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Research on the tensile mechanics properties of steel fiber RPC
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Abstract. In order to study the tensile strength of reactive powder concrete (RPC) with different
volume fraction of steel fiber (Vr =0%, 1%, 2%), the axial tensile tests were completed using
self-designed equipment. The splitting tensile test and flexural tensile test were developed at the
same time. The results indicated that the ratio of axial tensile strength and splitting tensile strength
of RPC is descending as the steel fiber volumetric ratio increasing, but the ratio of axial tensile
strength and flexural tensile strength is almost stabilized.

Introduction

Reactive Powder Concrete (RPC) is a new type of green concrete material. RPC possess
excellent properties such as ultra-high static and dynamic strength, high tensile strength, high
toughness and high durability, etc. [1, 2]. Those characteristics especially for tensile toughness
make RPC a great potential prospect in civil engineering field.

In the resent years, the research of basic mechanical properties of RPC was widely developed at
home and abroad, but the investigation on the axial tensile test of RPC was still deficiency. It was
believed that the test methods of tensile strength include axial tensile test, splitting tensile test and
flexural tensile test. Among these three methods, the former was considered to be the best one with
less positioning error in terms of theory and the most difficult one in practice[3]. In this test, a
self-designed axial tensile test equipment was developed and axial tensile test of RPC (the steel
fiber content by volume V;=0%, 1%, 2%) was completed through Universal Testing Machine. The
flexural tensile test and splitting tensile test were also developed which made it reality to compare
the results of three tests.

Experiment

Materials. The mixture ratio of RPC in the test is shown in Table 1, where V¢ represents the steel
fiber content by volume.

Table 1 Mixture ratio of RPC

Cement Silica fume Quartzsand Steel fiber ~Water  Water-reducer

[kg/m’]  [kg/m’] [kg/m’] [kg/m’]  [kg/m’] [kg/m’]

f

0% 706 160 1255 0 122 69
1% 706 160 1255 80 122 69
2%. 706 160 1255 160 122 69

Experimental Design. The specimen of RPC axial tensile test was designed as a dumbbell-shape in
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order to solve the stress concentration problem (Fig.1). The axial tensile test was finished through
Universal Testing Machine with a self-designed steel test equipment (Fig.2). This equipment was
made up of two high quality carbon steel clamps with ball-hinge. RPC specimens could be installed
in the clamps when direct tension was applied. The test result indicates that the complete tensile
stress-strain curve of RPC with V;=1%, 2% could be obtained use this method [4].

I\

o
g
| 60 |40
L4u L
I

3
15
2

1

*‘

1
3

10] 60

100 |, 30
|
|
|

=)
|

Fig. 1 Dumbbell-shaped specimen (unit: mm) Fig.2 Constructional drawing of clamping fixture

The general situations of axial tensile test, splitting tensile test and flexural tensile test are
shown in Fig.3. The specimen of splitting tensile test is a cube of 100 mm side length. The flexural
tensile test specimen is a 100x 100x400 mm cuboids. All the specimens were cast in steel matrix
which was designed specially for the test. Then the specimens were steam-cured at temperature of
75 °C for 72 hours.

(a) axial tensile test (b) splitting tensile test (c) flexural tensile test
Fig.3 Tensile strength test specimens of RPC

Because axial tensile test is difficult in practice, the specimen number of each group was 4.
Meanwhile there are 3 specimens in splitting tensile test and flexural tensile test respectively.

Results and Discussion
Experimental phenomena. The typical tensile failure of three tests is shown in Fig.2, Fig.3 and

Fig.4. It could be observed that when V,=0%, the specimen was very brittle and fractured in two

by increasing of the load. While with steel fiber reinforced, that is when V;=1%, 2%, the specimen

creaked but was still a whole when destruction was happen. The phenomena indicated that with the
volume fraction of steel fiber increasing, the tensile failure mode of RPC turned from brittleness to
toughness.
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@ V;=0% () V;=1% (¢) V;=2% @ V=0% ) V=1%  (© V,=2%
Fig.2 Typical axial tensile failure mode of RPC Fig.3 Typical splitting tensile failure mode of RPC

(@) V,=0% (b) V,=1% © V,=2%

Fig.4 Typical flexural failure mode of RPC

Stress-strain curve. The tensile stress-strain curves of RPC obtained in the axial tensile tests
are shown in Fig. 5. It can be seen that the curve interrupted on the peak point similar as normal

concrete when V;=0%. When the steel fiber content by volume V; increased, the curve decreased
slowly after the maximum load. The descending portion of the curve of V;=2% was more flater

than V;=1% because there is more steel fiber absorbing energy in the specimen.
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Fig.5 axial tensile stress-strain curve of RPC

Main Test Results. Table 2 listed the main test results of each tensile test. Where f; represents
axial tensile strength, f;s represents splitting tensile strength, f;r represents flexural tensile strength.
Because one specimen in the axial tensile test of V= 2% was failure out of gauge length in the test,
there are only three cluster of data.
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Table 2 Results of RPC’s tensile test

V. Specimen /. (MPa) ft’S (MPa) f[’f (MPa)
1 4.75 7.16 13.51
2 4.66 8.05 16.12
0%
3 4.92 7.52 12.94
4 4.67
1 5.93 9.54 15.92
2 5.98 9.08 15.46
1%
3 5.85 9.77 15.20
4 5.99
1 6.88 15.2 19.52
2 6.74 13.6 20.61
2%
3 6.69 13.5 21.43
4 o

Table 3 Comparison of average tensile strength value

/, /.
4 fi(MPa)  f, (MPa) f, (MPa) = =

f;,s ﬁ,f
0% 4.75 7.58 13.24 0.63 0.36
1% 5.94 9.46 15.53 0.63 0.38
2% 6.77 14.1 20.52 0.48 0.33

Summary

Table 3 indicated that the ratio of axial tensile strength and splitting tensile strength of RPC is
descending as the steel fiber volumetric ratio increasing, but the ratio of axial tensile strength and
flexural tensile strength is almost stabilized. The results could be used to estimate the direct tensile
strength through the flexural tensile test.
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