I AR AR R 2B 24 (SRR AR),2026,57(4):632-639

Journal of Shandong Agricultural University ( Natural Science Edition )

R EH UUARR E M o3 A Fn i & 2 3P 7
LA A - N =

I ZR ARV R 27K R TAEZEBE , L 2R 289 271018
1 OB A CLL AR I AT I E AT TR G, BT s B Ak b T SR A DA BB TR E 5 RS , 32 P i i [ I EE i
TS BUE AL, LR E IE 5 1247 U KIE 17 DL R I AT T QUK S B RN R 48D R i dase b T T VPl . &5
G AT MG I X IR Z I N I, 3 T o G RS U5 S BRI T AN [ R R A T PR 2R R AT AR o ] A
o DRSS R ARG BT, IR IE #2847 I 1 % 4 R AR A& TG R, K IZ AT DLCRRIRIZ AT I I 22 42 R
BT VG IRE , AR R AR RS o 7R 0 B B0 T, 2 K8 5 A %o R T 3 TH A P R 28T, i A e A S 2 4
LA MR 20, B 3R K2 X R 50~105 mCGHRIEIE BN T AL BT R . 7B IR K AR LU R RIS
B A ] 2042 85) R A TRV SR T ] ) P304 A T Tk 22 DL T 0 AR FRAEG A R T BT ST ke . S
ISR T4 2 S R U0 & A AR TRESR A 1 S e T T A
XHEIR: R U e BRI #iR I R
FEES S TU457 XHAFRIRIG: A

VOL.57 NO.4 2026
d0i:10.3969/j.issn.1000-2324.2026.04.005

ERS: 1000-2324(2026)04-0632-08

Stability Analysis and Anchored Support Evaluation of a Tailings
Dam in Shandong Province
YANG Yan, ZHANG Jian, WU Duo-hua, HU Feng, GAO Qiang’

College of Water Conservancy and Civil Engineering/Shandong Agricultural University, Tai'an 271018, China

Abstract: This study takes a tailings dam in Shandong Province as the research object. Given its high dam structure,
complex geological conditions, and potential environmental risks, the stability of the dam is evaluated under normal
operation, flood operation, and special operational conditions (simultaneous occurrence of flood and earthquake) by applying
the Swedish Circle Method for theoretical calculation and numerical simulation. Based on the stability analysis results and in
view of the issue of deep-seated sliding, a staged anchor cable support scheme is proposed to explore the reinforcement
effects of anchor cables with different lengths and inclination angles on the tailings dam. The research findings indicate that
under unreinforced conditions, the safety factor of the dam under normal operation meets regulatory requirements. However,
during flood operation and special operating conditions, the safety factors fall below the regulatory thresholds, posing
instability risks. Under reinforced conditions, the length and inclination angle of the anchor cables exhibit a synergistic effect
on stability improvement. The optimal support parameter combination for this dam is an anchor cable inclination angle of
20° and a length range of 50—105 m (adjusted according to the position of the sliding surface). Under normal, flood, and
special operation conditions, the reinforced dam with this parameter combination satisfies regulatory requirements. The
deformation rate and shear strain of the reinforced dam are reduced, effectively suppressing the propagation of the sliding
surface. The study verifies the applicability of anchor cable reinforcement in tailings dam stabilization and provides a basis
for parameter optimization in similar engineering projects.

Keywords: Tailings dam stability; Swedish circle method; anchor cable support; deformation rate
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Table 1 Values of physical and mechanical parameters of rock and soil mass
N . WEERSS  ASBBMUMP AL 3 IR /m
ZH/(KN/m*) N Jj/kPa i . ) (10™* cm/s)
a2 ) . Internal friction Deformation Poisson's . Soil
Bulk density Cohesion ) Permeability )
Stratum angle parameters ratio . thickness
coefficient
y c ® E u K h
R AED "
20.1 3.8 21.1 68.6 0.28 2.06x10 11.13
Tailings silty fine sand
Rkt 4
. . 20.2 39 16.6 53.8 0.29 1.25x10 40.12
Tailings silt
RH+ B
» 18.7 16.1 9.3 139.4 0.36 2.3x10 15.46
Tailings clay
T
. 20.7 0 38 6x10° 0.36 600 19.60
Dam raise
B 3
20.7 0 38 6x10 0.36 600 32.01
Starter dam
RAIERS 4
26 0 45 6x10 0.17 — 28.22

Migmatitic granite

i R G R N e A IR 1538 R BNl B

Note: Since migmatitic granite forms a massive rock body, its permeability coefficient is extremely small and negligible.
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Fig. 1 The corrected seismic wave time history curve
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Fig. 2 Calculation results of Swedish arc method for tailings dam before support
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Table 2 Safety factors obtained by Swedish circle
method before support

T . FLIEE R FeE PEPY
. U FRE e .
Working Specification Stability
. Safety factor ) )
condition requirements evaluation
IEH AT
Normal 1.286 >1.25 4 e BE5R
operation
Sk 354
MoKty .
1117 >1.15 AN R EDR
Flood operation
Frikisty
Special 1.031 =1.05 ANl R
operation
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() fa e 2300 58 1.286.1.117 F11.031, 1IE# 15
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AT 1.25 (ESR, b KE 47 A kI 17 Tl
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Fig. 3 Two-dimensional numerical model of tailings dam

Coulomb #8425 & 2| B~ g T 5 B HE

FRH) AR S K, FLAGE 1 32 3L LA A6 . 137
FRISZ AR BN o PR, FE A0 T SRR L I,
AR ENBROS A E v . Her,
AT x 5 1) AT E 203, R ER I S U AE
Xy PN 18] [ R AT ] 28 24 B

A WS AL 5 B E A A5 R W 4, 52
EPEVEOT WA 3. K IEH BT LifKisT =
KNSR 22 5 FE 3T v SR 15 2R L =
FERAN AR, T E 7 B S BRI S A 9 2 H A
TR IR AT RV Y S0 D Py 2 X A eV e - i
TS (K RS AT AR 1 B T 4%, 5 LA
FESCPR TR M L SEHR FEA BN 2 5o ilikis
17 = BRI KIS AT B340 b B AT RS B 2R R
BeJa WL = 1

Zone Velocity Magnitude

1.013 6E 02

(b) HKizfy
(b) Flood operation

(c) FFHKIBAT

(c) Special operation

El4 STIPRTRH NBERIIER

Fig. 4 Numerical simulation results of tailings dam before support
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Table 3 Safety factors obtained by numerical simulation
before support

T o BUEEDR  REtEE
Working RERM Specification Stability
condition Safety factor requirements evaluation
E#I8TT
Normal 1.285 >1.25 W R
operation
HKistT
Flood 1.102 >1.15 N R SR
operation
FRkizt T
Special — =1.05 —
operation
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Table 4 Safety factors corresponding to various anchor
cable parameters

RS A /0
Anchoring cable Slope of anchoring cables
parameters 15 20 25 30 35
65 1.133 1.133 1.135 1.133 1.136
. 75 1.141 1.141 1.147 1.148 1.159
R /m
85 1.149 1.149 1.161 1.175 1.177
Length of cables

95 1155 1.162 1.181 1.183 1.177
105 1.161 1.198 1.195 1.183 1.177
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Fig. S Safety factors corresponding to various anchoring
cable parameters

R LR I, B A B R U R4 K, 3
R RBEEZ IR AR KB, i
A i 2R UA R K, 654 20 4 R DL [
e il 21 A A0 LAY, B g B B 0 5 PRI DR .
B 3 02 AT W RS L 1) 22 4 AR MU
AT R o B 2R SR AR Bt 2 o R e i 2 114
W e B AR RS

FE R — S R WU 26 AF N SR L W sl —
SE LT, WA 22 4 ZR 4500 1 28 A R 1 A i
Ko BRI —E KA, MR K
RS IR E 10 2 2 5

AR A BB R ADL A5 2 (4 3 Bl T ) AT RFE % )
SN N ST A5 IR I CLIAT TAREAE R E Y 24 4
RHOVVHEN], 228 & RIE A S 240 E IR
BRI ZHAT AR K E DY 105 m, {6
FBCE N 20°0 BUAL, BT AR T I 4 18] 73 A6 R
Il PR KR UL 25 SRR W, 2 1 T R R A
K 7 _EFBIEIRAH IS BN o



4 1]

Mo 255 BRI RR e 1 o0 #r AN ] SCHP PR Al

° 637 ¢

N T D B BN R Rk, (R
e 2R o ORI BT, IR LA [ B T
R X3, T AN 5 BB R K I R

Rk, 236 25 R BUE AR 45 R 5 TREZBF AL
i » B 2 5E RIS T R 6 s o

Zone Group

Cut Plane: on
Default=chuqiba
Default=fentu
Default=fenxisha
Default=jiyan
Default=niantu
Default=ziba

Cable Group of Element

Default=Anchor Cable 1 L=105 m, a=20°
Default=Anchor Cable 2 L=95 m, a=20°
Default=Anchor Cable 3 L=85 m, a=20°
Default=Anchor Cable 4 L=75 m, a=20°
Default=Anchor Cable 5 L=65 m, a=20°
Default=Anchor Cable 6 L=50 m, a=20°

El6 #HEXIFHR
Fig 6 Anchoring cable support scheme
AT SR AT 2R, FL Al 1) i L
7 1) AR S T ek, 6 [ B i N S R b B
e BN WE D BRI T Ra g . fERREEAT
AT, 3250 LRI R RAR U A 52 , 4

RN I AT e Ak, f5 i kb T 2T
IOAAE N =28

L Tk R b, SR FH T AL oE Y PR A7 + 45 e
B+ R IEES AT SR A B R T2, DL DR B LR
¥ o AE GRS X E K E R, SR B
BERR, BL A I K HEE , A 25 (kIR fL 5 i
o FER T2 N RET 58— IRER R AKX
PRI R BB FL A G Rk 58 —IRE
I 3% K K B A 0.45 1 26K e 3%, 52 25 MPa
TR K TR I R85 MR YRR S IB N )
WGHAEZ LT, i R ik B THE R H
Wi L I 2k BRI P R A PR AR
Sl EE, R E BT 20, skhREL
Oy 7 IR B 16 W A 3G R R
10 min, FF#FATHIE -
4.2 B IZIFHRWIE

I B 2 g A 5 Can P 7 i s ) %
TN G R I AT e M A bT . S R ik
BAT THH AR T E.

B ANH T BT
WAL = (209.000, 197.000) (m)
WaEE = 188.676(m)
WA ZRRH = 1373

(a) IEHIBAT
(a) Normal operation

IR ANF T B :
WA = (207.000, 207.500) (m)
bEEZIE S 199.356 (m)
WA R = 1325

(b) WoKkiEiT
(b) Flood operation

AR BT
B
ol

WAl LAY =1.198

= (207.000, 215.714) (m)
=207.408 (m)

(c) Frikigty

(c) Special operation

7 X REY PIRAENCETESE

Fig. 7 Swedish arc method calculation results of tailings dam after support

X b2 4 FR A A A 200, #E R K E 105 mit
R DURIL, RSO 7 BRI %4 R
B5TE 208 20 A I B 2R 1K B A S 105 m 1)
A RBURIE . FRRUCHH , 75 [R]— 8l R A 21
T, MR KE S — e KRG, L 4kst
LIPS R oY Wi s AL

22 5 U TN [ )5 B B ] I B ) 2 4

HUA ARG S 5 R I B is 4T L&
FEZ B 8 o, 4 R AR MK 6

I R AT SOKIS AT IR E 2 BT DA Y,
T BRI AT A R I 3, (B T8 2R (0 54
VR 3L Sl T A R S BE B SO T T
PRI o HRR R AT 2] 7l ) 3 P 2 JEI AT R 52
G WU T Bl T A A B . B RO A L
T RS VIR, —E R A T



° 638 ¢

AR A R 224 (H SRR A R

57 %

x5 i EHARIUASEIN R RE
Table 5 Safety factors obtained by the Swedish circle
method after support
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Table 6 Safety factors obtained by numerical simulation
after supporting
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Safety factor
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Normal 1.373 >1.25 il 2R Normal 1.390 >1.25 TR
operation operation
HKistT BoKis T
Flood 1.325 21.15 i AR Flood 1.320 21.15 N
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Frikisty LE27 S
Special 1.198 >1.05 TR ER Special — >1.05 —
operation operation
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Fig. 8 Numerical simulation results of tailings dam after support
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