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This study evaluated the support performance of fiber-net integrated shotcrete in tunnel support system developed for the
purpose of improving constructability and stability while fully performing its mechanical performance as a tunnel support
materials by four-point bending test, two-dimensional numerical analysis, and cross-sectional analysis. As a result of
evaluating the flexural performance through a four-point bending test, in the case of fiber-net reinforced shotcrete, the
tensile performance of fiber-net resulted in a continuous increase in load after crack occurrence, unlike steel fiber reinforced
shotcrete. Also, the results of the tunnel cross-sectional structure analysis for ground conditions and the cross-sectional
analysis of fiber-net and steel fiber reinforced shotcrete showed that sufficient support performance can be exhibited even
if the thickness of fiber-net reinforced shotcrete was reduced compared to the previous one. Additionally, through these
results, the support pattern of fiber-net integrated shotcrete in tunnel support system, which can be applied efficiently to
the construction sections requiring higher stability among the rock mass class I, was proposed.
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Table 2. Manufacturing conditions of fiber-net for tunnel support QUYHS BI| MAGHHM ChAl S716IEE 287 22 232
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Table 1. Mixture proportions of fiber-net and steel fiber reinforced shotcrete
. Binder(kg/m’) Sand Aggregate | Steel fiber Admixture(wt. %)
Specimen | W/B : 3 3 3 — 2
Cement | GGBFS | Anhydrite (kg/m’) (kg/mr) (kg/m) Polymer | Superplasticizer | Accelerating agent
Fiber-net 0.47 355.2 96 24 1,625 - - 1 0.2 10
Steel fiber | 0.44 480 - - 962 659 40 - 0.2 10
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Table 3. Test result and specification of flexural performance
Table 7. Allowable axial force of rockbolt

Test result Specification
q Flexural Equivalent Flexural Equivalent . Cross-sectional area | Allowable stress | Allowable axial
Specimen Criteria >
strength flexural strength flexural (mm?®) (MPa) force(kN)
(MPa) strength(MPa) (MPa) strength(MPa)
Fiber-net 723 369 is 10 0.5Af, 409.9 350 86
Steel fiber 4.82 3.01 ) )
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(b) Side displacement (left)

Fig. 3. Displacement. left: fiber-net reinforced shotcrete, right: steel
fiber reinforced shotcrete
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Fig. 3. Displacement. left: fiber-net reinforced shotcrete, right: steel
fiber reinforced shotcrete(continued)
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Table 10. Section details used in analysis

Classification £ for 2 h S M
(MPa) | (MPa) | (mm) | (mm) (mm’) | (kN - m)
Fiber-net 40 2.09 100 100 | 166666.7 0.35
Steel fiber 40 2.09 100 120 240000 0.50
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(c) Section of steel fiber
reinforced shotcrete

(d) Strain and stress distribution of steel
fiber reinforced shotcrete

Fig. 5. Cross section, strain, and stress distribution
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Fig. 6. Algorithm for the section analysis
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(b) Tensile stress-crack width relation of fiber-net reinforced shotcrete

Fig. 7. Procedure for predicting tensile behavior of the member
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Fig. 8. Moment-curvature curve for fiber-net and steel fiber
reinforced shotcrete

4, 3L EE M7 =Y LA EE XA
ARQ| X|HufE mIQt

= gT0lME 19 48 =8 AlE, A& offd & B SiMES
S X2 ds 2t 01 H7HKim et al, 2020)S Sall ==&
oY HEd EIt 20E SEoIK, Table 11t 20| £32|ES
g7 2= 2AE HE XEAAHC] XEMHES HCHsHRACE,
HIE BHE AIS 8 © 2t ZAF Z101E HIEC=Z AIS ¢
& XIEIjE0| 2FEX(2, 0[F9] 31.2E0i| A AHF3=0|, A
AIE Al 07[x] et S| Aot e 4~ ULt 012F 22 S
A9l F2, NS 4+ & 050[ 27Fsot22, A AlS 8
Al ek 2A 2L O 22 559 Y] 2Rt XEdss
2F6ls F0| EXE 4~ Ak Y, LtSE 355 AlLof



gs &t

X|EA|AEIO] K&

B

t71

1o

oH

o
o
30

o w2 x|

3
NI

3

A
=

4 =7

2 £32|E E}

__A_.O

=

K| £

L
[

t

1o

oo

S|
S

NI
]

2 £32(E9 Bt F/A

b

o0
O

oF

X0

J2|E | &

&
=X

= A
— =

=320 ZHMM 2

ot
=

&3

& 4t O|L= LIERGTY,

[

E-gUiBE

1401 HOJ A

2
=

F

0lef

ol

ol

=<

2

=]
=

|=|HA E

gt
=

ol

Table 11. Support pattern of shotcrete for fiber-net integrated tunnel
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