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Location of phreatic surface in the slope
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Fig.3 Location of phreatic surface in the slope of different time
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Tab.1 Calculation results of phreatic surface

KA TR . ANTR] 7K P B B i T Y B E R/ m T H AR
]/ d 10 20 30 40 50 60 70 90 110 130 150 / (m,m)
BME M 100 146 149 150 150 150 15.0 150 15.0 15.0 15.0  (12.1,12.1)

fi¢g ¥r f&  10.0 14.1 14.3 144 145 14.6 14.8 149 149 149 150 (12.0,12.0)

1 R/ % 0.0 -3.42 -4.03 -4.00 -3.33 -2.67 -1.33 -0.67 -0.67 -0.67 0.0 (-0.8,-0.8)
ik 10,0 122 12.4 12,6 12.8 13.0 13.3 13.7 14.1 146 150  (12.0,12.0)

R/ % 0.0 -16.4 -16.8 -16.0 -14.7 -13.3 -11.3 -8.7 -6.0 2.7 0.0 (-0.8,-0.8)
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IS A O AR KPR B T B B B B/ m i AR
it/ d 10 20 30 40 50 60 70 90 110 130 150 / (m,m)

B % 100 13.7 145 14.8 149 150 150 150 150 15.0 15.0  (10.5,10.5)
fig Hr f 100 12.7 145 14.8 14.8 149 149 150 150 15.0 15.0  (10.1,10.1)

3 R2E (%) 0.0 -7.30 0.0 0.0 -0.67 -0.67 -0.67 0.0 0.0 0.0 0.0  (-3.81,-3.81)
ZWikiE 6.3 6.9 7.5 8.1 8.8 9.4 10.0 11.3  12.5 13.8 15.0 (6.0,6.0)
R22(%) -37.0 -49.6 -48.3 -45.3 -40.9 -37.3 -33.3 -24.7 -16.7 -8.0 0.0 (-42.9,-42.9)
B 9.7 12.7 139 145 14.7 149 150 150 150 15.0 15.0 (8.9,8.9)
% Hr fig 9.2 11.8 13.5 13.9 14.3 14.7 14.8 14.8 149 149 15.0 (8.6,8.6)

5 WB2E(%) -5.15 -7.09 -2.88 -4.14 -2.72 -1.34 -1.33 -1.33 -0.67 -0.67 0.0 (-3.37,-3.37)
ZIMALE 1.0 2.0 3.0 4.0 5.0 6.0 7.0 9.0 11.0  13.0 15.0 (0.0,0.0)
RE(%) -89.7 -84.3 -78.4 -72.4 -66.0 -59.7 -53.3 -40.0 -26.7 -13.3 0.0 (-100.0,-100.0)
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Tab.2 Calculation results of safety factor

AR E R T ZRE

KA E/ m LR
0.1 m/d 0.0l m/d 0.001 m/d
35 2.119 2.119 2.119 2.119
32 1.705 1.668 1.659 1.832
29 1.424 1.348 1.327 1.622
26 1.262 1.151 1.123 1.495
23 1.197 1.051 1.015 1.441

20 1.225 1.124 1.087 1.447
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Fig.5 Location of sliding surface through numerically analyzing phreatic surface and

empirically generalizing phreatic surface

A AL R e Y T 7 2 9 AR ot AN SR 43 A TR e R A W A B A 25 SRAFTE 8 — 8 I 22001, MK
IR T B3] — i i BE S, PR =2 180 110 25 ST Bl 4492 378 2R B I/ N TTHG K 5 24 443533 2R BOM [R] B, & 22 1]
PRI VA 4 O NITiTE: N

AL, TCAE AR 0 T B AN A | 3 AR 10 1 7 B 22 A A e 0 1 T R Pk AT, 4 KK A
R3] — 8 R (23 m ZeA ) B, 8 4 RBGR B ARAE, 05 X — KA AR B ASFIR A ™. Bk, TR v AR
Pt AR ™ X O 1 28 4 R AREA T Tt T ARG 2 H RSB R A 0.1 m/d B FE < B AR RIK A
HRF 210 T 7 B 2 B AL SRS B 1022 4 R BN 1. 441 T MR 38358 10 1 o7 B B A5 B B 22 2 R 1. 197
YARBERECN0.01 m/d I, #2242 BB 2 27.06% ;24 H KB 3B RS T 0.001 m/d i, B #2404
FEO 223K 29.56% . B S FE7R BRI TS B 1T DA MY s R e P 43 A 2 91 F = 2 I PR) e 3 Y T o7 1 1
(25 5%, 2 B ARE T gt P T T80 %5 R B A PR 9 Y0 T 7 8 7 PP 7K RS, s R v ) < i 80 ™, 3 S AR T4
(EL A5 2 (A3 e TR, YRR TR0 5 10 25 5 VA 485 2R Bl /N T 348 K, I e e P A T R 25 51 I, il
JE I T4 BN 0 25 B 22 388 K. P LG R A, #4267 B S AR A A A 53 3 Pt T 67 3 o A 1 3 )
o TR T a1 e fE .

3 SARkEHBEETIRE

VEFAESCHR[ 20 ] o0 A SCHUIE B T EA T T WFST , A3 R A B oo B o ik 3 A S v
MIHE T FH0 T s AT B G AT A8 ;s BE B N 7 03 0R0 55 3k LK DL RS R A0 o i3 3 T8 k£33 B
A BT B Yrs AE A BT A A B TR A .
3.1 IREREMEITFM

TR R 6 .

-f~—[:1_ﬂk_)/§ﬂ7i’dﬁﬁﬁéﬁ4]‘é’ﬂﬁ

Lrza
S

Ko A s

Fig.6  Calculation of section plane
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Tab.3 Calculation parameters
T ARRIR (M) T i Ndiay . BRI PR A

oo THFA L
/ (kKN +m™) / MPa / kPa /(°)
Wk + 21.4(21.9) 800 0.33 28.85 20.56
Figirt+ 18.0(18.5) 500 0.35 12. 64 13.93
W + 18.0(18.5) 500 0.35 14.08 16.9
WwR + 26.8(27.3) 1500 0.21 1800 37.0

FET00 | 0 F RT ITTH BEHT R W7 15 B B 22 2 RBON 1. 068 , b FHRBEMRAR s , 3 T
(R LI 7 7 T 2 2R B T R RT IR P A AT 182.7 m, K I A S 7 A B R, T80 2
5T 1A RAO
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Fig.7 Phreatic surface and sliding surface under working condition 2 before the governing of landslide
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Tab.4 Calculation results of safety factor during the change of water level

JEIKIKAL/ m 210 202 194 190 186 178 170
T R 1.409 1.376 1.359 1.343 1.368 1.371 1.374
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Fig.8 Location of phreatic surface and sliding surface
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Fig.9 Location of phreatic surface and sliding surfac

when water level reduces to 190 m

Tab.5 Calculation results of the thrust on anti-slide piles (BAA7: KN/ m)
WoB BESGHE ) BERTHL T BES
TH1 TH2 TH1 TH2 T 1 T2
1 3 088 3 086 1303 1 298 1785 1788
2 3029 3 053 1473 1 482 1556 1571
3 3736 3 689 1 566 1593 2170 2 096
4 2 811 2 966 920 1 056 1 891 1910

BB SR T AR EOR A = AR BT AL A BRI R BT IR A R T 1 R 2 kA
L. 40,78 T80 3 25 FIMIE 1. 32, A UL, 8 B A AR vh 8 1 3 5k Fir 7k 2 ) 4 7 BA B o T e e
U, S T A A B T 7 32 (4 T oA 3850 5 BRI BT A T Ak, SRR LA B HE ) A 3550, LA hE
(I3 F1 22 Fildse /N RN,

3.3 miEtREMMRALIET

3.3.1 4 K 4 PNFRS WTUL,2 S HERT AR AZ A 7 B S AR /) DRI T D A R 2 S R R A Ay
IR E 30 2 3 SRR ¥ A1, TSN 3 S AR BT ARSH B HE 7. SR B AR 5 2.1 4 SRR NS
2 SR AT AL A E E WAL E 18 m
Ak 33 S A A IO R WL E 16 m
b P R 4 m. ARG, T8 1 S0
XSRS EE 4 R ECR 1. 320, W T A B AN A 10
AT 2 FT0E 3 450 F 18 B K KA Xt i 3
T TS S, PR, A R S T 2 T 3
ST XN B4 RS /NT 1,320,388 T &%t B10 T 1 4T e 7 1 v i o
BOR. U S HEE S IR 2 (94T WK 6. Fig. 10 Sliding surface under working condition 1
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Tab.6 Calculation results of the thrust on anti-slide piles (BN . kN/m)
0o MG e HERTHT ST kB4 )
TH 1 T8 2 T 1 TH2 T 1 T2
1 3200 3160 1350 1 346 1 850 1814
2 3327 3 301 1 566 1 566 1761 1735
3 3139 3185 1327 1 331 1 812 1 854
4 2 938 2993 951 1 002 1 987 1 991

TR 6 T UL 25 HEATE B i AR 32 4 7 () RN A FEAR A 5 A&k i R 32 B4 7 2 F1 53900 7 410 kN/m
17394 kN/m, 53 5 th & TR SZ I HE ) 2
7 402 kKN/m#l 7 365 kN/m #H bt I B /0N, R
T it Tt — k.

3.3.2 4 45 & A SRATABRICHRE Pk i
REANTREN Y, LAW i B Je )5 7 i e
MR B AR 7 B T T B DL K T B X
IR BN & e e v b it b 3 S hEnyik LT B 3 AR A L R R
E BB R R0 252 H ). s s S , T Fig. 11  New sliding surface after setting the third pile
LSRR R Y 42 4 R A L. 162, 37 7 AR 1 T T
7 EWE 11 FiR.

MRAEE 11 FroR i A 8 285 % 3T
A A A1 A X 322 LA R T 8 SR Ay 28K 1
SO B E WA BT 4 SRR BERY RT
IR IR B A i T A B AR 12 P,
WX B B 224 R B0 1.351 (T 1 &0 F) ik K12 35 4 SHE S8 5 A A 7 s

B T ELR . S T AR I HE T I 7. Fig. 12 New sliding surface after setting the third and forth piles
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Tab.7 Calculation results of the thrust on anti-slide piles (working condition 1) (B . kN/m)
= MG HERTHL S Giz=gi vl
1 - . _
2 _ _ _
3 5 604 1 749 3 855
4 3349 1 001 2 348

H % 7 AL ,3 S0 AZ (R4 1, BRIk 481
WA 3 SAERE S B T L LUOREHE T A
25 0[ 0L I EI 1 5 2 SR SZ AN
AR, BEATE 1 500 kN/m A2 45, R AN 2% j& 7
3 SAEREE RN 1 HEPUHE A, B TR R
15 2 52, R 2.5 mx4.0 mx30 m, Hi[a]#H

6 m, HAPIFHET M IZ EEF WL L 14 m, B K13 W RE R
FEAL AT T B AR 13 R, B X N Y 2 4 AR Fig. 13 Location of sliding surface

BOh 1,364 S BEPTRZ BIHETT WL 8.
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Tab.8 Calculation results of the thrust on anti-slide piles (BN . kN/m)
0o HEE ] MERTHT kB4 )
TH 1 T 2 TH3 T8 T8 2 T3 T 1 T2 TH 3
1(2) " 3 965 3 960 3 964 1 670 1671 1672 2 295 2 289 2292
3 3759 3794 3794 1 448 1 450 1450 2 311 2 344 2 344
4 2 978 3002 3434 960 981 1 253 2018 2 021 2 181

15 252 HeEm o 1 HERE.

IR X T, TCie SR R FBEALARAL i B AR LA, 34 e a8 BBt 2K (BRI S T
W1 ST &M R SZ M S 2Z Rl 6 624 kKN/m, 536 5 0 1 50T 4 0BT K 32 i 11 Z Fil
7 402 kN/mAHE, FFET 10.51% bR AL 50 A 3.

DR, B M ) A5 ] AR R 0B 3 i 1 5 2 5 2 HERECh 1 HEE , 8 T 00 ma HE
MEZ ], RS 2.5 mx4.0 mx30 m  BEEEE 6 m, HEABTIEAE I B EE F WA LA L 14 m;3 5 4 SR E
PR RRREAAS. ARG, T 1 2 TR 2R BN 1.364; T 2 500 F L2 RE0N 1,361, 5 HEMH 5
JIT 72 B ) KN IR 8. 4 PEAK KA T REZE 190 m B, %4 REGE RN/ M (1. 340) , & B L A 1) A
SEPERRZE.

4 4 &

SCEETE SR T AR BRI SR K 5 B A P R T A7 B SR A A PR G R BTk ik A P K R R e M Ay
M B3 T I AR BE TR P A8 TR 98 TAE. Sl o 9 380 T LU LS 4518 .
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Application of strength reduction FEM in fording slope

ZHENG Ying-ren', TANG Xiao-song', ZHAO Shang-yi', LI An-hong’
(1. Logistical Engineering University, Chongqing Geological Hazard Prevention and Treatment Center, Chongqing
400041, China; 2. China Railway Eryuan Engineering Group Co. , Lid. , Chengdu 610031, China)

Abstract ; With the construction of large and medium sized reservoirs, a lot of fording slopes appear and the change
of reservoir water level will influence the slope stability, which would lead to landslides, even geological hazards.
The stability analysis becomes very complicated since the fluctuation of water level would cause unstable seepage for
the underground water inside the slope. At present, researchers mostly adopt the methods of empirical
generalization or copy standards in practical engineering, which will make the design subjective and qualitative. So
the researches on the methods of stability analysis are significant to engineering safety, environment protection and
hazard prevention both theoretically and practically. In the paper, some achievements of stability analysis by the
authors are introduced, including the solution to phreatic surface during the change of water level, the application
of strength reduction FEM in stability analysis and the application of embedded anti-slide piles in the controlling

engineering.

Key words; fording slopes; stability analysis; controlling engineering; unstable seepage; phreatic surface;

strength reduction FEM



