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1 Thermal gravimetric analysis
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Type of Shape of - Ut ASP_eC/t dratio Density Tensile Elastic  Melting
fiber fiber (/7)) (g/em’) strength modulus point (°C)
(mm) (mm) (MPa)  (GPa)
Steel (ST) Hooked-end 30 0.5 60 7.85 1100 200 1516

Table 1. Physical and mechanical properties of steel fibers
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Mix Specimen C Water®  Cement Tire Silica Fine Coarse Steel Sp Slump
no ID rubber Fume Agg. Agg. fiber (%)  (mm)
(kg)”

1 STOTRO 0.35 192.5 495 0 55 613.8 902 0 0.68 89
2 STOTRS 0.35 192.5 495 10.89 55 583.3 902 0 0.74 86
3 STOTR10  0.35 192.5 495 21.79 55 552.7 902 0 0.77 81
4 STO.5STRO  0.35 192.5 495 0 55 614.3 902 39.2 0.84 87
5 STO.5TRS  0.35 192.5 495 10.90 55 583.7 902 39.2 0.88 80
6 ST0.5TR10  0.35 192.5 495 21.80 55 553.08 902 39.2 0.90 93
7 STI.OTRO  0.35 192.5 495 0 55 614.5 902 78.5 0.91 85
8 ST1.0TRS  0.35 192.5 495 10.91 55 583.9 902 78.5 0.94 89
9 ST1.0TR10 0.35 192.5 495 21.81 55 553.2 902 78.5 0.97 93

*. Table 2. Mix proportions of concrete
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Fig. 1. Thermal regime applied to concrete specimens inside electric furnace
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Specimen ID P20" AP200/P20 (%)  AP400/P20 (%) AP600/P20 (%)
(MPa)
STOTRO 57.1 (0.0)" -20.3 (0.0)™ -31.6 (0.0)™ -59.5 (0.0)™
STOTRS5 46.2 (-19.0) -5.0 (-3.5) -22.6 (-8.5) -61.0 (-21.9)
STOTR10 40.8 (-28.5) -2.1(-12.2) -21.0 (-17.6) -74.1 (-54.3)
ST0.5TRO 54.0 (-5.5) -10.3 (+6.4) -29.5(-2.7) -61.7 (-10.5)
ST0.5TRS 38.1(-33.3) -8.1(-23.1) -16.5 (-18.8) -62.3 (-38.0)
ST0.5TR10 35.3(-38.2) -4.5 (-25.9) -17.1 (-25.1) -76.9 (-64.6)
ST1.0TRO 46.1 (-19.3) -2.0 (-0.7) -16.5 (-1.6) -64.3 (-28.7)
ST1.0TR5 39.8 (-30.2) -11.8 (-22.8) -14.1 (-12.4) -68.8 (-46.2)
ST1.0TR10 38.9 (-31.8) -4.9 (-18.6) -19.2 (-19.5) -65.1 (-41.1)

Table 3. Experimental results of compressive strength of the unheated and heated concrete specimens
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Fig. 2. Compressive strength of the concrete specimens in terms of temperature; (a) tire variable, (b) fiber variable
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Name Target Limits Optimum solution
Lower Upper
T ) is equal to 20 °C 20 600 20
I (%) Maximum 0 10 10
Vi (%) Minimum 0 1 0
Compressive strength ("¢ ), MPa Maximum 8.2 57.1 40
Desirability, % Maximum 0 100 93

Table 4. Optimal solution for concrete containing recycled tire and fiber at 20 °C
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Name Target Limits Optimum solution
Lower Upper
T ) is equal to 200 °C 20 600 200
I (%) Maximum 0 10 10
Vi (%) Minimum 0 1 0
Compressive strength (' © ), MPa Maximum 8.2 57.1 39
Desirability, % Maximum 0 100 93

Table 5. Optimal solution for concrete containing recycled tire and fiber at 200 °C
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Name Target Limits Optimum solution
Lower Upper
T ) is equal to 400 °C 20 600 400
r (%) Maximum 0 10 10
Vi (%) Minimum 0 1 0
Compressive strength (T ¢), MPa Maximum 8.2 57.1 30
Desirability, % Maximum 0 100 87

Table 6. Optimal solution for concrete containing recycled tire and fiber at 400 °C
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Name Target Limits Optimum solution
Lower Upper
T (0 is equal to 600 °C 20 600 600
A Maximum 0 10 10
Vi (%) Minimum 0 1 0
Compressive strength (' © ), MPa Maximum 8.2 57.1 13
Desirability, % Maximum 0 100 70

Table 7. Optimal solution for concrete containing recycled tire and fiber at 600 °C
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Abstract

In Iran, thousands of tons of plastic and rubber materials are discarded as wastes each year. The accumulation of
these wastes around metropolitan areas has become a major environmental problem for cities and countries across
the globe. Thus, many efforts have been made in recent years to find ways to recycle waste plastic materials and
eliminate them from the environment. In this regard, reusing recycled materials is a strategy to deal with this
problem. Since these waste materials do not have a proper quality to be used for usual life purposes such as
household items, thus the best application for these materials is to use them as aggregates in the construction
industry. Furthermore, using waste rubber materials such as scrap tires in the concrete mix is regarded as one of
the efficient ways to recycle these waste materials. In addition, substituting a fraction of natural aggregates in the
concrete mix by waste materials is a promising strategy to deal with environmental problems associated with these
materials. Given that the presence of waste aggregate in concrete degrades its properties, adding fibers to the
concrete mix has been shown to improve the mechanical performance. Therefore, in the present study, the
compressive strength of the concrete reinforced with steel fibers and containing recycled scrap tire rubber
aggregate was evaluated after exposure to high temperatures through an experimental program. Here, a total of
nine mix designs were prepared for the experimental phase, with the test variables being the volume percentage
of tire rubber aggregate as a replacement for natural sand (0, 5, and 10%), the volume fraction of steel fibers (0,
0.5, and 1%), and temperature (20, 200, 400, and 600 °C). Moreover, the compressive strength values were
compared with those predicted by the ACI 216 and EN 1994-1-2 codes. The results showed that adding steel fibers
together with tire rubber aggregate in the concrete mix led to a decrease in the compressive strength of the heated
and unheated concrete specimens. In addition, as temperature increased, the compressive strength of all the
concrete specimens saw a considerable reduction. In this regard, after exposure to 600 °C, the compressive strength
loss rate was higher compared to that after exposure to other temperatures, such that the compressive strength of
the reference specimen and those containing tire aggregate and fibers decreased by 59.5-76.9% relative to that of
the corresponding specimens at ambient temperature. ACI 216 and EN 1994-1-2 provide a relatively good
estimation for the normalized compressive strength of all the concrete specimens containing tire rubber and steel
fibers at 200 and 400 °C; however, they give an overestimation for the reference concrete. In addition, the above
codes give a relatively good prediction for the normalized compressive strength of the specimens exposed to 600
°C (except for specimens STOTR10, ST0.5TR10, and ST1.0TRS). Finally, by employing the response surface
method (RSM), an optimum solution was proposed for the design parameters in which the compressive strength
of the fiber-reinforced concrete containing recycled tire aggregate was maximized at different temperatures.

Keywords: Elevated temperatures, Steel fiber, Recycled tire rubber, Compressive Strength, Optimization

YAA



