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Abstract 
 
This work investigates the influence of adding reused steel fibers (RSF) on 

the properties of high strength self-compacting concrete (HSSCC) exposed to 

high temperatures. The rheological, mechanical properties, and stiffness were 

studied. Tests were performed after specimens were subjected to 

temperatures of (300, 500, and 700°C) in a furnace for two hours. The results 

showed that rheological properties are slightly affected by incorporating RSF 

where a slight decrease took place in slump flow and passing ability, while 

the viscosity of SCC increased. There was an important improvement in the 

mechanical strength of HSSCC with the incorporation of RSF where the 

increase in compressive, flexural strength, and elastic modulus of FRSCC 

was about 12%, 39%, and 11%, respectively compared to SCC without 

fibers. For heated specimens, experimental results showed a significant 

decrease in the studied properties with increased heating to 700°C. The 

decrease in compressive, flexural strength and elastic modulus were about 

24%, 59%, and 75%, respectively of initial strength for SCC without fibers 

and about 23%, 60%, and 69% of initial strength for FRSCC after exposure 

to a temperature of 500°C. Heating SCC to 700°C led to more brittleness in 

addition to significant losses in its strength and density. The highest impact 

of RSF incorporation in SCC was on the flexural stiffness. The results 

showed that the FRSCC specimens retained an increase in stiffness index  
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about 45%, 35%, 50%, and 84%, respectively compared with SCC without 

fibers at 20°C, 300°C, 500°C, and 700°C. The stiffness index and mechanical 

properties of FRSCC were higher than the SCC without fibers at all tested 

temperatures. 

 

Key words: Reused steel fiber, High-strength concrete, High temperatures, 

Fiber reinforcement, Hybrid steel fibers, Stiffness. 

 

1 Introduction 
 

From the 1998s, self-compacting concrete (SCC) began to be available 

and used mainly in the construction of high-rise buildings and bridges. It was 

suggested in 1986 however, the first prototype developed was in 1988 in 

Japan. SCC was intentionally designed to be able to encapsulate all 

reinforcements and fill every corner of the form only under the effect of its 

own weight, without bleeding or segregation. These characteristics make 

SCC useful when concrete placement is difficult as in complicated work 

forms or in heavily reinforced concrete members.  

HSSCC is a term used to describe a concrete having high-density, high 

strength, low permeability, and low porosity due to low water-cement ratio 

and the use of large quantities of cement and pozzolanic materials in addition 

to chemical admixtures. Although SCC has been shown to have a number of 

advantages when used in structural elements, it suffers from the main 

drawback which is high brittleness (i.e. low tensile capacity). After exposure 

to elevated temperatures, SCC shows more serious degradation than normal 

concrete such as explosion and spalling. Some studies indicated that SCC is 

susceptible to explosives spalling when exposed to the fire however, the 

causes of SCC thermal behavior are not fully understood [1, 2]. 

Concrete is reinforced to increase it's ductility and carrying the tensile 

load because it's a brittle material and consequently is weak in tension. It has 

been well-agreed that the incorporation of fibers such as steel fibers SF 

greatly increases the mechanical strength, impact resistance, and toughness 

[3, 4]. Fiber-reinforced concrete (FRC) is one of the most promising 

materials due to its great advantages such as high tensile strength and 

ductility, absorbing higher energy,..etc. It is commonly used in floors, 

pavements, foundations, beams, precast, slabs, and columns [5].  

Ibrahim [6] reported that cubes with short SF have higher compressive 

strengths than those with longer SF, in spite of having the same fiber volume 

proportion. This is because the SF effect depends on many parameters such 

as type, geometry, size, aspect ratio, the tensile strength of steel fibers.  
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According to ACI Committee 544.2R [7], the used SF volume fraction Vf 

should be between 0.5% and 1.5% by volume of concrete, whereas the aspect 

ratio should be between 50 and 100. Recently, it has been found that SF can 

significantly enhance the residual hardened properties of concrete after being 

exposed to high temperatures due to fire.  

SFRC shows better performance not only under static and semi-static 

loads but also under the influence of impact, fatigue, and impulse loads [8].  

Further study by Yildirim [9], indicated that the thermal instability of 

concrete may be attributed to the accumulation of water vapor pressure due 

to the increase in the internal porous pressure of concrete that exposure to 

elevated temperatures. This may also be as a result of shrinkage and 

expansion, which happen to a concrete surface during heating to high 

temperatures. In addition, parameters such as heating rate, permeability, 

water content, type of aggregates, porosity, have an effect on concrete 

thermal stability.  

The elevated temperature has a significant impact on concrete, especially 

high strength concrete. Some researches have suggested that the concrete 

behavior at elevated temperatures can be improved by adding steel and 

polypropylene fibers [9]. Studying elevated temperature exposure is 

necessary because sudden changes in temperature may cause cracking, 

brittleness, and collapse in concrete elements. This could be due to heat 

shock in addition to the expansion and shrinkage which can lead to very 

serious damages in concrete. Furthermore, high temperatures may greatly 

affect the mechanical strength which is an important parameter in concrete 

[10]. 

In the last decade, in spite of the higher cost of steel fiber, using recycled 

steel fibers for reinforcing matrix in concrete attracted the attention of many 

researchers. The continuous increase in waste solid materials has been 

causing serious concern in terms of environment and public health. One of 

these solid waste is steel fiber residues wasted from the production line in 

factories and the end-of-life tires, which has significantly been increasing in 

parallel with the increase in world population growth and the fast demand in 

all kinds of vehicles. In addition, one tire may content 80% rubber, rubber, 

5% polymeric residue, and 15% steel fibers which all of it can be exploited in 

engineering fields. It was suggested that the best solution to the disposal of 

this waste is to reuse them in beneficial applications such as civil and 

structural engineering ones [11].  

This work aims to study the influence of adding reused steel fibers (RSF) 

on the properties of high strength self-compacting concrete (HSSCC). This 

study also covers the effect of heating at the furnace for two hours on the 

stiffness and mechanical properties of HSSCC/FRSCC.  
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2 Experimental Program 
 
2.1 Materials  
 

Ordinary portland cement (type I) was used in this work with a specific 

surface area 325 m
2
/kg and specific gravity 3.15. Coarse aggregate with a 

maximum size of 12 mm was used and has a specific gravity is 2.65 and 

water absorption 0.43 %. Fine aggregate with a maximum size of 5mm was 

used and has a specific gravity is 2.63, water absorption of 1%, and fine 

modulus of 2.79. All materials were in accordance with the Iraqi 

specification No. 5 [12]. The used pozzolanic materials were silica fume 

having a specific surface area 20100 m
2
/kg and the specific gravity 2.15 and 

conforms with ASTM C1240-05 [13]. Superplasticizer (SP) was used in this 

work to achieve SCC and conforms to ASTM C494 type G [14].  

In this study, steel fiber was obtained from a tires production factory in 

the province of Diwaniyah in Iraq where these fibers are considered to be 

waste in the factory production line. The fibers incorporated  to concrete in 

this study is steel fiber with 1% by concrete volume having different lengths 

(hybrid) 10, 20, 30and 35 mm. Table 1 demonstrates the characteristics of 

reused steel fibers. The fibers (RSF) was added to the concrete according to 

the absolute volume method. The fiber volume fraction 1% was selected 

based on some experimental trial mixes performed in this study, in addition 

to the experiments performed in references [15, 16]. The RSF length could 

be easily and accurately obtained by using a mechanical device. 

       Table 1: Properties of reused steel fibers. 

 

Properties Description 

Tensile strength 1200 MPa 

Diameter (Df) 0.94 mm 

Length (Lf) 10,20,30 and 40 mm 

Aspect ratio 10,20,32 and 45 

Cross section Circular 

Surface structure Straight 

density 7780  kg/m
3
 

 

2.2 Mix Proportions of SCC/RSFCSC 
 

All mixtures were prepared according to the European guideline of SCC  

[17] in addition to the previous study of N. Rao [18].Table 2 demonstrates 

the proportions of the materials used in the studied concrete. The mixing 

process begins by dry mixing of the fine and coarse aggregate then cement 

and silica fume were added to be blended for 3.5 minutes. 

 



                                                                                                                  
 

 

 

 

 
Residual Mechanical Properties of High Strength Self-Compacting Concrete 

with Reused Steel Fibers at High Temperatures 3160 

 

The SP was resolved in the mixing water and progressively added to the 

mixture ingredients followed by continuing mixing for an additional five 

minutes.Then the RSF fibers were added to the mixture and mixing 

continued for another 2.5 minutes. RSF should be gradually added to the 

mixture to avoid twisting configuration and balling. The long fibers were 

firstly added then the short ones were added. Afterward, the mixture was left 

for a minute to rest. The mixture is designed using an absolute volume 

method where silica is added by a percentage of cement while fibers are 

incorporated with 1% of the total volume. 

  
Table2: The proportions of the materials used in the studied concrete. 

 

Materials 
Without Fiber 

kg/m3 

With Fiber 

kg/m3 

Cement 475 475 

Silica Fume 100 100 

Superplasticizers 17.5 17.5 

Water 160 160 

Sand 890 890 

Gravel 770 770 

Steel Fiber / 80 

 

2.3 Testing Methodology 
 

To achieve the objectives of the research, 8 groups of specimens were 

prepared. Each group consists of 12 specimens with a total of 96 different 

specimens, as shown in Table 3. The first two groups were used as reference 

20 °C while the other six groups were subjected to different temperatures as 

previously explained.  
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Table3: Specimens, tests, and specifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
2.4 Heating Regime and Equipment 
 

The specimens were removed from the water treatment tank at the age of 

28 days and dried for two days in the laboratory. After that, a ventilated oven 

was utilized to dry the samples before being exposed to elevated 

temperatures by heating the concrete specimens up to 100°C until the weight 

is constant or the difference in the weight between the two readings was 

negligible. The pre-drying step is necessary to minimize the possibility of an 

explosion of HSSCC/FRSCC samples when subjected to elevated 

temperature in a furnace.  

After drying the specimens, a furnace designed for a maximum 

temperature of 1200 °C was used. The samples were placed inside the test 

furnace which has programmable controls for the heating rate and retention 

time of the temperature. The samples were heated to temperatures of (300, 

500, and 700 °C) for two hours. Upon reaching the required temperature, it 

was kept for two hours inside the furnace to ensure regular heating of the 

tested samples. After the heating time is fulfilled, the temperature was 

allowed to gradually drop by opening small ventilation holes in the furnace 

to avoid a sudden drop in temperature of the specimens. All tests were 

performed after the temperature of specimens has dropped to ambient 

temperature. Heating temperatures were selected based on empirical testing 

of some specimens as well as previous investigation [24].  

Test type 
Specimens 

dimensions (mm) 
Specifications Shapes 

Rheologic

al 

Properties 

Different dimensions EFNARC [19] 
Different 

shapes 

Compressi

ve 

Strength 

Cube (100*100*100) 
According to BS 1881: 

part 116 [20] 

 

Elastic 

Modulus 

Cylinder 

(150*300) 
ASTM C496 - 04 [21] 

 

Flexural 

Strength 
Prism (100*100*500) 

According to ASTM, 

C78 [22] 
 

Density Cube (100*100*100) 
According to ASTM C 

642-06 [23] 

 

Weight 

Loss 
Cube (100*100*100) 

According to ASTM C 

642-06 [23] 
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An important consideration was not to reach a temperature that destroys 

the specimens before it was tested. 

 

3 Results and Discussion 
 
3.1 Rheological Properties 
 

The results indicated that the addition of 1% RSF caused a slight 

decrease in the slump flow while the T500 test time increased. The results 

also show that V-funnel test values had increased by adding RSF where the 

increase was 44% compared with SCC without fibers. This behavior can be 

attributed to increased friction between fibers and aggregates particles in 

addition to the increased viscosity resulting from the addition of RSF. It was 

found that the incorporation of fibers has an inverse influence on the passing 

ability (measured by L-box), where the decrease in the passing ratio was 11% 

compared with SCC. The reduction of L-box results can be justified by the 

fact that the presence of fibers acts as obstacles and blocking the flow 

resulting from the balling of the fibers in front of the rods of the L-box 

device.  

 

3.2 Mechanical Properties of SCC/ RSFSCC 
 
3.2.1 Behavior of unheated concrete 
 

Table 4 shows the experimental results of the mechanical strength of the 

tested specimens at ambient temperatures. There was a clear improvement in 

all mechanical strength with the incorporation of RSF fibers. The results 

indicated that adding 1% RSF (about 80 Kg/m3) led to an increase in 

compressive strength and elastic modulus where the increase was around 

12% and 11%, respectively compared with SCC without fibers. However, the 

incorporation of fibers had an important impact on flexural strength where it 

increased by about 39% compared to SCC without fibers. It was found the 

density of SCC increased by 7% when RSF was added. This increase in 

mechanical properties can be attributed to the effect of fibers (RSF) which 

effectively limits the spread of crack due to the existence of a strong bond 

between the matrix and RSF. This caused an increase in concrete ability in 

absorbing energy which improves the SCC mechanical strength. In addition, 

the steel fiber could bridge the micro/macro cracks that reducing the 

formation of main cracks and thus change the failure mode from a brittle to 

ductile failure.   
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Table 4: Mechanical properties of specimens tested at ambient temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.2 Behavior of SCC/FRSCC specimens after heating 
  
      Figure 1 shows the effect of heating on the mechanical properties at 

tested temperatures. The results indicated a decrease in the strength of tested 

specimens as the heating temperature increased, but not disastrous if the SCC 

is not heated above 300°C. A slight increase in compressive strength can be 

observed at 300°C and a clear decrease in the flexural strength and elastic 

modulus of all tested specimens. The results also showed is a clear 

deterioration of SCC mechanical properties with heating temperature 

increasing to 500°C. The decrease in compressive, flexural strength and 

elastic modulus were about 24%, 59%, and 75%, respectively of initial 

strength for SCC without fibers and about 23%, 60%, and 69% of initial 

strength for FRSCC after exposure to heating at of 500°C see Figure 1 (b,c, 

and d). The results showed that the initial strength of FRSCC specimens was 

significantly higher compared to SCC without fibers at all tested 

temperatures. The high temperature resulted in a mass loss of SCC where the 

increase in density loss was around 350% for FRSCC while for SCC 

specimens without fibers it was about 452% at a temperature of 700°C, (see 

Figure 1a). Concrete lost most of its strength in all the properties and 

becomes very brittle and weak when the temperature reached 700°C. The 

obtained experimental results allow concluding that the decrease in flexural 

strengthw as much quicker than compressive strength with increased 

exposure to heating, see Figure 1 (b and c). The results also showed that 

adding RSF improved residual mechanical strength of SSC where increased 

compressive strength by 7%, 13%, and 36%, respectively compared with 

SCC without fibers at 300, 500, and 700°C (see Figure 1b). In addition, 

flexural strength increased by 54%, 34%, and 100%, while the elastic 

modulus increased by about 8%, 30, and 25%, respectively compared to SCC 

without fibers at 300°C, 500°C, and 700°C, see Figure 1 (c and d). The 

results showed that residual mechanical strength of FRSCC was higher 

compared to SCC without fibers at all tested temperatures. 

Tests 
Without Steel 

fiber 

With  Steel 

fiber 

Increase 

% 

Compressive Strength (MPa) 103 115 12% 

Modulus of elasticity (GPa) 38 42 11% 

Flexural strength (MPa) 6.5 9 39% 

Weight loss (%) 0.78% 0.69% 6% 

Density  (kg/m
3
) 2425 2600 7% 
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This improvement in mechanical properties of SCC can be explained by 

the RSF effect which increases the load-carrying capacity of the SCC matrix 

when subjected to tensile stresses. The role of RSF is to reduce cracking and 

is useful to decrease the severe damage effect of high temperatures which 

can affect all mechanical properties of concrete. The fibers work effectively 

until they reach 700°C, after which the concrete becomes very brittle, 

crumbly, and loses the bonding strength with the fibers. The resulting cracks 

are respective to three factors: 

(i) Concrete expansion during heating,  

(ii) Vapor pressure from water gel and the pores, and  

(iii) The decomposition of cement-hydrating components [25].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: The effect of heating on the mechanical properties at tested temperatures:  

(a) Density,  (b) Compressive strength,  (c) Flexural strength, (d) Elastic modulus, 

and  (e) Weight loss. 
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On the other hand, although the presence of silica fume in the SCC 

mixture increases the bond strength between the fibers and SCC matrix. 

However, it caused the SCC to lose most of its strength and becomes very 

brittle and weak when the temperature reached 700°C. This study clearly 

showed that exposing concrete to a temperature of 700°C increases their 

brittleness considerably where the spread of cracks on its surface can be 

clearly seen. The results indicated that the contribution of steel fibers to 

preserve mechanical properties concrete was effective at the temperature 

range of (300–700°C) but less importance at a temperature of 700°C. This 

behavior is attributed to the following [25]:   

 The partial loss in bond strength between RSF and SCC matrix 

because of the variation in their expansion coefficients at elevated 

temperatures. 

 Heating to 700°C results in large-scale cracking and great 

brittleness in concrete, leading to reduced efficiency of the fiber used. 

 The fine cracking (micro-cracking) is mainly due to the thermal 

incompatibility of the cement paste and aggregate, this increases porosity and 

decrease strength.   

 

3.3 Flexural Stiffness 
 

Stiffness is an important parameter in the evaluation of steel fiber effect 

on the behavior of SFRC. Stiffness is the ability of the material to resist 

deformatio. Stiffness of material means how much elastic it is, to what extent 

it can deform under the application of load and regain its original shape after 

removal of load. The flexural stiffness (K) can be calculated from eq. (1) 

[16].  

                                                                                                   (1) 

Where, (K)= Flexural stiffness, (P)= The applied force and, (δ)= 

Deflection at peak load.Table 5 demonstrates the experimental results of 

stiffness at the ambient temperature in addition to the tested temperatures. 

The results showed that the incorporation of RSF greatly improves the 

stiffness of the SCC. Adding 1% RSF (about 80 kg/m
3
) led to an increase in 

stiffness of SCC by about 42% compared to plain SCC without fibers. This 

increase can be attributed to the RSF effect which effectively limits the crack 

spread due to the existence of a strong bond between the concrete matrix and 

RSF allowing an increase in the absorbed energy. In addition, the influence 

of pull-out forces resulting from the gradual sliding of steel fibers outside the 

SCC matrix leads to a significant increase in the stiffness index. This can 

also be attributed to the fact that the post-cracking behavior is one of the 

most important advantages of SFRC. Plain SCC becomes ineffective after 

cracking, while FRSCC reinforces the cracked section and thus plays an 

important role by resisting tensile stresses.  
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During testing of the FRSCC specimens, small cracks were observed 

before failure and the specimens did not split into parts at the ultimate load as 

in the SCC specimens which failed directly without the appearance of any 

warning cracks. 

For heated specimens, the results showed is a clear deterioration in SCC 

stiffness with increasing the heating temperature. It was found that SCC 

stiffness decreased by 36%, 67, and 92% of its initial strength for SCC 

without fibers and about 47%, 69%, and 90%, respectively for FRSCC 

specimens after exposure to a temperature of 300°C, 500°C, and 700°C. This 

may be attributed to (i) The expansion of the concrete during heating and 

shrinking after cooling, vapor pressure from gel water and the pores, and 

decomposition of cement components; (ii) The partial loss in bond strength 

between aggregate and cement matrix because of the variation in their 

expansion coefficients at elevated temperatures. An important increase in the 

stiffness of FRSCC can be observed compared to SCC without fibers at all 

tested temperatures. The increase in stiffness was about 35%, 50%, and 84%, 

respectively compared to SCC without fibers at temperatures of 300, 500, 

and 700°C. This improvement in stiffness can be attributed to the ability of 

steel fibers to prevent cracks in early loading and thus energy dissipation 

through the SCC matrix. RSF begins to work in a structural supportive 

manner when the SCC matrix starts to crack where the fibers provide 

ductility by bridging cracks. Fiber reduces the spread of cracks and tends to 

limit the sudden failure of specimens, which also leads to an increase in the 

load-carrying capacity of SCC [26]. 
Table 5: The results of flexural stiffness at tested temperatures. 

 

 

 

Temperatures °C Mix code 20°C 300°C 500°C 700°C 

Peak Load (KN) 

SCC 21 13 9 3 

FRSCC 27 15 12 6 

Deflection (mm) 

SCC 0.6 0.57 0.722 1.12 

FRSCC 0.47 0.5 0.67 1.1 

Stiffness (kN/mm) 

SCC 36 23 12 3 

FRSCC 58 31 18 5.5 

Increase % 45% 35% 50% 84% 
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4 Conclusions 
 

It was found that when adding 1% of RSF to SCC, it slightly reduces the 

flowability, passability and increases viscosity compared to plain SCC. For 

the unheated specimens, the use of RSF led toa n important improvement in 

the compressive, flexural strength, and elastic modulus compared to SCC 

without fibers. In addition, the results showed a significant increase in the 

flexural stiffness of FRSCC specimens. Cracks begin to appear on the 

surface of the concrete at 500°C and these cracks increase dramatically with 

the heating temperature increases. Heating for two hours at 700°C resulted in 

a mass loss of SCC, where the increase in density loss was around 350% for 

FRSCC while for SCC specimens without fibers it was about 452% at a 

temperature of 700°C. Concrete lost most of its strength in all the studied 

properties and becomes very brittle and weak at 700°C. It was found that 

adding RSF improved residual mechanical strength of SSC after exposure to 

high temperatures. The results showed there was greatly improved in the 

stiffness of FRSCC specimens compared to SCC specimens without fibers at 

all tested temperatures. The results showed that the residual mechanical 

strength of the FRSCC was higher than SCC without fibers at all studied 

temperatures. 

1) Compressive strength increased by 12%, 7%, 13%, and 36%, 

respectively with the incorporation of RSF compared to SCC without fibers 

at (20, 300, 500, and 700°C). 

2) Elastic modulus increased by about 11, 8%, 30, and 25%, 

respectively with the incorporation of RSF compared to SCC without fibers 

at (20, 300, 500, and 700°C). 

3) Flexural strength increased by 39%, 54%, 34%, and 100%, 

respectively with the incorporation of RSF compared to SCC without fibers 

at (20, 300, 500, and 700°C). 

4) The stiffness increased by 45%, 35%, 50%, and 84%, 

respectively with the incorporation of RSF compared to SCC without fibers 

at (20, 300, 500, and 700°C). 
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