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Abstract

In the finite element analysis of slope stability combined with the strength reduction method, there are
generally three indications that the slope reaches the limit equilibrium state: (1) the convergence of
unbalanced forces; (2) the abrupt change of displacement at characteristic parts; (3) the penetration
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of the plastic zone of the slope. This paper proposes a criterion for determining the convergence dis-
crimination condition of the slope model based on the displacement variation coefficient in the analy-
sis of slope stability. The innovation of this method lies in using the global displacement statistical in-
formation of the overlying sliding mass, rather than using the local displacements of several character-
istic points to define the termination of the iterative calculation process. In order to verify the effective-
ness of this method, the proposed method is first used to calculate a simplified slope and then com-
pared with the original convergence conditions. And this method is applied to the analysis of actual
slopes, and the results are in good agreement with the field situation. Therefore, the proposed method
can be used as the convergence discrimination condition for the slope model.
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FEM 5T TAEGUS, AR E Mo e — N R E R TT M), HOCPREERE RO @ . LT
K AL E AR5 K IR ARZ T B T ELEOR I R e, BBV C OB i A 2
PERIE 2FBL, H A FLAC (Fast Lagrangian Analysis of Continua) {4 K H 5% K fTH & e Ak s ARk
JIEAT N HERRSAN, FE S TR R3] 7 Z B[ 1].

TEiZ ] FLAC BT HEAT I BB, WSS )2 i DR ASE A0, 55 SRAE A VE A m] SE IR AR S AT .
B SICH 70l RE 8 345 B R AT 8 AU R ik BIRS R IRAS , BRI Vil R e M vP A 4R A rT SE AR 2]
SR, H TR T3 FLAC BUERASURWECH], MARTER G — H e B BIbRiE . ASF A 53 MS 45
BB P RE 2 P RUBINSE R 22 5, DT SN 0T 320 35 A i PR 1R LR A T 3] o

—J7IH, AESWESICAARRE, WA A AARSNE, fESE RS SR A TR AL, AT
RETCIZHER S ) SR e RS o 1A, (EARAERR S5 2 BR A AR LR R R R I e, X SRR )
AT ARSI, MELAHERRFIWTISC SR [4]. J3— 5T, BEAE XTI TR 22 SR AW &, anfrgar
SINARR . S EASICARIAEN], DA RIS [F SRR BB A TR oK, BN 2 B AR AR R (1 1) 8 5] o

— G2 25 A I e B S B AU EE B, RSN T A T AR A 6] AR TE ST
B TEE, REEARHURIR S, LASE A CSICH ) B HERR IR AN AT SE (7). SR, IXLEHF AL TR R
BB, S IR S SR IE
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Xof T R B e 1 2 M RS FEE AR AT SE A FAT B R B AR A SR i X
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FLAC3D e RV AR A A B AR A 9 ) ey T S I H ke D03, JEH& Y T sspa g ve . ERE
BEIRN TN IS AE S TOL T /1M N, Oy TRER AR BT JI5CHF(3]. 2RI, AEIEFHIZEAR AT HER A
I, B SIS RARA A R I 2 E R LSO R B . F AT, W T2 EIEARTT SRR AER
FEVH AR e 5E — N EROGAAUREL, THEERE S AETE BNZ BN A B2 k. XAk AR T 4,

DOI: 10.12677/hjce.2025.144098 916 (0 N


https://doi.org/10.12677/hjce.2025.144098
http://creativecommons.org/licenses/by/4.0/
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WIF 25 /8 T I BVRAR NI RS AR (e, AHLAR ST, RENs B REHE LR FE A B I SICIRAS
2.2, BGER T FEL LEEN]
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(1) MRAEHR SR, ESLBUERRY, s R AL E .

(2) FEFATEACTH ST, W€ i R 1H LA BV AR BT, e H ID.

(3) 7£ FLAC3D iHd e, %48 @ it [a] B¢l 100 22, 200 22, 300 H)3REL AR 7R &S 5
JCINiRe, HHEAEIME, SD EMIME/SD H.
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Figure 1. Calculation model of a slope with a 30° inclined weak interlayer
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Table 1. Relevant parameters of geotechnical materials

1. AXEEXSH

2 P FEE (KN/m?) PR F(Mpa) MEY /NS K 2% J1(kPa) BEBE S ()

EELN 20 42 0.3 42 17

FeiA 25 100 0.3 42 17
3.2. JEER

X FEA AR AT S EAT AL, AR S ARG AS EIME/SD (H 2% R VR 2). FEFIEAR
UELI3E N, TR 1AL B 3SME/SD (E & #T I8N e 2l . TEREBNSSE , a5 0 i, BRI AT
JE WG (RIS AR B LA S AR LR A8 7 RA(CV) . BRABRALZE 5000 A2 ISkl 2), HAHR CV M 1.13,
FLAC #1F E B BRI SRAE N 1e—5 (WLIA 3), FalRiZbnitk, BERHR L IEBHCN 5437 35,

DOI: 10.12677/hjce.2025.144098 917 TARTH


https://doi.org/10.12677/hjce.2025.144098

2.2 - fEEME/SDIE)

—_
[ee]
1

L FE4)E /SDIE

—
i

1
/
/7

. r . . r .

0 2000 4000 6000 8000 10000
ES ARV €

Figure 2. Statistical results of displacement mean/SD value and iteration times
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Figure 3. Strength reduction result of the slope with a 30°-inclined weak interlayer
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4. TIERG
4.1. TEHMRER

PORHE LT BB, RS, MRHIE AR E, BARMIBEIE 25°~45°; BEmEE 2.0~5.4
m, EEONEIREAIN(AIQq), 74T ILREE . VIR WA L, WA EEL 60%, KR4 2~15
cm, RHELAREBOVAE. FRIEENER REFIBHRG OIETOE B AAEE . WD b
aled, RAOBRAOW S, PR E. RILH TR TR RIXEEORE, HUE SRS, 2 75%
PAE, EZONEER, FWAE, LR FRACA MR ARG . WA BT R, IR T AR X R E Y
B, ARG AMNDEAR, R LS LA )R RN 2.0~5.4m, ROV A, HR PRSI
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fib, VCHORAARMEMSCR L. FN, REEEHIMEE, DUBR. MRS T B K] i v 40
B, WEANMERGEHE, PAa e R TR R, B ORSAR E r e PEA o s
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Figure 4. Calculation model of the landslide
B 4. BRIt ERE

Table 2. Relevant parameters of geotechnical materials

2. AXEEXSH

ZH PACEEKNMY) PSR Mpa) kAL K%K 71(kPa) FEZEFAC)
AR BURG £ 20.5 26 0.32 16 14
A RATD A 23 200 0.30 40 25
RIS 24.5 2000 0.28 100 30
AR 25 2500 0.28 400 35
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Figure 5. Statistical results of landslide displacement mean/SD value and iteration times
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Figure 6. Landslide strength reduction result diagram
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R4E CGEYBEE TR & TE(GB/T32864-2016)) , FaE ko MU Faett &% Fs > 1.15 Mg
B, 115> Fs>1.05 A%, 1.05>Fs>1.0 8 1.05+0.005 NRFEE, Fs<1.0 AAEE. 44 ERM
JoARERIWT, ZiEHE AR e R R A TRAREIRE . X550 503 S22 i SRS &
WA, BB RAE 1 ST O HERR T DL SRR e MRV 45 SR AT SR .
5. B¥ O
5.1. B3R

IEAZ RV T EARPE S BRI B IE AT R . A SCERBUES EA R Lo i g, k. KR,
EEYE S 4 R =K PRSI IEA R (LR 3):

Table 3. Orthogonal experimental table
3. ERRER

i PRYEEIEMpa)  WIRALL KR JI(kPa) FEBEAI () R ¥ME/SD fH 218 TR

1 20 0.28 14 15 0.036 1.145
2 20 0.30 18 17 0.014 1.457
3 20 0.32 16 19 0.021 1.387
4 25 0.28 18 19 0.015 1.531
5 25 0.30 16 15 0.018 1.421
6 25 0.32 14 17 0.025 1.245
7 30 0.28 16 17 0.009 1.581
8 30 0.30 14 19 0.010 1.543
9 30 0.32 18 15 0.004 1.654

AR WS 2R BME/SD B 5 1000 A2 A8 ME/SD (B 22 EL(H2 A% K ME/SD A8 2 {5) R ALY S0k
REZERL. FREY: ERZERET | WIGCCRYIE, M 2eR/8uee 1K, Z75E 230
W SACR A XS AN B o
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AR L 2B H N, A5 BT 2 (B A% 22 St 2 i/ o RS B SR 22 LU 228 s, IR XA
figZefeiase. Zra/ P OEADL. bRk SRR SR M BB, AR EdEt, BT
BB ITCA AR TP A B AL L. il TAaE, ong T 8, frfEEAh, 2l
AR M S et U RN . WERR A, R4ES 2 e, Wi eE it Syl
R, FERE AL AR BAL T A AR E HRES, AR RN B, B2 REUE K, Wiife etk
PR RECR N, WSIBCR M AN , 3X 5 SEBR AR s AR e VAR A R

6. &Eit
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