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Two dimensional elastoplastic distinct element analysis of high rock slope
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(1. School of Civil and Architectural Engineering, Central South University, Changsha 410075, China; 2. Department of Civil Engineering, Tsinghua
University, Beijing 100084, China; 3. Central South Design & Research Institute of Hydroelectric Projects, Changsha 410014, China)

Abstract: In order to analyze the anchors supporting structure’s effects, the 1+016-1+080 navigation route bank high rock slope in
Longtan Hydropower Station were respectively computed under the supported and un-supported conditions by two—dimensional
plane elastoplastic distinct element method(DEM). In the computation, the stress field, deformation field, plastic yielded zones
distribution and stability were respectively calculated under supported and un-supported conditions. At the same time, the anchors
axial forces during the excavation steps and the groundwater level effects on the slope deformation are also calculated. The analytical
results show that there are obvious differences between the supported and un-supported conditions; and the anchors supporting
structure can diminish slope deformation and improve the slope stability. Meanwhile, the ground water level of the slope has the
obvious effects on the slope’s deformation and stability. The slope top deformation and the anchors’ inner force are measured during
the excavation step and there was a good agreement between the DEM computation values and the surveyed values; for example, the
max calculated slope top deformation is 9.48cm while the measured values is 7.55cm; and it is shown that the 2D elastoplastic
distinct element method is suitable to calculate the high rock slope problems.

Key words: distinct element method; high rock slope; slope stability analysis

ARG AUE 0 FEM B, AP v AR g

Lol = SN I FEA USRI, s IO T

FH A 1970 44 Cundall' ¥ U4 H 2 LG
DEM(Distinct Elemet Method)# %! Lok, 1X—75¥2:
ORISR U7 AT T2 1
o ZTT IR HIFEARFAEAE T FO V5 B RO A R
e, FRMEE, TR T R TE R
FRICIE A JFUE SR NASTE R B, TR 058 &
BB TR I KAR T SR ) )

Wk H . 2006-03-20
FEEH: EEE AR EHIH (2003G005)

RADESE BT, LA IEIN A — Sk
S AERIRY J7 30 B g — Bk 4 AP, K1, DEM &
B HpA Z R ARE SR Y, e P2 i
T AR T I 22 AN BARZ TR 520 . DEM 1, 48
AR BRI AL, JEAT RS B f
TR R, BT HE AR A R b () — AN R A
PEMAZ — MR ERTT (B Do Bk

YRS BRIGERK, 55, 1979 GF2E, P RS Tl 22 e i 5 Bk TR i 050/, I iIE B 5 9l TRE 7 TS T4, Email:cxb528@163.coms



B RIS : A i SR~ i B T A o 1113

L Py B Aidi o T DA Ay B ) 25 A A8 A Py 220 -4
& . B 2 75 FEM AT DEM A5 g5
(i 2 50 4,

IENEENES
A A A
IENEEES
A A A
| Hlh || Hlh || Hlh |

1 EHTTRrE S
Fig.1 Rock mass in DEM

13 14 15 16

| | | | | | 31T 32| | B3 34] |35 36
ps 26l | 27_28] | 2930

9 10 11

| | | | | | 19 20 |21 22| |3 24
13 14| | 15 16| | 17_18

5 6 7 3

| || || | |7 8|E 10| lLl 2
13 4 6

1 2 3 4

(a) AT BRIC AR AT A (b) ESHUTTIIRE I
M2 FRUSESTT RS
Fig.2 Nodes of the FEM and DEM

KT TR, B ROCEUE i 1
P B W HR v & Sk FERS A TR T
A D MR R 7 3 i T A AR 3 1 A2 5
AR FJ R Fr oA, AT REH BLLA A THHEK
FIRENSE N (2002 4F) N B BTiEu AR ik
WHS St 2R 1 [t T 390F0 28 K T A e MEREAT T
TS EE, FOF T TARE MERTINE T 5,
S T REACER T S EARE T TS ik aE ™ o
PR UG (2000 46) 2 IR BUE RS TR
55 BT SRR 5 20 HT T 78K T e e
SEVET . S TSRS (2000 4F) 7R 18
Mo R KIS R, S TOTRXT E DA 3511
JEPIHLTIREAT T BB AL, RS R SR s
FAR—H, R A HOTIIARE ) T BLA o A2
TE R PRIF T e RhBE g 25 BT 2 i 25 A
(2002 £F) SR mi— it (1) — 2k B RoTHITE Defk
(SIS N (TGS R IR R SN b /N ]
RFFFZIR IR 5 10° ANBAk s, Wi n )
JAFEAE, gt T 5SS Aa N g 700 (1 A e
BAULE R, RG24 D DIREHU T K A I35
TP A RHEE s LTIk B4 N (1999
D AL ST B OTVE AT BRTT N /N K L A
DU HERRALE B ARIRAS T IORUE MR AT T 4k
BRI, 135 TAZHERUAR 1) AR AR ZS
(s RO AR TRV R R B N (2003

A LA B L e R L 8], AT AR X
FARETAA BN AR TR SR, RISy T TR, R
H 2D-Block & BLGRE 7R T I B, 7R T Hihk
DA ARE T ARSI R, A IHEAA B A R R F T
R T RPZEI AR, DL iR (B ek
I SIS, B BT T AN I S AR LR e ik
YT IR AR, R —F AR AR B
T K BRE S e T R sz s (R B B Al i

Je WK H o fe KR 216.5 m, RHLA &
5400 MW, & [ o 78 2 AN TGV 0k sy K2
KL TR B2 ARG, AT Rl i v
LIV T 2N TIFE i e o Z Bl 2001468
HIFE, RINBATH NS, by SER SR e
Jea G TFAZ S I R AR IR O, AN SR - T 25
[VCER A BUR TP oY e & AB NN =i ) NAY o o FINE VA > 27
A SPEX R R SCP N AT T BUE AT AT

2 UG HEA R

B R TCI S RS SRS IEIT T,
AR IR AR AR I L S as sh i B 8075 . K
FITIREIRLC N EARCE : (1) WY IR
HUARRITE, SR RN, SR A 2300]
BB Eh A, ARG AR DAL (2)
PR ) B s i Ay AR -1 B T 2K, DAk e] 32
-ILESTT 3 A P AN S -1 A

BRIy, YUATAEAE S ST, YI1E) Fs
BB KAEI, B AR, |
Mohor-Columb #ERIFT A1, 5 KUl B«

|F,|<F, tang+c=(F,),, (1

N

X |F| eV KN s F, iR )
(F,), o JECR DI S
F, 550 “&E7 S, SO, B

Fn :knun (2)

Fy 5Iaaf iR A ek, Mg An
S|

AF, =k Au, (3)

A ks k22 A T3k R0 RT) i P2 2R 5
uy NEHRE RN S A Au, WITVIN R ¢
A REEE Ts & IR R B . BE R
W ia gl AR AR ERIANTA ) 2R Kt i ik
€, AR e sl kel .



1114

i
+

b 2006 4F

3 AL

e MEK F AT 1) P ORI B BE N LK), S
TEAATRRT, A AT IR TN T 240N T
A, fTIE 14016~ 1+080 JFZILME M5 2 Tt
FES LSRRI T 42 F SR Byl sse, 471 110 kv
AN @S A N AT O 22 347 m,
W BRI R B 67 m, e 330 m LA L ih 3kt
1: 1.25; & 330~315m A 1:1, FfE315~280 m
H1:0.8, FHiFE 280~260 m A 1:0.6. EETIE 14016~
1+080 Beiid i (Bl 3) #EATIHE

RE ik
s

—
AR 2

1
F, 065/ Fa113
= ‘
Y

F2 055

B3 s
Fig.3 Profile of the rock slope

SINTINZS B T W2 L B 2R ELA : OWZ:
F2003v Faossv Faoson Fao74v Far0sn Fa113v Faorss Fa
s 2 @H)Z: PR L. AL SRk,
55 WAL RROET 7 2 12 @321 T A7 2B 14
FPEIRNSO~25°W/NE £ 50°~85°, 1159 XA A1k N £
PG B, R 37 ~50 %; H24: R
N75°~85°W/SW £70°~89°, {E55 AL A ARN Z 1]
A iEk , EB R LAI30~50 % H5341: PR NSO~
30°E/NW, 7E55 KL S FE DUR AR ) 2 1 8ok,
IR L44 %,

NSVIE § N I

LTI 14016~ 1+080 1] [ 321 3 V- 25
TCUHEASER (1 4), AT B 55 600 m,
400 m, VSRR FHECCAIHR, PR
FHEL LI . UDEC3.0 XA BRI HEAT T Bk s
R4y, WERBARILRIN T 6 621 NEEEAIG, XY
SERTIIPRE I3 AN TR EAT T A1 /N ) 5 1
BITRIGy, VHERR T kI s 4.

BBOCR R T R I B S R L FTR, %
TEHZDRRARNS N IR 0 7 AT I, vhEd f
AN IEHNY S sgm, N8 HEN ), UHIHEL
B2,

T
S

EE
5

x
%
-
L
e
2

s

G

o
o
%
-

i

X

=
%g_

2
Y2
-
o
gﬁ
x
o

ifg
5
=
0
S

£

%
=
%ﬂ
o

U
2
"‘sﬂ
o
2

i
e
2
o

2

5,
5!

i

-
e
!
.
J
2
§
s
-
X

R
S
-
e
e
e
o
o
e

2
s
s

0
z
e‘v
2
%
%‘

5
o

,
o

:
o
e

:
:
:

.
-
X5

é‘v

Ty

VA
o
%

é‘
2
2
o
%
7
47
=
%
o
2

3G
5
=
5

,
e
Lok
A
)
4%'%'%%
AT
TG
=
o
'g%‘e'a
TAETATS
fes
Oiey
5 %‘s%!g
At
2
e
s
G
Lol
&

s
%

Lo
v!fé
-
s
i
-
.
:
.
&
L
.
=
g@
g
o
:

B4 SFORER RS AT T A%
Fig.4 DEM mesh of the slope computation model
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Table 1 Rock joints properties in the DEM model

s 7 C° D KEE/m  [f/m 5l /%

FEIL 1 60 40 30 45
FTEIL 2 85 30 60 40
REBE AT 150 30 60 50

R2 YOS PR

Table 2  Steps of the slope excavation and supporting

R w2/ m
1 315~330
2 300~315
3 280~300
4 260~280
5 AP
6 B

Hoh i S e B I 5.

6
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Fig.5 Profile of anchor supporting structure arrangement
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Table 3 Physico-mechanical parameters of rock masses
and structural planes

W RIBRE kst BERD) EREH

HERE R /g+cm®  Ey/GPa /v c/kPa w/ (°)

T L 2.1 0.015 0.34 50 26.6°

HOO AR 2.3 0.035 0.34 625  294°
50 AL 2.55 0.5 0.34 187.5 32°

o R 2.65 4 0.28 156 26.6°

BrE ik 2.68 18 0.26 1500  61.9°

s K,/ GPa K;/GPa — — —

" 7 J 2.5 1.0 — 375 17.4°

SEEm 3.5 1.5 — 60 24.2°

i REE: VAN 3.5 1.5 — 50 21.8°

R4 BRIPEHSH
Table 4 Parameters of anchor cables
YRR B/ MN  HfLEA/ mm TN J)/MN [EIEE/ m

MR 1 1.0 150 0.2 1.5
iR 2 1.0 150 0.2 2
HER 3 1.0 150 0.2 4
iR 4 1.0 150 0.2 4
&R S 1.5 150 0.3 4
& 6 1.5 150 0.3 4
R T 1.5 150 0.3 4
HER 8 2.0 150 0.4 4
HE%R 9 2.0 150 0.4 4
Hi%& 10 2.0 150 0.4 4

i, HA7 MPa, ARSI IE S 2000 5 A bR Hl T ) —
B, FAA mme RHITITSCY AR A ) R AR R
SEPERVS TERFE I RE W, L8t T 2 Rt BT &,
W 5:

RS UWPHETFE

Table 5 Computation schemes of the slope
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Table 6 Ultimate strain and stress during excavation steps
(schemel)

IEPN e/ WOR WESR B
L FNH FENS Mk B K R
/MPa /MPa  /mm / mm Jul ol

THERT  0.697 -17.69 0 0 10 277
1 0.681 -17.68 0251  0.782 6 291

#2 0652 -17.67 3.424 2.898 18 423
3L 00643 -17.66 7.968 4.263 12 436
a4 0639 -17.67 10.11 4.79 22 453

RT WEETHESMB NG OFE 2
Table 7 Ultimate strain and stress during excavation steps
(scheme2)

K SEZN W TEROK duf Jii M
FEL RN FN O M BUIE BN B
/ MPa /MPa  /mm /mm  HoEr PRI

FZERT 0.697 -17.69 0 0 3 277
1% 0681 -17.68 095  0.782 6 291
$2% 0657 -17.67 657  0.803 6 291
B3 063 -17.67 1698  1.577 12 418

a4 0593 -17.65  33.23 17.21 23 587
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Fig.6 Principal stresses and displacements contrast
between the computation schemes No.1 and No.2
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Fig.7 Yield element amounts contrast between the
computation schemes No.1 and No.2
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Fig.8 Max deformation contrast between computation and
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Table8 Anchors’ axial forces during excavation steps
(Unit: MN)

1# 24 3% 4% S#H o#  TH 8% 9 10#

Y s mi ik i R W MR R W iR
g1y - - - — — — — — 042 035
sl - - —  —  —  —  —  — 0356 0312
2 — — —  —  — 0291 0349 0409 082 075
sl —  —  —  —  — 025 0321 0356 0762 0623
$3% — — 0398 0394 040 0586 0592 0.637 0977 0.87
SR — — 0302 0289 0296 0432 0502 0.597 0.886 0.716

%425 03967 03898 0.618 0.639 0.646 0.694 0.724 0.767 1.00 0.90
S 0265 0212 0563 0.578 0.532 0.602 0.647 0.693 0.89 0.72
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Fig.11 Anchor’s axial forces during the excavation steps
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Table9 Computation schemes of rock slopes
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Fig.12 Surveying points’ arrangement in the rock slope
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Fig.13 Displacements of the surveying points in scheme 5
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Fig.14 Displacements of surveying points in scheme No.6
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Fig.15 Displacements of surveying points in scheme No.7
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Fig.16 Displacements of surveying points in scheme No.8
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Fig.17 Displacements of surveying points in scheme No.9
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Fig.18 Displacements of surveying points in scheme No.10
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Fig.19 Displacements of surveying points and water level changing
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