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ABSTRACT: The use of Thin Spray-on Liner (TSL) as an alternative to shotcrete has drastically increased since 1990s when
it was first developed and introduced to mines. In this study, tensile strength test, bond strength test, compression test with
specimens coated by TSL, and two kinds of bending tests proposed by EFNARC (2008) were performed with two kinds
of TSLs with different material compositions in order to evaluate their support capacities. As a result, both TSLs were shown
to be satisfactory for the minimum performance requirements for a structural rock support suggested by EFNARC (2008)
and tensile strength of a TSL was shown to increase as its content of polymer was higher. In contrast, its bond strength was
shown to increase proportional to the content of a cementitious component especially at the early age.
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Table 1. Main characteristics of two TSL materials

used in this study(Chang et al., 2013)

Material . .. Polymer content
name Application Composition Color — Note
T Support member Liquid/Power Beige < 30% Pot life: 30 minutes
Sprayable Powder . o . L
M membrane (mixed with water) light grey approx. 30% Curing time: 4~6 hours
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2 Agal9ick & Aol A FA7F 3 mmel ASTM
D6389] Type 1 AIZFAIE AR 4= Q=S EHAlo]
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TSLO| S0gh B4 9] shiel RagEg 24

2.1 TSLO] XI™oIxt AlHuiH 517] €84l EFNARC (1996)0f|4] s==2]Eo] T3l
AXISHL gl QA e Agstaeh $4l
EENARC (2008)0 4= TSLO] oIy =2 2451 50x50x7 em =7]9] HEEF2(AAZE 40 MPa) 2
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D
U E,
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4—— Lg=25mm—p / g
£ \/ £
H [ Wy=|6 mm L YR,=25 mm 8
;o v // \\ ;o
i =33 mm > '\\ l
i R,=14 mm (3
——18.7 mm—p-
i HT
I
Ly=115 mm
Coordinates A B C D E F G H I J K L
X (mm) 0.0 18.7 | 41.0 | 74.0 | 96.3 | 115.0 | 115.0 | 96.3 | 74.0 | 41.0 | 18.7 0.0
Y (mm) 27.0 | 32.0 | 34.0 | 340 | 32.0 | 270 7.0 2.0 0.0 0.0 2.0 7.0

‘Where: Wq: Overall Width, Lg: Overall Length, D: Distance between grips, Ly: Length of Narrow section,
Lg: Gage Length, Wy: Width of Narrow section, R,: Inner Radius, R,: Outer Radius

Fig. 1. Dimensions of a tensile strength test

specimen specified by ASTM D638 (Type 1)
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(a) Brackets glued onto TSL surface

(b) Pull-out test

Fig. 2. Specimen preparation and pull-out test to evaluate TSL bond strength (Chang et. al., 2013)
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Table 2. Performance requirements for TSLs (EFNARC, 2008)
Performance characteristic Specified test method Class B’ Class S*

DIN 53504 Type S2

1 .
A" |Tensile strength of ASTM D638 > 2 MPa at 7 days
Rate of strength development: o
g |(Time to reach a Tensile DIN 53504 Type S2 <7 days at 30 £ 5% rh
Strength of 2MPa at 50 + 5% |or ASTM D638 o
th and 80 + 5% rh at 23C) < 14 days at 80 £ 5% rh
> 5 kN/m (equivalent to
A |Linear load resistance TSL Linear Block Support Test a 2 ton block - DSK’
requirement)
Stress/strain on DIN
A |Tensile E-modulus 53504 Type S2 > 0.02 GPa
or ASTM D638 specimens
. DIN 53504 Type S2 N
A |Elongation at break of ASTM D638 > 10%
EN 1373 or ASTM
A |Shear strength D732 on sawn granite > (.25 MPa at 24 hours
EN 1542 to EN 1766
A |Ultimate bond strength (type MC (.)'40) Bonds to host rock > 1 MPa
concrete grit blasted to
SA 2'%
. - EN 13823 under conditions of Reaction to fire b.ehav10r B |Reaction to fire b.ehav10r B
A |Fire classification EN 13501-1:2002 or better. Smoke index sl. |or better. Smoke index sl.
’ Flaming particles/droplets dO [Flaming particles/droplets d0
ASTM E84 (surface spread of
A |Flammability flame and smoke index Class 1 Class 1
development)
A |Products of combustion NES 713 Pass as suitable for Pass as suitable for
underground use underground use
B |Crack bridging DIN EN 1062-7 > 1 mm
DIN ISO 34-1
B |Tear strength @ 28 days DIN 53515 > 20 N/mm
. No water leakage after
B |Water tightness EN 1928 or DIN 1048 28 days at 7 bar
. e.g. SN 73 1326 or
B |Freeze thaw resistance SS 13 72 44 > 50 cycles
-6
Permeability to water vapour, |DIN 52615, DIN Water vapour < 1.10" m/s
B | methane, radon et 16726 or SN 021582 Methane < 1107 m/s
methane, radon etc ol Radon < 1.10° m/s
B |Surface Electrical resistance  |DIN 22107 Part 6 10° Q/em 10° Q/em
B |Blectrostatic charge transfer EN 13463 Part 1 It must not be possible to |It must not be possible

charge the TSL

to charge the TSL

'A - Mandatory requirement for all intended uses
B - Special requirement for particular situations
*Class B(Basic) - principally used as an anti-weathering coating
*Class S(Standard) - used to permanently stabilize the integrity of rock structures whilst accommodating the stresses associated with
strata movement
°DSK - Deutsche Steinkohle (German Coal Mines)
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(b) Loaded sample with de-bond as the major failure mechanism

Fig. 3. Setup for TSL linear block support test (EFNARC, 2008)

-

o

Fig. 4. TSL gap shear load test (EFNARC, 2008)

(a) Specimen preparation

(b) TSL-coated specimen before compression tests

Fig. 5. Specimen preparation for TSL-coated core compression tests
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o

T T
21 28 35

Curing time (day)

Fig. 6. Average tensile strengths of TSLs at different curing ages

Table 3. Direct tensile strength and its corresponding elongation of two kinds of TSL materials

Material name Curing Time (Day) Average tensile strength (MPa) Average elongation at break (%)
Day 7 2.72 132.1
T Day 14 291 113.0
Day 28 3.24 111.7
Day 7 3.02 71.0
M Day 14 4.29 43.6
Day 28 4.82 514
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Fig. 7. Bond strength of TSLs to a mortar substrate at different curing ages

(a) De-bonded between a TSL and a substrate
(TSL material M, Day 7)

(b) De-bonded between a TSL and a bracket
(TSL material T, Day 14)

Fig. 8. De-bonding patterns after TSL pull-out tests at different curing ages
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Fig. 9. Peak strengths of TSL-coated cores at different curing ages

(a) Failure with expansion and de-bonding of TSL
(Material M)

(b) Failure of a rock core bonded by TSL
(Material T)

Fig. 10. Typical failure patterns of TSL-coated core specimens (Day 7)
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Fig. 11. Stress-strain curves of a rock core and TSL-coated core specimens
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Fig. 12. EFNARC (2008) suggested tests to evaluate the bearing capacity of TSL
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Fig. 13. Average peak loads obtained from GSL and LBS tests at different curing ages

Table 4. Experimental results of TSL tests proposed by EFNARC(2008)

Gap shear load test

Linear block support test

Nﬁa;z;al Curing time Average peak load, | Average displacement at| Average peak load, |Average displacement at
Fmax (N) peak (mm) Fmax (N) peak (mm)
Day 7 453.9 6.46 356.1 6.85
T Day 14 4584 6.02 396.7 6.24
Day 28 570.3 5.21 384.6 6.14
Day 7 486.0 6.44 220.9 9.36
M Day 14 582.0 6.82 417.9 9.45
Day 28 689.6 6.47 515.5 8.86
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