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Bond Strength of Steel Fiber Incorporated in Ultra High Performance
Fiber-Reinforced Concrete

Su-Tae Kangl)*
l)Dept. of Civil Engineering, Daegu University, Gyeongsan 712-714, Korea

ABSTRACT This study was intended to estimate the bond strength of steel fiber in UHPFRC through pullout test. The pullout test
was carried out with the double-sided pullout specimens with multiple fibers. First, the effect of fiber density on the bond strength
was investigated, and the experimental result presented that the density range considered in this study was proved not to produce
fiber-to-fiber interaction. The bond strength was estimated from several methods, which are based on the pullout load or energy at

peak load, and the total energy absorbed until fibers are pulled out completely. the estimated bond strength obtained from the total
energy was shown to be under the influence of the embedded length of fiber. the bond strengths obtained from peak load condition
was 6.64 MPa in average, which had little difference compared to 6.46 MPa calculated by peak load only. Considering simplicity of
test and analysis, it may be no matter to estimate the bond strength from peak load in pullout test.
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Fig. 1 Common experimental methods used to estimate
the matrix-fiber bond strength'

Table 1 Mix proportion of UHPFRC matrix (ratio in weight)'®
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o Ay 7+F-S UHPFRCE A8A S A4S Q&) A HE binder Cement fume Filler | Sand |Superplasticizer
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Table 2 Physical & chemical properties of cement and silica fume
Specific . Chemical composition (%)
Density Ig.loss
Item surface area 3 o .
(cm’/g) (g/em’) (%) Si0: | ALOs | Fe0; | CaO MgO SOs
Cement 3413 3.15 1.40 21.01 6.40 3.12 61.33 3.02 2.3
Silica fume 200000 2.10 1.50 96.00 0.25 0.12 0.38 0.1 -
Table 3 Chemical properties of filler
Ig.loss Chemical composition (%)
Item o .
(%) Al O; MgO CaO Fe;0s Si0,
Filler 0.01 0.06~0.5 < 0.02 < 0.02 0.01~0.07 99.3~99.8
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Table 4 The variables and their values for steel fiber

Designation - Varlable's
Fiber length (mm) | Fiber number (ea)
L13-N16 13 16
L13-N24 13 24
L13-N32 13 32
L20-N32 20 32
L25-N32 25 32
L30-N32 30 32
¢ 0.3
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Fig. 2 Details of steel plate for positioning fibers (unit: mm)
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Fig. 3 Manufacturing of specimens for pullout test

Fig. 4 Pullout test
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Table 5 Pullout test results

Peak | Work to . Slip at | Pullout
Unit peak

load |peak load load (N) peak load | work

(N) | (N-mm) (mm) |(KN-mm)

881.9 | 21.48 27.56 0.034 3.390
L13-N32'| 893.7 | 22.85 27.93 0.047 3.462
890.7 | 36.24 27.83 0.061 3.460

1326.3| 26.49 41.45 0.048 5.607
1150.7| 25.47 35.96 0.039 5.292
1186.0| 29.66 37.06 0.044 5.271
1067.3| 32.45 33.35 0.057 4.169

L20-N32

1794.2| 93.54 56.07 0.114 9.976
L25-N32|1164.4| 33.39 36.39 0.052 7.573
1427.4| 59.67 44.61 0.087 6.095

1947.3| 106.82 60.85 0.102 10.061
L30-N32|1927.7| 139.45 60.24 0.114 8.980
2607.5| 196.60 81.48 0.140 13.437

L13-N24| 620.2 | 20.11 25.84 0.045 2.257

L13-N16| 396.5 16.66 24.78 0.042 1.420

*The test results of L13-32 were cited from ref. (14), and
the specimens were made simultaneously with the others.
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Fig. 6 Assumed bond shear stress-slip curve
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Table 6 Summary of estimated bond strengths

Embedded T Tro s
length |by Eq. (1)|by Eq. (2)|by Eq. (3)
6.5 6.75 7.56 7.98
L13-N32 6.5 6.84 7.26 8.15
6.5 6.82 7.33 8.15
10 6.60 6.60 5.58
L20-N32 10 5.72 6.15 5.26
10 5.90 6.56 5.24
10 5.31 5.69 4.15
12.5 7.14 7.87 6.35
L25-N32 12.5 4.63 5.09 4.82
12.5 5.68 6.29 3.88
15 6.46 6.97 4.45
L30-N32 15 6.39 7.08 3.97
15 8.65 9.31 5.94

(a) Peak pullout load

(b) Pullout work
Fig. 7 The effect of fiber distribution density
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Fig. 10 Pullout work vs. embedded length
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