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Centrifuge Tests on the Instability of Valley-Type Municipal
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Abstract: The process of valley-type solid waste landfill sliding was simulated in centrifugal model test using
container rotated during the centrifuge flight In the test, the displacement of the slope was measured and analyzed.
The results showed that large deformation occured in the shoulder of the slope when the front slope angle and the
back slope angle reached 40 degree and 45 degree respectively at centrifuge acceleration of 40g. The overall sliding
appeared when the front and back slope angels were 51. 6 degree, 56. 6 degree respectively, and the interface slope
angle at the bottom was 11. 6 degree. With the increase of rotation angle of the model, the trend of overall sliding
was accelerated and there was a large deformation of landfill body as well. The deformation perpendicular to the
bottom of the slope was larger than that parallel to the bottom. When the model rotated 26 degree with the front
and back slope angel of 66 degree, 71 degree, respectively,the interface slope angle at the bottom was 26 degree,
and the failure mode changed from sliding inside the landfill to sliding along the internal interface slopes. The
process of waste body sliding along the liner interface was recreated in the test and this process supported the
method of choosing liner parameters in stability analyses. Based on measured data, the deformation and destruction
characteristic were analyzed, and the main influence factors in selecting the waste shear strength parameter were
discussed.

Key words: municipal solid waste; landfill;instability;centrifuge modelling

%5 H #5:2014-05-05
BEETH: BHEESILMFIEERITRI (973 #41) (2012CB719803,2014CB047000)
TEBR/ A 121985, B 1 /E . E B FR B 5 + TR R B ST B AL BT 5 . (E-mail) pengfaren@163. com,



http://gks.cqu.edu.cn

68 P RAEHRERKRE IR

% 36 %

B3 B (4 AR e L A B AT I E 2R
e, IR S 5E B iR R B W,
TSR g B 2 R EON G T R R KO
PEEg- . R — A A A 2 R AR R R
P R 14 - A SEH) 4 5 X TR LE i 2 )= -
B REAE G ef H 1) BEAR L S S L R D
BTN %, Qian &5 H bR L3E 20 a &2
15 & R R B R AS IR R Bl b 47 T R & B 5T
e BUHE R 11 O SRR R A 5 R S8 A9 F RS A L A
A A2 TECHRLAS D S S (B TR Bl O

AT TR S B rh s 5 SR SR MG 58 1 0y 22 v &
X e e A T A S A A0 PR T A 3 23 T [ A I 5 0
PRrRE M o BRI A R R 5T RS IR
Qian F5"" R F AR B P-4 998 52t T 0URE 44 F- 45 i
RO 5 o T S ) SR RS I ) R AL T )
AL AIAE SE NN Monterey Park 947 /9 fif 283055
T A0 ) SR 30 33 7 A AR DR B AR TE & AT T A )
IR . R A GE R R 7 i L R P B L R A
LY B AZ TR 1 T R 2 (A RO B 9 28 4 R A

it — 2P 5 B b B e SR ML B, — Se2E R T
JET R DRI B S . N Jessberger SFTR AT 1
~3 a W A R I B PR B B T2 20 m B
TS RN RAL » B8 U 1 [ A R 57 900 A8 A 2B T Bl
U NIINEEYTE NG D B N I SN S i )
FLSCR IR Y BE T« JF A6 B S Al B ST T B A
A, R GR RS R & TIRRZ 5
KRAL Sy, —Lesp ik Xt B b+ TSR R
J& T WE5E, i Thusyanthan 41 5% HC i B2 4% 1
Xt SECHE 477 119 b 5 B W I 5 A AR 4 TR ) )
PEATE IR AL X R AR AR SR T
B g L 0 A A TGN 500 ~25 0%, Mot AN
it TR S )t AT T O i R AL A A
J3E FIC A 2 B2 M) = TR ) A R E BN K

Fh T 1 B RE 8 S ) ) A o i B ) ) A
IO 7 7K S MV HE S A B 3 SRR 3R] BB 5T R AR B T
BB R o LB T a0 A A ) A R v B
PRI RGP RO i AR B S B . HAT X
TUTAT R GURS IR TR A S 2 5 T 55 JEE A 1)
R I BATRE BT R S b RO B A TR R T A
B P A7 2 2R RTHT A0, T B B
AT ek 2 TR T R 1) 4 e R L Oy 4 7SRO AU e 3R
G 2R AR B I HIL ) B8 A

AR SCR A B0 A T 8 T 3 O M AT AE
GG A AR RAS L B T R R
A TR AU N8 27 O N -l a8 & b 4 1]

(DR 260 A T v O s a3 | A N 0 N S e ST B 2
b T B AT o A R TR RS AR RS B o T O 3

1 R RN E

L1 R

DB il 3% 4 o BFFFE SR o i 0 s 3 £ T o]
B A+ F K R e 1 DL AR AR D L 1%
ANTRIE BE P RS [ 08 B b 3 A A ep i 399 7 3 4, 51
BeRNGKO + et s ASEPRE L 0.54 ¢+ 1 ¢ 1,
IR SH AR 1R,

DEMEBHRRG . AR SRR RS 1
FoR 2 TR T TR RS, 5
BRI e e DL ] — A e S s AT R R
PRI X G R R R G AT L. Bk SR G
PRSP+ T A EEHE A 8 % 7E 20~30°, Thusyanthan
SEU S S AT T RE EORS RS 4 D B A
RIS A5 A TR 24. 9 BE4E AR 1) L0, 5 HL G W e
BB, bt B A ) R At g R TR B B B )
HARBRRGE AT R, Z 26 B AR
GEEEARNE S-S Thusyanthan 85 3R f] 4 T
R  AR BI A A IR . AR A R
R0 B0 2R T 2 LAY O ¥l o 4 ) ]
(43.6 g/m M fRIEEEEE ff ly 2571,

F1 HRHPENRLTSH

ER Kl
B2/ a 3.3~6.6
FOR(ONEIKD) « ey « @id £ 0.54:1:1
ERE/ N 45
Z# /(KN - m?) 9

1.2 KEig&

IR AE [ K K R 22 F 5 B 1LX]-4-450 #Y
T TELOHL AT R O PR KL 8242 5. 03 m,
BRI 300g, RIIA L 1L Tl fES .0 E
GG TAER S M BB RLAE &l 1 s it
fafEE 88.5 kg X 70 g, B B ig 5% /4 @ & 1. 4 rad/min,
TR RS A A B A AL AR A LR AR A
SARJERE 16 mm, A HLBEMRERE 20 mm, BIRIFE A
FRSF 568 mm X 342 mm X 308 mm (K X FE X &),
A LB IR — MR AT S AT R Sk . SCER o
PEAT AL IS AR 2 450 mm,

2 RN EE

2.1 RIGER
Nl T i S S N I ot N YN T A Y



http://gks.cqu.edu.cn

% 6 M Y LSRN BERAIEY AR BB KRR 69

TN BE 55 67 3 - (AR R BE 5 . SR A B R G HEAT
e B Z A, R AT AR AE 1 mm JE b T A
WA T I BEAT AL BE . I AR B D 407, JE P
PRI A0 AR B 457, R ILBAR RO R AL I e A
W 2 frzs . BRI g T O e s D i RO R
e8GR Rt QIR

270

200

L 568

B2 BEEIE RN . mm)

2.2 RIETEE

TERZIE AR L Atk 2 JES 0 S hily 1 8 Ao 400 L 2 U2
PSP AY R T SRR A AR S HEAT I B AL 3 A 5k )
VT o A TR I 4 o o o ML A SRR o A TR
W 2 Bin . AR AR A B0 B B O B
OHLEINEEE 40g, MBSO AL 1% 8% A8 5 Fr
RIS AR E J5 4% BRI o8 e % f B2 1. 48 rad/min §%
BRI R A5 T - 35 35 A BE L 3 3 3 o8 S
WA, R BT R ER RE RS LL 26
Wi/ s T 3SR SR TR L T S 0O 07 7% B0E M+
A€ R VU N O N £ e e o7 QA AWK &1
FEA YR T o B D 4 SO IR 45 R IR 4 il
T 45 R R AT A TR AT AR R U S R ASE R IR
o ARSI 45 R B AR L RO

3 REER

3.1 gEEAEBRENE

ST g fH BT BOMOGAL B B T
G R AR A ) A, 0 SR FI R 8 min B 1 B AE
fb. HIE 3 AEL RO g (5 LT R, 3 A Xt
N7 ERAE R A A8 k. LS F LS2 X B 5 % A 15

SEUUREAL B . IF H LS2 X1 5 By % — B KT
LS X o H & LS3 X R 5 A 8 Se i/ . 5 3K
XA REH T LS3 Bl 25 & AR T A K 5 1 B Y
PG . 30g FFXE R 1 8 1) UU R A A5 7 Al 4 BER
H1 &L 4 AT A0 8% 3 43 A TE 38R AL Y 15 1 AR TR {H I
Ko 0B S LI L 10T 7 1m) R R o A 5 T B O AL
GEER N2

% /mm
b

¥

Z

. =181 =182 —=1.83

3 gELAMKRAGE BE Lk

4 BEMEIHSHG0g, FBALmm)

BOHLEEE] 40g FEFaRE 5 min 5 10 B 5 K
5 Wi X BRI N E 6 . Al LLE L A RR
A FHE L AE 1 em. |1 PIV (A543 4 15 21 19 %1
i 540 BT SR A5 20 0 B8 BEAT T X B4 BT B 6
Ji7R I PIV 20 B E 58 550808 vl 5

L

Bo6 gEBREMBREREMOY



http://gks.cqu.edu.cn

70 + K # %

5 x ¥ 2

% 36 %

3.2 HEREMR

FEAR B 5 30 o e A A R L R B 4 )L
AR ALY Y 3R AT S5 38 SECHEL (A R V90 5 T A T B A
PR AR AR K BUGR L O BF 50 fih A BT AR A 2R
oA M) PR 2 4 I 6 i Al SO H

PR YR e o At v X A AR O o R R AT T R
B0 TR BB B K45 B B b &
S A1 B R B hs o A TR A e ey B A AL A IRT 7 B
7o BEA A A RE B3 O L 3 A R I T RS Y BB
A BT R E  p SE TiE B 267 ), IV AT 33 I Ol 66°
I 5 SECHE AT P 3R ) B IR 45 1L e e 455 0 A O 4
Bl FTLAFE o SR A B I 0 9 B BB 1) 7 A
TE S AL - 5 A s LR [ SRR A 5

(a) =8 min (JiEF11.6°) (b) t=15min (JiEFE22°)

A

(d) =175 min ( iEht26°)

(¢) =17 min ( iEHE25°)
B7 HEETRELiRLE

HA RRLGE R ANE 8 FiR. TEHES: MR
11 67HRF o O 1 A J3E R0 2 it S 1 R 3 5 T 7 1) 4
A AR AR AR T3 A R B R L BE A AR B AY Y
K ERE S BEIR B 2271, RETT A MR, B3
AT LAY )2 o LA 8] 3 2 R o0 S BAR SFAT T
JEE T T+ B R BE SARN B/ . TEBRAL AT TR
Tr I 73 AR EVFLG RCEAT TR TT 8 87
23 A RLAS (EECT- 3 AEIET 9. i P 9l A Y
R e e [ B - A7 SRR T 18 1) 52 8% B 3 e % 1 2 114
B 2AHLAE 0~8 min B Be. 7 B R 4 R gL
N R BRI L SRR T RS B A/, 8 min S5 L KL

TR A 20 e e 3o A v e BRASE R SREL G i . DA
t=8 min N F A AT KRB R N A TE RBA
Be SR W B B Br. =8 min X I & 3% £ W Tk
51. 6%, J5 4 56. 6 JiE I 11. 6" JLATFY 7Y .

MIET 10 B S 9 7 30 SECH A I Ao 1456 150 5 T 4 1
ERZ2I0E ' SR T Y AN UL 27 S oR: = N TN D e i
TR AR AR RS 4 15 A I AR K 7 T LR 7 18 EE Y
P3R5 1 A8 T8 SRR 2R L 3 I T 1) R AR

ik F] 40 mm, P AT R TT AL T 10 mm,

2 \\\\\\ \\ \\\

NN \\\\
SOOOCWORY

— S5 mm

~ N~~~ ~— o~
\\\\\\\\

N NN

(a) t=8min (11.6°)

\\\\\
SN Y R

— 5 mm

\\\\\\\

(b) =15min (22°)

B8 RUBRENMRXER

T ®
of ‘
< IR
E 4| wmEBmE - o
S /
& 3F : /@
= 2 s
1t /é/g/
g
of ® ‘
1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18

t/mm

B9 E.F.GmFHMAHECETIRIT D

0

e == =0 min ---¢=8 min ---/=15min —-/=17 min -#-/=17.5 min

10 REEREEMNREEFNTRE

4 Itig

1) B 375 05 Aok H ST 1 A% A A5 =00 A

15 40g BOAE 1 B O BRI AL T )
RUZy 8 m SECHR IS Y Sl T AR T L 3R SR 7 L A e
WSS RUR . A SECHE S JL AT A8 R L B T B O AT
PR AR WS A& 10 R
I3 iX — 3 A Al A, iﬁiﬁﬁﬁﬁﬁi%ﬂﬁ‘*ﬁﬁﬁiﬁﬁﬁﬁ
THORTT 1) CRE ), 6 ) (2 7% RARF] — g S L AN
Bl 10 Hre=15 min I}, #5589 5 17 LLF-47 3 I8 7 1] (1)
B AL O 32l T DAHE T 7R B I R B Bt
T PR X T A% K GG 08 DR BRIV B 0 e i B i



http://gks.cqu.edu.cn

% 6 2 %

12,5 WA EBIFILY R BEX H SR XD R 71

o 510 A I WA 3K ) B AR U {008 RE . Rk B BB ) A
PR S 13 R T7 18 o 38 RSB AL SEAR A B T 4 5
T YRS [1] 128 B 24 Ji8 Ak S A 17 0 B S R
0 LA 11 5 AN 2 A e K B T A A
A2 A . T A WAL S, A9 LS L i 5
ERIE T Stark SN EE A HY 2R G5 B IR U i
14 5 BEE o IV ARF S BB B T 5 2 R A AR o L R 0 B
Y e {5 1L 5 DA T O I R 28 42 R

2) B3 - 05 5 R R R i PR 3R

B 3 1 L - A 2 B B S Y AL B
PCRE A o Bt Al 1O A PR30 Al B ) — AR TR i
e, B R AR IR B 20 6 g 1o 3 47 4k 23 K 2
Bl H 65 e P o 204 107 78 8 e 20 96 J5 A 17 3 484 o 52 T
EUpSETE RS I WP N Sl a7 3:PE 9 G L
M T 80 T 07 2 HRUAEL > % T R] — SR g, BOAN [A) 114 il
SRR st 22 7 B A R 9 % 4 R A UGB B E
T8 TR0 e o B 140 38 O o e A A N TR R )2 A i B
T AL T T A 9 3R P TR TR 2 AR 13 B2 3 T
Je F TR B 2 Y 0 O TR 2 B A 1 1 AR AR
(8 W IVSETE S 3P

1 5004
12004 e
£ fa‘” N
S 900 & 7
i Vs .
-.:\—: 0_0.6 /‘/‘
= 600F o e . "
H 3 ¥ ., A T
300} e
0 . . . . .
10 20 30 40 350
FWAE%

g o R [ 4 100 kPa
——ITICE100 kPa —— AR 14200 kPa —— FLSCH 1200 kPa
—— BRI 400 kPa —o— LTSI 400 kPa

B 11 iR BE RN S EXRY

FLRI» BH08 [ 1% 1) i IR 7 A% B ) ALl R AT —
HUW R 7 18 B SO 37 748 T8 X4 3509 19 52 i)
R HRLLA 1596 ~20 06 I 78 X B 1) BY 11) 588 5 1 by B
WA POy iR SR . R by i A PR R e A AR
2o LU 30 1Ay % J00  — e Bt 5 3% % 393 1) 6 I
DY SR RIS L A, R IR B s
He R W BB BT 9 5 BOE 5 i 0 T8 R s i b
e A ST s 76 50 bR P T e S JRE R i B EOAN HE K BT
VISR A N e i S 8. $UBT iR e 5 bk A B 1Y
TR ARG . B B IR BOKALH T - B IS LR
DX A 0L 0 L 35 T X 98 DB R T LA b X
JOEAE S A 40 L 3 oK 5 7 T AR 40 AN - (AT BT g
NEWMEAEIRR ., HIn] DA . Bk 41
DTSR BB AR B 235 25 I8 EEH IR 5 H

e AR A5 S bR AR B — B 5 B S 8 N AR
T B S

5 %it

DFE 40g 8500 BE 10 25 4 R w3 407, J5 B
A5 I Y BRI UK AR TE L B Ak UL R A8 A
R TR B ST e AR ) T e M AR /N . 38 o e B A T
RS EE T O L e A B YRS R A 5% 2
11.6° O N 35 344 R/ 3% 51. 6%, J5 B 56.6°, SIS I
11, 6°)  SELH AR TF 6 Vi Ao 48 550 10 T 6 o 5 A6 R A 119
S AR B AN RGO R IR I RS S I e, L
FoIERE 26° 5 O N MR T Bk 66°, J5 Bk 71°, IS B
26°) o Bl IS 2y R 1A 1 B8 A8 Oy VI BB A R )2
W . AUt SEC3 37 L ] #) 760 X6) A2 e Pk LA A
SO, SEHI BT I 0 B R L AR A ik
A% ST B BE RN e SIS BB S W AR L B AR
BRI e SRR A
) TEUT EIE AR IR B BR Z 0, R & T
BRI . B TT 10 008 5 A7 3K J7 1)
(AL RS 3 W5 3] 40 FI 10 mm, 78 3 AR WS - 47 B g
J5 Tl is Z T . AL B W SR O & kA TR AR
o X F W ARV b 4R P I 0 B M IR R L A
S B A Aof 40 S TR S 8l 04 L 303K 5k 4 9 B2 L T IS
S Ab At A LT S BT O U R R X — R
B MR TE ) BE 0 GIF T Stark 250 @0 4T 3 R 45 i
JE U{E 7 2 ) 6 3
30 I T T 5 ) IR ;AR B [ R R A — SO
R DR Ry [ B AR T A KRBT AS B AR e I . 1R
Hh BT A AR A AR T A K AR TR e A B AR N S T
JZAb B B T S T 3 I A U AV B AR R 2 IR
W4, P B I 37 A Y 6 A8 SR W 1 R R RO,
WL 15 %6 ~ 20 6 N A% 17 1 5 D) 5t 5 A A 7 3%+
BT SRS H . SEBR R BT B 5 B S 0 I B S B
T A i ) RN B R L LA BB 33 M R o 285
FERR . HEGEAHIE,

S 30K

[ 1 ] Mitchell ] K,Seed R B,Seed H B. Kettleman hills waste
landfill slope failure. I. liner-system properties [ ] ].
Journal of Geotechnical Engineering,1990,116(4) .647-
668.

[ 2]Stark T D,Eid H T,Evans W D.et al. Municipal solid
waste slope failure. II; Stability analyses [J]. Journal of
Geotechnical and Geoenvironmental Engineering. 2000,
126(5) :408-419.

[ 3 ] Qian X,Koerner R M. Stability analysis when using an



http://gks.cqu.edu.cn

72 + K # %

5 x ¥ 2

% 36 %

engineered berm to increase landfill space [J]. Journal
of Geotechnical and Geoenvironmental Engineering,
2009,135(8):1082-1091.

L4 AT OBERE RN EEM TRN I WES. 518
OB A I R AR B A CMOL s ARV A
2011.

(50 Rl B ARk bR . 55 L 000 37 iy S0 14 2 3 O

Faid BRI 5 KA AT L], 8 A 2 5 TR 244, 2010,
29(8):1697-1705.
Zhan L T,Guan R Q,Chen Y M, et al. Monitoring and
back analyses of slope failure process at a landfill [J].
Chinese Journal of Rock Mechanics and Engineering,
2010,29(8) :1697-1705.

(6] /& R, == 7 ok, XEACHE L 55 ¥ 4 Wi [ 39 X 7 3% 43 340 1

K AL e A A B4 5 W) [J] ARG A TR, 2012,
34(2):126-131.
Zhan L T, Lan J] W, Deng L H, et al. Effect of
concentrated leachate recirculation on leachate level and
slope stability of municipal solid waste landfill [J].
Journal of Civil Architectural &  Environmental
Engineering,2012,34(2) :126-131.

[ 7 05k 3CA  MAB R MR 25 M. o 35 38010 37 LR W 0 2 s 33

EME AL 5 1% 5 R, 2010, 29 (Sup2)
3628-3632.
Zhang W J, Lin W A, Chen Y M. Pore pressure
monitoring and slope stability analysis of a waste
landfill [ J]. Chinese Journal of Rock Mechanics and
Engineering,2010,29(Sup2) :3628-3632.

[ 8 124, b3 I <7 4 T B RO 5E [ D], &
P H PR K2, 2004.

[ 9 1 Qian X,Koerner R M, Gray D H. Translational failure
analysis of landfills [J]. Journal of Geotechnical and

Geoenvironmental Engineering,2003,129(6) :506-519.

[10] Singh S, Murphy B J. Evaluation of the stability of
sanitary landfills [ ] .
Publication,1990,1070.:240-258.

[11] Jessberger H 1, Kockel R. Determination and

Astm  Special Technical

assessment of the mechanical properties of waste
materials [ C |//Waste Disposal by Landfill, 1995, 93:
313-322.
C12] Rk 4 5, B4 5. N TR [ P2 e ) K 45 3 37 A
HOERIKI[Cl/®—meEa L2 HEEM
B85 4 T2 AR 25, 2011:425-432.

[13] Thusyanthan N I, Madabhushi S G, Singh S. Tension in
geomembranes on landfill slopes under static and
earthquake loading-centrifuge study [J]. Geotextiles and
Geomembranes,2007,25(2) ;78-95.

C14] MRAR R B fh Ak, 45, SIS R b b IR O B
RRIATRLCL/ /56— 2 E 5 - 2 5 A 5 AR K3
B 4 TR 42 .2011:459-465.

[15] 4k22 08 MERE 55 . X 56, 2. Wk O b 2 2 R A4 3
IR TR ] 5 £ TR 241, 2011, 33(6) : 840-845.
Qian X D, Shi J Y, Liu H, et al. Failure interface
behavior of multilayer landfill liner system [J]. Chinese
Journal of Geotechnical Engineering,2011,33(6):840-
845.

[16] Stark T D, Poeppel A R. Landfill liner interface
strengths from torsional-ring-shear tests [J]. Journal of
Geotechnical Engineering,1994,120(3) :597-615.

[17] s, S g B8 51 € B O R ALK I B 58 LD 1. it
M # LR 52,2013,

[18] Machado S L, Karimpour-Fard M, Shariatmadari N, et
al. Evaluation of the geotechnical properties of MSW in
two Brazilian landfills [ J]. Waste Management,2010,30
(12):2579-2591.

(h# EHH)



