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Performance evaluation of SFRC for tunnel segments based on large beam test
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ABSTRACT: In order to develop SFRC TBM tunnel segment, evaluating the SFRC mixture was conducted through flexural
tests of SFRC beams without ordinary steel reinforcement in this study. Considered variables were compressive strengths
of SFRC, aspect and mix ratio of steel fibers and total 16 specimens were fabricated and tested until failure. The load-vertical
displacement results demonstrates that the effect of aspect ratio is minor when compared to results form small beam
test(Moon et al, 2013). A SFRC beam resists the vertical load until the width of crack reaches to 7 mm due to steel fibers
across cracked surfaces. Moreover, it is found that flexural moment estimated by equation of TR No. 63(Concrete Society,
2011) is useful for prediction of nominal strength for SFRC structure. From the investigation of fiber distribution in cracked
section, it is found that dispersion improved in actual size beam compared to in standard small beam for evaluation of flexural
strength.
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Table 1. Concrete mix proportion
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Table 2. Compressive strength results

Design compressive S Az wi steel fiber No. of beam Measured axial compressive
strength (f;.) Name (length/diameter) amour;t specimens G (N[P.a )
o (kgf/m’) (Mean of 3 specimens)
A-45-0.25 20 2EA 519
A-45-0.37 35/0.55=64 30 2EA 56.9
A-45-0.50 40 2EA 53.3
45 MPa
C-45-0.25 20 2EA 519
C-45-0.37 60/0.75=80 30 2EA 50.5
C-45-0.50 40 2EA 53.1
C-60-0.37 30 2EA 66.4
60 MPa 60/0.75=80
C-60-0.5 40 2EA 75.2
P/2
L 1000 600 I 1000 |
[ ) | I
\ © £ wor a |
f ! 320
3000

Fig. 1. Test beam dimensions, loading and LVDT positions
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Fig. 2. Failures of tested SFRC beams
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Table 3. Cracking moments and crack widths
M. (KNm) Crack width (mm)
Specimen ID Experiment D Estimation Ratio
Initial At the last
each mean @ (@©)
A-45-0.25-1 22.6 0.5 3.0
214 20.0 1.07
A-45-0.25-2 20.1 0.5 1.5
A-45-0.37-1 18.3 0.5 6.0
18.3 20.7 0.88
A-45-0.37-2 183 0.5 6.5
A-45-0.50-1 20.3 0.1 6.5
20.9 19.9 1.05
A-45-0.50-2 21.5 0.2 7.0
C-45-0.25-1 19.3 0.4 0.8
215 19.5 1.11
C-45-0.25-2 23.8 0.8 2.0
C-45-0.37-1 23.0 0.3 1.6
21.2 19.2 1.10
C-45-0.37-2 19.4 0.2 35
C-45-0.50-1 22.5 0.5 4.0
22.5 19.8 1.14
C-45-0.50-2 22.5 0.5 5.5
C-60-0.37-1 34.0 0.4 -
32.0 229 1.40
C-60-0.37-2 30.1 0.4 5.0
C-60-0.5-1 34.4 0.4 2.8
34.8 27.4 1.27
C-60-0.5-2 352 0.2 3.0
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Fig. 4. Prediction equations for nominal flexural strength of SFRC beam
Table 4. Nominal flexural strength obtained from experiments and prediction models
. Mestimated (kN-m) Ratio (Mexp/Mestimated)
Specimen 1D Mexp (kKN-m)
ACI TR. 63 Oh’s ACI TR. 63 Oh’s
A-45-0.25 214 1.66 8.61 2.04 12.9 2.5 10.5
A-45-0.37 18.3 2.46 11.20 3.03 7.4 1.6 6.0
A-45-0.50 20.9 331 13.13 4.10 6.3 1.6 5.1
C-45-0.25 21.5 221 8.61 2.73 9.7 2.5 79
C-45-0.37 21.2 3.27 11.20 4.05 6.5 1.9 52
C-45-0.50 225 441 13.13 5.49 5.1 1.7 4.1
C-60-0.37 323 3.28 14.68 4.67 9.8 22 6.9
C-60-0.50 34.8 4.42 17.21 6.33 79 2.0 5.5
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Table 5. Number of fibers in fractured section
No. of fibers No. of fibers
ID in each in each in each ID in each in each in each
position layer specimen position layer specimen
30 35 | 32 97 33 33 | 42 108
A-45-0.25-1 29 43 | 37 109 341 C-45-0.37-1 50 43 | 38 131 342
49 41 | 45 135 32 35 | 36 103
42 44 | 42 128 45 31 | 38 114
A-45-0.25-2 27 30 | 38 95 325 C-45-0.37-2 31 29 | 47 107 335
31 37 | 34 102 31 53 | 30 114
40 66 64 170 45 40 57 142
A-45-0.37-1 66 76 77 219 570 C-45-0.50-1 48 47 59 154 485
63 65 | 53 181 68 51 | 70 189
47 50 | 66 163 52 55 | 55 162
A-45-0.37-2 59 58 | 56 173 496 C-45-0.50-2 48 47 | 51 146 436
61 44 | 55 160 44 42 | 42 128
76 103 | 75 254 38 54 | 32 124
A-45-0.50-1 82 95 | 80 257 708 C-60-0.37-1 42 43 | 30 115 371
70 66 | 61 197 41 48 | 43 132
72 85 | 69 226 36 49 | 41 126
A-45-0.50-2 56 87 | 63 206 608 C-60-0.37-2 60 39 | 49 148 459
61 70 | 45 176 64 67 | 54 185
9 19 | 21 49 71 68 | 73 212
C-45-0.25-1 13 13 | 16 42 152 C-60-0.50-1 110 | 55 | 90 255 750
17 28 | 16 61 115 76 | 92 283
26 16 | 21 63 51 89 | 47 187
C-45-0.25-2 17 12 26 55 181 C-60-0.50-2 74 100 | 67 241 739
17 26 20 63 131 94 86 311
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Table 6. Average, standard deviation and coefficient of variation

Average no. of fibers Standard deviation CoV (%)
ID in each in each in each in each in each in each in each | in each | in each
position layer specimen position layer specimen | position layer specimen

A-45-0.25-1 37.9 113.7 7.0 19.4 18.5 17.1

333.0 113 34
A-45-0.25-2 36.1 108.3 6.0 174 16.6 16.1
A-45-0.37-1 63.3 190.0 113 25.7 17.8 13.5

533.0 523 9.8
A-45-0.37-2 55.1 165.3 7.0 6.8 12.7 4.1
A-45-0.50-1 78.7 236.0 134 33.8 17.1 14.3

658.0 70.7 10.7
A-45-0.50-2 67.6 202.7 133 25.2 19.7 124
C-45-0.25-1 16.9 50.7 5.5 9.6 324 19.0

166.5 20.5 12.3
C-45-0.25-2 20.1 60.3 5.1 4.6 253 7.7
C-45-0.37-1 38.0 114.0 6.0 149 15.7 13.1

338.5 4.9 1.5
C-45-0.37-2 372 111.7 9.0 4.0 24.1 3.6
C-45-0.50-1 53.9 161.7 10.3 244 19.2 15.1

460.5 34.6 7.5
C-45-0.50-2 48.4 1453 5.1 17.0 10.6 11.7
C-60-0.37-1 41.2 123.7 7.4 8.5 17.9 6.9

415.0 622 15.0
C-60-0.37-2 51.0 153.0 11.1 29.8 21.8 19.5
C-60-0.50-1 83.3 250.0 19.9 35.8 23.9 14.3

744.5 7.8 1.0
C-60-0.50-2 82.1 246.3 26.0 62.2 31.7 252

Table 7. Orientation factors from analysis of number of fibers

Specimen 1D N (EA) Vf (%) Af (cmz) a Evaluation
A-40-0.25 333.0 0.25 0.33 favorable
A-40-0.37 533.0 0.37 0.00238 0.36 favorable
A-40-0.50 658.0 0.50 0.33 favorable
C-40-0.25 165.5 0.25 0.31 favorable
C-40-0.37 338.5 0.37 0.00442 0.42 favorable
C-40-0.50 460.5 0.50 0.42 favorable
C-60-0.37 415.0 0.37 0.52 favorable
C-60-0.50 744.5 0.50 0.00442 0.69 favorable
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