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Evaluation of Field Applicability of Shotcrete for Fiber-net Integrated
Tunnel Support System through Mock-up Test
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The present study developed shotcrete for fiber-net integrated tunnel support system, which consists of fiber-net support
materials including netlike fiber and shotcrete and integration technology between support materials. In addition, in order to
evaluate the field applicability of the developed tunnel support system and compare with the performance of steel fiber
reinforced shotcrete, mock-up test was conducted on the mock-up structure. The test results show that in the case of
shotcrete containing coarse aggregate(S20A5RP10-C), the excessive rebound rate occurred as the secondary shotcrete was
dropped during construction due to the degradation in bond performance with fiber-net. Also, in the case of steel fiber
reinforced shotcrete, the amount of cast shotcrete fell short of target value due to the fiber ball and the degradation of
pumpability. On the other hand, the amount of cast mortar shotcrete(S20A5RP10-M) and the installation position of fiber-net
were almost close to the target values, and the lower rebound rate occurred compared to the steel fiber reinforced

shotcrete.
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Table 2. Manufacturing conditions of fiber-net for tunnel support

L . . Coating temperature
Grid size . Coating material .
Fiber (0
(cm)
Ist 2nd Ist 2nd
2.5x2.5 | UHMWPE | Urethane Epoxy 110-120 40-50
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1. Base 2. Excavation surface 3. Primary shotcrete 4. Fiber-net
5. Secondary shotcrete 6. Pin

Fig. 1. Integration of primary shotcrete and fiber-net
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Table 1. Mixture proportion of shotcrete for fiber-net
Binder(kg/m’) Admixture(wt.%)
Specimen W/B R Accelerati
pe Cement GGBFS Anhydrite (ke/m’) Polymer Superplasticizer cc:gzi e
S20A5RP10-M 0.47 355.2 96 24 1,625 1 0.2 10
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(e) Installation of fiber-net  (f) Fixing fiber-net using rock bolt plate

(g) Casting of secondary shotcrete

1. Base 2. Primary shotcrete 3. Filler 4. Rock bolt
5. Fiber-net 6. Plate 7. Secondary shotcrete

Fig. 2. Integration of fiber-net-shotcrete-rock bolt
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(b) Inner surface of mock-up specimen

(a) Mock-up specimen

Fig. 3. Mock-up specimen
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Table 3. Variables in mock-up test
Shotcrete type Grid size(cm)
Steel fiber
S20A5RP10-M | S20A5RP10-C | reinforced 2.5x2.5 2.5%5.0
shotcrete

Table 4. Mixture proportion of steel fiber reinforced shotcrete

. Cement Sand | Aggregate | Steel fiber
Specimen |- WB | o) | ke) | (ke) | (ke
Steel fiber
reinforced 0.44 480 962 659 40
shotcrete
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'G20ASRP10-M-2.5 5.0 em fiber net’ Steed fiber reinforced shoterete
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Section 1 Section 3

“S20ASRP10-M~2.5x2.5 ¢ fiber net” “S20ASRP10-C-2.5x 5.0 cm fiber net’
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Fig. 4. Test section

3.3 AIS 1K
232/ Bl KAARl0] 22 252

E dfgh 1XF &3 2|E EMY, 24A[7F

EE dw 1=¢ ZHY



=Y HAES Sof £32|EE8 dF 1= AT BHE XEAAH o HEY It

£32(E Bid =02 AS0| TR, dd7 By £32|E
O] A £32|E H{E Xt £ 2|E EpA, 24A17F UM 2Kt £33
2|E Etd 202 A|ZO0| T/,

3.3.1 £32|E Hjgt

Screw anchor,

i |

Fig. 5= 49 129 XL 232l Y P9 By 232

0| b3t TS LIERICH BB BiRISMES BB 5t0] 2

o100, 0] 1 P44, Zajn|, 2R HAIZUE LI |
ct

of &E EQlm|d

(. 4 741} n_l _E'_&-I
(b) Mixing (c) Transfer ready-mixed concrete )
after mixing
Fig. 5. Mixing 4.1 AI% AI',—I‘
Table 5= £32/ES HF 12Y YA

|
3.3.2 1Z} £32|E EI4 YR B £32(E9 NS AlZtS UEHD, AIS AlZI2 1

o
m
i
Ral
HT
=
>
it
=}

>

S
High %< 2fo|l2S Sofl 015 232|Es £32E Efd gl £32|E EBid, dF =Y dX| 2X £32|E EFE0f| AR5
£ 018510{ 5em2| FAE SRZ 610 2t F12t0f EFEERATE Bt ARIS 242 ZFol0] MM, PR 22 £32|EQ &89
d0l2 232E8 d7 228 HE XEM Az HE VIes R 229S EXloke 30| 8U| tE0f section 49| A AIS
HEo7| ?lall, 1xF £32|ETF 2402 SO LR A[ZIO] 7V 22| LIEFRCE
JiiﬂEIE B A2t E2, 1At £32|EQ| AS AlZt2 HiEe
3.3.3 HE X|2E dF7 =Y 4% FOll 2ASM0] Al HiotA A=A, TE —_rUJOil H|S
Me AU AS B2t 3710f whet Crdst FACR A section 301 2X £32[E9] A|Z0f M2 AlZH0] HRet Aoz
ol AP ZHJ} 7bssithe AEE 2h=CHMa 2014), 2 20l LIERGTE section 3 Als £l A| Fig, 71t 20| 2X} 3 2|E 9
= AZ 7 27| 1efoted = 3m, 2ol m9] R asYs e 2d0| TYSRE] Ol £32|E Wl w2 St 8R
FH[SIACH, Fig. 61t 20| ¥R 12Y9| AXE Saff Hde =YY AXE SiZol Saotk| RotHM F21={0] XMot=(KiV|
EUANA YIXIE T2 2, ZEH X Z0|IES 018010 ¢ 1 TR A= HHECE 0[2F 22 o] ddstHN £32|E
=4S 1A £32E & H2oh UX|SPAZICH 7t getE Ss oIR7] floh 23t £32|E0] AlZ AlZtol S7t
oflen, oo w2l w2 =ME M8ske 232E Hig
3.3.4 2x} £32|E EtM (S20A5RP10~ C)S S0 Jidet BiE X2E HRf 2=
AMe J20o| Mx7t 2ARE 0|5, 1xF 32|EQ ORIXIZR S AMgotY|of MESHK| Rt Aoz THELC

Secme| FHE SR=Z 2%t £32|EV} EFEERAC)

StRIMREIXIISE| =27 20201 38 75



o
Ral
0R
b
0x
1A

Table 5. Construction time

Section Cals*;[mmaryg . Installation E:z::lfar(;f Total
P of fiber-net
shotcrete shotcrete
1 4min 10sec 13min Smin 2sec 22min 12sec
2 4min 10sec 13min Smin 9sec 22min 19sec
3 4min 10sec 14min 9min 31sec 27min 41sec
4 4min 20sec - 6min 55sec 11min 15sec

Fig. 7. Dropouts of secondary shotcrete in section 3
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(c) Section 3 (d) Section 4

Fig. 8. Core specimen
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Fig. 11. Measurement of rebounded shotcrete
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