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Abstract

Steel bars have been widely used as the primary reinforcement for Precast Segmental
Concrete Lining for TBM Tunnels. Previously, studies have been carried out to gauge
the potential for steel fiber reinforcement to replace the use of steel bar reinforcements
in the segmental lining to reduce the amount of the steel bar reinforcement. Steel fiber
reinforcements have been investigated and widely applied to SFRC TBM linings to
improve the constructability of SFRC TBM linings worldwide. However, the steel
fiber reinforcement often caused punctures to the water membranes inside tunnel
lining and had long-term durability deterioration issues caused by steel corrosion, as
well as cosmetic problems. Therefore, this paper sought to gauge the potential of
synthetic fiber reinforcements, which have proven to be very attractive substitutes for
steel fiber reinforcements. This study analyzed the performance of both steel and
synthetic fiber reinforcements in segmental linings and evaluated the applicability of
the fiber reinforcements to the TBM Precast Concrete Segmental Linings of TBM
tunnels. As a conclusion, this study demonstrates that the potential use of steel and
synthetic fibers in various combination, can substitute the rebar reinforcement in the
concrete mix for segmental concrete linings.

Keywords: Shield TBM tunnel, Precast concrete segment lining, Synthetic fibre,
Steel fibre
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Fig. 1. Segment ring

slo]B e A THEA 9] -G BAFAQ] E212S Moon et al. (2014)2] A2} Lee et al. (2013)2]
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O st Fujof tfgt FA|= Abdste] et Aol e 100:0, 50:50, 30:70, 0:1009] Z2hS
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Table 1. Reinforcement combination

Case Combination Steel bar Steel fibre Sythetic fibre

#1 | Main steel bar + additional steel bar 208.7 kg/m’ - -

#2 | Main steel bar + fibre (steel 100%) 98.8 kg/m’ 20 kg/m’ -

#3 | Main steel bar + fibre (steel : synthetic = 50 : 50) 98.8 kg/m’ 10 kg/m® 1.16 kg/m’

#4 | Main steel bar + fibre (steel : synthetic =30 : 50) 98.8 kg/m’ 6 kg/m’ 1.623 kg/m®

#5 | Main steel bar + fibre (synthetic 100%) 98.8 kg/m’ - 2.32 kg/m®

(c) Steam curing (d) Concrete segment

Fig. 2. Fabrication of hybrid precast concrete segement
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Table 2. Concrete mix proportion

Cement Fine aggregate Gravel w/C S/A AD WD
435 kg/m® 751 kg/m’ 1,039 kg/m’ 34.7% 42.4% 4.79 kg/m® 2,340 kg/m’

7} ujietel] thsto] 27] ¢hs ZA R ES] S/t 371582 S5 oM, £ T 50~70 mm= e
A AR 7t afigte]l thoted 150 mm x 300 mme] F<E FAAE ARt A A= 57198 A ollA] 0““5404
o}, A A o] Ajztol| A8 T 2] E 0] FE74 = 7} vgtol] thisted 3714 o] FAIAIE Alatetar A et e

71 AYR= Table 37} 2t

Table 3. Compressive strength of test pieces (Unit: MPa)
Case Compressive strength (1 day) | Compressive strength (7 days) | Compressive strength (28 days)
1 39.3 47.8 55.4
1 2 38.8 46.6 444
3 - 42.8 51.8
Average 42.0 45.7 50.5
1 18.0 30.9 37.6
2 17.0 324 39.2
#2
3 - 30.7 394
Average 17.5 314 38.7
1 13.4 34.2 44.8
2 13.6 33.4 447
#3
3 333 447
Average 13.5 33.6 44.7
1 25.7 42.6 51.7
2 25.9 41.0 52.6
#4
3 - 36.8 52.6
Average 25.8 40.1 52.3
1 26.2 38.2 41.7
2 26.5 36.9 41.7
#5
3 - 35.1 42.1
Average 26.4 36.7 41.5

2.2 g 22

7)0] Be] L2 ™al(Polypropylene) AA2] S vl PR REA 2= AR B0} o]
ofgt Zelo] tgt cjapeto s ARgEIRloL, ol U So) B4S FAN7|T HHe] A
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Fig. 3. Synthetic fibre
Table 4. Characteristic and properties of systhetic fibre
Shape Embossed type
Base material Polypropylene(PP)
Density 0.91 g/em®
Tensile strength 500 MPa and above
Young’s modulus 7,000 ~ 10,500 MPa
Melting point 160 ~ 165°C
Length 48 mm
Diameter converted in circular 0.7 mm

5 712 SIeE TEAHE 1,000 kN -830] 7121712 o] gte] nfa) A7) A1 (1.0 mm
min) ¥H0] A0 2 SelEglo ], 4l ArelEd] we AgAle] 72 752 detsl] Sle 44 4

B AT DeAAE Foe)E ATHE $15-10] AFS BASIL. oIS Slste] 5152 = 10
mm®] 515 ASHRS AHgle] SEHA] E ko 2 QAP LIEAZOR, 400 mm 2] A7) At
shglom], SEpAsls AAe] F4 o, ol LVDT (L1, L2)E A4/sle] Z451ct.

ARA] FDEE S mm §750] 27]4] FAE Ao|A|(CR1-CR3)E Ax[sle] Z4stom, 2oy Hne

o
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T2 AR S 9 515 A1 2o Astiet

FHZES HPEL ZAZE HIPE /°]|R|(C1~C3)E AR5t S5 01, slsAfstol e < Z17
5 5505 Wal 5.2 sl 91 A1) ol Wage 2 SR, T4 A 2 2] ZSIA
Fig, 49} 2rom, A1 2} 0] 870} 4% F Al IHE ] FHETE Fig. 59 2k,

Concrete gage: C1, C2, C3 Crack gage: CR1, CR2, CR3 LVDT: L1, L2
Fig. 4. View of segment and gages before bending test

#1

#2

Fig. 5. Failures of tested segments
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4. 4% A3}

IZPIAE ZIE NIHE Ao B 2] tisf] 7]&st o, A& W82 v &2 sket ot
A5l A-ridA Bagel] ofet 4 |k, 2 B Zghs 7o) Bl 3t -solt

4.1 B2 230l (2 315 HHT 2AL 24

4.1.1 Case #1

H208.7 kg/m’) S 25t B E A THE(Case #1)°]l theh E4E A3} ok5-819 WA 11 2=Fig. 67} 2
om, stolE oF 400 kN THIHE] A A S-S Holw, 2 A7 Aokt o= A Bl Bl E o] g7k
o] & Ao 2 wetHrt FEIY-2 AstelE 24.8 kNOlA] 0.01 mm, 74.3 kNOJ|A] 0.02 mm, 131.6 kNf|A] 0.1
mm” }'Eg5te] 8] I, AT E wh 7 dofidt Xoisls 477.9 kN 24304 2o 2.32 mm o] o] WA
oli= Ao = U TthFig. 7).
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Fig. 6. Load-displacement curve of case #1

4.1.2 Case #2

F47498.8 kg/m’) 1} 734820 kg/m*) 2 B7FE ATTHHE(Case #2)°f] Tzt B4
I Fig, 83} Zom, ] 5152 346.0 kN AlsHe A0 & Lpelytond, utjo]gof 74Ae Bt

S Holm W= Fd 15.5 mm7HIAgsk= 2 0 & Ueldth FF IS Aistols: 26.2 kNOlA] 0.0

S Af5l515 334.7 kNOJA] 0.68 mm7} AYSFATHFig. 9).
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Fig. 8. Load-displacement curve of case #2

4.1.3 Case #3

FHT98.8 keg/m’) T 210 kg/m’) 12|12

A At 5151 g aem

2|e 13.5 mm 'PASH= A 0= et A AEgE
HE 75152l 2|t 4132 kN A% 5 2.83 mm7} HeRtoH,

UeERaL, Al
AR 710 = UEEITH(Fig. 11).
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Fig. 7. Load-crack curve of case #1
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Fig. 9. Load-crack curve of case #2

FH1.16 kg/m’) 2 B7FE A TITHE (Case #3)°] s &
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Fig. 10. Load-displacement curve of case #3 Fig. 11. Load-crack curve of case #3
4.1.4 Case #4

FH7498.8 kg/m?) T 7546 kg/m®) 12|31 FHAIA-91(1.623 kg/m’) 2 BT M| THE(Case #4)°f] Tt 8
A% A3} oba-HY WA I = Fig. 129 Zom, ll‘ﬂE o7 AR o] % A AE FEIE Holoprt
Ho= Fd 21 mm7T BAYSH= 2o 2 LiElit & EA.0- A151515 34.1 kKNOIA] 0.01 mm, 137.4 kKNOJA]
0.1 mm7}FUERET, Z|t6ks433.4 kN A0 A oF 010,72 mm TYoH= 7 0 2 LERGE O™, 0]$395.2
KN A9 & 2t 7 0.79 mm7} EA5H{HFig. 13).
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Fig. 12. Load-displacement curve of case #4 Fig. 13. Load-crack curve of case #4
4.1.5 Case #5

FH7(98.8 kg/m®) T FHAIA-GH2.32 kg/m?) O 2 HZFE A THE(Case #5)0]l thet FAE A} 61515
A 2= Fig. 149 2o, NITHE ot 7R o] ¢ Q7S FElE Koot Bi9l= 2t 13.63 mm
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360.4 kN A3 & 2t 74 0.98 mm7} 2SI THFig. 15)
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Table 5. Relative of between average compressive strength of test piece and maximun load

Case 7-day strength 28-day strength Max. load Max. load / Max. load /
(MPa) (Mpa) (kN) 7-day strength 28-day strength

#1 45.7 50.5 4779 10.5 9.5

#2 31.4 38.7 346.0 11.0 8.9

#3 33.6 447 4133 12.3 9.2

#4 40.1 52.3 4334 10.8 8.3

#5 36.7 41.5 365.7 10.0 8.8
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