B 12 B e P

Figure 12. Displacement of slope weaken for interface

44



Yﬁ:"{“j SR PR RIE

1300.00
1200.00

100,00

fIHE 7t S FPAS S 7 1

Deformed mesh

Extreme total displacement 1052610 m
{displacements scaled up 500,00 times)

13 TS G T 6T o e s = 7

Figure 13. Displacement of both used gravity increase and interface to slope weaken

Bl o LB B EROREI 2 3 A
SO - 1 IR A R
I PSR E T

2. Anisotropy 81 E[fE1%-

A< b (2006) 85 £ 71 8 A IR ] 0
Hoek-Brown fHRE [ (ﬁ,ﬁﬁ@gﬁ*‘ A
% » | Anisotropy ﬁlﬁﬂéﬁlﬁﬁ’?[@ﬂw
BRI+ ST BRI 14~15 . < [ 14 4895
T’g?[i%ﬂ#i BRI TEIRIF S > Bl ¢ o F7ia
T FORILE I~ AR [l 15 LA
BRI l""’f"gi?[FE“fF[ '?%’3 PEEW RIS =
PUS Il 1o RS ?[i%ﬂ’?i B[ 1T
B WPRESIRI PISEET ¢ e T
o BB @i%ﬂ’ﬁﬂfb'lﬁ'ﬂ' i
LR 14 Hlf,ﬂ]?-'lﬁrl VRt
Chigira(1992) FH{E<HF | JE1°5-F1 13889 0 PP

45

=2 Du[{@ﬂﬁtj 77 ;‘gl;'m J7— ;fF]LfJJ"Fj I-FIJﬁ"E'U
PR R bITh g YR S
RO RO 1 i 47
RARE > B L R R S R -

)f%iﬁﬁé;ﬁéﬂﬁ[ﬁﬁ'[‘ﬁ% > YPIB! 15 ~ 16 e e

B

AP [ e PO B B A5
s R A ki
H O TERORS AL - iR R T
(F* = SR 9B DAY % 2 SR - ey
P 2 BRR O3 ABEle p  f
) s CPRROIERS - Tk
TPHAEESEE IR0 T AT Plaxis 1 [fil
PRI - e Femips f [ b s 3]
Fl‘li‘”ﬁ’?ﬁ'ﬁxﬁﬁi% > Soft soil creep H#]%&ﬁj?ﬁ



A P 43(1) 1 35 - 48 (2011)
Journal of Soil and Water Conservation , 43 (1) : 35 - 48 (2011)

0000 Deformed mesh
Extreme total displacement 66.13*10 " m
(displacernents scaled up 1.00°107 times)

fil 14 @ -c Frimik [l = 07

Figure 14. Displacement of ¢ -c reduction to slope weaken

sl 0f0 000, 2000 000 dqod .. %0q00 60900,

90000 Deformed mesh
Extreme total displacement 57,1710 m
(displacerents scaled up 1.00°10” times)

15 @-c Prmiredap P g ds = 7

Figure 15. Displacement of both used ¢ -c reduction and interface to slope weaken

46



A

A-15
Dip of Cleavage (degree)

o 10 20 a0 40 50 60 70

Depth(m )

IR AR R 1 T

r GRS SB[ 1

fil 16 ! [i%i’ii,_w'“ﬁgﬁg‘, - i

Figure 16. Drilling investigation of Lushan slope

[l B e S RO - o 8
AL AP RESR g R EA R
WA T IRl MRS R W’?
BEFRIE (= (=211 4> [T P
A% [@ﬁ} if?ﬁ%.&g Gt H*BT?’W]LT@;H%J%J

by= 1 7 Anisotropy R f5LE] F{ul
[l =R s R W o 1)
S - STV FO L RPE 0
2 TR MR B VT T 2 A [
PLEOT [P TORER G - e A PR
FIE G S LR = B 2L 15 2000)
SN0 T PP BIRE © A E IO

47

Plaxis [[ 11V soft soil creep = anisotropy ;%Z i
TIFFPRISE - R =) o2
R SRR g i O B B e B G !

F]Sj o
54 %

Lo s B = 2 AER(2006) 0 T 14
FELBSK = 91K%3}Z’"fﬂﬁi’ﬁ$ A
%EJ E&'%‘I%F F[

2. i USRS T AEAET2008) 0 TR
BB s R SN
=1
[l



oot USSR 43(1) 1 35 - 48 (2011)
Journal of Soil and Water Conservation , 43 (1) : 35 - 48 (2011)

BRI  FRELID - AR
(2009) » AT [FI B ORI )
L R
b {5, 40(4): 393-407 ¢

TS (2000) + T WL
BB R R A TR
L Y o B A BT
B o

P TR (2006) - BYTTRY
et i L
P ARSI B
=1

Fl

Chigira, M. (1992),
Gravitational deformation of rocks by

mass rock creep” , Engineering Geology,
32, 157-184.

“Long-term

48

Goodman. R.E. (1989), “Introduction to

Rock Mechanics”,2™ ed.,John
Wiley&Sons.
Nemcok, A., Pasek, J., and Rybar,

J.(1972), “Classification of landslide and

other mass movements” , Rock

Mechanics 4, 71-78.

S. El Bedoui, Y. Guglielmi, T. Lebourg,
J.L. Pérez (2009), “Deep-seated failure
propagation in a fractured rock slope over
10,000 years: The La Clapiére slope, the
south-eastern Alps” ,
Geomorphology, Volume 105, Issues 3-4,
15 April 2009, 232-238.

French

100 # 03 £] 08 Eiq’ﬂﬁqj
100 # 03 F| 14 [!iXZd>
100 =+ 03 £] 20 FIEE



