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Abstract : In this thesis, fracture test was performed in order to investigate the fracture strength of SFRC(steel fiber

reinforced concrete) structures. The relationship between the compressive force and strain value of SFRC specimens

were observed under the compressive strength test. From the fracture test results, the relationship between percent-

age of fiber by volume, compressive strength, elastic modulus, and tensile strength of SFRC beams were studied,

and the measured elastic modulus of SFRC were compared with the calculated elastic modulus by ACI committee

544.
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1. Introduction

The mechanisms of fiber reinforced concrete was first

studied by Romualdi and Batson [1,2]. They proposed

that the increases in flexural strength and ductility of

concrete with steel fibers can be attributed to the ability

of the fiber to restrain cracks. Romualdi and Mandel [3]

showed that the first crack strength is dependent upon

the spacing of fibers. Hsu et al. [4] showed that all

concrete contains flaws which could increase in size

under loads which were less than 50% of the ultimate

loads. Chang and Chai [5,6] studied that the fatigue

strength with 2,000,000 repeated loading cycles in

SFRC with the steel fiber content varying 0.5, 1.0,

1.5% shows about 71.3, 74.4, 77.8% on the first crack

static flexural strength, respectively.

From the previous studies above, it can be concluded

that the strength of SFRC is a function of the fiber con-

tent and the fiber aspect ratio. However, the effect of

these parameters on the fracture strength of SFRC has

not been clearly examined, and few studies on the frac-

ture strength for SFRC beams with notches have been

performed.

On this basis, this study was performed to investigate

the fracture strength of SFRC beams with different fiber

contents and fiber aspect ratios.

2. Test Program

Steel fibers with diameters of 0.6 mm, and lengths of

36, 48 and 60 mm were used to reinforce the concrete

specimens. The material properties of steel fiber are

shown in Table 1. Portland cement was used and the

maximum size of coarse aggregate was 19 mm. The

mix proportion is used is shown in Table 2 [7] .

Where W is water content, C is cement content, S is

fine aggregate content, and G is coarse aggregate con-

tent, respectively.

In this thesis, the compressive strength test by the

universal testing machine was done. The loading rate
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Table 1. Material properties of steel fiber

Diameter(D)

(mm)

Length(L)

(mm)

Aspect ratio(L/

D)

Density

(g/cm3)

0.6 36 60 7.85

0.6 48 80 7.85

0.6 60 100 7.85

Table 2. Mix proportion of concrete

W (kg/m3) C (kg/m3) S (kg/m3) G (kg/m3)

185 482 752 936
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was kept continuously at 0.1 mm/min until the speci-

mens were fractured. Loading value and the compres-

sive strain were measured periodically using concrete

strain gauges located at the specimen side.

3. Results of Fracture Test

3.1 Slump value

The slump test was performed according to KS F

2402 (Korean Industrial Standards F 2402) [7] in order

to study the effects of the fiber content and the fiber

aspect ratio on the consistency of SFRC. The relation-

ship between the percentage of fiber by volume and the

slump value are shown in Fig. 1.

According to the slump test results as shown in Fig.

1, by increasing the percentage of fiber by volume, the

slump value decreases rapidly and the workability of

SFRC is worse. Therefore, water content has to be

increased adequately or a water reducing agent be used

when the percentage of fiber by volume is more than

about 1.0%. 

3.2 Relationship between the fiber content and the

compressive strength

Cylindrical specimens of φ100 × 200 mm were made

in order to investigate the compressive strength of

SFRC. The relationship between the percentage of fiber

by volume and the compressive strength of SFRC are

shown in Fig. 2.

According to the compressive strength test results as

shown in Fig. 2, by increasing the percentage of fiber

by volume, the compressive strength increases. And when

the fiber aspect ratio is 60, the compressive strength was

maximum value.

3.3 Relationship between the fiber content and the ten-

sile strength

The tensile strength of SFRC, σt, by Kobayashi [8] is

as follow:

(1)

where, Kt is the constant is determined by bond

strength, St is the average space of steel fiber in tensile

area, Sc is the maximum value of St, and σtm is the ten-

sile strength of the plain concrete. And St is as follow:

(2)

where, βt= 0.002 × (L/D), L is fiber length, D is fiber

diameter, and Vf is the fiber content.

The estimated tensile strength of the above equations

was about 0.1times of the average compressive strength

when the fiber content is 0.0~0.5%. And when the fiber

content is 2.0%, tensile strength was about 0.15times.

From these results, it was known that the tensile

strength of SFRC can be increased by increasing of

fiber content. These results are shown in Table 3.

3.4 Elastic modulus of SFRC

In this thesis, according to the performed compressive

strength test, the secant elastic modulus was measured.

And measured elastic modulus are compared with sug-

gested elastic modulus by ACI committee 544 [9], the

comparison results is shown in Table 4.
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Fig. 1. The relationship between the percentage of fiber by vol-

ume and the slump value.

Fig. 2. The relationship between the percentage of fiber by vol-

ume and the compressive strength.

Table 3. Tensile strength of SFRC

Fiber content

(%)

Tensile strength(MPa)

L/D=60 L/D=80 L/D=100

0.0 - 3.4 -

0.5 3.4 3.4 3.5

1.0 4.1 4.2 4.3

1.5 4.7 4.8 4.9

2.0 5.1 5.2 5.4
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The calculated elastic modulus of SFRC, Efc, by ACI

committee 544 is as follow:

(3)

where, Em is the elastic modulus of matrix(concrete)

and Efi is the elastic modulus of fiber.

In these results, it was found that the measured elastic

modulus of SFRC was consistent with the calculated

elastic modulus by ACI committee 544, approximately.

4. Conclusions

1. The slump values decrease rapidly when the per-

centage of fiber by volume of SFRC is more than about

1.0%. In such a case, the slump values must be

increased by increasing a unit water volume or by add-

ing the water reducing agent in order to achieve ade-

quate effects of the fiber reinforcement.

2. According to the compressive strength test results,

by increasing the percentage of fiber by volume, the

compressive strength increases. And when the fiber

aspect ratio is 60, the compressive strength was maxi-

mum value.

3. The estimated tensile strength was about 0.1times

of the average compressive strength when the fiber con-

tent is 0.0~0.5%. And when the fiber content is 2.0%,

tensile strength was about 0.15times

4. The measured elastic modulus of SFRC was con-

sistent with the calculated elastic modulus by ACI com-

mittee 544, approximately.
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Table 4. Comparison results of calculated elastic modulus and

measured elastic modulus

Fiber content

(%)

Calculated elastic

modulus (GPa)

Measured elastic

modulus (GPa)

0.0 22.3 22.3

0.5 23.2 24.1

1.0 23.7 23.1

1.5 24.1 24.3

2.0 25.0 27.0


