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ABSTRACT: Based on Model Code 2010, flexural and residual strength, flexural toughness of SFRC with design strength
of 60 MPa are evaluated. For comparisons, SFRC with design strength 40 MPa was tested. Distribution of steel fibers in
crack surface of specimens was evaluated by visual inspection. The used steel fibers were hooked fibers with aspect ratio
of 64, 67 and 80. In all specimens, mix ratio of steel fibers was 0.5% Vol. In results, only SFRC with the highest aspect
ratio satisfied requirements specified in Model Code 2010. The results demonstrated that the use of high aspect ratio will
provide enough flexural toughness for high strength concrete. Also, it is found that low slump of high strength concrete
can help to enhance isotropic fiber distribution.
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Table 1. Mix proportion
Unit weight (kg/m’)
Design strength .
. W/B S/a Fibers
(length/diameter) W C S/P B S G AD
Fiber- a Steel fiber
40 MPa 4.20 0.414
(35/0.55) 35.7 50 150 420 - 420 900 903 (1.0%) (0.03%) 40
40 MPa 4.20 0.414
(60/0.90) 35.7 48 150 420 - 420 864 939 (1.0%) (0.03%) 40
40 MPa 5.04 0.414
(60/0.75) 35.7 52 150 420 - 420 936 867 (1.2%) (0.03%) 40
60 MPa 5.50 0.690
(35/0.55) 28.0 48 140 350 150 500 838 911 (1.1%) (0.05%) 40
60 MPa 5.5 0.690
(60/0.90) 28.0 48 140 350 150 500 838 911 (1.1%) (0.05%) 40
60 MPa 6.00 0.690
(60/0.75) 28.0 50 140 350 150 500 873 876 (1.2%) (0.05%) 40
Table 2. Compressive strength results
. . . Steel fibers
Design compressive strength Specimen 1D L em————— 18hour (MPa) | 7day (MPa)
A-40-0.5 35/0.55=64 38.9 475
40 MPa B-40-0.5 60/0.90=67 39.4 454
C-40-0.5 60/0.75=80 38.7 455
A-60-0.5 35/0.55=64 522 65.4
60 MPa B-60-0.5 60/0.90=67 52.7 60.7
C-60-0.5 60/0.75=80 524 64.2
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Table 32 7} AlgAle] HRTRIoINS B=
(f,0p)y CMOD7Z} 0.5 mme} 2.5 mmAujo] AZ=7e
G fr)®) Bt R FEAAE LRI Ik Model
code 2010 (2010)]] W=W, [, > AREBFEZ10NA,
) olT ZA%jA] SFRCO] Q1S ksl
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Table 3. Strength results

30% & Ao & et $HE, Table 20 AAE
A7 60 MPa 7H807) ZaejEo] 79 Bt
2715 63 MPa® A7 % 40 MPa 7GR 7}
FH2E FaPSAEL] 37%7F E AL & S Qlk
AA o7 Wit oFE7w o] Xk H7two] 37t
HEPERS oF 4= 9Tk Lee et al. (2013)2 734-9-9]
ERIe] ol et A AR ARSI
H, 2 Aol w2 G Sl 0.5% Vol
ostE A& 7-foll A1 e il
ZAR|ES] o] A= AR Hisiqirk &
Adol Ave o]2 FukAlsly Qo).

Pt @) A2 AR, A7 60 MPa
AR 23R ES [, WEFEI A 40
MPa 7P ZAEE Blsto] 2 B Ko
= fARE Ao & Yepdtt ojet 2

#&o]5 CMOD7} 0.5 mm ol3}ojif=

Qe 73] AATToZA|, ujrel 23

e

specimen | Serial frop | Mean | COV | fp Mean | COV | fps | Mean o
D No. | MPa) | SD | % | oMpa) | SD) | %) | vpay | sDy | SOV O | S m/frop | faslim
1 6.11 4.81 3.05 0.79 0.73
5.67 4.63 3.34
A-40-0.5 2 6.04 L 057 10 4.81 L 026 6 3.88 L 038 11 0.80 0.81
3 4.86 4.26 3.09 0.88 0.73
1 5.79 4.87 4.69 0.84 0.96
542 4.62 4.28
B-40-0.5 2 5.11 L 028 5 3.13 L 113 24 2.76 T 26 0.61 0.89
3 5.36 5.87 5.39 1.09 0.92
1 543 5.48 3.05 1.01 0.56
5.28 6.01 3.59
C-40-0.5 2 4.89 £ 028 5 3.94 £ 1.94 32 2.34 + 130 36 0.81 0.59
3 5.53 8.6 5.39 1.56 0.63
1 6.92 5.81 3.31 0.84 0.57
6.61 6.56 3.38
A-60-0.5 2 6.3 + 031 5 7.31 £ 075 11 3.44 £ 006 2 1.16 0.47
3 - - - - -
1 8.02 6.76 2.85 0.85 0.42
7.36 6.87 3.27
B-60-0.5 2 7.19 + 049 7 7.65 £ 059 9 3.32 £ 033 10 1.06 0.43
3 6.86 6.21 3.65 0.91 0.59
1 6.54 4.04 345 0.62 0.86
6.90 5.14 443
C-60-0.5 2 7.53 £ 045 7 6.77 + 117 23 5.95 £ 1.09 25 0.90 0.88
3 6.62 4.62 3.89 0.70 0.84
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Table 4. Toughness results

i o e ) el I i e e L
1 41.05 1 45.02

A-40-0.5 2 43.06 39.92 | 3.84 9.61 A-60-0.5 2 48.63 46.83 | 2.55 5.45
3 35.64 3 -
1 47.15 1 43.65

B-40-0.5 2 29.84 4331 | 12.02 27.74 B-60-0.5 2 51.81 4774 | 4.08 8.55
3 52.93 3 47.71
1 41.09 1 38.04

C-40-0.5 2 30.08 4587 | 18.65 40.66 C-60-0.5 2 61.44 47.25 | 1247 26.40
3 66.45 3 42.26

3.3 9}5-CMOD 13

Fig. 3.2 Hﬁ]ﬂi 60 MPa 74817

32-CMOD 181 =& UehyjaL ‘21
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55 Yehyar gl CMOD7} 0.05 mmw}?q GRS

o AsS Holtpr} wx]of FHo] vhAyshH

o] A7 VR ARt B8-S AF,

A EavEe] A 347 sk wasA 9 41
YT o] x&A9] FRgAS RS SlolE) 4 9
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Fig. 3. Load vs. CMOD curve
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Fig. 4. Inspection for counting of steel fibers
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Table 5. Analysis of steel fibers distribution for SFRC with strength of 40MPa

No. of fibers Average no. of fibers Standard deviation COV(%)
Specimen . . . . . - - : . :
D % o sk ina in a in a ina in a ina | ina in a ina | ina in a
layer |specimen | position | layer |specimen |position| layer |specimen|position| layer |specimen
17 | 11 8 36
A-40-0.5-1| 20 4 12 36 142 15.8 473 7.7 19.6 49.1 415
29 | 22| 19 70
7 11 | 12 30
A-40-0.5-2 15 | 20 | 7 42 147 16.3 49 149.6 7.6 233 9.3 46.6 | 47.6 6.2
26 | 24 | 25 75
17 14 14 45
A-40-0.5-3] 13 | 19 | 13 45 160 17.8 533 4.8 14.4 272 | 271
26 | 24 | 20 70
15 1 5 21
B-40-0.5-1| 18 | 11 6 35 96 10.7 32 5.9 9.8 549 | 30.8
11 11 18 40
7 5 7 19
B-40-0.5-2| 2 9 4 15 58 6.4 19.3 82.7 32 45 214 503 | 233 259
9 3 12 24
5 10 | 6 21
B-40-0.5-3| 7 8 3 18 94 10.4 31.3 8.1 20.6 77.7 | 65.6
30 | 10 | 15 55
5 10 | 4 19
C-40-0.5-1| 7 9 7 23 81 9.0 27.0 3.7 10.6 416 | 392
12 | 11 | 16 39
7 5 122 34
C-40-0.5-2| 6 7 11 24 38 9.8 29.3 98.7 5.3 5.0 24.8 545 | 172 25.1
1216 12 30
133 8 24
C-40-0.5-3| 12 13 19 44 127 14.1 423 6.0 17.6 42.6 415
21 | 18 | 20 59
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Specimen No. of fibers Average no. of fibers Standard deviation COV (%)
ID fin @ astion in a in. a in. a in a in. a in. a in a in. a in. a in a in. a
layer |specimen | position | layer |specimen |position| layer |specimen|position| layer |specimen
14 | 20 11 45
A-60-0.5-1| 18 | 16 | 17 51 142 15.8 473 32 32 20.5 6.8
16 11 19 46
P T " 145.0 42 29
A-60-0.5-2| 16 | 18 | 14 48 148 16.4 493 2.7 5.1 16.1 10.4
18 | 20 | 17 55
4 3 14 21
B-60-0.5-1| 10 | 8 7 25 75 83 25 3.5 4.0 42.0 | 16.0
8 9 12 29
6 3 3 12
B-60-0.5-2| 11 9 7 27 64 7.1 21.3 76.7 3.1 8.1 13.6 436 | 382 17.7
5 9 11 25
15| 3 15 33
B-60-0.5-3| 7 3 9 19 91 10.1 30.3 5.7 10.3 563 | 33.8
10 9 |20 39
4 5 3 12
C-60-0.5-1| 8 6 7 21 51 5.7 17.0 2.0 4.6 353 | 27.0
8 7 3 18
8 7 4 19
C-60-0.5-2| 4 7 9 20 63 7.0 21 53 2.3 2.6 9.2 335 12.6 17.4
11 8 5 24
7 4 3 14
C-60-0.5-3| 3 4 8 15 45 5.0 15.0 1.9 1.0 374 6.7
5 4 7 16
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