41 EH 4 W WO R MR A SRR R Vol. 41 No.4
201347 A Journal of Hohai University ( Natural Sciences) Jul. 2013

DOI:10. 3876/j. issn. 1000 - 1980. 2013. 04. 006

EEEAWBREIELERESENHE LTS
W B2 23 AR g2

(1R A 2 SR TR E W E AN E VT B 210098,
2. TR A T TRAFFERT IO B 210098 ; 3. SFak A M BRER 47T, B 2257 48933)

WE. AR TERHEGME AR EREEA S AERA T EMREBS G T I, 55 T
XA BB ET 2%, B3A-£5% £ TA-+ T W-HDPE -5 £ 2 #09 X A 41 @ 22 97 X 16 43
B3] nad A2 P K A BOR T A A A AT 6 B A FeK T Ay A B AR RS A e B R E A
KEEREW . SRR NN THSEOR AN HAFABA LIRS L TERG; R @6
B EARTHSZGE AN, B A LIRS LG, BRHERBESN GO R DR EQ
KRR AL AT, L TREEARARAF 69 3T D03 B AR PR W & A T BORE 69 A A k@ B A
WX A KA & AE LW AR A S B AAAT R T I AR AT R IEBF R T k
KEEW . AR @A FHME; 2 ELATER BTtk XA &A@ LT X #8508,
LK W 2K F R Ty ok

FE 43S . TU459". 2,X705 MERARERS A X EHS 1000 - 1980(2013)04 -0315 -06

Inclined ring simple shear test for nonlinear interface
strength behavior in multi-layer composite liner
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Hohai University, Nanjing 210098, China;
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Abstract; A large-scale inclined ring simple shear system was developed to investigate the shearing behavior of
landfill liner systems placed on the side slopes under vertical stress. A test was conducted on a multi-layer
composite liner system, which consisted of a sand layer, nonwoven geotextile, geonet, HDPE geomembrane, and
compacted clay. The normal transfer stress was calculated by the vertical and horizontal stresses according to
transfer deformation of sliding surfaces. The results show that failure occurred at the interface between the geonet
and geomembrane when the normal stress was lower than the normal transfer stress. The failure face would shift to
the interface between the geomembrane and compacted clay when the normal stress was higher than the normal
transfer stress. It is suggested that envelopes of the interface before and after failure transfer be simulated by
bilinear curves, the interface shear behavior between the geomembrane and adjacent materials be expressed as
hyperbolic curves, and the parameters, such as normal transfer stress, be determined by the test. The large-scale
inclined ring simple shear device provides a new method for investigating the interface behavior of multi-layer

composite liner systems.

Key words: liner interface mechanical behavior; multi-layer composite liner shear behavior; large-scale inclined

ring simple shear test; normal transfer stress; bilinear; hyperbolic; new test method
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Fig. 1 Sketch map of sliding failure of waste wedge on liner
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Fig. 2 Sketch map of inclined ring simple shear apparatus



55 4 1) TS 5 2R SRS AR LR SR B () T B0 317

15 mm /NTHRFEFORIG IR, 5T U) i B R B PR AN R 32 3 [0 B 1 ST YN 7 R 0 70 A W 3 (o J2
BYYMGURHET 09 A N &3 BT U0 A faf 2, T S /KT Tt o ) fr 2, N S JAE vk i 0, T AR
TSR Y S ), or 2 BT S E R ), 7 2 Y VIR B R BTOIN )y ) o I UE o, REEAESE
BRI LR DA SRR ST BT U0 @ 45 M UL IR 4, 38 i — 415 45 B PR ik 1) A (1 B A5 B
NS 2R G BB AT IR R B AR I AU IR A E R 12 3,

) EAWBEYMSHNARENRA S TSRS | ™

AUy T 50 5 9 S B L 25 25 2 8 0 50 7 /7 !
DURFHE I TEATTI . T bR SO [ 10 )R, 3 =7
—»Tﬂ =

HOOK M 32+ T 2800 F . S 5 mm, B0 T BT R
1400 g/m? , BE 40 HE 3R B R 15 kKN/m , DA HTHIHR B H 18 kKN/m , 1117 I
BBEZRBCH 0.5 em/s, FIKRA 1.2x107°m?/s,, H3 HUESHSREE
ARYIRIS: F2 BT RS G5 . ib- T 5 £ T A- £ T.M-HDPE f&-%h Fig. 3 Sketch map of
+ ,ﬁ%%)%ﬁ%%@ﬁf@ﬁﬁ%@]ﬁﬁ; [R) B o3 A b -2 A HE 7K - forces on shear surface
HDPE Ji§i-% + ib-5 4 HEK M-HDPE Ji5-42 4 HE/K W-HDPE JE-%6 14
GEM IR AR R a5 6 B IGEE E R ) LT
(28 kPa,56 kPa, 112 kPa,336 kPa, 560 kPa, 1000 kPa ) #F ‘;z;-mvmq; @ q 5 K
IR, BEEETYIE R A 0. 3 mm/min, 5107 F 15 %) L35I
21 mm J5 AT AZE IR, 22 45 BE % ik 21 10 e K BT V)4
#2930 mm, VDTS~
TRYR I, SETE T 55 U0 & vl e RO i) 285 50 B 2 4
WRE KB e S LA+ T4+ T/  HDPE %45 IR
TR ST, e L V)&, TR A — TR P B4 5 R o=
TR -, ST — s PR L3 ) A ) B 4 00 LS
e B ), R A AR B R S K 0 o L | N
WEE B ) AKCET) R Y E0 & A S s 88, BRI B4 ﬁﬁi?gﬂ%fﬂﬁ?ﬂﬁg@(%m:mm)
Kool P 5 JEAT SR MY IR IR IE R ) ~ 32 Fig: 4 Skeich map ol inclined ring
B2, T B R S FIIERN S ~ B #h & 75 29
10 mm By VI RS I e A 54T 3 ol BRI, IR 7 ~ D28 IRZRAE 2 5 mm BY YIRS & AL 4T s 6 4R s 1
W) ~ AR AR L E L A FEATRIRER R FeA R RN, 8] 6 St B S5 A I o 5 a0 1 59 VI ) ~ A7
sk, &6 R, (a) LRI W IR LRAE, (b) BTN I E BT YIS /NT 5 mm B30
B B YI A KT 5 mm B 55 Y)W 7 3 08 A2 22 B AR FERG i a s A IR IS .
HRIEEL S FE 6, 916 BT 18 336 kPa (IR50 H1 , (7F% 7. 4 mm B 0] DATHEAS BI07 8% 18 7 78 (143 0] 1
174 526. 0 kPa, 55 UI N J1 4 174. 7 kPa, KA T BN #%  TE0) IR B8 B 7755 T 560 kPa B, 115545 21 jii

73.33

190

i
<_~>| 200

simple shear box (units: mm)

1800 ¢ _a— 28 kPa 400 .......ﬁ..““..l....l.. :__ 22 l]zgz
1600 e o ??21(53 300+ —~ 112 kPa
1400} * * e " < M —v— 336 kPa
—— 336 kPa g SEOLD

é 12001 —+ 560 kPa = 200+ SIS A S S S AA000AAAS : ]000](“[1)3

£ 1000 —- 1000kPa 2 100 /,W’

2 s00f = S [ s,

=] =

600 W b
400 a1 00}
200 <W

L . s -200

075 10 15 20 25 30 35 0 5 10 15 20 25 30 35
7 F%/mm A7 F%/mm
5 FBEMPEND~ABER BEle6 #BEHMPIVINS~UBXER

Fig. 5 Normal stress vs. displacement on liner Fig. 6 Shear stress vs. displacement on liner



318 ERCPNE N B4

K- i S 835 1) R g 2 531, 0 kPa, T IS A v T8 55 8 0 BT A9 2 B8 — BOR T HoA 5w, Ho2
—HYBBEIR S, ST LK ) B ) 526. 0 kPa S AS YIS0 U T % B 1) 5743k 1) 137, 224 58 THT A4 925 1) 1)
/T 526. 0 kPa IRHRIR I A T F-5 4 TG, 24 5k 1) 1 3 KT 526. 0 kPa IR 10 o + T RS %
et 1T
KT BB IR0 A5 R0 X AT L R BB G T LA S (A ~ o ] R A o R B R
IR R LA, FLRERS T3 Y M DR 53 T 2 A% 14 e 5 125 1) 17 3 5 7P T B0 59 X0 8 A IR A T e 7% 3
G B HREAT BN S 5 RS 1)l Bk ) 7 g 9 L i 503k i) 17 g s 02 A0 A8 T, Ok AR E T R BT
R m Bk I T
1T 22 )22 G e B U IR B o) 17 3 580 PTG 2 S A R T e M, 1305 1) 17 3 S5 AR P A3 R T 2 2 A A
A TR TR SR 92 1) I8 6 v P A A TR 2 i A AR R R T RS A [) A AR SR TR A AN [ )
SR AR K AR S RT3 U5 BE A e AN R, IR T 6 7% i S 1) A T i B A 4 ] 3Ry
¢, + o tang, o, =<0,
T = (1)
¢, + o tang, g, > 0.
APy 7R B VIRE ¢, o, —— IR | FIBEIR A 2 WEER T 50, — R AL BN ) 50—
BRI 2 e RS I SR TN ST 5 0, , oy —— IR S IET 1 ANBRCIR it 2 (O FE SR AT
ANRIRBER T 5 S TR 1,

®1 ARMIAEBEESH
Table 1 Strength parameters on different failure surfaces

W (A ) -l ThT IR T B At Wi (A ) -t T AR Bt S

¢, /kPa /(%) ¢)/kPa o/ (f) | BARRR /(%) cy/kPa oy () BRI
20.9* 18.8* 26.3 18.1 RARHIST 10,5 ~3.9" 8.6 ~11.1* McCartne 45[4]
20.7** 16.3* 72.4 12.2 AR SR 0 9.03 ** Stark %[5
19.3" 15.9* 43.7 13.4 RISl 7.3 10.5 " Fox 48]
0" 18.1° 26. 4 10.6 x| L16] 0 11.0 % Koerner 2171
7.7 14.0 60.7 7.7 1| £ (16] 0" 11.0™ 7.0 11.0 Koerner Z£[17)
8.2% 13.6% 125. 1 5.3 Xi) & L16] 0 15.0"° Koerner 2517

s RSB RS IE S b s * R LA HEKI, o 08 LTI, o R i T

R ZERFRM] TGRS (3R SO ¢, =0. 0 kPa, @, = 11° ~ 13° BB IRUE TR % 4 S A 4
K-S T 55 1 2 OB ¢, =0. 0 kPa o, = 13° ~ 1SOREATAT 9., ph TR - M IO 6 ) AR 2 A
RN A A B ARG IR T B R O A B DR (51 /N T 500 kPa 't AR B RGR )
eI, BRI T R AR RS 36 - S P BRI ¢, = (3 ~5) ¢, B - GTIR A I BE R ) 0, 7T
WU [ ) R IR A 6T o, WU R B0 AT MU T AIG St D830 Sk AR L P 3 AR, SCHR 8 10 1
0, =629 kPa A SRR E 1Y o, =526. 0 kPa,

BRI 5 T BAR G, AT 1 b - T - T A AR T B 0K 5 A 9 1
BRI BY D5 P BT 1 157 0 58 0 W PEE A R 7k 1 7 e I, BT B o ok i 3 3 i B A
Y5 5 125 1) I AT TR P B RRAIE o U 2 T R 5 5 1 5 470 568 5 9k 1 7 O R ke ) g
Z_‘[IS—I()] .

;= n (2) *2 TTIRFEHVEESZERENWNMEESH
! L g, Table 2 Hyperbolic parameters of shear strength vs.
a b normal stress on geomembrane interface
S a0 YIBRIE 150k 160 2% ppe ; ) P
W1 i U1 26 B R b—107 U) 5 B P R ) 0. 486 971 IS
SR =i Bt TR (A 0. 541 574 ARSCIAE
e ot p TR ST A T 0.758 622 AR
RV ] s T £EL 7S] .
ORI bE *erlr‘% Tﬁﬁ‘m a il b bt 4 TR (A 0.505 143 Esterhuizen %511
W2, R2 W a b BUHBAT W B B L - T (A 0.333 76 Esterhuizen %0
AORLEE B b6 b T o (AT BT T 0.485 19 Gioud 57

Bo.s, 2T M-S6m+ TR o B



%5 4 1) TS 5 2R SRS AR LR SR B () T B0 319

1o, RIPEE 16 10 3 A5V o B U056k JEE Bt 95 1) 1oz 7 8 PR T -l = T o 2 B D) 56k 38 5 36k 1) 1oz 7 il R Y
W A, A S8 — A UEE L 7 iR 4 R e

3 %

a. AR AR B PR B 5T R S, BESE B TR EE 24 200 m 7 T BRI AN RIS L Rb - 2 )2 8
ERFRAT T UVREPEDTTE 1 e b AR A5 2 ST LA | S o 222 S S A ST D RSP SRR 1 i
WA FETT 1%, HAEHHE BT 58 7 (14 1 532 170 BT EA AR A B O RS IR R S

b. fERD-+ T Ai-+ TM-HDPE [ + 52 G S5 A4 (1 Rk i B0 00 o A B, SS9 46 T L /1N T
He— eI, b TR 5 b TR N 2 )2 52 A e SRR ST ; 25900t 1l R ) R TR — B, BT U1 e vp R A
TSRS o T b TS A RS B b TR R i SRR LR 5 iR B SRR, £ T S
b S AL W R T A B T, I — BN ) A TR R R IR

c. TER—WItRIEE ST, b BT UL A b A AL R TP B 14037 8% X 02 1) 3 082 3 K B2 g T A3
e 2L 0 55 A2 Ik S5 R LT o 5 5 0 ik 1) Rz /N T Ik S0 1) B2 T s A O ot oy -5 T 5 o
>0 SR TR PV ) 187 S DR W 0 1) 7 g B RO T Ay T 5 286 b S T8 5 e S0k [ 7 7 P 45 10 4 T K 0 e
Fe 3T BRI 2 R BT UESE

d. R BT 1 2 Y ST 95 DR SRS MG ST GO 28 AT — 2 T LU, i SR T 4 7% i
J B S T 5 R AR ] 50 B 2 R 7 DA T A A 14 e 50025 o) 77 P 3R 0 5 5 b TS5 AR B AR BT 1)
SR B AR AT HTBUI 23R

S Xk

[ 1] QTIAN Xuede, KOERNER R M. Stability analysis for using engineered berm to increase landfill space [ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2009, 135(8) ; 1082-1091.

[ 2] R, + & bR A R A A 5 FNRIG IR )] . & J1% 5 TR 22,2006 ,25(9) « 1735-1744. ( BAO Chenggang.
Study on interface behavior of geosynthetics and soil[ J]. Chinese Journal of Rock Mechanics and Engineering,2006,25(9) :
1735-1744. (in Chinese) )

[ 3 ] ESTERHUIZEN J J B, FILZ G M, DUNCAN J M. Constitutive behavior of geosynthetic interface[ J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2001, 127(10) :834-840.

[ 4 ] McCARTNEY J S, ZORNBERG J G, ROBERT H S. Analysis of a large database of GCL-geomembrane interface shear strength
results[ J]. Journal of Geotechnical and Geoenvironmental Engineering, 2008,134(2) ; 209-223.

[5] STARK T D, WILLIAMSON T A, EID H T. HDPE geomembrane/geotextile interface shear strength [ J]. Journal of
Geotechnical Engineering, 1996, 122(3) ; 197-203.

[ 6 ] FOX PJ, ROBERT H K. Effect of progressive failure on measured shear strength of geomembrane/GCL interface[ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2008, 134(4) ; 459-469.

[ 7] BREEPE i 58 X5 46, BRI 2 2 2 AR 3 BRI AR IE [ )] 4 - TR %241 2011, 33(6) : 840-845. (QIAN
Xuede, SHI Jianyong, LIU Hui, et al. Failure interface behavior of multilayer landfill liner system[ ] ]. Chinese Journal of
Geotechnical Engineering, 2011, 33(6) ; 840-845. (in Chinese) )

[ 8 ] FOX P J, ROSS J D. Relationship between GCL internal and HDPE GMX/NP GCL interface shear strengths[ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2011, 137(8) ; 743-753.

[ 9 ] MITCHELL J K, SEED R B, SEED H B. Kettleman hills waste landfill slope failure I ; liner-system properties[ J]. Journal of
Geotechnical Engineering, 1990, 116(4) : 647-668.

[10] Jge 55 B il R I BB 4 T8 sUbR Y FL R MR R R [ 1] 4 £ TR 4R, 2010, 32(5) : 688-692.
(SHI Jianyong, QIAN Xuede, ZHU Yuebing. Experimental methods for interface behaviors of geosynthetics in landfills[ J].
Chinese Journal of Geotechnical Engineering, 2010, 32(5) : 688-692. (in Chinese) )

[11] MULLER W, JAKOB I, SEEGER S, et al. Long term shear strength of geosynthetic clay liners [ J ]. Geotextiles and
Geomembranes, 2008, 26(2) : 130-144.

[12] MIZYAL I, YIDIZ W. Geomembrane-sand interface frictional properties as determined by inclined board and shear box tests[ J].
Geotextiles and Geomembrane, 1998, 16(3) ;. 207-219.



320 ERCPNE N B4

(13 ] B, B A 0L, 4. + T8 UM R R B A = N BT VDA BT TE [ T ] & 1 1% ,2008,29(5) :1285-1289. (XU
Chao, LIAO Xingyue, YE Guanbao,et al. Research on interface frictional characteristics of geosynthetics by laboratory shear tests
[J]. Rock and Soil Mechanics,2008,29(5) :1285-1289. (in Chinese) )

[14] TS, B AR Op . R R 59 U AL A A FaR [ )] 24 = T #2224, 2013 ,35(4) :754-761. (SHI Jianyong, QIAN
Xuede, ZHU Baokun. Large-scale inclined direct shear apparatus and testing results [ J ]. Chinese Journal of Geotechnical
Engineering,2013,35(4) :754-761. (in Chinese) )

[15] R, S TR B RIIIE ST B 2R R SE[ D] o 5t IR, 2011,

[16] XA TLA= RO SR A 3 R GE Y g 22 R PE XS LU SE[ D] P 5T TR, 2010.

[17] KOERNER G R, NAREJO D. Direct shear database of geosynthetic-to-geosynthetic and geosynthetic-to-soil interfaces; GRI
report No. 30[ R]. Philadelphia, Pennsylvanian: Geosynthetic Research Institute, Drexel University, 2005; 106.

[18] GIROUD J P, DARRASSE J. Hyperbolic expression for soil-geosynthetic or geosynthetic geosynthetic interface shear strength
[J]. Geotextiles and Geomembranes, 1993, 12(3) ; 275-286.

[19] i 4%, R A 5. SR IEY, & &4 SR8y DI RRPE PR BY 0 T 98 [ 1], 45 4= 12%,2010,31(4) : 1112-1117. (SHI
Jianyong, QIAN Xuede, ZHU Yuebing. Shearing behavior of landfill composite liner by simple shear test[ J]. Rock and Soil
Mechanics,2010,31(4) :1112-1117. (in Chinese) )

e
- fAfiH -
EANBEMEBH ST FLK A0 AR B A

WEGFEEENFFAEN BRELENFFAARARIMM(BRELNFERL) KD
B AJE M E B N FAT AR T 2014 £ 10 A 14—16 B £ B AALIRB T,
ARREHGEIHAAZ . ARRE AR fibRk, TEZBHMOE, () MAREBRR(HERE
LT WEFRBLEHNT B RBRR GAIEAET) ;(b) FRFEF A (2R TR A H
KBS E AL E THMC #56-) ;5 (¢) fR R (RA LA G T4 WHA A & h@ T
A2) 5 (d) FHAR (B B R Ae G oA AE Sosk i IR A X 7 ik B AW T 208 A4
B2 AP RN I M E A AT )
S A8 KA B3 ) Y M 3k . www. rocknet—japan. org/ ARMS8/index. htm
(AT 0 B3R A7)



