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An Evaluation of Interface Shear Strength between Geosynthetic Clay
Liner and Geomembrane

A o| 8" Seo, Min-Woo A F A Kim, Dong-Jin
Lk Park, Jun-Boum v o Park, Inn-Joon

Abstract

Geomembrane, compacted clay liner, and geosynthetic clay liner (GCL) are widely used to prevent leachate from
leaking to adjacent geo-environment at a municipal solid waste (MSW) landfill. Interface shear strength between GCL
and geomembrane installed at a landfill side slope is important properties for the safe design of side liner or final cover
systems. The interface shear strength between two geosynthetics was estimated by a large direct shear test in this study.
The shear strength was evaluated by the Mohr-Coulomb failure criterion. The effects of normal stress, hydration or
dry condition, and a hydration method were investigated. The test results show that the interface shear strength and
shear behavior varied depending up on the level of normal stress, the type of geosynthetic combinations, and a hydration
method. When GCLs were sheared after being hydrated under 6kPa loading, the results were consistent with those
published by other reserchers. Summaries of friction angles, normal stress and hydration condition is presented. These

friction angles could be used as a reference value at a site where similar geosynthetics are installed.
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LME

E2MNG AE ARY(geosynthetic clay liner, GCL)+=
19861 0] wl=roll A A& AMEE ol R Wi PA Y HE
Z}<=2f(compacted clay liner, CCL) t-g2 2 d2] ALg-5
L =2ggolth GOLE EBAR Aolo] T WE
o EE YAY WIEUO|ES ERHR JRA7I=
Hhalo 2 FHETH LY 1). GCLL 7|&9] HE A5
i} v wsto] v F 2] ] vi LS F7HAIFIAL BAL &
sto] JE 2R Ajgo] B7Fs% 2ol $2 tigte] &
I QJOT(HEA 5, 1998), ol Aoz Q13 GCL
o] Algeke A& o g £718k1 9t Koermner, 2000).

o P29 v AU 2F FASCE AMEEE
GCLo} 28)7] Wiy & && vigo] g 3o J=
&, AS T2 9 508 potEE A=) Th
34| =lof Qo] AA3| oz A ek
7 5, 1998). olzjgt 23 EAE FAI5H] flH
A GCLO| 48180] T2 GCL tH(nternal) HEFE
o} GCLT} Q14 BEAI 5L Ak Ajo]o] sy
of wsiol it Haket ARG wigko 2 oA HolE
AXj}olof g
of ] HHFEid%} Stark, 1997; Daniel %, 1998; Fox
, 1998)°]| ojslH v| &7 unreinforced) GCL-2 =3}A]
Y& (internal) A7} =7} HZ(interface) AT H T}
W g 2] iol WielA mnrt Ie s
1 9l&o] ek webA F2oll= vlEA GCL
4] stitching©]t} needle punching 522 WHEE H7}
3t X 7K reinforced) GCLo] @8] AREE 1L QUK Triplett
3 Fox, 2001). ©]FA ¥ E7F GCLY ARg-0] &3
o wte} o] Al EEAG Abo|(interface) 7t T A] £t
A3t o= 2-gstA = o], GCLO| AMg-E= ™A 2
vt A 9 XE @Sy HE8S HEs] Botet
7] Y3lA 18 s EEAG Abolo] FE(interface) A
FEE FasHA sk Hatt 18y A7) =
Well A ofof dist A7+7F nlulste, GCLo| AR %=

ol

o]

Woven G T
Bentonite
Nonwoven GT

GCL(A)
(Nonwoven down)

GM
Bentonite

GCL(B)
(Bentonite down)

138 &=XEiEssl=2% N8 X4z
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Y] AAA =ofA Qe ARE 18] A&
star Qlct.

GCLY A =ol TRH A5 A AFs viet
Zo] 2A GCLY] Wi Ad7teel GCL )13t B5
Afete] A& A= F B8 s 4 vk @4
AujollA P2 GCLY W Aol djgt A+
(Gilbert =, 1996; Fox 5, 1998; Daniel 5, 1998)of|Al=
GCLo| =318 ufjo] Y& Avtutz ] 7HsAdS Biskal
GCLE 278 AL AlRbsgir). 0|23t X7 reinforced)
GCL#} 1% B Abol(interface)d] H& A A
T2 Tofsly] $igt AT oy AFAREC] 3 AAl
=] 9tk Tripletty} Fox(2001)= HEE 1 (pull-out) Al
H7)E o]g3te] GCLI} A2 H g Ql(geomembrane,
GM) Atol9] & AP =g &A% .2, Gilbert 5
(1996)% g QAT A|E7]E o83t GCLe W
R 9 HE At e digt A7E AAskch Suol
A 412d 3 2.9 21(2000)00 23] GCLZH GM Atol €]
A& A= 5349 v AUk
E =BoME dE AP AF7IE o83t I
off A AMEEITL Q= tiEAQ F £/ GCL(2¥ HH
GM Ato|9] H& AW} =g Z43tHoH, £33 GCLS
AHE Ao 2+
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o wHo] Wmale GMGS-GM)T EHo] Ax GM
(T-GM)Z 0] 8319t} 5 F72 GCLX 212 GCL(A),
GCL(B)Z &3ttt GCL(A) Wil =35 #H¥
(granular) MIEfo] E0] AYFtA} ATAL 242}
484%, 45%921, GCL(B)oll e H2HAet 4=
mixture 2] HAAFHA L} AAJTAIE ZH2E 453%, 45% %
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E 1. AIBE E2M X4H 54

ol & 4 49 T (e BEY 2A)

S—-GM EHO| o112 GM 5

T-GM EHO| & GM 0 mm
HEJ} 2870 Ay 7.0 mm (4,100g/m?

GCL(A) Ato[0] needle (=2 :340g/m?,

punching & E| ¥ :170g/m?)

HEJ HEA 2 GMO| 8 mm (GM : 2mm)”

GCL®) sxg (6,6500/m?)

" GCL sh0l| U= GMY =

22 & AlZH dFE 918 ofiH] MY

GCL(A)+= B3/ o] Hold Na-HlELLO|ET} 7] 9
A L AELI(GT) Atolo]l Y28 Feje] GCLo|t
Na-HlEUO|EZE 3bgo] whet vehts 33 E4
(swelling)>- GCLO] 7 4 A A7}z o g3k v
A= Ao defA 9ed, Leisher(1992)= 4=3}4] 3}
Z73 Z3RERo] mE R A7 =] #Hatol|
HE B8 3t 7IeE AdEiolA] =3k AlHE o
Zd=7F eSSkl vig x| oA GCLo} 4=
= A% 2ARE] Y8l o 7] AFAHFox &, 1998;
Frobel 5, 1998; Triplett¥} Fox, 2001)52 2|7 HHA]
3 o]Fo GCLAYE +3A A w, HEAIFA] 7} A
= 4% shFa Y sk 71e AHolA 3E
A AL Adstgdet. 22 o) i 719 3
A AE7) Eg ARE F78HAY 852 7t
gt Aol A =31 Al7|7] Yet SF7HAQl AAE I8
B 5HA Hrh E£3F A E B2 AIZo] 8 FET]
jzofl, 73 AlZhS DEA1717] Y5 A HA] B ol
A=H3 QlthFox &, 1998). 2 AoAE 7|& £8
oflA AAIE A thE 3} HPH-E "t =35 A7)
3 AN E S AAstgen, Wad RRete] vaE

foh rjy % of

12 —
0]
—B— IS (Q0mm)

L GCL(A) / s-GM

SIRIBHE =542 kPa
4 T T T T T T T T
0 4 8 27 B 1 4 8 1@
AR (h)

23 2. 251 AlZifl WE HEF HoAT| M
(BI52 715Xl 242 AH)

EFER & ITGCCHS X2AUBYeHGMSl BE HMHAT

o 2 A9 dnE ASsHEh

GCL(A)Y] A%, A AlF7] "ol A (1) 3H5-& 713}
A 42 Aeli(free swelling, FS)Z =3} (2) A%t 3k5
(6kPa)2- 7}3t AE 2 4=3}(constrained hydration, CH)S
A &, AGAE S AAEGItE 317k HE A
A7t AR SIS S, I AT ol
F3H A7 3 HADAEES AT 19 200 AAIE
ZIE 53 free swelling(FS) 274 3+ A1%] 7
F 6U4(144417h) ol delide HE A =7E dAsid
= TS = Ut TEbA 2 Ao oAuAd 4
79} Daniel 5(1998)0] &85t 423} A|7h& 12 109
e IE A HADAFES AABHETE Aol &
24 Fol= GCL(A) Y HE9] FrhulE SA5H4

HH GCL(B)= GCL(A)&t= TFE 4| o= S3A|7h
& AAsHHth GCL(B)= GCL(A)%} €] JEHREo]
213 GM1} HE517] 2o IEU|EY e E40]
AEADZIo] XA Q] F3E uxiA €t Daniel
5(1993)2 FhpH|d] mE HIELLo|ES Jr WshE
S48t gnl7t F7Ve) wet FErt S48 A
Bt deh) 50%0] ol2E HolA Z=rk dAA
T ettt gebs] B A= GCLB)E 3
F2 7FetAl 2 A E 32 AlA )7 50% o]
A HE AR A, AIFA] 2 AIZE B2t 43HE
AAst= Ao 2 stk AFZINTH 3) 58 =9
T3 7tof e 44| GCL(B)S] FE T<pH|7E 50%E B
A& T 4= Qoo B AP eaE 13s}
o] 10& 3¢ F3HE ARG & AThE HAISHATH Al
Fole= GCLB)IA = HES TulE St g
H|S ghelstsict. GCL(B)S 749 4Rty o2 GCL(B)9
HERE 5o GMo| §JX|3}7] wjol| HE FEol
718 GML g2 EeintolA o] AxAe et 7S

250
GCL(B)Sl HIELIOIE

200 1
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?
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311 AAS AA)SH=d|(Daniel 5, 1998), £ A]F ol A Load
L GCL(B)Y AEREO| £33 A gz gt

AE A HES HFHOR Bk Bax sk v
Clamp |
23 ZF Mo Al ‘
Geosynthetic
e

AGREE oY AT W73 4 AUS 5,
200)5 olg3te} EY3tAo0, ASH EBHR 2 displacement | pisid Plate
7]+ GCL-& 30c¢m X 35cm, GM-& 30cm X 45cm B th A]
¥ % WESHe M-S 30emx30eme A &
A e 2 stk AR Zh7te] 2712 el o B
& dE AP-™D AF7] St Al clampE 1A FE AOHE 2 sFrE GCLAYGM S A9 7
71 & AR5 7lekant A 80mme) W ¢jsf ut £ GCL(A)2] A Z(nonwoven geotextile) F-53 GM

A wj7kA] Axstgo, o] we] Autrs ‘gl o] H&ILE 1900, GCL(B)olA+= GCLe HE

T8 4. NE7IS 2T (M21R 5, 2002)

Jw

H 2. GCL(A)/GM2| HE MTE MY &= % 21

SR A0 mo wEE B0 B

Interface SEAE z;n,_‘ (;Lj) |"[1le (kPa)E o g(kPa) F0h | HE sau|(%) (EH'?_:é/%T/;-IEH)
6.3 15 13 - 0.87
3.2 7.4 6.8 = 0.92
Az 54.2 1.9 10.1 = 0.85
100.0 17.8 14.3 = 0.80
145.9 31.9 218 = 0.68
6.0 2.8 2.4 281.6 0.86
GCLA) 44.0 9.7 8.2 224.3 0.85
/S—GM | #3HFS) 62.0 10.9 9.3 214.0 0.85
101.0 16.1 14.1 = 0.88
147.0 19.4 16.2 2011 0.84
6.0 2.4 2.0 130.0 0.83
44.0 8.3 5.9 116.5 0.71
£3HCH") 62.0 12.2 9.4 127.0 0.7
101.0 18.2 12.6 1417 0.69
147.0 24.4 15.0 134.2 0.61
6.0 8.7 5.7 = 0.66
24.0 30.4 17.1 - 0.56
Hz 62.0 498 20.2 - 0.41
101.0 61.5 271 = 0.44
147.0 917 50.7 - 0.55
6.0 9.7 5.8 236.6 0.60
24.0 19.1 8.8 - 0.46
/GTC_LéA,\)A 231(FS") 62.0 28.8 18.0 274.4 0.63
101.0 54.3 254 191.5 0.47
147.0 64.2 30.7 183.1 0.48
6.0 10.8 6.3 141.0 0.58
44.0 31.0 16.7 136.9 0.54
£3H(CH™) 62.0 51.8 242 150.5 0.47
101.0 59.0 26.9 147.1 0.46
147.0 86.7 138 122.0 0.51

" FS : free swellling, 552 7I5IX| &2 ME{0A SIAIA
* CH : constrained hydration, 6kPag 7t MEHOIA 4ZIAIZ
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# 3. GCL(B)/GMY| BZ MYz AlY 858 % 2y

metace | sews | SRS | TG | B e | iy
6.3 2 1.4 - 0.70
31.2 1.7 8.5 - 0.73
HAx 54.2 18.4 10.2 - 0.55
100.0 30.2 14.7 - 0.49
GCL(B) 145.9 39 21 - 0.54
/ S—GM
6.0 3.2 2.7 - 0.84
44.0 6.0 4.7 101.0 0.78
43} 62.0 8.4 6.2 92.2 0.74
101.0 10.0 8.7 72.3 0.87
147.0 15.0 13.5 79.8 0.90
6.0 6.2 5.7 - 0.92
44.0 32.3 16.6 - 0.51
Hx 62.0 37.9 17.1 - 0.45
101.0 64.4 26.1 - 0.40
GCL(B) 147.0 86.8 39.6 - 0.46
/ T-GM 6.0 4.9 3.2 95.4 0.65
44.0 16.5 9.3 85.0 0.56
43 62.0 19.4 10.1 72.6 0.52
101.0 28.1 13.4 53.3 0.48
147.0 38.3 14.7 57.6 0.38

R GME HEAAT & 5039 HeAHE A4
ston) Ag FEe & 29} % 30 FelHol 9ok, o
B AR A1Y BF Lato] U BAR 2] o)
% z7o] 22 WAHANE 2, & 3 W),

3. M 7Y Y 2N

GCL 5ol e ATAd Zihs E 29 3 30 A
A= ok 2t o= A A NS E(r ), 80mm

70 7

—B—T-GM (HX)

—— T-GM (£=3hCH)

—&—T-GM (£=8}LFS)
S-GM (¥Z)
S-GM(==2H:CH)
------- S-GM (48kFS)

3

jo:]
o

5

Ao 2T (kPa)
@
8

n
(=]

>

21X) 100 kPa, LHHXl= 101 kPa

0 20 10 60 80 100
#2| (mm)

(a) GCL(A)2} GM

olrel diHEE AHAE(ry), HF (S,
AP ENA Y A=} Ao A=) n] 5o
gel= o] Aok

M9lo] e AHAE AFL GCLY
270] vz} 2
39 5% 101kPa(A R A9 S-GM-& 100kPa)2o] &3

7, GM&| F

L —a—T-GM (&%)
—e— T-GM (#9})

S-GM (a&);
------- S-GM (+31)|

&8}2\% S—GM ( ) 100 kPa, LIHXI= 101 kPa

0 20 40 60 80 100
HY (mm)

(b) GCL(B)2} GM

37 5. e} ME 2
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s5ollA k2 GCL F7 W& GCL/IGME| A
& ASE BAFIL Qleh AZ5kEol et 2834 tE
ATFEN e B4 Z27] Ygol 29 5ol AA="
A7t BE stFol|A 9 AAE et & = §l
A%, R 7HA BYL Hohd 4 Uch

GCL(A)/S-GM 9| 75, H] L2} 22 W 9|(<3mm)o] A
Ztigto] Yehd & Zddhe 2G5S By, Y A
A== FS(free swelling)ol A 7 242 gho] &4
HAoh GCLA)/T-GM2 H|m3] Z #H o 4(8.7~30
mm) Z[tjo] vehton, o) HE A=« FS(free
swelling) A A 713 ZHA &4 = 21t} CH(constrained
hydration) 27X Z3E 2 A7} E= A2 H
o vl3t B=E Hlrh F 7HA 82 BF Ax
deEcts & oA o A=l dEEHIe
o, HFE A== A2} w3tz Aglol
H|3h e ETHE 5(2))

$% GOLEB)IAE GCLAKE T2 AT e »
Frt Ax A9 T-GM2 H|3Ld & HelolA 23]
yepgou), 231 Aeolxds 271(Imm)o]| Z{chgh v+
Bl & =t dadts 2E5S 2ok oledt E4E
32 3l GCLB)ol| Z3HE HEFEY] =7} das)
A A w2 WA A B =7 gz BHER
o} 3t GCL(B)2} S-GM Ato]o] HE Ad7t=o 4%,
AzxdeolAe Mo T-GMoA 9] AF T} HlxFt
H&g Bgom, 31 2oAe §Hs| A=t dast

A ofm QAT ol A% FARE BHL Berk

32 HF HEYE Eot

#F2 9 %30 AAE A0S 7|22 Qs F

B 4 HF HU3T

Y & ATAE B4S Mohr-Coulomb 73} EeHi
2 gato] FAASGTE A (Dol vt bz e
(B2 Hate)e AASATHE 4).

1)

A71A, o: BASEH(KPa), : AL SH(KkPa), o :
Z2H7] M2 (kPa), §: THFEZN(")

E 45 A5 EH GCL(A)2 GM Afolo] HE et
B tiE A2 A 7 23, 2 o522 CH
Z2Z0 A9 43}, I FS 3 2AA 7P F2
T& EArk 2A d9jF ez S-GMI GCL(A) Ato] 9]
WA stz AHlol F+ 7Y 8=
ofjAl H]xEt AP E A =S E ok E3HGCL(A)
¢} T-GM#e] H& A =M= o3 o= CH &£
ANA $8hA17 A9 AZRANGE o 2 AR 4
aelg Ape Ao Ui

GCL(AYGMS] A3} Zoll 4] ¥l73 7% 247} 27
el FS(free swelling) A3} AR Abefof Aol Ax}
£ Blas BITH1H 6(a)). 1H 6(a)E 2 GCL(A)Y
S-GMojlAl= oF 100kPa®] AZ|stE7tAl= AR <t
FS 3} oA vidt Ao AEF=E Holorl,
150kPa o]l 7HA = Aol 7t A AT BHH
GCL(A)YT-GMof A= 10kPa o}4fo] B AZSH5olA
IR QIg A& vt 24 YRS 39 5 Aok

GCL(B)] o A= A=) 7B-H2H 6(b)), 6kPa
S AT s Aol w32 8 BTt 24 g
Fo. =gl A9 GCLBYT-GM2 Ao = A
HEe A2 X9 GCLBYS-GM & A
ot FARE BgZ Reet ols H-Ad=(ad
S(olr e BaFt=E & AAs= Aotk GCLBY

T = a + otand

Ol

SV

Lo Oy ®ch 4z QHEE e 2z
interface sEdd Oz %) | mAEKPa) ° Oz ) | AR kPa) ?
FES 1.6 0.2 0.98 7.8 1.6 0.98
ey 23HFS) 6.6 3.4 0.97 56 3.0 0.96
£3HCH) 9.0 1.8 1.00 5.4 2.2 0.96
Hx 30.0 7.0 0.98 16.8 2.4 0.95
GT(iLé’:/)I/ 4+3HFS) 228 4.9 0.96 10.8 4.0 0.95
43HCH) 27.6 10.3 0.97 141 55 0.96
GCL(B)/ FaES 14.6 2.6 0.98 7.3 25 0.96
S—GM 43} 4.6 2.7 0.98 4.4 1.7 0.98
GCL(B)/ kS 29.7 4.4 0.99 13.1 4.3 0.98
T-GM 43} 13.0 48 0.99 4.5 4.5 0.90
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100 GOL(AY/Z-GM (

N
B

)T-GM (=8} FS)

GCL(A)/S-GM (A E)

GCL(AY/S-GM (=8, FS)

0 50 100 150 200

oiX =2 (kPa)
{a) GCL(A)2} GM
gl 6.

T-GM *}OH g A= w32 s A=A
46%°] Z=daE Hoh

AAH o2 GCLB)oJA F3HA] Z=gdart A &
et Boldt 4 9tk webd, GCLB)E g2l
APE AL YR ARESRE B, ARl dFol A
A== GCLE th o2 AIE & st =8 7kt
3, wt)of| thste] QPHBI=E HAE HAISHoF Bt
ESH @M= HAF AlF BHE 3 GCLB)ZY
H 0010 HALSBIEE Fof stk 13U} Daniel 5
(1998)8] &7 Al AolA & 4= URo| GCLB)E
AE GAR AT o 315 v AL HA Yok

E|f 3 CHHEEE MoT

Aot AP E S 27 A FollA ofd 3
< Aol Aol o] off HHEZ A & A=

A= AEHo R =25l Q= FA] 59 shto|tth
Filz 5(2001)2 Hoigkat AFak2 2835t =X)84 2
1.0
3 06 1
~ }( ; _é_;
& 04
T
= 02 A —8—-S-GM (A%) —a—T-GM (HZ)
—4—S-GM (£3HFS) —A—T-GM (£3HFS)
—6—S-GM (43KCH) —8—T-GM (&3:CH)
0.0 . ; :
0 50 100 150 200
HE! BI= (kPa)
(@) GCL(A)/GM

100
90 GCL(B)/T-GM (2Z)

GCL(B)/S-GM (==3})

0 50 100 150 200
X 23 (kPa)

{b} GCL(B)2 GM

w30l 2 Ao HE MEAeo| Ha

ol AA Wiz o AlFete] vlnE Fu AR
interfaceo]| 4 EHE IS = 2457 = o A
e} ZF AGAE 2] 10%°) Pk 3h2 gt
azjzta AASFHA, gk d3-E I Hrkshe
ZhFgke] 282 Bl B7hE & 4 ok shgith
E3 Swyka 5(2001) thokst @A AR S wigtoz
EH%Xl AA A GCL41L A EEAReY AHE AdH

= AR HET T 1.25 oftY &S, Daniel
5(1998)2 o Az ¢tdE 1.558 A4 AL
Z}Zy AQkgt vt Qitk. vt T F9 GA| TUie} o]
Fe AAES 7= A ols A8t o A
o] glo] AA AlE 5 B3l o] Ftol ek FF 7}
2l A7t gasirt

oY i ¥ dHIFE A A=} vt
A2 wj¢ Fagt %‘%011-“4, % %4_?‘801]/\15 80mm0ﬂ*1

10
05 | A\A/A/Q
- ]
T 06
E
o
B0 q
¥ 04
= - B
02 1 ‘( —B-5GM (2X)  —m—T-GM (2X)
]i ——S-GM (3 —&—T-GM (=31
0.0 1 . .
0 5 100 150 20
AKIBHE (kPa)
" (b) GCL(B)/GM
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A%)51% 6kPao] ATFE AT Lix] 3134 A
g} ‘TPER M) AR/ Ay Ak’ o
Hle 1y 73 2ok 2 AFelA ZHE 80mmolAe)
Zol AAY ARAHS AUAEE Uehlr] 2]
Rl EHE AL WA oA, Sk
Hot E244 20 ue) ¥ 7HH YL WA
% glgich
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