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ABSTRACT: A TSL (Thin Spray-on Liner) which consstsof polymershasahigher initid strength, faster congtructiontime
and higher waterproofing performance than the conventional cementitious shotcrete. Main supporting mechanism of TSL

isthe adhesion and tensile strength which is distinct from the conventional shotcrete. Even though highly in demand due
toits outstanding characteristics, TSL is not yet well-known support materid. In this study, to eval uate contact behavior
of TSL, numerica andysswas performed with comparing result from|aboratory tests. Fromthe analys's, cohesive behavior
at the contact surface between TSL and rock can be eva uated by using combination of cohesive and thedamagemodel. In
addition, results show that the cohesive tiffness controled dope between force and displacement, the fracture energy

controled level of force at the contact.

Keywords: Thin spray-on liner, Contact behavior, numerical analysis, cohesive model

& 2: TSL(Thin Spray-on Linen= B2|H= TAE MI2 71Z AIMEA 232|E0] vlsh 52 27| L9t ABY, $47150|
S7oIc TSLO| £I2I=0] Hlsh 7k 2 X0l M=ol olxml MARIOR 515 XIXIste Holct. 212 TSLo| 245t S4o
2 Ol TSLO| Tt £-87+ SOILER UOLE OFSIIK| ZLHol TSLO| MR SAOILE 70| & LRKIX| QIUCH 2 HR0AE
TSLO| £4 5 MEHO| HSS AAR SXIhA WS ALSSI0! RAISISICE S1A1ZTH TSLTH A B Afolo] HEEof
HEADYD 24 JIES B KB5H0] TSLO| HE HSS MHS| DA 4 UICH Eot HELI0| N0| TSL HEHO| £7|

gl

SHE-He 27

ILIIIlI

HEolo &4 oHXIPt EHL| +8 +F= AFESIAC

r

201: 45 B 0|, E S, SN, HA 2

M

1. 4 & £ ETL 22 EE ol =z, 1990t 014
ZIgHg A o]aL Adso] St e e SaAe}

AAH o= au|E= By, Askegt © Abde] w2 ads Yeldle s Al s
A FAEARA F4ET Qick 1910d o] A4 & A ES e AHHoR FE Ao
(Clements, 2002). “Leju ARkz7o] E23t 7%

e o e saeEe] Agage] Fbska, ARl Aske
Received October 27; Revised November 11; 10% ie]9] gluke-, tieFe] Bl 9l wko. Hapie

Accepted November 13

Copyright (©2015, Korean Tunnelling and Underground Space Association

This is an Open Access article distributed under the terms of the Crestive Commons Attribution Non-Commercia License (http://creativescommons.org/licenselby-nc/3.0)
which permits unrestricted non-commercia use, distribution, and reproduction in any medium, provided the originad work is properly cited.



o200 A0 o720 AE

2 Ql8f o5 A = = Mz& AEA] 7ol
27E|7 gick ofefst ol g2 A 2 golu]
(Thin Spray-on Liner, o]&} TSL)7} A& 2 x}<=9]
B35S WHIE 5 g ARAR FRukw 9ot
(Robert, 2001). Fig. 1.2 TSL 9] AlF-apA 1} AJF-0]
=g Hyol Kol

TSLO] AJF FAl= 3~5 mmeojn Ztf 10 mm
njte 2 L3 et Blweh uf AlE FAZE A
08 gre Ao] SXO|CHEFNARC, 2008). 3k %21
2= HIgl A&7t BREo] 7kl 2 27 9
Aoz el B ArS thASHHA YHbALaL
2 AT 5 YT ST R0l Sslol
Aol UL AL kg B 5= Sl AT
2 7R3 Qek. et feElEe) o] & %Y
= e oRAE FRAR AR olE FAE GF
7] whgo] TSLS #§3k7]= ofHcK(Povin et d.,
2004). weh S3e|EL 2ol o] YHeL
WHe ARl S gAY Hao] StE e
3t BHof Epdsto] ARgSh= Aol A= o] B/

1 dl=
- 10

W Agnies v

TSLO| A& 5% B7Ishr] QI3 7H gkt
e A W ATA R AIES Bl 54
afo}sl= o]t Tannant, 2001). TSL2] *j514] E4
< Bk 919k Tkt AIE W Ee] AlAEAL

AL EFNARC (2008)0ll4l= 7 714 72 A1d
He 22 AABIAL 9l 7|E AH(Chang et
a., 2015)° A= A Ad2e] Aol sfefo

(a) Batching and mixing

(b) TSL spraying

= 7] T A=A & M, A& T)of s, EENARC
(2008) 0|4 AABIAL Shi= T A|X]E BH7iel 21521
A, d5UE A=E 3T B QU

Shin et d. (2009)2 Ego] AAH & EC]
T A gl thek AIsA] AtollA see|ES] Fa)
He AR50 Fa3t 942 TSk TSLS
2t Qo g sl5e ARk A=Al TS
L Ho]| tigh Fakelo] FashA thEXinh wehA,
B AFofAe T ARl B4 B4 |64
o =Esto] TSL #2Mds B7HE okt A5
s A= sk T 9] Alas S HS
573 242 A A -2 EFNARC (2008) 9]l A]
AARE Al Aiks Edz 3wk sfdolM=
T O] Amdat QW B/ Higsto] ol el
Plagtic rdlo] ARgEQlom HEH AFoll= HAt
(cohesive) KA} &4(damage) KL o] A8 Rk

\A=S

2. TSLO] X2 54

B ooglo] st TSL ARE Zen g
utel 27445 ARgStglon WOV Am M T=
THESIATE 27FA] Afjmoll thgt AR A QAT
Ak 71 d9{Chang et d., 2015)°fl 4 33t
vp Qlek A& T Ee]w 9] ghi-go] 30% ofsto]i
A M Az Tof ulsf Aeial ez Zeluo] T
o] =2 30% AEolr}l. EFNARC (2008)2] F2AIE
& 3A TSLE I e At 45 Brishe

[IE=1

P o

(c) TSL after spraying

Fig. 1. Construction procedure of TSL (Saydam, 2008)

666



A% 7% 1efst TSL(Thin Spray-on Linen)9] X514 47
D=65 mm
s

r——18.7 mim ——#

-

—— Le=25mm—»

=20 momr—

\\-‘_.;Iﬂ mm

W

| »]

: --u—nu mm—ii

e [Ly=33 mm ————»

E.
i

/f il m_..l’.

/
R.=25 mm

\

j : [
4——18.7 mm—p:

W20 mm —w

Lg=115 mm
Coordinates A B C D E F G H I J K L
X (mm) 0.0 18.7 | 41.0 | 740 [ 963 | 1150 1150 | 963 | 74.0 | 41.0 | 187 0.0
Y (mm) 27.0 | 32.0 | 340 | 340 [ 320 [ 270 [ 70 2.0 0.0 | 0.0 2.0 7.0

Where: Wg: Overall Width, Lo: Overall Length, D: Distance between grips, Ly: Length of Narmow section,
L Gage Length, Wy: Width of Narrow section, R,: Inner Radius, R,: Outer Radius

Fig. 2. Standard size for tension test according to ASTM D638(Type IV) and numerical model
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Fig. 3. Tension test for TSL (Chang et al., 2015)
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Fig. 4. Comparison with test result and numerical analysis
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Fig. 5. Setup for TSL Linear Block Support Test (Chang et al., 2015)
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Table 1. Material property and contact condition

Property Vaue
Density 1,070 kg/m®
Elastic modulus 291 MPa (T), 434 MPa (M)
Poisson’s ratio 0.3
Material Model Pastic
Cohesive stiffness varigble
Maximum nomina stress at )
damage initiation varicble
Damage evolution method Fracturing energy
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Fig. 11. Analysis result depending on cohesive stiffness at contact surface
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Table 2. Contact property of Material M and T

Contact property Materiad M | Materia T

Cohesive stiffness (GPa) 025 GPa | 28 GPa

Maximum nomind stress at

damage initiation (MPa) 0.75 MPa | 13 MPa

Fracturing Energy (J) 2,200 J 1,900 J
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