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Abstract

This study deals with shotcrete reinforcing performance according to the amount of
synthetic fiber (PP fiber) and proper evaluation method. The shotcrete compressive
strength, flexural strength and flexural toughness were tested by setting the mixing
amounts of steel fiber (37.0 kg/m?) and synthetic fiber (PP fiber) as parameters (5.0
kg/m®, 7.0 kg/m’ and 9.0 kg/m’). Particularly, circular panel flexural toughness test
(Road and Traffic Authority, RTA) was performed to evaluate the shotcrete energy
absorption capacity. As a result, the compressive strength and the bending strength of
the steel fiber reinforced shotcrete were large, but the flexural toughness of the
synthetic fibe (PP fiber) reinforced shotcrete was large. Therefore, synthetic fiber (PP
fiber) reinforced shotcrete is considered to have a reinforcing effect comparable to that
of steel fiber reinforced shotcrete. Analysis of the relationship between the flexural
toughness and the energy absorption capacity of synthetic fiber (PP fiber) reinforced
shotcrete revealed that the energy absorbing ability is exhibited at a flexural toughness
lower than the allowable standard (3.0 MPa). (Class A: 2.55 MPa=202], Class B: 2.72
MPa=282], Class C: 3.07 MPa = 403]J). As a result of this study, it can be concluded
that the actual shotcrete support performance can be evaluated by evaluating the
support performance of the shotcrete measured at less than the allowable standard (3.0
MPa) at the actual tunnel site.
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Table 1. EFNARC-RTA relation energy absorption capacity

Flexural toughness | EFNARC energy absorption capacity standard, RTA energy absorption capacity standard,
rating 25 mm (Joule) 40 mm (Joule)
A 500 202
B 700 282
C 1000 403
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Table 2. Shotcrete formulation table (kg/n)

i i Content (kg/m’
. . Fiber Maximum W/C | Slump| S/A (kg/m’) —
Classification | content | aggregate | o,y |Cement| Water | Sand | Gravel | Fluidizing
3 (%) | (em) | (%) : Total
(kg/m’) | (mm) © | W) | (S (G) | material
Steel fiber 37 10 40 | 11 | 60 | 480 | 192 | 982 | 654 48 2350
reinforcement | m=0.5%
B > . 10 40 11 60 | 480 | 192 | 1,001 | 672 4.8 2,350
Structural m=0.55%
synthetic fiber\ 7 10 40 | 11 | 60 | 480 | 192 | 1,000 | 673 48 2350
reinforcement | m=0.76%
P 9 10 40 11 60 | 480 | 192 999 | 675 4.8 2,350
m=1.00% : ’
m: fiber mixing ratio
2) Al A1 4 9 AR
G B} £=92E A HE BF 4% 37.0 kg/m® (m = 0.5%)S TSI T, 28 GG £T8E
Al H-E 5.0 kg/m® (m = 0.55%), 7.0 kg/m’ (m = 0.76%), 9.0 kg/m® (m = 1.0%)S EJ51ct AA] @4 e'doll
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Fig. 6. Test sample production view

At A T Al SFER 23714 F 12718 tha Table 33 2] Al2SHAH:

Table 3. Type of sample

Fl 1 h
Classification Compressive strength ( 5(():);::: Xtolusgo rr;iisx RTA Fiber Fiber content
(2100 x 200 mm) 550 mm) (800 x 75 mm) type (fiber mixing ratio)

Case-1 C-SF-37-1 B-SF-37-1 RP-SF-37-1
Case-2 C-SF-37-2 B-SF-37-2 RP-SF-37-2 ;tt?eerl 37.0 kg/m’® (m = 0.5%)
Case-3 C-SF-37-3 B-SF-37-3 RP-SF-37-3

ase- -PP-5- -PP-5- -PP-5- 0 kg/m’ (m=0.55%
Case-4 C-PP-5-1 B-PP-5-1 RP-PP-5-1 5.0 kg/m’ 0.55%
Case-5 C-PP-5-2 B-PP-5-2 RP-PP-5-2 5.0 kg/m® (m =0.55%)
Case-6 C-PP-5-3 B-PP-5-3 RP-PP-5-3 5.0 kg/m®* (m =0.55%)
Case-7 C-PP-7-1 B-PP-7-1 RP-PP-7-1 Synthetic | 70 kg/m’ (m = 0.76%)
Case-8 C-PP-7-2 B-PP-7-2 RP-PP-7-2 fiber 7.0 kg/nr’ (m = 0.76%)
Case-9 C-PP-7-3 B-PP-7-3 RP-PP-7-3 (PP) | 7.0 kg/m’ (m=0.76%)
Case-10 C-PP-9-1 B-PP-9-1 RP-PP-9-1 9.0 kg/m’ (m = 1.0%)
Case-11 C-PP-9-2 B-PP-9-2 RP-PP-9-2 9.0 kg/m’ (m = 1.0%)
Case-12 C-PP-9-3 B-PP-9-3 RP-PP-9-3 9.0 kg/m® (m = 1.0%)
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Table 4, Compressive strength test results

Classification Compressive | Aver. compressive
strength (MPa) strength (MPa)

C-SF-37-1 46.43
C-SE-37-2 50.51 48.50 7 ] 5 oo
C-SF-37-3 48.56 g : : S eces
C-PP-5-1 44.91 g 4 Y mews
C-PP-5-2 45.59 45.18 £ ACPP3
C-PP-5-3 45.05 % 30
C-PP-7-1 43.26 :;f
C-PP-7-2 42.16 42.94 Sy lmmmmmm——- Shoterete design strengthifeld « 21.0MPa_
C-PP-7-3 43.40 0 1 2 3 4
C-PP-9-1 42.59 chsERe
C-PP-9-2 40.40 4133
C-PP-9-3 41.00

4.2 BAH 2EZ= 2 E0d AldZE

i BA(37.0 kg/m®) R 28 A
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Fig. 10. Synthetic fiber sample (5.0 kg/m?, m = 0.55%) load-displacement curve
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Fig. 12. Synthetic fiber sample (9.0 kg/m?, m = 1.00%) load-displacement curve
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Fig. 22. Flexural toughness - Energy absorption capacity relationships by fiber reinforcement

Table 5. Synthetic fiber shotcrete flexural toughness - energy absorption capacity relative grade criterion

Flexural toughness EFNAI.{C energy absorption RTA. energy absorption Flexural toughness standard,
ratin capacity standard, 25 mm capacity standard, 40 mm 3.0 mm (MPa)
& (E, Joule) (E*, Joule) '
A 500 202 2.55
B 700 282 2.72
C 1000 403 3.07

EEFNARC =2.481 x Erra
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