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<E 3.9 8 4=~ B4 06.0m (Scolari, 1995)

T & F1 F2 F3 F4 F5 F6 F7
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=a Q 100~10 10~4 4~1 1~0.1 0.1~0.03 ]0.03~0.01]0.01~0.001
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E p IS =
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1.4 &

uk= ®z  glo] (Thin Spray—on Liner, ©]3F TSL)+ <twtde] o] Eojx|:=
Z ™ (polymer) AIFE] AEE FAEY vlud FEst ARk oA £AZES} A&
A + Ue M2 ARARA 2HEHI Atk Roberts, 2001). A FAbe]A
AgE3 Q= TSLE dRbAQl MY F7= 3~5 mmel™ FHol 10 mmu|RFO.EA
A ES} vlud wf FAZF W gk Zlo] ST (EFNARC, 2008).

19809t Fuke] Aubrle] Queen's Universityolldd #%x& TSLel| thah AF= a3t
o]F=, 1990 EFE MEL TSL AFEo] MLHHA BAHOZ Fite] A 457
AlZsklth. E3], 2000 el SolA TSLel thst #a3 2go] FZslo] 2004
NNEoz A AARSZE 507 ol Fateld g dow ALK Tk FA
ATH(Povin 2], 2004).

TSL2 4143 Efdo]l 7besty =2 Z7] HgAdo=z Qs sadEs AWS
A stAA HRkE e o
WA st ke R £ Qe avE A Qo 53], ©4 543 F3FHo] w9

ot Aol wE Zr] A A9 gl AdE 7P v @au 9], 2008,

¥2

ol
o
>
2
—
0p]
—
=2
1o
=)
12
&
D)
s

AA B3 wRle]l gEEol A dow, 53
AT ESL o] Fr 4FHE W olA] Aeg e TIAIEA AAste dwbAel
WS FAZE gk TSLel #8377k ofdth(Povin &), 2004). webA TSLE Ak
Aes Fristrl dd g gEs e d 9 AEA AEE T8 TSLY 54
gfoldl= Zlo]td (Tannant, 2004)

TSLe 9gt4 54& H7kstr] fsh kst A se] AA 9 AR
A9k (Stern 2], 2007, Yilmaz, 2007), EFNARC(2008) |4 A|A&ta &= F 7HA
T BAEHE Addetie xFEstd AFHRHE glon #d AdEAREE SAY
FNE A k3 gltk EFNARC(2008) ol A& 34HEwE o2l EXEore] Bdo®= 282
T % Ao® Hastal glov ofx7kA] Bde] A&H At mpetH A ki glow,

f2o] gt Als TSLo| A7) EE Hgd Abd7p AFs Ao,

x2
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(a)_ Shear ar_1d rotational (b) Physical shear interlock (c) Plugging of open joints and
resistance with a bonded )
membrane with poorly bonded membrane fractures

(d) Shear resistance of thicker (e) Tension in membrane and ro(;)og?‘r:rtlg‘l:ljc{?;:?bsrzneort
shotcrete membrane bond strength P 9 PP
pressure
J

Buckling
failure

il

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

(9) Shear failure of stiff/brittle
membranes

2.1] Mechanisms of surface support behavior (modified from Stacey, 2001)

(1%
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2.2 TSLY 8 74 A=

TSLel AHeE = Sl Z™ (polymer) o=  E#-F# & (polyurethane), Z 24
(polyurea), WEFTH (methacrylate) % o]AAJo}d|o] E (isocyanate) 7} dlld& . o] st
oMo AHgo® e wE ¢d 54N Wedse WA & dvk =g epdde] sk
2 A, WA, B, AR Sol wie ek, S ES HuE w FExlo
A FHaEo] AFAdo] FET N Zeln A=
SHolA 2T =7to] He AREA 22 Frlel A= ARgskA]l g AlE ot (Povin £,
2004). sHAIRE o] mAjotlo]ER laf AgA=e] A kS A & k= et
AA TSLel del &84 FEetal U= ol 2o shbrk i uk, TSLe ARE-H+=
AMEe Ao r Ao 143 Ay #HE AN =S wEsol sy wiEel
AAZE 294 vk TSLe &85 Adetes & o0& olf=Ze AdAtse] £agES
FEEQ ARGl oA 7] wjEol7| & stk (Povin 2], 2004).

TSLO &3 Wale] wef 2% Gy S A/ANY, /28 59 2=
TEEY, AXAF 2o Az = YAe AEstar v
zpoli= QIAIRE G-Ao] wheba Z7]A P A w2 AR

Azl vEgAdel wel TSLS ¥H34d 2FelY (reactive liner) $F H|HEEA) 24o]H (non—re—
active liner) 2 7% 4 vk ¥4 Zholvs B $ 109 oluiell 7] whe-3 S-4o]
HAgskE Zle 5H0R o, A2 (20T) oA 1AZE ojdiel =3t 1A= HA 75%
dlstes Zlom Ao, Zedw, EE84, HEaEA AEF T4 EHH AETH
ol gxm, dwtHor 24Fow FAHol ity whH, HNEEA  Zlojyes

H/AREA s & vtk Ao®A, ARl ¥ A AzbA el w2t

Zhet o] ZAledlo] Ex A%} Qb

10
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ko wl ok zol o, A ES Hlwd w TSLY eEAH= w$-
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%9 (hopper)°l ¥F2 FSlato] BRAES al7] wiiwol, £adES g8 979 mMAEAE
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ofuEt B Al A whAe] £ ERG Au. dwbAoR TSLe) Age A4 Ee U
3| ADZA AU ARl FETE FFE ATH(IH 2.2).
<% 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/liquid
Mix ¢ liquid/liquid (hybrid liquid/liquid liquid/liquid liquid/powder
ix e
yp (polyerethane) polyurea/ (polyurea) |(methacrylate)| (latex—based)
polyurethane)
Tensile > 1.0
10~18 14~16 18.5 > 2.0
strength | 0 1 hour) | (@ 1 houn) | (@ 1 hour) | @ 1 houn) | & © hours) &
our our our our
(MPa) 3.0 @ 28 days
Set time 10 seconds 10 seconds 10 seconds | < 3 minutes N/A
90~95% ) . .
) 10 minutes 10 minutes 10 minutes N/A N/A
cure time
<3 2.2> TSL performance categories(Spearing, 2003)
Time to achieve Tensile strength| Elongation
Category )
1 MPa tensile strength (at 1 day) (at 28 days)
Non—reactive and rigid > 1 hour > 1.0 MPa < 5%
Non—reactive and flexible > 1 hour > 1.0 MPa > 5%
Reactive and rigid < 1 hour > 1.0 MPa < 5%
Reactive and flexible < 1 hour > 1.0 MPa > 5%
Reactive, high strength
o < 1 hour > 5.0 MPa < 5%
and rigid
Reactive, high strength
. < 1 hour > 5.0 MPa > 5%
and flexible
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(a) Batching and mixing of TSL
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[2¥] 2.2] General

TSLS &7
=38 E9} TSLO

EY
bl
2
i)
k)
i)
B>
_>|.1_|{
o
e
30
X
)
o2
o
>
o
o

(c) TSL after spraying

TSL spraying procedures(Saydam, 2008)

Table 3%} Zth TSLS 4
£3] TSLY #utL=+ 5%
ukZ- Algo] o] Fojx]7]
AEH G FA]

7} o} (Saydam, 2008).
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<% 2.3> Comparisons between Shotcrete and TSLs(Saydam, 2008)
L Reinforced | Bolts and |Polyuretha| Cementiou | Acrylic
Criteria Shotcrete Sealant
shotcrete | Straps ne TSL s TSL TSL
Material
cost (AU%) 15~35 25~55 7~15 20~50 7~12 6~9 2~5
Application
rate 0.14~0.33] 0.12~0.2 | 0.11~0.15 |1.77~2.32| 2~2.5 1.8~2 0.45~1.0
(m*/min)
Average
labour 3 3 2 2 2 2 2
required
Wet| 10~25 10~25
Rebound
- <1 <5 <3 <3
(%)
Dry| 10~30 10~30
Rock—feature . ) )
L poor poor good fair—good poor fair—good | fair—good
visibility
Cure time ) . .
days days - minutes 1 hr minutes | minutes
(full strength)

Steyn £](2007) 7}

<98 E9 TSLY E
At E 16.5% ©]

gl A
o] =

A= Ao YEHTH(E 2.4).

ok

H]ﬁ_ z‘jjfk
Tk kA At bkl o] TSLE Alg, &
Qlom  Steyn £ (2007)= TSL9

SHoz HRa.

stk Sof wel ey E e xolr)
At 7= 5 wel TSLS #2.5 o o]

o

Al
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<% 2.4> Comparisons of construction cost, time and construct ability between
shotcrete and TSLs(Steyn et al., 2007)

Description Shotcrete TSL A TSL B TSL C TSL D
(thickness) (£ 25 mm) | (* 3 mm) (£ 5 mm) (£ 5 mm) (£ 5 mm)
Approximate
factory product R 65.63 R 105.64 R 75.11 R 55.34 R 75.11
cost per m'*
Approximate
dedicated labour R 90.25 R 55.00 R 55.00 R 55.00 R 55.00
cost per m'*
Approximate total | p oo ga | R 16064 | R 13011 | R 11034 | R 130.11
cost per m*
Rebound Poor Average Excellent Excellent Excellent
Bags per ' 3.5 0.33 0.5 0.5 0.5
kg per m’ 38 6.5 12.5 12.5 12.5
Ease of application | Cumbersome difficult Easy Easy Easy
Time to cover 45 nm’| 150 minutes | 65 minutes | 55 minutes | 55 minutes | 55 minutes
Equipment Large Small Small Small Small
Interference with High Minimal Minimal Minimal Minimal
development cycle

* R: Rand (Currency of Republic of South Africa)
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<3 2.5> Classification of TSL characteristics(Steyn et al., 2007)

Material properties Strong TSL Average TSL Weak TSL
Uniaxial compressive strength (MPa) > 30 20 10
Tensile strength (MPa) 5 3 1
Shear strength (MPa) 15 10 5
Tensile adhesive strength (MPa) 4 2 1
Shear bond strength (MPa) 5 3 1

3. TSLY 7=/ d%

|l
o|\
_O|L
k=
39
lo
=
=
w2
—
o
e
of\
r o
oE
iy
ok
ol
i)
=
o
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AAAA 719991 BASF, MINOVA 59 AZ3AAME A Q82 A 9 4835 F=h)
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