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Abstract - In this study the influence of steel fibers on workability and compressive strength of self-compacting 
concrete(SCC) was investigated. Steel fibers were added to concrete in five different volume percentages of 0, 0.5, 1.0, 1.5, 
and 2.0 by volume of concrete, respectively. The water-to-binder ratio was kept constant at 0.41. Fresh concrete behavior 
was evaluated by means of J-Ring test, slump flow test, V-funnel test and U-box test while the hardened concrete behavior 
was evaluated by means of compressive strength test. Test results show that the workability of fresh concrete with 1.5% and 
2.0% of steel fibers decreased sharply, which cannot meet the requirement of SCC. After 90 minutes, the fresh concrete 
mixed with steel fibers had lost its high flow characteristics by J-ring test and slump flow test. The compressive strength of 
concrete with steel fibers is higher slightly than that of concrete without steel fibers. Based on the results, steel fiber added in 

producing SCC is possible and 1.0% steel fiber was recommended to be considered as the optimum amount. 
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I. INTRODUCTION 

 

Self-compacting concrete (SCC) was developed in 

Japan in the late 1980s. It can be cast into a 

framework and fill it completely under its own weight 

with little or no need of any type of compacting or 

external vibration, nevertheless possesses enough 

viscosity to be handled without segregation or 

bleeding[1, 2].SCC required a high slump and fluidity 

to flow around obstacles such as reinforcements or 
narrow sections. The most general method is to add 

the superplasticizer to the concrete mix. Besides, the 

use of pozzolanic mineral admixtures such as fly ash 

(FA) or granulated blast furnace slag (GGBFS) as the 

binders could also increase the slump of the concrete 

mix[3, 4]. The use of FA has a significant 

improvement of the rheological properties of flowing 

concretes and reduces the cracking potential of 

concrete as it lowers the heat of hydration of the 

cement[5].  

Fiber has been added in cement-based composites 

since 1960s because of improvingthe tensile and 
flexural strength and fracture toughness of hardened 

concrete [6, 7]. Intrinsically concrete is a brittle 

material. The addition of fibers in concrete can 

refrain the growth or propagation of internal cracks 

and helps to transfer load[8-10]. Fibers link cracks 

and slow down the propagation. Therefore, the 

inclusion of fibers in SCC will extend its benefits and 

extend the possible fields of application of SCC. 

However, fibers have a negativeeffectiveness on the 

workability and flow characteristics of fresh concrete. 

The workability of fresh concrete is affected by the 
type and content of fibers on the matrix. A good fiber 

distribution is necessary to attainoptimum benefits of 

the fibers[5]. 

Several studies have been showed on SCC and high-

strength fiber reinforced concretes. Khaloo et al. [11] 

reported their research on mechanical and rheological 

properties of steel-fiber-reinforced concretes. The test 

results showed that the addition of steel fibers 

decreased the workability and compressive strength 

in SCC.Ponikiewski and Katzer [12] indicated that 

the volume fraction of 1.5% is the limit to keep self-

compacting ability of SCC mix withsteel fibers. 

Tabatabaeian et al. [13] found that the steel fibers 

decreased the slump flow in high strength self-

compacting concrete (HSSCC) due tothe presence of 
fibers that prevent cement paste from flowing. 

Meanwhile, the compressivestrength of HSCC 

slightly increased with the addition ofsteel fibers at 

the age of 28 days. 

Combining both steel fibers and SCC into one type of 

cement-based composite would create a material 

opening new possibilities in construction engineering. 

The idea behind the study was to create a SCC 

modified by optimal steel fiber composition. To 

achieve this goal different volume percentagesof steel 

fibers were added to SCC mix according to the 

chosen experiment design. The purpose of the study 
was to investigate the optimum dosage of fibers 

composition allowing to meet the requirement of 

SCC. 

 

II. DETAILS EXPERIMENTAL  

 

2.1. Materials and Procedures 

The steel fibers were wavy fibers made by cutting 

steelsheet and its specific gravity was 7.8. The fiber 

length (L), width (D) and aspect ratio (L/D)were 11 

mm, 0.14 mm and 78.6, respectively.Type I Ordinary 
Portland cement (OPC) confirmed to the ASTM 

C150, Class F fly ash (FA) and ground granulated 

blast furnace slag (GGBFS) were used as binders in 

this study. The physical properties and chemical 

compositions of OPC, FA and GGBFS are listed in 
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Table 1 and 2, respectively. Natural coarse aggregates 

(CA) and river sand (RS) were used in SCC mixtures 
as fillers. A water-reducing agent which is the 

polycarboxylate-based superplasticizer (SP) was 

added to the admixtures. 

 

Physical 

properties 

OPC FA GGBFS 

Specific gravity 3.15 2.12 2.90 

Specific surface 

area (m2/g) 

0.385 0.237 0.402 

Table1: Physical Properties of OPC, FA, and GGBFS 

 

Chemical 

compositions (%) 

OPC FA GGBFS 

CaO 63.56 1.94 40.67 

SiO2 21.04 56.66 34.58 
Al2O3 5.46 23.97 13.69 

Fe2O3 2.98 7.56 0.44 

SO3 2.01 0.57 0.56 

Na2O 0.32 0.33 0.15 

K2O 0.70 0.8 0.32 

MgO 2.52 1.34 7.05 

L.O.I. 1.38 2.76 1.13 

Others 0.03 4.07 1.41 
Table2: Chemical Compositions of OPC, FA and GGBFS 

 

SCC mixtures with a ternary mixture of three binders 

of OPC, FA, and GGBFS were manufactured with 

five different volume percentages of 0, 0.5, 1.0, 1.5, 

and 2.0 by volume of concrete steel fiber. The design 

compressive strength of SCC is 28 MPawith a water-

to-binder ratio of 0.41 at 28 days. SCC mix design 

was given in Table 3. In mixing, First, OPC, FA and 
GGBFS were premixed with coarse and fine 

aggregates for 1 min. Then, the steel fiber was also 

added. And then, the entire amount of mixing water 

with water-reducing superplasticizer was added and 

mixed for 5 min. Before casting, a variety of tests, 

such as J-Ring test, slump flow test, V-funnel test, 

and U-box test, were conducted to determine the 

workability of SCC. Finally, the SCC samples were 

cast and cured at 23°C for 24 h. After 1 day, the SCC 

samples were removed from the mold and transferred 

to a humidity room at the temperature of 23±2 °C 

with a relative humidity of 90±5% until the ages of 

testing. The compressive strength of SCC was 

determined at the ages of 7, 28 and 90 days. 
 

Binder Aggregate* Liquid 

cement FA GGBFS CA RS Water SP 

165 110 165 820 870 175 5.2 
Table3: Mix Proportions of SCC (kg/m

3
) 

*Aggregate includes CA (Coarse Aggregate) and RS 

(Fine Aggregate; Sand).  

 

2.2. Methods 

The J-ring test according to ASTM C1621[14] was 

used to determine the passing ability of SCC. It is 

typical to also perform a slump flow test. The 

apparatus for the J-ring test is shown in Figure 1. 

 
Fig.1. J-ring apparatus for mortar or concrete. 

 

The slump flow test to BS EN 12350-8[15]is used to 

assess flowability and flow rate of SCC. The slump 

cone is filled with concrete and then lifted vertically. 
The time of SCC to spread to 500 mm in diameter 

and the final mean diameters in the two orthogonal 

directions were measured. 

 

The V-funnel test to BS EN 12350-9 [16]is utilized to 

determine filling ability and viscosity of SCC. The V-

funnel is filled with concrete and then its bottom gate 

is opened. The time takes by fresh concrete to flow 

out of the funnel is determined and recorded as the V-

funnel time.The apparatus for the V-funnel test is 

shown in Figure 2. The U-box test is used to evaluate 

the filling ability and passing ability of SCC in 
congested reinforcement.  

 

The main parameter is to measure the concrete 

backfill height of flowing through the barrier from 

cell A to cell B. When the backfill height of concrete 

in cell B is more than 300 mm, SCC has good filling 

and passing ability. The apparatus for the U-box test 

is shown in Figure 3. 

 

 
Fig.2. V-funnel apparatus for mortar or concrete. 
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Fig.3. U-box apparatus for mortar or concrete. 

 
The compressive strength test of the specimens was 

conducted according to ASTM C39-16[17]. For each 

mix, cylinders of size 100 mm diameter and 200 mm 

height were prepared and three specimens of each 

mix were tested at the ages of 7, 28, and 90 days to 

determine the average compressive strength. 

 

III. RESULTS AND DISCUSSION 

 

3.1. Workability of SCC 

The characterization of the fresh SCC containing 

steel fibers was studied and the results were 
summarized in Table 4. 

The slump flow test is to measure the ability of 

concrete deform under its own weight against the 

friction of the surface with no external restraint 

present[18].As given in Table 4, it can be seen that 

the slump flow values of SCC with steel fiber volume 

percentages of 0, 0.5, and 1.0 were in the range of 59 

– 68 cm, whereas the slump flow values of SCC with 

steel fiber volume percentages of 1.5, and2.0 were 30 

cm. It showed that the slump flow decreased with an 

increase in steel fiber volume. Meanwhile, when the 

addition of steel fibers is greater than 1%, the slump 

flow of concrete mix decreased sharply. It indicated 

that the fresh concrete mixeswith steel fiber volume 

percentages of 0, 0.5, and 1.0 can be categorized as 

SCC and consist with the requirement of SCC. The 

test results of J-ring test are similar with those of 

slump flow test. 

Both the V-funnel test and U-box test are utilized to 

determine filling ability and viscosity of SCC.As 
shown in Table 4, the time elapsed of SCC passing 

through the V-funnel was in the range of 8.5–18.7 sec 

in SCC with steel fiber volume percentages of 0, 0.5, 

and 1.0, which the concrete backfill height of flowing 

through the barrier by U-box test were 33.5, 30.2 and 

15.5 cm, respectively. It indicates that the concrete 

mixess with steel fiber volume percentages of 0, 0.5, 

and 1.0 are consistent with the requirement of SCC. 

 

Steel Fiber 0％ 0.5％ 1.0％ 1.5％ 2.0％ 

ASTM J-Ring(cm) 63*64 66*67 50*51 30*30 30*34 

Slump flow(cm) 62*63 67*68 59*60 30*30 30*30 

V-funnel(sec) 8.5 9.8 18.7 - - 

U-box(cm) 33.5 30.2 15.5 - - 
Table4: Workability of fresh SCC 

 

The workability of SCC containing steel fibersafter 90 minutes was studied and the results were summarized in 

Table 5. It can be seen that only the concrete mix without steel fiber reached the requirement of SCC, which has 

the slump flow of 50 cm. It indicated that all concrete mixes with steel fibers are not consistent with the 

requirement of slump flow of SCCafter 90 minutes. 

 

Steel Fiber 0％ 0.5％ 1.0％ 1.5％ 2.0％ 

ASTM J-Ring(cm) 50*50 35*25 - - - 

Slump flow(cm) 50*51 - - - - 
Table5: Workability of SCC after 90 minutes 
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3.2. Compressive Strength of SCC 

The compressive strength development of SCC with 
five different volume percentages of 0, 0.5, 1.0, 1.5, 

and 2.0 by volume of concreteis shown in Figure 4. It 

can be seen that the compressive strength increased 

with an increasing ages. At the age of 7 days, the 

compressive strength of all specimens is higher than 

75% design compressive strength of 28MPa. After 28 

days, the compressive strength is much greater than 

the design compressive strength, reaching more than 

154%. At the age of 90 days, the compressive 

strength is about 2 times as much as the design 

compressive strength.  

As to the effect of steel fiber on compressive strength, 
it shows that the adding of steel fiber increases the 

compressive strength, however the increase rate is 

slight. The compressive strengths of SCC with 

different volume percentages of steel fiber are ranged 

from 55 MPa to 62MPa at the age of 90 days, which 

the compressive strength of SCC without steel fiber is 

53MPa. By adding 0.5% to 2.0% of steel fibers at the 

ages of 90 days, the compressive strength increased 

by 3.8% to 17%,respectively. The reason is attributed 

to the effective roleof steel fibers as agents preventing 

propagation of cracks,reducing their development, 
and providing higher contact surface area. It indicates 

that the addition of steel fibers has no significant 

influence on the compressive strength of SCC. 

 

 
Fig.4. Compressive strength of SCC adding various 

percentages steel fibers 

 

IV. CONCLUSIONS 
 

This study presents the effect of steel fibers on 

workability and compressive strength of SCC. From 

the test results, the following conclusions are made: 

1. The fresh concrete mixes with steel fiber volume 

percentages of 0, 0.5, and 1.0 can be categorized 
as SCC and consist with the requirement of SCC. 

2. After 90 minutes, all concrete mixes with steel 

fibers are not consistent with the requirement of 

slump flow of SCC. 

3. The addition of steel fibers has no significant 

influence on the compressive strength of SCC. 
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