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Abstract

Short, randomly distributed steel fibers in concrete increase tensile strength and ductility of
concrete under direct tension, These improvements are results from crack arrest mechanisms of
stee] fibers in concrete, These mechanisms are theoretically assessed in terms of different fiber
spacing concepts, Results indicate that better correlation exists between experimental result and
the spacing concept which takes into account the effect of boundaries as well as the effect of vi-
bration on reorientation of steel fibers inside concrete. Also considered is the
micromechanics-based analysis on the post-peak behavior of SFRC. It includes effects of speci-
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men boundaries, vibration, nonlinearity in the interface between matrix and fiber, and especially
on the compat1b111ty for embeded fiber lengths crossing the critical section. The analytical
studies reveal close agreement between test results and theoretical predictions,

Keywords : SFRC, compatibility, crack arrest mechanism, micromechanics, nonlinearity, speci-

men boundary, vibration
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2.2.1 SFRC 444
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Table 1 Physical properties of aggregate

Spgc. i Absorption FM
gravity (%)
Coarse agg. 2.64 0.90 6.72
Sand 2.63 1.90 290

Table 2 Mix proportion

C | WIC | SIG | (S+G)C | SP(%)
Mix ratio | 1 | 05 1 40 0.005
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Fig. 2 Specimen details
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Table 3 Test result®
A .
Cross Section Fiiber Orient ation Fiber spating fv?r;fe o
4} 10€ers
£ /f Factor

Width | Height | Type of | Length | Dia. v, ults Eq(l) | Eq3 |per unit

(inch) (inch) fiber {inch) {inch) (%) () (inch) (inch) area,eafin’

30 075 |circular 1.0 0.016 0.5-15 1.07-1.29 0.692 0.31—-0.68 0.34—0.24 17.2-517

straight

20 20 circular 05 0.01 1.0-3.0 1.09-1.27 0.586 0.14—0.08 0.16-0.11 74.7-224.0

0.75 0.01 1.0-30 1.21-1.46 0.632 0.14-0.08 0.18—0.13 80.5—241.6
straight 1.0 0.01 1.0-30 | 1.32-159 0.680 083—048 | 02 —0I14 | 86.6—260
3.04 063 lcircular 1.0 0.01 06-18 | 111-136 0.669 018-0.1 | 024-016 ¢ 511-1534
1.4 0.014 06-18 1.10~121 | 0.703 0.25-0.14 0.33~0.23 274-82.3
straight 20 0.02 06-1.2 101-115 @ 0753 0.36—0.25 0.47-0.34 14.4-28.8
30 05 s 0.5 0.017 2.0 153 0.637 0.167 0.15 95.5
;:;;Lgt "l e | oo 20 167 0.667 0.167 0.173 100.0
1.0 0.017 2.0 1.463 0.696 0.167 0.189 104.3
4.0 40 cucular 0.75 0.01 0.6—1.7 1.10-1.18 0.564 0.18-0.11 0.21-0.15 432~122.1
straight 10 0.01 06-17 | 1L17-128 | 058 018-011 | 024—017 | 447-1267
15 0.01 03-12 1.03-1.13 0.632 0.25—0.13 0.34—-0.21 48.3—193.2
0.54 0.016 0.6 1.01 0.545 0.285 0.263 16.27
1.0 0.016 0.6-1.7 1.05—1.18 0.585 0.29—-0.17 0.32-0.23 17.5—495
15 0.016 06—17 1.13-1.34 0.632 0.29—-0.17 0.37—-0.26 18.9-535
2.2 0.022 1.2 1.04 0.700 0.277 0411 2211
30 0.022 0.38 107 0.78 0493 0699 78
33 0.022 0.6—1.2 1.06—1.23 0812 0.39—0.28 0.59—-0.47 12.8—25.7
circular 0.56 0.016 1.7 1.09 0.546 0.169 0.188 46.22
straight 1.14 0.016 06-17 1.01-1.14 0.599 : 0.29~-0.17 0.34—0.24 17.9-50.6
1.68 0.016 0.6—1.7 1.08-1.35 0.649 0.29-0.17 0.38—0.27 19.4-549
duoformed L10 0.016 0.3-17 1.00-1.17 0.596 0.40-0.17 0.42—-0.24 8.90—504
1.65 0.016 03~-17 1.05—-1.27 0.646 0.40—-0.17 048-0.27 9.60—54.7
* f,/f;: Ratio of tensile strength of SFRC to tensile strength of matrix
Table 4 Test results
. . A .
Cross Section Fiber Orient ation Fiber spacing fv?rz:e no
01l Iioers
; ; fulfe
Width | Height | Type of | Length | Dia |V, ulf | Factor Eadl) Eq3) |per unit
(inch) (inch) fiber (inch) (inch) (%) () (inch) (inch)  |areaea/in®
2.75 3.93 circylar 1.65 0.028 0.5-2.0 1.21-133 0.720 0.27-0.54 0.58—0.37 14.5~58.1
straight 2.20 0.028 0.5-2.0 1.09-142 0793 027-054 | 0.65-041 16.0—64.0
2.76 0.028 0.5-2.0 1.08-145 | 0869 0.27-0.54 0.70~0.44 17.5-70.1
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Fig. 4 Relationships between tensile strength ratio and fiber spacing(a, b) or Ny(c)
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