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1. A&
2000t SoA FAtE dolA] AR Ao EH3PUe S 23 £ Qe vk
2}o] (Thin Spray—on Liner, ©|d} TSL)7} 7l 9 AHLo] w3 v}, TSLS A
Aol ol AmAdwel W@l Awda Af-BE Aol $FEF AW

A B Ao ey AR Fakeld A=

[e)
o
Foglom, EeW AN AR SN PRS0 $Fekel Ay F9L PA%IL Gue

St AEE Al gluh opAbA AR HAo® TSLe HEW LE BEETEE
=) B TAF oz A H A
W= Aot wEbe ERgtxE 53] 9 ¥ (Underground Room and Pillar
Method, ©]a URPM)el| 2# &8 w7 N2 ARAZA TSL Am, A4 4
AsF7F e el sttt (F=AdV]edT 4, 2016 @AIRTE Y, 2016).
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2. TSL A9 AsH7E 3 A4
TSLS thersl A X A 4 33 WAYUYSES 1837 Y& AE 7Y, 149 2 28U 9

AHJNGA A, 2 EAIY, EFNARC(2008) 2] A1A A5 7F A& 38kt

2.1 TSL A8z 9 FH
oA o Zajujgl RAAEES 2:19 v & (wt%) 2 wgste] wjEatgih 23
7)ol A Al &skel o x
FAEATE e AT B TR 1R 3023 190z e & 1 kA Fo

A8 2 AEE ol g8t AlAES AA sl

2.2 TSLO HAHJIZAH Wy

EFNARC(2008) ol TSLe| J[BAEE F43sH7] flsiA ASTM D638 HE= DIN
53504 Type S20|A tAsta Sl (2™ 117 22 AgAS ARst A9y S
o

hEEs gpgska v £ AFelM= ASTM D6389] Al@Uile =83kl
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EFNARC(2008) ¢ A#A As37F AW iy sd3A TSLY FAE5 3mm=

n°*'

Agsit AZA RS e ABRAEVE ARES] AStEE 50 mm/minz A E A
- - D65 mm — -
H < D,
E,
*4 T ;J:-n 18.7 mum 2
" 3 | | \\ 9 H___LJi.T.
k ,-I Lg=1% mm b-: .
- 5 x 5 (VA 2
?n - Wy -Ib mim L] 1'?: =25 mim f"'::u
;s | e Ly=33mm— ] I T
""L' }.I"Rl 14 mm \X .
- 4 18.7 mm—
/ H'
4y +
- Lg=115 mm »
Coordinates A B C D E F G H 1 J K L
X (mm) 0.0 | 187 | 41.0 | 740 | 963 [ 1150 | 1150 | 963 | 740 | 420 | 187 | 00

Y (mm) 270 | 32.0 | 340 | 340 | 320 | 270 | 70 2.0 0.0 0.0 2.0 7.0

Where: Wg: Overall Width, Ly Overall Length, I: Distance between grips, Ly: Length of Nammow section,
Ly Gage Length, Wy Widih of Narrow section, R, Inner Radius, R,: Outer Radius

[Z213 1] ASTM D638°A AAH AFAHFE ASgAL 17

TSLE T3 54 9 syl HAAEE F4357] 98- EFNARC(1996) ol A

faeEel e AT Qe QWA PSS etk RREE BB 3P
P F, TANE BH Ave] R TSLE ¥ 3mE Exate] FAFAT. A
Aol TSL ZEWel 5x5me BAZHY WA AxE dysu PAYE 472
QAP BT TSLEWS BN 4Fd ¥ AHS A3 ko Ay A4S
RAZER AESY A% AP A §F ASEEE 1-3MPa/ming MR
A A S

2.4 EFNARC(2008) 8] TSLAIA & A7} vy
EFNARC(2008) A= F%A] = v Fx2AEA AL 4 9= TSLe s 47

A& Ak lth TS EFNARC(2008) ol A= ARAZA S F5S Bt 9%
Al HH © 2 Linear Block Support Test, ©]3F LBS A& 3 Gap Shear Load Test,
o3 GSL ABE ANSIL AL 2], LBSARS SRE x4 Afolo|Ae]
gabe JlestAon wesdel TSLY A4 4% FHe] g8 PHewA ohw
EFo stzol 7hlAA wHAeRE TSLH vk EF Afololx FEuart wgehs
s AR Zlojth wbd GSLAIES TSL# b B5AtolelA] -2k st 7h dhAshA]
% ol Aol S T} wAeks 209 LA A% e A
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SbA 71 vhsh o] B Aol HE W A4 S shIgulE 47o] 16
mm?! =& & 7HAH [29 31 (), <3E 1> 22 Ads 7hth
T 9 39 AMHe 77} 85 kg W 70 LEA, GA] o] AlgAol Fus
otk w9 AV diAlel kEFVIE TEe ATl FAol7] wiike HEe A=
daow a4 9 HEHYA (compressor) ol AAste] Apgo] Thsdith EE E¥ e
A (mixer) 7F AZAE O] 7] wjitel] Mol w4 Au7l daoskA grke ARE 7HA L
Atk
gy QA TSL eHd3FE] o] wig A=el o8] Agdetde F3d A3, HA 6
barelA 15 m'/min®] EEFo] 7bed HZeM7F HAad Zow yeixtorn 2

o9l o] T (hose) 7t B astlnt. e BHE Ao V9] Ho] wig Fo%s &

Bs TE3ISt a¥o] dAdFEo Sl WATE AAHo] AU AN wAe] uA]
F80] £A HEdlo] A% o] oy WAool yeh} dExo "AMYE FHET.
Jgoz TSL 9% Az A == g9

AL 10 mmo)w HAFoolE o) EEE 3.0~3.5 bar® e
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TSL et 7n 8 A4
Output pressure 80 bar
Minimum input pressure 4~8 bar
Mixing speeds 30~160 rpm
Mixing capacity 70 L
Weight approximately 85 kg
Length X Width X Height 1555 x 750 X 1300 mm

oy ol x3sk TSL eEAHe] 98 ®MER 5% mock—up AHEelA
AEEE S AR A3, AE o Ay =Fo] #EEA il #H3 TSLO EREo

2




KTA—Annual Technical Report
o AHL 7, 14, 289= AHH 3719

3

©
=

o A

_]

al

s

ZF
Al

bl

°©

ZF
Al

= Al

=

2> TSL 3% AldA 9 A

Al Al

Ay
ar

<

K
1._._/uT ~I~ |~ ~ ~
(@)} (@)} (@)} (@)} %
Mol u | | I i
= | o | m 2p)
@ﬂu X X X X WM
Rl on | » ™ B3
7A
T e =T
=I=IT|IT| =
7
(] (a8} o o
® | m | w | A g
@ mo | mo | mo o
IR |®| =
T
Nd
L% A
< =
;&O
B ol
< =
| = 7| &
o < &) L
X0
=)
rall G
2|
<

TSL
7}

s
o

1, Mock—up test roomol|A Alg Epd3t A3} A3

5

=
==

ol
ol

Aol wet A A S HrtE SRR

Hl
=

ol

;ot

f

S

71 %

9

A

}

B ] 2k

A& A7kl

oF

ojiy

Mo

NJo

tol

¢

7}

=

7 AgelAel

=

tol

°©

7t 23

e 7]

SIEEIR

5

3t Class S

Teof Bl

s
=

spAR ASE MN23% vl

S

X
T UM

EFNARC (2008) | A ++4
MAE 3, MN22F A

3.2 TSL



KTA—Annual Technical Report

5 250 e
-—MN2 =
4 -=Material T 200 -=-Material T
HIE — CREE
3 = R 150
h:::.______

100 \

Minimum tensile strength .
gt Minimum elongation at break

Direct tensile strength (Mpa)
5]
Elongation at break (%)

For T5L Class S 50 o 1
1 For TSL Class S
> 2MPa at 7days
(EFNARC, 2008) > 10 % (EFNARC, 2008)
] 0
0 7 14 21 28 35 0 7 14 21 28 35
Curing time (days) Curing time (days)
(@) A% APAE (b) sk Al A&

[ 4] TSL ¢35 AAJNGEE A4

5o FAEE EFNARC(2008) 71591 1MPa ol 72 A" 74l 73

o
stlom, 53] 7] APl MN28 AF TR H2 FAAEE ddeqiv.[11 5]

v

——MN2

s 4 -=Material T
= HYE
g PP ————
a 3 - =
% /
$2
T Minimum bond strength at host rock
g‘ i > 1.0 Mpa at 28days (EFNARC, 2008)
i

0

0] 7 14 21 28 35
Curing time (days)
— . -

[219 5] TSL 59 FRALE A4

3.4 EFNARC(2008) ¢ TSL AA¥ 4% 7}

AP E=2 2 A9 (Linear Block Support test, LBS)S ZEE X 717 Alo]oA 9
Gk Z4E VEtstg o r wedtste]l TSLO AXHE F437] 93 wosA, ot
BEo 5ol 7eAM TRz TSLY b BEAlolod RAuiyrl wdshe
S BARE APoR AF TRUY ¥ sy S 2dssi (27 6] (a).

H) %54 A A 8 (Gap Shear Load test, GSL) TSL3} ¢IubAlolofa Ryl 7}
HAEEA] k3 sk Ao o sHrh wAshe xdelA TSL i A EHE
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B7hst7] flsk Ao w AF Tell vla] vha w2 uiskEe ddsilth (29 6] (b).

EFNARC(2008)¢ll4l:= LBS, GSL9 27b«] A@A#A=FE TSLE <HdE& (Safety
Factor) & AMg3st= WS AAS Stk AAZ TSLO LLCE ZF AlgolA dox
Hostz 2 HaolA BT 5 Qe Ho dNbE S Fu o] (perimeter, e) &, AALE
TSLe] ZAAQl WateS Brheh=dl AFE-#rh,

D

A Aol FZstazh dgstd TSLO FAE TR AoR 87w, TSLE

FAE FHA0R F/MAE A 5 ZUtavsE 34 92 Ao vk w3

GSLAIg oA dojx = eFdaatsl 2319 LLCS LBSAIEOA o= F2 a7}
LLCY] v & Aol #gd F7e] g gz JoJzd 4 Sk
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u2tYE
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0 50
¥, 14 28 7 14 28
Curing time (days) Curing time (days)
(@) AFEFAAAHALBS A1d) 23 (b) MFTHAGAH(GSL A1) A3t

(18 6] TSLY A3dUstd (Linear Load Capacity, LLC) A& 43}

2 (DO &L GSLAAS] Wistgo] LBSEY duld oz 7 of kg SolA
frefgtel 74 A"l GSLel Al Tell wlsl Adigor v dstgs 2dsky

tAGAE AAA Ao 2 o1} EFNARC(2008) 713 “QFdES > 17 & wE3sHy
A8 Jste AdeEH 7= AE Tell vl& Addez =2 Ysgs ddEds & ¢
ot [29 7].
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T 16 —Material T ® Material T
g. e -es8
1129 . - . £ 2 M Safety F

2 inimum actor

g0 // f_; 15 | > 1(EFNARC,e;(/J08)

g3 :

o

E 6 - § 1 o ... N ... ...

§ 4 Minimum requirement for linear load resistance <

£ 2 > 5kN/mm at 28days (EFNARC, 2008) 05 -

0 0
7 14 28 7 14 28
Curing time (days) Curing time (days)
(a) A% dste s F7t (b) Hd& 45 F7t
(1% 7) TSL $4F<) AFuste 8 k& 4537k A3t

3.5 TSL &4F9 ANE 8BS 3 A348 HE

TSL €4 F9] Ald EAHS Mock—up test roomolA ZastR R AAdjek TSL
HE AR AFAS T NS =ol7] A8 (2" 8l(a)gh ol vhekst
Apolz W Zole] smdeld wZE AAstel #Ad A EHel Asd wz
#4 (10mm) % Aol (25cm)E E=FsHa [29 8] () g} o] AR YA EETFo
Aeetes gul Bz $1¢ 228 AddlolHE FResT

(a) 2xdold & (b) 9 FrelolE
[Z29 8] TSL BpAEH] & F&5 A4 g

TSL eHa7gn|e] zuo] HEe] uA7t o] QIARE mixing &H°] Yo} 1%
AZ] TSL 3ol AdstAl &7] witel [ 10] (a) & 2ol A s WA= 22
gl AEE oF 902 ¢ R Fol mixing® AEE Tyl F]isked TSL
PYFE) NG B APk
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TSL &4#F° B Fell [1¥ 9] ()9 54 &9 74 S371=2 e FAE S48+

3~5mme] A4 AF FAZ Pl Azd F (29 ®me A4 = 5

(@) %4 =9 FAZA DECETEZES

(29 9] TSL ¥4 =4 =+
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o)A Wk, EFNARC(2008) 7]=
Bt} LBS Wgtgo] €53 &2

A7 EAT4(2015), =AA FIEFFF AFEH HAY E£FA AL (1), 2015¢9%
FOAMY BARITACIBEYTES), KICT-2015-148-1, 20153 124,

EAIZ=E AT (2016), o) = BT Y u= Zn ol Ane SHE AR,
st AAdV|ed Y dukg o 2016-020, 201613 104.

Specification and Guidelines on Thin Spray-on Liners for Mining and Tunnelling, EFNARC, 2008

Standard Test Method for Tensile Properties of Plastics, ASTM D 638 - 10

Pull-off Adhesion strength of coatings on Concrete Using Portable Pull-off Adhesion Testers, ASTM
D7234-12

The application of GRP and Thin Spray Liner support products in a typical block cave mining
method to enhance safety and productivity, PH Ferreira and A Piroddi, The Southern African
Institute of Mining and Metallurgy 6th Southern African Base Metal conference, 2011

Thin Spray-on Liners for Underground Rock Support, D.D.Tannant, 2001, International Mining
Congress and Exhibition of Turkey

The performance of mesh, shotcrete and membranes of surface ground support, E.C. Morton and
A,G,Thompson and E.Villaescusa, 2009, Proceedings of the 3rd CANUS Rock Mechanics

Symposium
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Shotcrete and other surface support liners, L.Lacerda, 2004, SME Annual Meeting



