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Abstract:; This paper aims to study the effect of single-doped steel fiber, monofilament polypropylene fiber
and cellulose fiber on compressive strength and flexural toughness of concrete. The compressive strength

and flexural toughness of concrete specimens were firstly tested under different volume fraction of fibers,
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and the variability of test results was then analyzed. The test results show that the compressive strength of
the three kinds fiber reinforced concrete are 26. 7%, 6.1% and 11. 1% higher than that of normal concrete
respectively. The average retention tate of secondary compressive strength are 77. 0%, 45. 7% and 58. 0%%.
The flexural toughness index I,,, Nemkumar index PCSm, and toughness ratio R, of fiber reinforced
concrete are 4. 2 times, 3. 1 times, 2. 6 times, and 19. 9 times, 9. 8 times, 6. 9 times, and 4 times, 3. 4
times, 2.7 times higher than of normal concrete respectively, which these based on load-deflection curves,
Nemkumar method and bending-tension stress-strain curves, The results of the variability analysis show
that the compressive strength of concrete is less than the flexural toughness after the incorporation of fiber.
Meanwhile, the coefficient of variation of flexural toughness of concrete obtained from Nemkumar method
and bending stress-strain curves is less than that of load-deflection curve method. Overall, the compressive
strength and flexural toughness of steel fiber reinforced concrete are the most significant with the smallest
coefficient of variation, and the compressive strength of cellulose fiber reinforced concrete and the flexural
toughness of polypropylene fiber reinforced concrete are relatively significant.

Keywords: fiber reinforced concrete;tate of secondary compressive strength;load-deflection curve; bending

stress-strain curve;flexural toughness;coefficient of variation
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Table 1 Mix design of concrete kg e m?
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Table 2 The material properties of fibers
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Table 3 Volume fraction of fibers
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Fig. 1 Device diagram of flexural toughness test
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Table 4 Test results of compressive strength
ik 45 Fo/MPa AF /MPa F/MPa F.,/MPa AF/%
NC 43.7 2.4 46. 1
S-1 50. 4 5.4 55.8 46.3 83
S-2 49. 8 6.6 56.4 42.6 76
S-3 53.9 9.5 63.4 45.3 71
S-4 49.1 9.0 58.1 45.5 78
P-1 43.3 5. 0 48.3 25 52
P-2 46.5 3.0 49.5 22.8 46
P-3 30.3 1.9 32.2 12.6 39
C-1 49.1 4.5 53.6 29.5 55
C-2 46.7 3.6 50. 3 30.2 60
C-3 47. 4 2.4 49.8 29.3 59
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Table 5 Comparison of compressive strength
Jr—— N2k HUE R B/ MPa
&’/% 3L SCHik 4K/ 7
0 46.1 45.7 +0.88
0.52 55.8 50.0 +11.6
SF(Xiik[24 1) 0. 64 56. 4 48.6 +16.0
0.71 64.3 47. 8 +34.5
0.77 58.1 46. 3 +25.5
0 46.1 43.8 +5.3
0.09 48. 3 44.0 +9.8
PF(CHKL25])
0.11 49.5 47.8 +3.6
0.13 32.2 48.2 —33.2
0 46.1 41.6 +10.8
0.07 53.6 43.5 +23.2
CFCXiHk[26])
0.09 50.3 45.3 +11.0
0.11 49.8 44.6 +11.7
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Fig.2 The destroyed mode of concrete
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Table 6 Test results of compressive strength of P-3
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Fig. 3 Concrete defects
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Table 7 Flexural capacity and crack width of the tset
i 0/ mm fo/MPa fi/ MPa D/mm
NC 1.7 2.1 5.7 6.5
S-1 2.3 1.6 7.5 36.4
S-2 2.4 3.2 6.3 30.2
S-3 2.1 2.6 6.7 26.1
S-4 2.2 5.5 6.4 35.9
P-1 1.8 2.5 5.5 10.5
P-2 1.9 2.2 5.9 13.6
P-3 2.1 2.5 5.5 23.1
C-1 1.7 2.6 5.3 12.2
C-2 1.8 2.1 5.8 14. 8
C-3 1.7 2.0 6.5 13.1

xS METRBMAXL

Table 8 Comparison of flexural strength

S

%gﬁ . ¢ /mm fi/MPa

RE Ly AX ik # 3 ik
0.00 1.7 0.86(3CHk[16]) 5.7 4.65(3CHK[16])
0.52 2.3 1.2CXmk[16] 7.5 5.04(3CHRL16D

SF 0.64 2.4 1.42CCEk[1D 6.3 5.63CCH[1D
0.71 2.1 1.85(3CHk[1D 6.7 5.27C3CH[1D
0.77 2.2 1.9CXE[1D 6.4 5.36(CHR[1D
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Fig. 6 Area classification figure of S-2
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Table 9 Calculation results of flexural toughness index

I 5 Is I Iz I 5 Is Lo Iz
NC 1.85 1. 85 1. 85 pP-2 2.62 3.66  4.57
S-1 4. 85 6.35 8.71 P-3 3.4 4.14  5.02
S-2 3.76  4.75  6.32 C-1 2.67 3.33 3.58
S-3 3.31  4.36  6.23 C-2 2.86  3.61 3.98
S-4 2.26  4.26  6.59 C-3 2.42  3.21 3.52
P-1 2.53  3.28 3.93
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Fig.7 Sketch map of calculation method for

flexural toughness index
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Table 10 Flexural toughness experimental results

defined by Nemkumar

I 5 PCS. I 5 PCS,,
NC 0. 27 P-2 1.85
S-1 7.18 P-3 2.79
S-2 4.29 C-1 1. 66
S-3 4.17 C-2 2.01
S-4 5. 87 C-3 1. 89
P-1 3.30
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Fig. 8 stress-strain curves of fiber reinforced concrete
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Table 11 Calculation results of flexural elastic modulus

and the ratio of toughness

G5 E;/MPa R,
NC 45 968 1.0
S1 27 391 4.3
S2 29 385 4.2
S3 35 714 3.5
S-4 31 372 4.0
P-1 37 855 3.4
pP-2 36 420 3.6
P-3 39 220 3.1
Cc1 37 857 1.9
C-2 35 667 3.2
3 33 862 3.1
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Table 12 Calculation result of coefficient variation of compressive strength
F../MPa F /MPa AF,
Ik
Z; 7" ) ey Z; 7" 8 ey i/ % 1/ %% b cy

42.63 45,19

NC 44,08 43.76 0.82 0.019 46. 44 46. 11 0. 66 0.014
44. 56 46. 70
49. 04 53.47 88

S-1 51. 45 50. 39 1.01 0.02 56. 15 55.75 1.73 0.031 81 83 0. 04 0.048
50. 68 57. 64 80
51.94 57.68 81

S-2 49.58 49.79 1. 68 0.034 55.59 56.43 0.9 0.016 77 76.33 0.04 0.052
47. 85 56. 04 71
49.45 60. 22 77

S-3 55.76 53. 85 3.12 0.058 62.32 63.38 3.11 0. 049 69 71 0.05 0.070
56. 35 67.61 67
50.92 58.12 82

S-4 46. 35 49. 07 1. 96 0. 040 58.94 58. 15 0.63 0.011 75 78 0.03 0.038
49.93 57.39 77
45. 38 48. 87 61

P-1 49. 17 45,17 3. 35 0.074 52.85 48. 34 3.91 0.081 49 52 0.07 0.135
40. 97 43. 31 46
46. 05 49. 44 55

P-2 48. 82 46.5 1.74 0.037 51.74 49.53 1.77 0.036 39 46 0.07 0.152
44,63 47.41 44
34.2 36. 8 45

P-3 28.09 30. 31 2.76 0.091 30.78 32.2 3.33 0.103 32 39.33 0.05 0.127
28. 64 29.03 41
49. 61 52.72 61

C-1 50. 83 49. 14 1.6 0.033 54.96 53.57 0.99 0.018 59 55 0.07 0.128
46. 99 53.03 45
50. 54 53.92 68

C-2 45. 47 46. 71 2.77 0. 059 48. 66 50. 26 2.6 0.052 49 60 0.08 0.133
44,11 48.19 63
48. 83 51.36 66

C-3 45.55 47. 4 1.37 0.029 48. 67 49. 81 1. 14 0.023 55 59 0.05 0. 085
47. 83 49.4 56
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Table 13 Calculation result of coefficient variation of flexural toughness
for/MPa f+/MPa Is L Iy PCS,,
EOR
Zi 7 0 [ 7 0 [ " 0 SR " 0 v 2 0 [ n 0 Ccy
19 5.5 2.01 2.01 2.01 0. 25
NC 2.35 2.1 0.17 0.081 6.2 5.7 0.36 0.063 1.88 1.85 0.14 0.078 1.88 1.85 0.14 0.078 1.88 1.85 0.14 0.078 0.29 0.27 0.01 0.037
2.15 5.4 1. 67 1. 67 1. 67 0. 28
1.75 6.7 5.42 7.46 9.359 7.41
S1 1.35 1.6 0.18 0.113 84 7.5 0.7 0.093 4.18 4.85 0.51 0.105 5.62 6.35 0.79 0.124 7.32 8.71 0.99 0.114 7.48 7.18 0.37 0.052
1.7 7.4 4. 87 5.99 9.23 6. 67
2.7 6.7 4,22 5.57 7.21 4,42
S2 3.4 3.2 0.3 0.112 6.7 6.3 0.57 0.090 3.43 3.76 0.34 0.091 4.24 4.75 0.58 0.122 5.31 6.32 0.79 0.125 4.55 4.29 0.27 0.063
3.5 5.5 3.64 4. 46 6. 43 3.91
2.4 5.6 2.83 5.49 5.05 4,22
S-3 3.28 2.6 0.49 0.18 7.6 6.7 0.83 0.124 3.88 3.31 0.44 0.133 3.39 4.36 0.87 0.199 6.39 6.23 0.91 0.146 4.51 4.17 0.3 0.072
2.12 6.9 3.23 4.19 7.26 3.77
6.4 5.7 2. 56 4.97 7.83 6. 23
S-4 418 5.5 0.95 0.173 7.2 6.4 0.62 0.097 2.14 2.26 0.21 0.093 4.19 4.26 0.55 0.129 6.28 6.59 0.91 0.138 6.02 5.84 0.42 0.072
5.92 6.3 2.09 3.64 5. 66 5.26
2.2 4.9 2. 86 3.88 3.48 3.61
P-1 32 25 05 0.2 6.5 5.5 0.71 0.129 2.29 2.53 0.24 0.095 2.98 3.28 0.43 0.131 5.06 3.93 0.81 0.206 2.85 3.3 0.32 0.097
2.1 5.1 2.45 2.97 3.26 3.45
2.8 6.6 2.93 3.09 3.39 1.92
P-2 2.1 2.2 0.450.205 6.5 5.9 0.92 0.156 2.12 2.62 0.36 0.137 3.39 3.66 0.61 0.167 5.95 4.57 1.06 0.232 2.01 1.85 0.16 0.086
1.7 4.6 2.82 4.51 4.38 1.61
3 6.3 4.11 3.12 3.72 2.53
P-3 2.8 2.5 0.57 0.228 6.1 5.5 0.99 0.18 2.71 3.4 0.57 0.168 5.06 4.14 0.8 0.193 5.35 5.02 0.96 0.191 3.11 2.79 0.24 0.086
1.7 4.1 3.38 4.24 5.99 2.74
2. 86 5.9 3.19 4,12 4.25 1.83
C-1 1.94 2.6 0.47 0.181 5.7 53 0.72 0.136 2.29 2.67 0.38 0.142 3.15 3.33 0.59 0.177 2.88 3.58 0.56 0.156 1.71 1.66 0.16 0.096
3 4.3 2.53 2.73 3.62 1.45
1.9 6.8 3.52 4. 35 4. 85 1.92
C-2 2.7 2.1 0.43 0.205 4.56 5.8 0.93 0.160 2.64 2.86 0.46 0.161 3.66 3.61 0.63 0.175 3.09 3.98 0.72 0.181 2.29 2.01 0.21 0.104
1.7 6. 07 2.43 2.82 4.01 1.81
1.4 6.9 2.92 3.93 4.25 2.02
Cc3 2.7 2 0.53 0.265 7.3 6.5 0.87 0.134 2.34 2.42 0.37 0.153 3.33 3.21 0.64 0.199 3.66 3.52 0.66 0.188 2.13 1.89 0.25 0.132
19 5.3 2.01 2.38 2. 66 1.53
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