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Theoretical model of stability calculation of macro-rigid sliding planes with FEM
stress load based on limit equilibrium

SUN Jiansheng
(College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: A mechanical model of macro-rigid sliding planes with the finite element stress load without the
previous assumptions was put forward to resolve the problems in the calculation of anti-slide stability of deep and
complex sliding planes of gravity dams. The principle of extreme projection direction of vector forces was
proposed. The objective and quantitative method of stability calculation that combines the micro finite element
stress with the macro limit equilibrium was established. The limit equilibrium equation and the energy extreme
condition equation of macro-rigid sliding planes of the gravity dam against deep sliding under the elasto-plastic
finite element stress load were given in the extreme projection direction. The objective safety factor accurately
obtained not only satisfies the equilibrium condition but also has the extreme value of energy. The calculated
results of examples are reasonable and reliable.

Key words: slope engineering; dam foundation and slope; anti-sliding stability; dissipation force; extreme energy;
finite element limit equilibrium; safety factor
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S R TR WXER% | RARE | RNER% &
HEFEH % & Donald 1.3900 —2.96 1.340 —-0.31
SSA(Baker) 1.3900 —2.96 1.37 +1.88 ARSI TR A IR T TR RS - %
STAB(HALIE ) 1.3850 -333 1.265 —626  AEXICHAEE: 1529.10 kN;
A GWEDGEM 13900 ~2.96 134 —031  AVCLRENIRH: 153044kN,
KRl i EMU 1.3900 —2.96 1.34 —-0.31 ﬁ;: 477 KN I EXS ? it
M H: 3547.03 kN; HRICIETHN
Fredlund 1.4060 —-1.79 1.261 —6.60 FELE: 3556.95kN, /KF: 2.90
EDSP(Fh A= H 4 - 300) 1.386 3 —3.23 kN; @ 5B (HES ) N IE)
m pad 1.338 —0.46
BB EI A 1.4311/6=455330° 1.344 2/0=39.857 3° S EXIC MR R .
il SR 14194 —0.82 1.3417 —-0.19 i é;g“ll 81 51°;$5§|5E75 g;}ﬁﬁ
BRItk wahaRB AR 1.4119/6=21.9101° —1.34 1.346 9/32.304 5° +0.20 % 1578, i1 380/21 28°
PG R ER 1413 3/0=23.6850° —1.24 1.347 2/31.446 6° +0.22
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Fig.4 Equivalent plastic strain distribution
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Fig.5 Diagrams of vector balance
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Kz REURRIEN, JF B SESER RS R
A EMAH L EDIE. P 5wl ke

2 LA R T E I ) 1R B S
W IR ERITT M 5 1.78° #1 0.86° , A £
BN, NRIEFEAE T ) 24 RO R 45 R 2R

AN, KRR T T M E S
R 1 R sh 1R T MG R BT R
SE RSB TT A E R M= BN . R R —
A5 Ut WA A AN 42 - 53 3 R 2 U L I AT
SRR, RERIE I e A R 1 0 I L
iE, EAEHTEDIREIEREEAER, A
I e i KT Ho 22 4 RECESR WK, w2 IR T
HFA . TR BRI T R R T AR E
R 8O  ICAH sm H BE R

EX1C T8 2418 X 3 1) 55 R0 I P B AR 25U
BN BARAGTE B /S, T T 3 1R ) i)
SBIRAKR, 2 NMERERIMAEEHS FHET
(s B 5 B 7350 A AT R

EX3B K55 2 K 35 I fe ) ¥ T PRIV B0 0 R
TIR/NAL T B 25 5] L8 BRI R
[V TG ) PELVE RO g qe O, ont e M AR/
Bk, B S A T ) B a3 AN e L I
S BN T BT 2 2 BT S I R 1 2 A R AR
THR S RE WK

(3) HPUIFFEE %4 RBUTHERE 1 v H:



* 870«

A1 TSR

2018 4=

EX1C #57 M E PR iR 22 4= R BN 1.431 1
bo B A VAT A SR R . b IR B PR P 1l
1.39 K 2.92%, bR J3AREANZ: 1.4194 K 0.82%.

EX3B #57 M E PR iR 22 45 R BN 1.344 2
HHER Tk R ZE R —6.60%~+1.83%. LLKI
PPl 1.34 K 0.31%, LB ApARERE 1.341 7 K
0.19%.
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RUTRIRAA, 2 BH ST D914 5% PRSP A7 L g vk TR A A
fE—EReRRE: © EFNIEPE IREI AR
AN RSvE T =y sha N e RSN TNAL v
VLI 5 B e I B R OF ELRS R T 22 4
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Mk, S XS NN T B AR, TS X
B R R TR AR, BARE L eRE, N
RedlidfE K H .

T ZLTHI I ) 6 1A AS [R) (24 100 38 i 98 M X3
IAVEREFEANA), NIAHR BRSP 7 v 5 A SO R 1)
AEXTHEIT AR BE AR 7R 1 DA 0 B P 4 15 A 2% A 1) S o
s, FEE T ARCESHRR 24 /KM SR E
SR BT B AT R B S D) SR B
5.2 EHUURBIBREEEEIE

AR A T POV 3 E A7 1 B 30 2 AR v
A F BN AR R B ~F-  H0 eE  B T (FRTRR XL

RHANE), EPRIE A 58 ZE R ~F: 3 98 m,
TS 8 m, HUKTE 73.5m, LIE/AKIR 95 m Rk
K0, EHKFL R J14r 8 Z 2 0.25(H ek s E 40
B9 m), WUAZKE 24 kN/m®, ALY EZIRE
5.5m. A FiE 5° . JEE 0.03m, HUBIWisRE £ =
0.6, ¢ = 0.25 MPa. #AMIPLEIET £, = 1.0, ¢, =
1.2 MPa, ‘#H{A%EE 26 kN/m®,

RURHEETE ST, 300 3 8K 55 T 3% T 5455 & Ot
TP EWEAKE SR . T BE AT B 4 S i)
YE R J3f8f 43 4% K F 07 1) w = 0° (FRTAR X —1%)
152 T e 2 (R B B DR B % 22 4 R s e 1 )
w=tan'f, | K (AR k). MR\ RIHEMmE T
i ot e BT 2L T (X)L A B 49l 9 31.90° 11 23.36° Xif
iR /N4 R HINR 2.

%5 Fe A BRI AR T R (R B 37 AR 5
WA 3. AT Tl K B R ST 0.3 m.
R L4300 40 BT 115 390 AN, KR A B %
231732 o HES N 2 MG EE TN, KEI150 M
4 NFRGP I, M N 4 A
210, BHERUSIOT EE AR A4 )
PO AIFE 5 /N T 0.001 500N H, K %R
HERFEN, TEEMLE 22 mine LIRS 2
PR IR gt S R R F SE bR TARIG Ol 7EFS J5 1)
WAERE THER, AT B IEHR R KRR S5 e
T3 VE R AR 150 73 ) 4% T 2R 28 & i e 4t & iR B
1.0 MPa 15, AR Z R 3 B, HiE
TS A PRI R RO LA 6.

A ANSYS H R G H IR 113, AR
AR RSP e 3 e o B AR LR 2.

A ANSYS A R TG B S5 2808 1 Ak B AR
(oA (T 855 2 R RN EiE R R R, R

2 VXUV € 1 T T A BB 7 A B . N AR R

Table 2 The safety factors of the sliding planes in the extreme projection direction, the algebraic sum of stress for the standard

method
NV W—: TFUHEHEGIA 31.90° W FURETEUA 23.36°
TR T —— ——— Sk
BERBK AR 2 5% BERBK AHX 22 5%
DI AR BRSP4 R — 1% 2.0359 —30.40 2.1029 —26.24
MR R #550 — ik 2.670 0/ =20.5325 +0.57 2.566 6/y=21.286 9 —3.44 S RS AB
BT SR AE 2654 8/6=11.3306° 2.6830/0=5.9007° T 24 et I
ISWAlA il 2.6423 —0.47 2.667 2 —0.59 BT B X BT
bEEIE N ApA ks Z 2.6171/0=4.3647° —1.44 2.6754/0=3.8943° —0.03 /150
R 2.6535/0=11.0942° —0.05 2.6930/0=8.5225° +0.37
5% 77 M AR FER R 2.789 4/0=8.768 3° 2.808 9/0=3.9332°
R 3R AR 28410 +181 2.8539 +158 UL S A DL
e e b _ . B B PipiAT & R vHE
W Bl R )5 Ry 2.8101/6=4.3647 +0.74 2.808 7/0=3.894 3 —0.01 ¥ 1.0 MPa % &
PUBRBEN TR, 2.7611/6=11.9479° —1.02 2.8351/0=9.4307° +0.92
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Table 3 Parameters of elastoplastic finite element model

w REEL RE) O FRE NEE S FE
ke imm’m“tmwm%(m-m% #1°)  S1IMPa
HUAR  2.10x10° 0.167 24.0 14.0 58.50 1.872
WL SR 1.50x10°  0.22 26.0 16.0 45.00 1.200
S22 0.25x10° 0.28 23.0 13.0 30.96 0.250
- BES)Z LU T B

Bk 1.50x10%  0.22 26.0 16.0 s
ki Hep

HRES, W B AR /N 101070, BRESE
SRS B B 1 197%10 A7 T-HUAE FIiE 9 m
4b, HUBEIE 75 390x10°°, Hif#IER7J5 510x10°°
AR R 8 3K T3 E, L N5 R AE 10x10°7°
PATR X3k, MR 5 5 A S P A K fE 819%107°,
KT 15010 ° XIIFEE 3 mafge 2 m, WK 7; M
b s A R YR X 3 AR /N L R B 150%107° K
AR 25%10°° LU . HE AR E RS E M I U sE
52 IIRAS BEE X 8 B R 5 2 I X 3, )
FEPui X IR S 1 b AR e g L A
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Fig.6 Finite element calculation model and loading
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Fig.7 Equivalent plastic strain distribution at the dam heel
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Fig.8 Diagrams of vector of limit equilibrium method with the same safety factor for example on Standard recommendation
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