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Development of a Powder-type Thin Spray-on Liner and Its
Performance Evaluation at Different Curing Ages

Soo-Ho Chang, Gyu-Phil Lee, Jin-Tae Han*, Young-Taek Park,
Soon-Wook Choi, Gwi-Sung Hwang, Myung-Sik Choi

Abstract Thin Spray-on Liner (TSL) has been considered as a new rock support to replace shotcrete as well as
wire mesh. However, the development of its original production technology is highly in demand since it is not
open to the public. Therefore, two kinds of powder-type TSL prototypes were developed as the first development
stage. Then, their mechanical properties were experimentally compared with those of a two-component foreign TSL
material including both of liquid and powder components. From a series of experiments, the first TSL prototype
mixing condition satisfied every TSL performance requirements specified by EFNRAC (2008), and showed much
higher tensile and bond strengths than those of the two-component foreign TSL, even though the other TSL prototype
cannot be used as a support member since its elongation at break is much lower than its corresponding EFNARC
(2008) performance criterion. In addition, a further study to increase the ductility of the first TSL prototype might
be necessary to guarantee its higher applicability to field conditions.
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A BAZ Z-8=31 JtiRoberts, 2001; Lau et al., 2008,
Tannant, 2001). 53], ¢ubdQl TSLY] M FA=
3~5 mmo|= ] 10 mmu|O 2 A =72 EQ} H|nl
o o FAZF uf- gR> Ao] 54JoJcHEFNARC, 2008).
E3F TSLL FltjulA(ready-mix) FE| = ZA =] o] E}
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T e Agolck Egh oubHol| tigk o] 945}
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v St s WA o Qo ARe 7l
(Povin et al., 2004; Saydam, 2008; Chang et al., 2013)
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(sprayable waterproofing membrane) 2= 85|11 Q)
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HA[S, TSL 2% AJHHS] Y5AIE 2 EFNARC(2008)
ol A¢ket TSLO| 2|2 A5B7F Al 242 thefst
AR AHE 85t} 7|2 oJ=AF TSL =9 E4
T v FEsk 5 YrHl MRS EEskal

Table 1. Pros and Cons of TSLs with different mixing types
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(oxalic acid) 58 23 2715tk 2714 Aekdsh
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Mixing type Pros

Cons

Single component
(powder)

Simple and easy in spraying

Increase in dust and rebound

Two components
(powder-+liquid)

Decrease in dust and rebound
Increase in mechanical properties

3~5 minutes necessary for mixing
Slow setting

Two components
(liquid+liquid)

No dust
Rapid setting

Expensive
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Table 2. Preliminary TSL mixing conditions for batch tests

Mixing conditions #7 #9 #10 #H
Polymer 65% 61% 61% 60%
Colemanite 2% 2% 2% 2%
Oxalic acid 1% 1% 1% -
| CSA 16% 17% 17% -
Materi
(;tertl)/a)s Anhydrous gypsum 7% 8% 8% -
. 0
OPC 8% 10% - -
Alumina cement - - 10% 1%
HPA - - - 25%
Welan gum 1% 1% 1% 12%
5.0 6
as] Mix #7 Mix #9 — T
i 7¥I|x#10 ’\’\//IHX#H 5| [mmmDay28
404 00 TTTTT

Tensile stress (MPa)

T T T T T
0 20 40 60 80 100 120 140 160 180
Tensile strain (%)

(a) Stress-strain curves at 7 days

— — -TSL Class S(Day 7)

Tensile strength (MPa)
©
1

Mix #7  Mix#9 Mix #10 Mix #H T ]
TSL materials

(b) Average tensile strengths

Fig. 1. Results of direct tensile tests for preliminary mixing conditions
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Table 3. Two prototype mixing conditions for powder-type TSLs

Mixi Anh

1x‘1rb1g Polymer Colemanite Oxalic acid CSA nhydrous OPC Welan gum
condition gypsum

N1 65% 2% 1% 16% 6% 9% 1%

N2 65% 3% - 18% 6% 8% -

(a) Direct tension test

(b) Pull-out test

(c¢) Three-point bending

Uncoated Coated

(d) Coated core

test (EFNARC) compression test

Fig. 2. Tests to evaluate mechanical properties of TSLs at different curing ages
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2004; Chang et al., 2013; Han et al., 2013).

32 TSL 45712 A& =ty

2 Aol =& 27FK] 9] TSL AJAES T3
AR BT AR} &2 T 7|0 2:19 H]
2 Z3st AFAIES ARSI v, 227204
Hlal e g AAstod 2709 el=F TSL A& 7k
o] TAlEo] AjEoz 43k 2 Hee Wash= A
o7 M3 ArzZEE BAEQItKHan et al., 2013).
mEba] & Ao Ql=AF TSLAES] TAES &
AT AlRREO| High A vl Hde® AAstsich
TAHEL et AA(latex) E2|H 7} 23k it B
2 o]|RojZ 24 E AEoFEA H H7Lo] AR o
g 55 SR Yol Wt BT eEks S5t

o

of NBAZE ARSI Ee BE AFPHES] of
3] EFNARC(2008)of|A4] AJAISIAL Q= vle} ZHo] TSL
o 52 3 mmz AR slo] ABASS A2t
k. oAt ol ARE ABASL AHgte] 2t A
AP A 79, 142 L 289 £ Hz 33)
ool A ANt 1 2RSS BT Fig. 2).

33 AYANYE EHE

£ Aol E29 2704 TSL A2HE uftzzle)
A 7Y AR == EFNARC(2008) 0|4 431 QL
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s ° 1
= -
£ t
=
g’ I
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> 1
e -
F o ;
o Minimum tensile strength
k] for TSL Class S
- >2 MPa at 7 days
o (EFNARC, 2008)
=T e G
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1 T T T T

0 7 14 21 28 35

Curing time (days)

Fig. 3. Average direct tensile strengths of TSLs at different
curing ages
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— Material T
- - - Mix #N1
Mix #N2

EFNARC requirement
(>2MPaat 7 days)

T T T
0 20 40 60 80 100 120 140
Tensile strain (%)

Tensile stress (MPa)

14f EENARC requirement
(elongation at break > 10%)

(a) Typical tensile stress-strain curves

180

160 R M.atenal T
—e— Mix #N1
— 1404 +— Mix #N2
g —
x 120 M G S S
s iy
e
o 100
®
e 80
2
5 60
k=2
S 40 \ l
_ Minimum elongation at break
w 20 /l for TSL Class S
——%  >10% (EFNARC, 2008)
0 : . . |

Curing time (days)

(b) Average elongation at break

Fig. 4. Elongations at break obtained from direct tension tests of TSLs

—m— Material T
1 —e— Mix #N1
44 [—*— Mix #N2

Minimum bond strength to host rock
> 1.0 MPa at 28 days (ENNARC, 2008)

Bond strength (MPa)

0 T T T

Curing time (days)

Fig. 5. Average bond strengths of TSLs at different curing
ages
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Reference sample (avg. 50 MPa)

9

Peak strength (MPa)

{

Uncoated Coated

T T T T
0 7 14 21 28 35

Curing time (days)
Fig. 6. Average compressive strengths of TSLs at different
curing ages
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100

0] | M Mix #N1
I Mix #N2
: 160.4% 161.3%

80 - I Material T 1aon 1511% 1851%
—
© 70
% 124.58%
< 60
< i
B 50 e
c
Q40
=
7]
X 30
©
)
o 20

104

0-

Mortar(uncoated) Day 7 Day 14 Day 28
Curing age (days)
Fig. 7. Comparisons between average peak strengths from

un-coated and TSL-coated specimens

TSL

(a) Fixed test sample before load is applied

NAFS] AR 5871

Axial stress (MPa)

Reference
T-7-2
N1-7-3
N2-7-3
---T14-2
- - =N1-14-1
N2-14-1
—T-28-1
——N1-28-1
N2-28-1

4000 2000 0 2000 4000
Lateral strain (x1 0'6) Axial strain (x10®)

Fig. 8. Examples of stress-strain curves obtained from
compression tests

J’_‘L

TSL

(b) Loaded sample with de-bond as
the major failure mechanism

Fig. 9. Setup for TSL Linear Block Support Test

g Al v =24 %%H%’ig & SH-HFE JAeR
FEE BRI 4= QAlti(Fig. 8).

3.6 TSLe| X|X|21 =IIA|E Za}
EFNARC(2008)04= TSL| A 2|e}e 7}s}7] ofst
Al o 24, AGEFA A A% (Linear Block Support
Test, |5} LBSA|$) 2} HISHATHA|$(Gap Shear Load
Test, 0|3} GSLAIE)S AA5kL QJtl LBSAELS &

BE A7) 77 Aol ik gL SlsteEoR
200 TSI AE £ AU e
A, il Bl B3] shshH FIA R TSL} ¢

S 8% Aolol|A] §2} 7}3)(debonding) 7} Y 6‘}% @
AFS mARE Zo|tk(Fig. 9). WHH, GSLAIE-S TSLi}
AR B8 AolofA] F2} |t WA gkl st
Al Aekg ol s w7t BAgsHe 249 3f 4|
AEg B7s] $13E ZlolckFig. 10).

2 doln A8E £ 71H9] TSL AHE gkt of
24 Azl el AFER 6K ABAES A2l

LBSA|E 3} GSLAIF ] 242 3704 ARg-sHlch Al
Alefli= TSLo| ahof 9J2|5Hes 3to] EFNARCO]A
AXFE AT A ig)oll AR &, 2k A7RA] 1t
HEZEE B2 & 35S 16 mm/min®] HoEE
2 A5t shltk. GSLAJA Alofl= A9 #1719 sht &

Fi 295 BE2EE 55 Alolo] 50] =g AR
AE AAZE ¥, LBSAIY Aol &5 ARe]9] 0.3
cm 5 #L-; ]
HAE A ]3}‘}3\1‘4(F1g. 11).

LBSAIR S AAIRE 23}, AjF 28<efl 5 kN/m o]+

]

Fig. 10. TSL Gap Shear Load Test
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Linear load resistance (kN/m)

Fig.

Linear load capacity, LLC, (kN/m)

20

(a) Linear block support test

(b) Gap Shear Load Test

Fig. 11. Three-point bending tests of TSL-coated beam specimens specified by EFNARC (2008)

o
|

o
!

o
!

LBS(Linear Block Support) test

/'/j

o

Minimum requirement for linear load resistance
> 5 kN/m at 28 days (EFNARC, 2008)

—a— Material T
—e— Mix #N1
—o— Mix #N2

12.

120

T T T T
7 14 21 28 35

Curing time (days)

Linear load resistance of TSLs from Linear block
support tests

100

80

I Material T
I Mix #N1
Mix #N2

LBS(Linear Block Support) test

61.75

54.18
50.24

39.03

Day 7

Day 14
Curing time (days)

Day 28

(a) LBS test

S8 FAsIa )= EFNARC(2008) 7|52 Al 7Y
o e Aslsiglon, Sal NI AJ2HE dfete) 419 v
3} (linear load resistance)©] 714 9<=3F Ao & e}
WeFig. 12). T3 TSL} Gl BE AlolollA] 2.3} 7}
37} el gkl s Asaal} Sl 28
WApsto] TSLO| i A& B7Fst7] 913 GSLA|
Hol A A0 2 NI AHE kel 1 2o] 7

A HERETHFig. 13).

ENNARC(2008)ol A= o] -2 LBSAIE 9
GSLARelA ¢oj2l 413 Wslele] v &g cheel 4
()™} Zo] TSLY PH&=R AA|skaL it

LLCGg;,
S F= 1
126, M
120
I Material T GSL(Gap Shear Load) test
I Mix #N1
100 Mix #N2 92.96
82.51
80—
69.97
60

52.21

N
S
L

Linear load capacity, LLC  , (kN/m)
5

(=]
I

Day7

Day 14

Curing time (days)

Day 28

(b) GSL test

Fig. 13. Average linear load capacities of TSLs obtained from two kinds of bending tests
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3.0

I Material T
I Mix #N1

- 3

° Mix #N2

-

7]

8

>

°

ug 1.52 1.51

P 1.29

(=]

©

S

$

<

Day 7 Day 14 Day 28

Curing time (days)

Fig. 14. Safety factors of TSLs at different curing ages

o714 Sk TSLO| QFEkg, LIC,, Tt LLC, 0= 7}
7} GSL % LBS Ao miE S A% st
oltt.

%, A (DRHEE GSLAFS slgo] LBSAES
LHoFﬁ,EE} AjHoz Fof TSLE| oFAE oA
fFEletths 2 & 4= Stk o2l TSLojlA] mitto]
HPAYSHA] QoL Ha)k uha| 7} WAk el TSLE| |

7} 253l 71 o2 EFNARC(2008)0|4] 1eala 97|

2olk uheba] GSLAIE T LBSAIHO|A] Aojzl o
sl o] ATzl HlES &R Holsh= Aot

Fig. 139] SAATZHEE 4] (1)of oJsf TSLE <k
E2 AP A3t BE ARl tial o] 10442
2 Yehto), 3339 AT 27 Aulol|A
keIt ule} o] QJ=kAF TAHIE tiu] A|ZREE9] Yo
goR el kdgo] A os WA Yelyitt E3

Z7|AfF oA 9] FdEe] A7t AA] Uebdti(Fig. 14).

37 TSL MSHy} Aot SHEN

EFNARC(2008)9]|4+= TSL2] 52 Class S} Class
BE FE8kL Qiek o714 Class S&= F72%1 A=A
o} FERZ ARESE 4~ 9= TSLE 9Ju|s}H, Class B
= HFEAIQ] F3 UAE ZPAA= AR = Qe
TSLS oujgick

2 Aol Y587 Aife] whEd, 2% TSLRI NI
AJZFE vlgke Class S&] TSL 57|22 25 53t
g N2 AR wlj3Re- olAFA ol A uly] Ale] AlF
& 715& WHESHA] K6to] Class BE FEE S &
4> QJti(Table 4). o|Ala} & Ayl= 94 3.349] 9]
AR Aol A vief o), of=4t TA|E thH]
Ao WA et ddh XL°)°ﬂ oFF AoR
HEHEICk T STl S N1 A i

(i

AR Hrk P9I 54 At Bad Ao
Z AlzHch
.82

2 AT AEE N A AR 2EIL Q=

TSLO] ZA51E €8t A HA| WA ZA], 7]= TSL A
250 HEEA Aol o] MigAY 2uE vio

2 5 7R wigzAe) B TSL ARHEES AFst
T 77 A5ES AgHos ekt

TSLO] 71 7152191 48}z EAJQl A AR}
B 2 =245t A3}, e AIZRE wjglrAds0] &
¥ EFNARC(2008)0ll4 #4381 = 4%

Table 4. Classification of two kinds of TSL prototypes based on EFNARC(2008) criteria

Requirements for Tested TSL Materials
: « 2 Performance
Performance categories a “Class S” TSL Prototype Prototype Product comparison
(EFNARC, 2008) NI N2 T p
Tensile strength > 2 MPa (at 7 days) OK OK OK NI>N2> T
Elongation at break > 10% (at 28 days) 0K N.G 0K TSNI> N2
(from tension test)

Bond strength > 1 MPa (at 28 days) OK 0K OK NI>T> N2
Linear load capacity(LLC) 5 kN/m (at 28 days) 0K 0K 0K NI>N2>T
EFNARC LLCLBC - - - - NI1>N2>T

bending test LLCGSL - - - - NI>T>N2

Safety factor > 1 0K 0K 0K T>NI>N2

(from bending tests)
Confinement - oK oK OK NI=T=N2
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