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Experimental Study on Shear Mechanism Caused by Textured Geomembrane
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SYNOPSIS : This paper summarizes the results of a study which uses the recently developed
Optical Profile Microscopy technique (Dove and Frost, 1996) as the basis for investigating the role
of geomembrane surface roughness on the shear mechanism of geomembrane/geotextile interfaces.
The alternative roughness parameters which consider the direction of shearing are described. These
directional parameters are compared with the existing roughness parameters, and the relationship
between these directional and non-directional parameters are investigated. Then, the relationship
between interface shear strength and surface roughness quantified at the interface is investigated.
The results show that interface friction can be quantitatively related to the surface roughness of the
geomembrane. The peak and residual interface strengths increase dramatically through the use of
textured geomembranes as opposed to smooth geomembranes. For the smooth geomembranes, the
sliding of the geotextile is the main shear mechanism. For the textured geomembranes, the peak
interface strength is mainly mobilized through the micro-texture of the geomembrane, however, the
residual interface strength is primarily attributed to macro scale surface roughness which pulls out
and breaks the filaments from the geotextile. The results of this study can be extended to the other
interfaces such as joints in rock mass, and also can be used to provide a quantitative framework
that can lead to a significantly improved basis for the selection and design of geotextiles and
geomembranes in direct contact.
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7§82 29 (DEM; Distinct Element Method)olgt & 4 Qlth. & AR uke A&z 83 g1 A7)

o A4 AR A7, 7 AR HEANA dgEHo)] LA
et JEARGE P EEARY 2F4 g HEY A
_—F.

D2 ¢ HEHY Hdag e AAstux & 7:’—?-"1] FAHow FAEA EA4
Ox &gk d& £o &o] sy EEARRZ AMEHA FEdold dod, e angularity,
Dso(mean grain size), @95 %, T FAF, soil structure, A AA7] So] HEW Ay P32 n

Ae 828 & 5
2 dFdAAEe o2 A AAE FolM FH AA7] AHZ(surface roughness)’t HEH Ao

lAle 9SS Al A, AEW T A7k dAeE XNewBdgdn NQHAEYE FA

A Ae=rdgle] EW ARV FErt FE2W AgHo] nxE JgS ZAEAL.

87] 9sted AR AogBd FHY AAY) e AAwen =Yg wigo

719} 247} 120 ° B trisector2HE F& v wakde] ARV S 27 AP Fge

g AE7E AHEste o) @2 e dds xed eyda T Y&y ‘_\_E'%‘% Aoz

A, 28 ARY Ao FEA Ay #AZ 5538 5 YU o9 gol xewWm

d2etd FEHAA Y M 7t Ee] dg 73S 942 5 YUY =25 o] dAF= T oW

ddel FEW Eg gubg AWM Helde AMr] Ao wE P2y A 5
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2.1 BB &7 MEo| M

2 d7oME Aedeygle Ed ARVl AEE 487 95t Digital Image Analysis(Frost <
Kuo, 1996)2 ©]& 3% Optical Profile Microscopy(OPM) % (Dove ¢ Frost, 1996)& Al&3atgdtt. 79
Lo Ao} o] Aoiwbary) o 83t 37H«] AlH (coupons 1, 2, 3)3 Ahutdat 120 ° zZt=2 "ol 2709
A (coupons 4, 5)& Z 3 F 579 AHE TE, 1Y 2004 R s} o] LuEx e
Mzt EoA%lE Set2d R AHEL oz AYAA 12 F, uld@e D wHojy
& AFEEe] AlHe] A B 4 QEE EW XIS  F, g BWY FA4S CCD sveEls &94
of, AFHY AZH U= Digital Imdge Analysis Al&8& o] &35} 71%_!7] A8 AL st
e B AF7] FF PHES o) A9(1999 a b)e E=Fo YelyolA g
ﬁ%@ﬁgﬂ} Heisk AJH 1, 2, 3 (o]} wakA Aljd ¥ parallel coupon©]

& T3}, 0]743} tEo] AlH 2,4, 5 (0]3F 8] WA AA E= trisector
coupon°olgt HIHZRE E o A7 ¢< FeUch Parallel couponC Z5E 73 A7 e A
A

AASFE 9 ]ﬁ"—‘? trisector coupon 2 F-¥ Fgt gk d] WA ujjuisE
2t A v B ANHozRE T AR g A#RTAES v R

olFA FAH" FW HA(surface profile)S AFst & 4 UYe WANFSS AR ABs] @o)
AGHR o (Ward, 1982), £ dAFoMe AEZAI te3} Zo| normalized A7 wjzpus
(normalized roughness parameter, Uesugi and Kishida, 1986), R., 23Fg&<Q &4 AH7) wjus
(profile roughness parameter, Dove and Frost, 1996), RL 2 3xt¢4 &<l @ A&7 o7} S (surface
roughness parameter, Dove and Frost, 1996), RsE& AF&3l tg 2 (1), (2), ()7} o] Ao @B g0l
o X9 A&7 A= & A3 o

A7l Regt2 ol284 o2 sl HAA 249 g LOFE BadzA Had 4 9oy, A3
o2 ALWBHE AL HHs R A9 o 1
g =719 AedBAde 190 HdA Waselsic).
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Imaging Frames \_ Plaster of Paris Disk

\

Geomembrane

29 1 Aednde A7 49 Py 29 2 AR £3E AL A=

_ Rmax (L= DSO)
Rn - DSO (1)

017] oﬂ }\-‘, Rmax (L:DS()) = L=D50?_]_ 73%9’] Rmax

Ds = mean grain size
L = Rmax® gauge length

R, - I, (2)

Lo = &40l £95UL wel A4 Qo]

As
RS= AO (3)
o7l A, As = A4 EH AA

Ao = AA EHol FAHUES wo] HAH

2.2 X|2HHzel Al =H|

g AFAE ded Lol A ASHD gt JePuAAY EB ALY A=Y ¥AS Y

F UEE 3§ Mo 2%e eyl 374el E7] 8 (textured) HDPE A2 wim A AL L34
« National Seal Co. AE<! Dura Seal HD : &% =(smooth) Xl =B g2l

» GSE Lining Technology, Inc. A&l Friction Flex : £ 718 (textured) A9 H &l
- National Seal Co. #A&<! Friction Seal HD : 7] ¥ (textured) X @2
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« Poly-Flex, Inc. #1¥ <] Poly-Flex Textured HDPE : 7] ¥ (textured) X 2B <}

29 30A Ve v} Zo] Ao B le 64mm F79 102mm Z7)9 HAAE B &Fn)
ZHo)Eo] 2Z o] epoxyE AHEEH TR F AFFL AN, 102mm ALY ¢FvE
2(dgd vx Gf)o) BEEE AHEstd 2@ Joduygdey *ézlﬂ‘%“ AT ewe
#1e] ZIAA o) HYJEE s}ﬁﬁ}. olFA 1t WHS AGAH Al - EAA 2 F 3

A8 H AA] FdY HNPE FEFoEN, HAAHLRE A ePWBHAFG Q=2 Ato]d
Al A go) AT £ IES zsl—gir:}_

rlr & e or

2.3 X2EHAEY AlR FEH|

AFE= g3 Zol & FF9 polymer®} fiber 8 tE F%F(mass per unit area)S 713
F9o ANoHAAEY S ALEE AT

B
L.
3

4

«  Hoechst-Celanese #}%9] Trevira Spunbond 011/550 X L®lX2€}lY : continuous filament

polyester nonwoven needle punched fabric with a mass per unit area of 16 oz/yd2
« Amoco AEFQ #4506, #4510, #4516 A& AE}Y : staple filament polypropylene nonwoven
needle punched fabric with a mass per unit area of 6, 10, 16 oz/ydz, respectively
ModxEde AUAY Aol A Aol WAE FHer) Aokl A B(flexible) AFE Mown
Ao 2=z o] epoxyE AR 152X254mm A7IZ F AT 2F &FF 5 AN F, AH
At A7) 9o AlgH(testing platform)o] &% bracket® EEE Al£3led nAAZH (Y 3 F=R).

. Normal Load
Aluminum
Block l Bolt

Aluminum
Plate

~
Testing Platform [ Not Scaled |

Applied Load

/ Geomembrane

———e— Tested

‘/Geotextile Tested

Flexible
Geomembrane
Backing

¥ 3 A EeAS A ietd e A Ad AlFT

24 HEH XY HE AY

A 80mme 4 W9 (horizontal displacement)E &3
g3t Aedrgdy Xodxede] HEH AWHE FAHIIT.
of v AG g2 & ’25‘]7—?} % metal cross arm& Al&3led & -§2(normal stress) 50, 100, £+
150 kPa$ 7tetdch WEAIE 2 008 in/min® £5x2 A A3 en, g 79 load cell¥t 3788 LVDT
A ZARE 3F, "‘ﬂ*i";-r] ARHL o] AYZHEL LabView data acquisition A]2~#]& o] &3l AF

Hold AEHez 245
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3. Al d=

3.1 X2y eeele] BH HAJ| X

Hed BT gol, & el Aewnddozty RUAMY] e Py A% ] 48y A
22 2H 47 Fadch & §4 ALY AARS, Reol B ABRD ¥ BFA ARRDOE
BE ool o, 20| normalized AR7] wARS, Reol FA A]ﬁamn,pm W) ey Al
R 2RH Fahe] Aok £8 B84 Adozyy 59 ARy A8, Rs skl T

E Q7 48D V1A TRl MednAdY F3d AW AL At 2 WE P2 R A
A47F E 16 Yehlold Aok ANE 24z 2ol W AW hA¥S RF Ree A A2
Bedle] AWy AEE 2 URT F AES FED WM WHIFE BAFTL Aou, R, &
WS Fe 8910l WEdte] WHHD EW, dvRez AWss} S w 10 e EF @R
7 FAbetEe G4 At B A7 28 AY7) AEE Dove UMD st wED 49}
RSP EES

:ﬁ AN

1 B9 A7 54 A9

Parallel Trisector N
A 24 A d A =5
Rip Rnp Rur Rs Rt
National Seal
@ loza “ | Dura Seal 7 7 1.07 0.06 1.07 1.09 0.06 smooth
0.
1.20 0.17 1.23 1.28 0.20
1.17 0.16 1.17 1.21 0.16
GSE Lini
oor llnmg Friction 1.20 0.17 1.19 1.23 0.17 slightly
echnology Flex 1.20 0.18 1.23 1.28 0.20 rextured
Inc. 1.17 0.15 1.19 123 0.17
35t 1.19 0.17 1.20 1.25 0.18
TEHxt 0.02 0.01 0.03 0.03 0.02
1.32 0.27 1.42 152 0.33
1.33 0.25 1.40 1.49 0.30
1.41 0.32 1.47 158 0.36
National Seal | Friction 1.37 0.25 1.38 145 0.25 moderately
Co. Seal HD 1.35 0.28 1.41 151 0.32 textured
1.41 0.28 1.45 1.55 0.30
1.30 0.23 1.38 1.46 0.30
ks 1.36 0.27 1.42 151 0.31
Exax 0.04 0.03 0.04 0.05 0.03
1.46 0.29 1.56 1.68 0.37
1.43 0.25 153 1.65 0.38
152 0.31 1.60 1.73 0.40
‘ 1.40 0.28 1.42 151 0.31 moderately/
Poly-Flex, | Textured 157 0.32 1.7 1.87 0.46 heavily
Inc. HDPE 1.40 0.28 152 1.64 0.43 )
textured
1.46 0.28 1.61 1.74 0.41
157 0.33 1.71 1.86 0.47
o 1.48 0.29 1.58 1.71 0.40
FEAA 0.07 0.02 0.10 0.12 0.05

1) Dove ¢} Frost(1996)°] 2lste] Atsl 57
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3.2 04 71Xl 7{&7| ofIHSES
2 4% RoRop & Rot)® Ru@®Bre & Rur)
ARUAE BAFu Jot. agA &
AA7] & oAEse FFH we

A
T

¥ 8} s,

9 Jaz
5ol M=

AE B
4

R, = 1409 X R, + 1.0 (4)
Rs = 1.701 X R, + 1.0 5)
20 20
R =1.409xR,+ 1.0 @
R?=0.9134
13 15 ¢
o 1u ~ 10
Rs=1701xR,r+ 1.0
R*=0.9476
< 05
0.3 o Paralicl Coupons, Uscd Geomembrane
o Trisector Coupons, Used Geomembrane o Used Geomembrane
4 Parallel Coupons, Virgin Geomembrane o Virgin Geomembrane
o Triscctor Coupons. Virgin Geome mbrane 00
00 0.0 0.1 02 03 04 05
0.0 0.1 02 03 04 0.5
R, R.r
2% 4. Ry % Reo o84 2% 5 Rt 9 Rs®l 887
3.3 WEMT U] WENM HET| WHESS NTBH
29 6% 29 7€ A7 wiANSE RuH Rool cisted H@A miAwsel vl B oA et
A% JEIT Qo 2gelA & £ Eo) BR AW AR5 W @@ sas A
gol FUAoR FHEe ¢ 5+ A
20 0.7
o Used Geosmembrane - o Used Geamembrane
18 o Virgin Geomembrane : 06 o Virgin Geomembrane
o .. 05 0
16 :PBO =] 0 4
- on / - 04 S5 97
Z & = = 8 X
° g . \ -3 ° p 95% Confidence
14 wy - 03 &84 Interval
. 95% Confidence Ve
-7 ©.." interval AEe
"_. _.o" 02 Ao
1.2
0.1
10 00
0 12 14 8 8 20 0.0 0.1 0.2 03 0.4 05 06 07
Rux Ryp
2™ 6 A v WA Reel A 238 7.8 9 4 R.o G
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3.4 Xeyuele M HAJ| YxII YEH MO 07U E0 OjX= 2E

O 8 B AT FAd A A F9 e A=A Amoco #4510 AL E eI I 471K
2 Aogrgdel A ANFA AdS(shear stress)-+3 ¥ 9 (horizontal displacement)?] #AE ®
g3 vt dAEHUAK], AFY FE7F  ALPABHASE AL A €S ¥ A9 A:
(shear strength)E F+E3S & & A £ B9 AAY] Ax7 F7184E, A di(peak) 2 IHF
(residual) A@ ZEE FU3ste F3E97 7128 € & AU /A ol dJo gy, 27
(smooth) A 2ABHNE 283 AeE AGSH-FHUY gz o] vfg 2 WA Ao
AGZ =z o8& F Hu2 AAAEY A flol A% APFHY, A-LE E7) P (textured) X213

Ag AgEE, A AuBE] £2E F, 4R 2% Z2(EW AW ALSEE A% A

& ¥

Aol AF HBFEe] S2HE & & AT oW ARL GE Ao HAHAL ALFAE F 2
o] et ol TRHOE AY WF dWrZel Ao B AWy Axe] W} oF
2 AASE ROH, AAT BEL At B ATNE e e APe ANGuT.

0 Poly-Flex vs Trevira 110/550
BT 100 kP:
~ - = - -NSC (smooth) e :
------ GSE FF
30 NSC (Textured)

5] —Poly-Flex E
é -
a =<
g 20 .. ﬁ
S .n s
[J o

“ o 5 Virgin Test

____________________________ 101 First Retest

@ 100 kPa s | — - —--Second Retest
0 s L - e Third Retest
0 20 40 60 80 0 + 4 +
Displacement (mm) 0 20 40 60 80
Displacement (mm
g t}o T . ~ .
29 8 AESH-FHUY AA  47HA ALY a9 9. Aeuygle YargoR A% Pk
Bl vs Amoco #4510 %125~ Poly-Flex X2 2#l¢) vs Trevira 011/550

ALgE Ko F Ewol 714 AALE Poly-Flex Textured XL @B #H 17 Trevia 011/550 ]
QHAELY S ALREEY Al YT, Z]O"“‘:‘\’—ﬂc’]—o— g ol 80mm AFAGAFe] B Fo g Hd
Aol MR AedA2eldT TA] ATt &, 49 d&5HQA AGAGAA KedEgele 3
NE AS AHESA oY, Aod 2 de o *HZQQE‘-_' ZAHFEAG. o]RL 7)Y (eHAEHAES
AL AHEAS 35, -] FAA AR A WIS ENE 4V HAAAG. AlE A,
a9 9AM B »l“ BM M@ (virgin test in Fig. 9Alel= 29 9ol A} o] #Ad A
g AdZde 2 A A o, A WA 5 AA A WA AR A(first, second, and
third retest in Fig. 9)oj & Al e 2F 14‘:}70’*5 grol sidsles Z=72 F718 & Ao
7JE 7‘5: ol AL s ok oolgl st FHAAA, A ele] AAE A
719l W3 A E & I, macro scale el A= Ao W37 glo
= ! 7] (micro-texture)= A HAl dAFAgeoA 79

[T

!
o o[o
_5_: )
2

o B ok
4
32 o

rl(‘ Sl

Ol

Moot oz
JR 1
22
&
N ;
H -.~
z&

BRS¢

rZ
X

H oo
-
ol
ok
8
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iih
&

L o
ihd

micro scale2] A

A - ]
s
lo ‘“

e fu

i
gD
S
o Ax

A edrelde HEW Ak "7lJFe T3 AHE F3 gk
AEYE Ho Aggdss 59 AZ7] FoAM micro scaleddl 3

ot Hi ooy fF
2o
to
o8 >
lz o

fo

A
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e wg Fe

macro scale

F3te A& 7| (micro-texture)7t A LE 2ol o5t AAGLoR st LAYsY, o
FHAYNA AR BAAGy AT 2F ZE micro-textureZt AARY F, A
o] A7 NeAAEY Y filamentE BV AY BLo2A AF ADRE EGHE & 5 At
ojglgt AW B e ArLEo] ME AL e FTH 718 AP B#AJ NSC Friction Seals
AbEE Aol 22 ARE & F UQT oletE iy AF = AoYgBHdd AeH gYde AG
$82 eguygle]l AH Y HE vudARA HAFE ANEE F3dq & F AU

R
o
T

3.5 BB H&I| Bt HEH Meeinel 2y

ZA38 B AR 2o & Hd 2 IR ulFZ(friction angle)®d #AE 27 198 103
el Yot 7)o A] vt @zt 2 FzHo] 0olet 7FA T HHd(secant) vtRZtolnt. F A &
T Axol, HEF vpAZAL FW AHZIRs)ZE Sl wet z27lde F43 F7rstd, ol® AA]
Rs)& o)X E 2 F7FH&o] ZAs7] AFS S Rs7t F718td s AF mt242 ¢ o F718HA
B ATE ¢ F AYH )RS Hded AD WU EH APHoz #¥E Y=, +4 HA A
% vz A9= Aed AR Zo| micro-textured] &3t FEEHAL olAL EE RsE FAHE
FA BE AAZIE AW 4 E macro scaled] ARV E thE WREN, W AV o= A

=& #HoyAE v E Ryl 57180} 39X micro-texture®] F7h= IR wE2A Fx A2 o] F
7He Rolx ithE Aol AF A HF UH‘%Z-}OI EA Rsak ol dellA F7tstA] e AL 1 o4
9] RsH$olAE micro-texture?] F717F A9 ¢1&& dvlsiy, AFZHA SHL 2 dFoA ol F9
22 2oy, AGAHA Fgoz #EE F ‘Rl%it}. oty €8, IF HF v FAY A$=e
macro-scale®] A&7|7} A28 2eld9 filamentE B7|AY BAEHOZ A LY sHds

AL, olAL AR AE MAZE 53 Rs@e AUAE Aewnde AW AF S w2
gA4ste 2] ofue, Nedasd A FES 2rhe RS du@th BM, BEHYR
Rs@t ol4olde Holue Aewuaddel AL77t Aeasude filamentd F71AY &
t BT AF A4S 0hEAE G4l | ool Z7b7t 9k Ao wud,

30 o N\O
"

10 OAmoco #4506 OAmoco #4506
AAmoca #4310 AAmoco #4510
5 DAmoco #4516 3 DAmoco #4516

OTrevira 014550

©OTrevira 011/350

(b)

Peak Interface Friction Angle, degrees
Residual Interface Friction Angle, degrees

QAmoco #1506
AAmoco #4510
DAmoco #4316
OTrevira}14/330

OAmoco #4506
AAmoco #4510
DAmaco #4516

OTrevira 011/350 X
UI_(] 1.2 1.4 1.6 18 20 ‘ 1.0 1.2 14 16 13 2.0
Re R,
723 10, Y HEvpEzs 2W AA7iee a9 11 3F dE&ul@Ezda 3d9 A7) 99
#A): (a) 50 kPa, (b) 100 kPa normal stress A4 (a) 50 kPa, (b) 100 kPa normal stress
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3.6 W2 X=2tM (Failure Envelope)

a9 129 132 74z Regr s Ned gz FAY HEHNAY Hy 2 2R g3 ¥FA
< Jehdz Qo ¥ 2 g3 ¥FMo] ol Axe FHYHYE BT 1oy, AYE normal stress
HY M= g FAAdHoz Jeds ¢ F AAY £ FusA vinalg U AeWEHAS
ALY S AR Edol AFL AedEddS ALFgoEN 43 F71Hd Ad R IF HEH
AGAEE 4 F &% ¢ 5 A

O 14 B ARl wE AW AdF Y dvlvl(Sensitivity, zp /79 WIHE YElA =R
AN, aPoA & F A%o] Hu AGRE Fo AGAE FAE EEQ AW S5 we 3379
Z714S 4 5 AT

60 35
®NSC, smooth @®NSC, smooth
50 4 AGSE, FF 30 + AGSE,FF
#NSC, Textured « @NSC, Textured
ePoly-Flex, Textured & ot #Poly-Flex, Textured
£ w07 R
] a
o E ¢t
7] w2
g 30 +
¢ § 15 1
g &
Y g
3 2 0]
& =
10 5
0 + + [ + + +
0 50 100 150 200 0 50 100 150 200
Normal Stress, kPa Nommal Stress, kPa
aY 12 Ho Ad4ed w3 £ IY 13 J[HF AEsY #y XA
25
@ 100kPa
20
NG
Ny
(3
1.5
1.0 + t } t
1.0 1.2 14 1.6 18 2.0
Rs
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4. 48

E d7e 98 kA b5 @ FEdA(interface) FoA 7EAS AR A, AewEEHde] XH A
7] RE7F Aededdsn AeHiegde] FEH dAddd vAe 4TS AFHoz AAGAT A
g 2%, F9 A/ A5t JE59 AdFo] m$ T2 48 FYLS 2 F YUS% ER B

Tt &5 U Fdo HEYH AdFd digd ZH AAY] A9 FFE TPt 28 2 5 4
o, Aedrde ¥4 4 AAd ¥ =80 H At g2 2 A7 Fojd A&
ojt}.

it jo R

1) 2 A7 A" AV oi7idis Ri¥ Rse X 2dEgede] 9 ARV AEE 2 gx2g8 + 3l
S5 ¢ F ARy, A7 vidF R S-S A A-VNE YRV F& HHe wisg
FdE 2YSE ¢ AU

2) E718 (textured) X2 QUL AF=(smooth) A eWEHUET L HY £ 2F HE:HE Ad
ZEE 2S¢ F AATh

3) 2F=(smooth) AABHAH e dAetde] FEHEHAAM = w128 P (sliding)el F8 A w7ty
FYE & F AAYh

4) 718 (textured) AL WE A A H2elde HEHAA Hd HEY IS Ae@dE#HA £
™ 2] micro-texturedl] &3t A uwlE 9, FF HEH ADFHL macro scaled] AA7|7F X € 2E Y

o filament® 71AY FoiEdozA BAEE T 4 AYTh
5) B A7) AEs 45Y HuPe Aoz AAWL ¢ & AW

= i
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