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Abstract: The internal face of GCLs is one of the weak interfaces within the composite impermeable liners. Their internal shear
strength is enhanced by the reinforced needle-punched fiber. Through comprehensive analysis of the existing internal shear test
results of needle-punched GCLs and large simple shear test results of GCL+GM composite liners, small peak stress is found to
appear at small displacements in internal shear stress-displacement curves of hydrated GCLs. By conducting shear tests on
hydrated GCLs-encased sodium bentonite, combined with theoretical analysis, the occurrence of the small peak stress at small
displacements is confirmed to be the inherent feature in the stress-displacement curve of hydrated GCLs, and the small peak
stress represents the shear strength contribution from GCL-encased bentonite. On the basis of the small peak stress phenomenon
in the stress-displacement curves of needle-punched GCLs, the contribution of the reinforced fiber to the shear strength is
obtained quantitatively, and the whole process of internal shear failure and stress-displacement development of GCLs is
analyzed based on the failure mechanism. Considering the contribution of each part of needle-punched GCLs to the shear
strength, a peak shear strength criterion model which can reflect the failure mechanism of needle-punched GCLs is proposed.
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Fig. 1 Schematic diagram for set-up of simple shear tests
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Fig. 2 Shear stress-displacement curves for nonwoven GCL+GM

composite liner
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Fig. 3 Shear stress-displacement curves for woven GCL+GM

composite liners
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Fig. 4 Typical shear stress-displacement relationship for

BRI 7

needle-punched GCL internal shear tests

3 INMEERH

T A BRI R B, AKALER GCL BT YN S 8%
2R HR 2RI H B B R /N EI S, Gt fE
BHfil GCL g — 0 = AR TR FH R S8 g [ 5 , BRI AN
A e A R A B SN, HESRRIES N
W AE B A7 B R A IR I ERE M. AL GCL+GM
5254 BB REE B A i 28 /NI AR 756 R
I RFEALE | mm A4, FH/NEEN 7 H B
REREANBEIE A AT R 3 254k . Fox ZEPI7E 3 #rdt il
GCL W#BTYIHEE 5 GCL/GM FiIi 9 1 () 5 &I,
GCL W EBBI VIR A2 2k F1 GCL+GM & & FLii 5Y



8 1

MO, 2 KRS GCL B VIR IR LI HR S 5T 1377

VIN. 77 = 1 4% h 2R AEAR /M B BRAFAE B 3 /NI B
G, FF H/NGAE R TR M R ) R ) 261 TR AR AR S
FRY AL X i E A ) VAN SRR Sy X |
GCL &I UI [ AL

B GCL & —Fh & &M L, Hprsysa a2 7l
K PN EB B AR AR 4E N g 7 T 5Tk A Fox
LUV R 1) 3 R AR Fh2E GCL A 3B 115 ik 06 45
A LRI, ASFIFFSE GCL 1R FI47 78 ih 28 7 BY VI 7%
RN JLFES Gl 5). B 5 3 f GCL /hni
TAEAR—FE, (HEAG A R AN IE L sr . THEmT
DAHEN, GCL B /3 0i % th 28 E 1/ NEAE R 7 B 5 GCL
PN BB A 5% BT ) GCL R/ B 6 1E N
ARk K R U 6 Fias &1 GCL [R/NEAE B F 25 bl
A A N BN E N, NEEAE R ) 5k A R ER
PRI MR R . X TRIFENR] GCL #%L M
GCL W EBIYIN A1 F Hi 28 F1 GCL+GM & A 4o BL
ARBYI R 0 Hl 2 7R LAAS 21 JUFAH S5 1 /N e E
1o TWH A+ B GCL gm i M s e gifi il 5 GM
e, GCL & &4 BLBTYIRN I 0088 fh4k b (17N AF B
JIERL TRl — %A B B (i 6).

200
180} 4

A
160 £ 4

J1a0f £}

A A > )

< 120 % 10

..R A

1001 £

2 80 —— FHARIGCL
60 -4 —— %4 EIGCL

—— 4 HlGCL

o—6
Fa ©

0 50 100 150 200
IKAFE mm
5 =FREA GCL MMM A ihs:"”
Fig. 5 Internal shear stress-displacement curves for three different

types of GCLs!"!

6001 © F4iGCL+GMMEY

0 4 GCL+GMAE]
AGFRIGCLIAFRETE

x LG CCL+GMEEHK By 512!

JINEEAE R 1 /kPa
g

g

0 500 1500 2000 2500
?i:‘[']f‘ J16u/kPa

6 R GCL /MEER N SERM NBIXFR

Fig. 6 Small peak stress-normal stress relationships for

needle-punched GCLs
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bentonite
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