CEEE

er, TSL) -

— =25 % X2 |=He] -

gt
g

Hil

=
S &=

to|LA(Thin Spray—on Liner, 0[5t TSL)= YHHHO| &0 20iXl= Z2|H(polymer) AlE2| M2 2 A (M H| WA
oM £32|EQ MU F|E & U= M2 X|EMZ A 12{%|1 UCHRoberts, 2001). SHAH ZHAAN HEET
SLo| YUHFMQI EtM F7l= 3~5mmO|H Z|Ci 10mm O[22 M £32|E9t Hwst of FH7t 04 k2 Zio| EXo|ct
(EFNARC, 2008).

1980 AL S8tof| 7HLICIC] Queen’s UniversityOfl A X|=2 TSLOY| CiSt HTEE 485t 0|22, 1990A) HEE MEL TSL HIZ
20| JHUE|HM EHHo2 At MEE|7| ARGt £351, 2000 Hol S0{A TSLO| Cigh 2Tt MK0| 5510 2004
7IECE M MAXMSRZ 5071 0|42 FitollM SEET U A& B7H FAM0| UCHPovin 2|, 2004),

09

=1
ok At =
[ o
—

$0

—

TSL2 A&3H EHE0| 7155l &2 27| FYEoR Qo £32|E9t HUS HAGIHA HHS UXE 4+~ Qon, Yrdsht
FULS0| 2510 XSk RS YRISHE AS BLY 4 U= &akE 71K Qo &3], By S0t #A=0| 0 245t
AlZHof| W2 &7 37t 9| gicke MEZ JHK|1 QICKLau 2, 2008, Tannant, 2001),

SHX|2H TSLoi| 2feh ettt X|2 &7 ngnt WHo| S0 UX| H2H, 35| £32(E} 20| F2 YRS = OFX| HSS
Ste FEMZAM Hrshs el WS SVt 82 TSLol| MESH7|7H @ THPovin 21, 2004). WatM TSLo| X|2 d52 E7t
S| fI3 7HY St W2 oY H Al AlRS Sofl TSLY S4S mefshe X0|tkTannant, 2004).

=
[REHES0] MA| 2 AIZET QX[2HStern |, 2007, Yilmaz, 2007), EFNARC

2 Heletns BEXSHE AGYHS glon 22 AFZAnE: EXE 34|
orm Qlck, EFNARC(2008)01|A1'— ZAHEDH o2t EXSE0te] B0 MBE 4 Qe ACE Bustn oLt oFEIX| B0
MEE Alle mi|X| 941 Qlon, HR0| f2|UtollMe TSLO| A7 E= MEE Af7t MRS Ao,

TSLO| SfetH %éi% TII5E| S5t Crort

(2008)01l M HMIAISI Ql= & 71X SF2 EAR

i

2. TSLe| 7§Hn} EXl

2.1 TSLe| X|E HFHLIE

[e]

TSLY E4 A X2 g5 HIIE #lg AlgS 2G| feiMeE XI22| Chyet 7E HZUSS n2{g 227t ot 0f24gt

Rl 745 HFUES I8 10 HalE B 7S Ts =m0l SR Mug 4 ot

70 XE=E

FRXOLE
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TSLt 24t At0|2] QUE{H|O|A0|A QIF=0] LHUEHA =lof Yt S5 0
(air tightness) 2= Qlsl| HLHZFEQ| S7| b of @¥(dilation)Z YAI5t04 2FYY Shedoll 7104
UCHIE 1(7)). Olet =0 £32|E 2ot DFIZIX|Z OFX| Falof ofet X|=2 dsit 22|H Mzo| EH2= sl Foft

o

7EX|I2 UCH O[2fofl= TSLOf| eyt o~ QU= Tk HiAALIEL 2= THmtn|, #ty|, ZZ(buckling) 52 & 4 UCHIE
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+
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(a) Shear and rotational resistance with (b) Physical shear interlock with poorly (c) Plugging of open joints and fractures
a bonded membrane bonded membrane

(d) Shear resistance of thicker shotcrete (e) Tension in membrane and bond strength  (f) Airtight membrane promoting ‘suction’
membrane support pressure

b 2y o

Buckling
failure
Shear failure
(9) Shear failure of stiff/brittle membranes (h) Bending failure of stiff/brittle membranes (i) buckling failure of stiff/brittle membranes

(33 1) Mechanisms of surface support behavior(modified from Stacey, 2001)

Vol. 20, No. 1 21



EXI7|AE Annual Technical Report
Part I. &E Bil2jo| 3

22 TSLO| F2 74 M=

TSLO| AKEE & U= E2|H(polymer)dfl= 22|23 EHpolyurethane), Z2|24\(polyurea), HIEFZ 2 (methacrylate) ! 0[AA]|
Of14|0|E(isocyanate) 7t SHFEICE 0|2{5F Z2|H2| AR E Qlsf H#HHE 32 E4ut YrdsS Uolet = AUCH ESH EFEHO| CHSt
2 oM LT, BN, SAXEY S0| IR S4otH, £32|EQt H|wet mf £210| IH| HAL|0 ASH0| SECt shx|2t
E2|H M= 7h20| 0|AAOHH|0|E= 4t R ZHO|M X =2H0| &= ME2A REEC| FitoM= ARZSHX| Y= =0
CHPovin 2l, 2004), StX|2F O|AAJOHA|O|ER Qlal ZAXISC| Mt QS KMaliet 4= UCk= L7t oI TSLO| E2| EEE[X|
Xotal U= 0lF B2 Sttt 2|1 QUL TSLO|| AIBEl= MEe SR Q12| 747ut QRdut A E Bt #8552 U=slof
57| 20l MM=2= K| At TSLe| EEE Xislloh= £ CHE 0|RE= HYXIS0| £32|EQ SEE2| AB0| UsshK U7
IH20|7|= SICHPovin 2, 2004).

TSLO| =gf Walof w2t 22 TS e Al
HEZot UCKE 1), MZF0f w2t Cha XHol= UX|2E

MZo| S Mof| w2} TSLE B2 A 20| (reactive liner)2t S} t
0|l= EFM = 102 O|uioll =7| B8t SZ0| YUMotz RS EZE o6, &=2(20°C)0l|lA 1AIZF OLHof S8t QIHZ =0l XA
75% Ydloh= ACE HOolEL), Z2ReE, 224, HEITEA HE 2 E2|/H 27} 0[8LH, YHHo = 284ECR Fdg|
Of Uk BHH, H|EFESY 20| £32|ELL Z2|H/AHEA 282 S2 20lcts A=A, YMAIZI0| O 21 AlZHEatol| w2t

BHAT} L BEO0| AUHEICE UHHOR il Mol HIS AIB(AN, B T MA/AASI0] B alo|ie bl

rk

[v)
0

A%, uyRars So| oo TR e, HEA IR0 M2t B8 w2

=2 O
S70| watx 1 x7 IIHE401IA1 3 £ LSS YEsh A8 2 4 0
ve

12

1f AthEo= 7t200] HESICHPovin 2, 2004).
0|20 Spearing(2003)2 TSLe| ZMof| Wzt TSLe| M5 £ H 22t 20| AMA[st dt It
S0 Tl 27t0] Kol UOLY, £T2IE} B 1) TSLO| EHIEHIE 0h AH0ID| S @20 ¢EETI2E AZo|

Ho — M—
7ks3itt, E3l, TSL =S EMEEH|S| STH(hopper)Ofl HiZ FUSHH EHES ot7| MZ20], £32|E2t Z2| 2R HXIZHE
H

(batch plant)7t TR5HX| S4THs T TSLO| I CH2 AHEHOIC YA M3t HieL 20| TSLO| T2 E4 4 M2 SZit 52 HAR
O Ol X7| OPg Siio] Q2lE B OILI2E EHY A 27 WA0| £32|ERC} ML), YOS ToLO| MAS B E
2 M AGENM AL AQlYo| SECkE FEE AUCHIAH 2).
(& 1) Comparison of physical attributes of spray—on area support coatings(Archibald & Nicholls, 2001)
Feature Product B Product C Product D Product E Product F
liquid/liaui
_ liquid/liquid iquid/liquid liquid/liquid liquid/liquid liquid/powder
Mix type (hybrid polyurea/
(polyerethane) (polyurea) (methacrylate) (latex—based)
polyurethane)
) > 1.0
Tensile strength 10~18 14~16 185 Y20
(MPa) (@ thour) (@ thour) (@ thour) (@ thour) (@ 8hours) &
3.0 @ 28days
Set time 10seconds 10seconds 10seconds { 3minutes N/A
90~95% cure time 10minutes 10minutes 10minutes N/A N/A
22 A=

i xJorg2t
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(® 2) TSL performance categories(Spearing, 2003)

Coreaay Time to. achieve Tensile strength Elongation

1MPa tensile strength (at 1day) (at 28days)
Non—reactive and rigid Y 1hour Y 1.0MPa { 5%
Non-reactive and flexible Y 1hour Y 1.0MPa Y 5%
Reactive and rigid { 1hour Y 1.0MPa { 5%
Reactive and flexible { 1hour Y 1.0MPa Y 5%
Reactive, high strength and rigid { thour Y 5.0MPa { 5%
Reactive, high strength and flexible { 1hour Y 5.0MPa Y 5%

(b) TSL spraying (c) TSL after spraying

(a) Batching and mixing of TSL

(2! 2) General TSL spraying procedures(Saydam, 2008)

é',l

2

w

TSLe|

POl 32| E9} TSLO| E4S H|wstH ChZ2| # 31t 2Tt TSLe| 7+ M=ofl w2t ChA Xtol= UAXITE U4 AjZto| Th
Hon, £5| TSLO| 2HI2EE 5% 0|2tz M £32|E9t 0i 2 XIS 22IC Eot o2 FH2| 85 AlS0] 0|F0{X[7] WZ0]
£32|E | TSLO| AISEEE 108 LHQ|2 Sads|y THZH|E SHA| Z2|LEA| TSLE MeloHH £32|E9| 50% +& 0l5t=

H7}=ICSaydam, 2008).

Jm

(® 3) Comparisons between Shotcrete and TSLs(Saydam, 2008)

Criteria Shotcrete Rsizzzlr':teed Bc;lttrsasgd PontilrrSeIt_hane Cem_lt_asnlilous Acrylic TSL Sealant
Material cost(AU%) 15~35 25~55 7~15 20~50 7~12 6~9 2~5
Application rate(m?/min) 0.14~0.33 0.12~0.2 0.11~0.15 1.77~2.32 2~25 1.8~2 0.45~1.0
Average labour required 3 3 2 2 2 2 2
Rebound Wet 10~25 10~25 B 1 (s (3 (3
(%) Dry 10~30 10~30
Rock—feature visibility poor poor good fair—good poor fair—good fair—good
Cure time(full strength) days days - minutes 1hr minutes minutes
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Steyn 2|(2007)7t £32|EQt TSLO| EXS H|WSt ZHUAME, 17 EE MIQIotas 16.5% 0[AQ] AlZH|IE HZS 7|chet
& QoM EM ARZIZ I EY o U= A2E LIEHHCHE 4).
(® 4) Comparisons of construction cost, time and construct ability between shotcrete and TSLs(Steyn et al.,
Description Shotcrete TSL A TSL B TSL C TSL D
(thickness) (£ 25mm) (£ 3mm) (£ 5mm) (£ 5mm) (£ 5mm)
Approximate factory product cost per m?* R 65.63 R 105.64 R 7511 R 55,34 R 7511
Approximate dedicated labour cost per m** R 90.25 R 55.00 R 55.00 R 55.00 R 55.00
Approximate total cost per m?* R 155,88 R 160.64 R 130.11 R 110.34 R 130.11
Rebound Poor Average Excellent Excellent Excellent
Bags per m? 35 0.33 05 05 05
kg per m? 88 6.5 12.5 12,5 125
Ease of application Cumbersome difficult Easy Easy Easy
Time to cover 45m’ 150minutes B65minutes 55minutes 55minutes 55minutes
Equipment Large Small Small Small Small
Interference with development cycle High Minimal Minimal Minimal Minimal
*R: Rand(Currency of Republic of South Africa)
J2fLt UM AESH e 20| TSLO| MiE, SaftAl Sof et Yoikls M52 XI0[7F U2H, Steyn 2/(2007)= TSLL| H|Ht
4 E40f w2t TSLS & 52 20| M S22 2Rt
(® 5) Classification of TSL characteristics(Steyn et al., 2007)
Material properties Strong TSL Average TSL Weak TSL
Uniaxial compressive strength(MPa) y 30 20 10
Tensile strength(MPa) 5 3 1
Shear strength(MPa) 15 10 5
Tensile adhesive strength(MPa) 4 1
Shear bond strength(MPa) 3 1

3. TSLO| 7=7Het oigt

Rl EFNARCOA= X|it 2008101 XH
HAlsIRS
Ol 7|9l BASF, MINOVA &

29| 4L ESE0| X[akE7t
78 AN 9 7la0|MS ARSINCH

24 MEEE

i xJorg2t

o, ITAMME 22 M0| 25511 QIo, TSLe| Y
o MBIAINE 2 1z
MO X35t TSLAE 7He 2 M5HS H7E M7 |ISH0A

JHet 2oaL OFL|2} B ZAIA|OIE
4 ol olof thst 710|=

ZO0| sz o}

o=

2 HdE if ZH|

=

=

S0fl Uk

A Ol
283 4 9l

TSLOi| Cht Al/710|=EelE
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A, 202 01HS, ZEHS, SN, ZTIE, 2HA(2016), ZESH BR &Eet 271 M2 st 242 4iE BE 2fo[HQ
JHetnt Mo Eldnt XGRE7E St=EetHtastE|X| M6 M55, pp, 441~453,
0|7‘g;*, eSS 0713, Z==2(2015), M= H=S 11285 TSL(Thin Spray—on Liner)2| £=X[oiA! A7 SHEE{EX[GIEZIEIE=2

. M7 MBS, pp. 665~674,
#3 Ol+gE, op"EH”‘ e, 27, 2(FA2015), LY Ui B 2|4 AIRE] ME 1 8sEIt BEn Xskszt
B2t X5127t S=2utEss|X|, M25% X3S, pp. 293~302,

ZIEH, O 2, HhEs, Iﬂé’ A, Z|BA, EpS(2013), HE XIEXHEAMC| MY HEES /6t 85 &F 2lo|He| 2alds
ot XEMSO| ot st=EdXstE7tasl=2%, X153 M6, pp. 571~583,
X

il
L3

A7, Egu} X[5ka7t st=2lttasts|X| M23 3 Mi5S, pp. 413~427,

. Archibald, J.F., and T. Nicholls, 2001, Comparison of Reinforcement Benefits of Spray—on Linings in Side—by—Side

Unconfined Compression Failure Tests on Rock, Proceedings of the 103rd Annual General Meeting of the CIM, Quebec,
Canada, 13-25,

. EFNARC, 1996, European Specification for Sprayed Concrete,
. EFNARC, 2008, Specification and Guidelines on Thin Spray—on Liners for Mining and Tunnelling.
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