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The Influence of Surface Roughness on Interface Strength

o] ¢, Seok-Won Lee

A7 A TY A FREDF AYAF9Y, Senior Researcher, Underground Structure Research

Group, Korea Institute of Construction Technology

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 strength of geomembrane/geotextile interfaces. 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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13 S0l ERAS 55 AoWndQ Aodiny, AeaYse 2 ERARES & EE U4
B gastel B ERFAA 2eAn gom, aRE A§RE AS FAFA6 ook weA o
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g stAc d2 Bo Fo] e EEAEZ ALEHAR H
Ds(mean grain size), @5 %, #5414, soil structure, IR AA7] Fol HF
A= gag & &= 9}

2 AFdAaE ol8d o2 AAE FoM EWH A7) HZ(surface roughness)’t HEFH A=
X e AR, HEW F A7 g ogvin xoHsudR A" HEW
A HoewmuyAe AW Ay AEr FE2A AdHd nxe FFS AT 2 dATE FY
371 Yol SHaRor AewBYQ FH Ay AEE A% stPon, n¢d AAY A9
E A8t o W2 HEE AgE e AT, B AV FEG JEW AdYte] #AAE
$38 4 AUt ol gEo] Aoy Adn Nedretd HEHEANAM AG Wt F djd 79
S Pe F YUk FF o] AFE 2y AedEydy HEW E3 duhy Hjdolx HEH Y
A7) AR e P&2H Adde] Wy For FAFH £ glon, AR AePEHAFA oH
2etgde) &AW A 2 F7H9 Mo oM HFHoZ ko] F & oy Atrd

2.1 B8 HAI| HES| By

B AT E Redagde] 39 A7) A5E £33 989 Digital Image Analysis(Frost 2

Kuo, 1996)& o]€ 3t Optical Profile Microscopy(OPM) ¥ (Dove ¢} Frost, 1996)& Al-&3tdch 19
1A e} o) 120 ° 452 gojx gl 3709 AlH(coupon)S TEC], LY 264 B npe} 2ol &
xR ge Murt 20AYE Edad a2 AALE FHoZ AYAA S2AY F, vigHEE A
= #Ho)s T& AMESte] AlHo) 7% 2! & CCD 7

d e ®xW A 3 F gy WY A
igital Image Analysis A|=® S o] &3le] AV A& A=

92 wdstel, AFHE AAH 9
5 = e o] A19(1999 a, b9 E=Eo] Yehfold Utk
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olgdA FHE EWH ¥ (surface profile)E AHF3} & ¢ Jv vARAFEL A7RA 423 Zo)
AFHN o (Ward, 1982), £ dTFdAE HEZT oS Zo] 2293 A AA7 uipds
(profile roughness parameter), Ri¥ 32192 <A HEA A &A7] ul7)¥4=(surface roughness parameter),
RsE AME3te thg3 o] xeugde EW AAr AZE A3 sk

RL= 7 (1)

As
Ko =4 2)
A7)l M, Ag = AA THe WA
Ao = 2A E°) $9590g bl WA

o 7]o A Regt> olEH oz &3] HE A g 1.0%H F3gzix Had ¢ Jdou, AA43F
o2 AoHBEyHAS ALl FHIAGE A dF 2F= xefule H$-< 1.05%E mj$ A
g E718 Aoerglel 190 HHdA dslsd)

2.2 Xj2udHyol Alg FH|

2 ATdAe g3 2o dA AIEFHZ e XewHugele] EW AAY) Aro WS I
F AUAEE S Y 2F= AedEAR /09 7|9 (textured) HDPE A 2 WX #21-& AFR3FS T

» National Seal Co. A &< Dura Seal HD : &% E(smooth) #| ¢ =8 ¢ <}

» GSE Lining Technology, Inc. #Al# <! Friction Flex : £7] 3 (textured) * 2% B g <)

» National Seal Co. #| ¥ <! Friction Seal HD : E7] % (textured) A 2@ H 7<)

+ Poly-Flex, Inc. #A¥<) Poly-Flex Textured HDPE : &7} 8 (textured) X 2.4 8 ¢

O 3o e wpep go] xeHB S 64mm FALY 102mm 279 BAZLE 2 ool orFp)
¥ ZolEo| XX o] epoxyE AbEEte] ZR T FFFo FEAII, 102mm BALE A FnlE
EE(Hg v E)o] BEE Ao Z2st HodEd e AAuee Ao xjema
gl 7| AA LG HYsEE 3 ol#HA m<hE W2 AYEAFE Al b FAA 2 F 9l
= AefEgel A FoiA HES FEFozN AAHoz odrydy xQHAELY Alo]o
A Ad Hygo] AT 4 JEE )

23 IQHAEY A2 ZH]

2 AFoqAdes g7 Zeol g2 F79 polymers}t fiber 38 02 FZ(mass per unit area)S 7}
4 FT7Y Aogr2ed e AHEE T

»  Hoechst-Celanese A%<l Trevira Spunbond 011/550 A2 ®2~elY : continuous filament

polyester nonwoven needle punched fabric with a mass per unit area of 16 oz/yd2
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« Amoco AT #4506, #4510, #4516 X Q& ~€lY . staple filament polypropylene nonwoven
needle punched fabric with a mass per unit area of 6, 10, 16 oz/ydz, respectively

Aodrede AUAP Ao A Ay AHE FEA7] A5t §A(flexible) 2T A

glolo] AZ o] epoxyE AbEet] 152x254mm A7 E REASAC 13 EFEFL BIHAD F, 3? 13
A A&7 99 Ad B (testing platform)o] % bracket?} BEEE At435te nAAAH(YE 3 F=).
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a9 3 AgBadd Adsd AY dd Ad7)

A 0mme 4% W9 (horizontal displacement)®& AT = A= zoty APFADG AEIE A
o ~eldel HEW HGHES Ao d el 9o FowE <l
m< A 2 2 & (normal stress) 50, 100, =&

vz Agstg o, 3 Mo load cellzt 3742l LVDT

& LabView data acquisition A2 #-8 o] &3t ZF

o] 9= z—]\:/_} t&ﬁ%—_— ’}é_i]f& 2 metal Ccross arm
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ﬁ%%,%#%ﬂﬂ A aE

3. AI& #3}

3.1 xHsyele] M 7HEI HE

B Ao AbgE 4714 ZHeo Aoyl HAY HF BF ARV AR, RS 2o B
E3Z A7 Z 1o detdold Ao A" =4k 2ol 29 A7) uivi¥e Rt Rse AMSE
Aowugelel Ay AEE & HEFT F YEE FEID WA HEgGds HolF don, o
BtR o2 A7 7 Z71Ed wel o) w2 ZF Axrt Ftste e 2tk E=3 2 AFelA
=245 AA7] ATE Dove et al.(1997)0) 2jdlo] BFEH £ & Akt
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] |z EW Az g3 BEHA ] "
)9 ulH 7o AR T8
IR A¥ Ru EE A FE Rs EEA% T
NSC Dura Seal 1.07 - 1.09 - smooth
GSE Friction Flex 1.20 0.03 1.25 0.03 slightly textured
. moderately
NSC Friction Seal 1.42 0.04 151 0.05
textured
moderately/heavily
Poly-Flex Textured 1.58 0.10 1.71 0.12
textured

1) Dove & Frost(1996)e) 2lslod ajetg B-Hw
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: 2 (shear stress)—<=% ¥ ¢ (horizontal displacement)e] #A &
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AR E R eWH el F ol 7k AAL Poly-Flex Textured A2 ¥ B 2A3 Trevia 011/550 A
SEAEY S AR AP, o de e 80mm AP AGAIHo] B Fo thg A
Algeo] YA Aol 2etdd thAl ATt F, 499 AEH3QA HDAAFA A Aelvgele o
NE AE AHEEg o, ANd2ed2 i A2 ZAHFUG. olHLE E71F AedBdle
A ALEStE S B, AGsdA-FHAAY DA A9A WHFgs=rE 27] dAMAT AE AH,
O 504 B = Qe uke} o)l A8 AP (virgin test in Fig. 5)A)dle 29 4ol A9} 2o} 3aAg 3
o AEFE 2 AE ZA2E B 5 e, A A, F A, A iR AJARE A(first, second, and
third retest in Fig. 5)el€ g A ¥4 AP 2F AGZ = gl dste 2744 F71d & Evk
2 75 A glo] A% FdHe HHE RAgFa Yo, ol#ld A, eyl AALE A
EH AR ¥H3 AEE fotoF FEAste] B A macro scale A9 AAIIE Ao WHEI gle
U, £807 72 £ e ALY micro scale® A&7 (micro-texture)s= A WA AGAI P A9
A E ¢ F ARG

A=, o] AL Xogugly Aeu gde] FEHFH A wFYUSd F23% HRE Fu Yo
5718 AHEydy ed2gde HYEW Huy AdAEE ZE AH7] FAA micro scaledl] 3
F3le A& 7l (micro-texture)?} A Q& AErAdol o5le] AAFH R A3t WAlst o]AL w ¢ A2
FHEAQdo AR ATy AT 2F X E micro-texture?t AR F, AESH L macro scale
of A&V X ed2etd 9 filamentE F7IAY ELo2A IF AdAE =2e¢e & = Ut
o2 gt A eWB Yo MALE WE AL U FF9 718 2 29B <) NSC Friction Seal2
ALEE 9o e AFNE AL 5 YA ojgtE €y ARE xewBEYdy xouAEgde] M
S8 AegBde] Aed ey Y& mluadA BATES APES Fatd & F UAATh

S x2d ARG o) g Hd 2 ZF vpEZH(friction angle)# o] BAEZ zZ+zt 19 6374
7ol el o 71l A whEzbe Habglo) (olet 7FAH I X (secant) whEZbolth T I olA &

)

= ARel, HE vhEAL ZY AR F7HE we z7lde 5738 Ftsty, oW A7
@)@k o) delMe 2 F7H&e] #Hastr] Alztsted Re7b S7lstol= HE opazhe o o) F7hsh=
RE BFE L F AN o)L AEFE A AVEY AHHor AP Lo £ Huy
% oo A9e de® AF 2ol micro-textured] ©]dte] FEEHUTE o] RS BHE RsE FHT
FA F8 AFE AT &£ A macro scale®] ARVIStE T E HERN ZYU AL o=AE
g "lojuAE HE Ry7b 7190 8ol % micro-texture®] F7he 70 w2x] Fn A2k F7t
g 2olz e Aotk dx U »FH vhdzo]l 54 Rsgh ol oM F7tekA] e RS 1 o9
Rs®H Aol M= micro-texture®] F7H7F Al gl&S onlsiyy, AFAA FA L £ AFodA o] Fojx]xA|

=

Eon AAAAQ] 2oz #JAE £ 9l
of AE7|7} A A~etd 2 filamentE %

& IF HE vpELL2 54 Rsg s Avde Ae@ERe ARV IF A e Ao
Zio) ofve}, Ao 2t Ao FEe R RS ngt. waN, BFEAR) 54 Regt ol
el ~etY 9] filamentE F717AV BE F A Z=7F 7

—260—



(a)

DAmoco #4516
OTrevira 011/550
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a9 7. 3%F HEvpEzin 59 AZ7|ete] #A
(a) 50 Kpa, (b) 100 kPa normal stress

4. gE
2 AdFs o8 7R 7ted ¥ F W (interface) FAA 7R o] AlE 2 A, A ewlHEHIe] BH AR

7] Ax7F Aeodrygy Ao ede HEW AdgHd uxe dFS dFHo2 AAEAT. Al

d 23, 39 A7 AxEe FE5YW AdEHd mg F83 98 FEFS ¢ JdAY B3 B oA

T2 F3 g2 e A9 Ad=E g ¥8 AV Axo A4S sdsied 28 2 5 9o

o, Aeduddel W FA AAd €L =go] HEg dudr g B AFoA dofR BB E

o] o}

1 B A7 AFEE A&7 oiids Rud Ree Ao H e 9 A7 ARE 5 5 gdeS
ad F AN

2) =718 (textured) A LHWE AL AT S (smooth) AR HJET =2 g 2 IFF HAE:d A
TEE F2EE ¢ F UAMdH

3) =¥ =(smooth) Ao EeAdd Aedxeide) FHAAMNE w2} Y (sliding)ol Fo A wzhy
TUE ¢ F AAT

4) 713 (textured) A LRWBHANZ el ~etde] HEWA Ho] FEFH A S J2AEHA &
ol micro-textured 2dte] AuixEn, F HEZ=H AE=E-2 macro scaled] A7 A oE el
o] filamentE& Y71 AY BAEHoZHN FAHS 4 = AU

5) B9 AHY Ang HEW ddge Adozw HAES & 5 YAk
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