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1 Introduction 

Sustainability in the construction industry is becoming everyday more a major issue in todays 

world. To accomplish sustainability goals, adopted also by the Agenda 2030 of the United 

Nations (2015), wide research has been carried out in the past years. Among this, the use of 

recycled aggregates has been proven to be promising both in terms of sustainability and material 

properties. Electric Arc Furnace (EAF) concrete has demonstrated a significant increase in 

mechanical properties when compared to natural aggregates (NA) ones. However, the 

mechanical properties enhancement is accompanied by an increase of its specific weight and 

the overall effects of its use in RC structures subjected to dynamic loads, has not been 

investigated yet. The present study aims to investigate the seismic reliability of reinforced 

concrete frame buildings made with EAF in comparison to the same structural configurations 

made with NA concrete, considering three different configurations (3-, 6- and 9- story 

buildings), designed considering NAs ordinary concrete. 

2 EAF Slag Concrete and RC Frame Case Studies 

EAF slag is a by-product of the steelmaking industry which, after cooling from temperatures 

up to 1300 °C to ambient conditions, becomes a dark-grey stony material. When used to replace 

NAs, EAF slag has a positive effect on the mechanical properties. It has been experimentally 

proven that coarse aggregates have a beneficial effect, while when fine fraction is used the 

beneficial effect is more limited (Pellegrino et al., 2012). Compared to standard NA concrete, 

the EAF mixtures have higher specific weight about 3.3 – 4.0t/m3 against 2.7t/m3 of normal 

ones. Elastic modulus is also enhanced when using EAF slag.  

3 Seismic Reliability Assessment of the EAF RC Frame Archetypes 

For the Performance-Based Earthquake Engineering (PBEE) framework (Cornell et al., 2000) 

the process of events causing the structural failure is represented by an Homogenous Poisson 

Process (HPP), whose unique parameter, the failure rate 𝜆𝑓, can be used to compute the failure 

probability in any time interval. It depends on the hazard curve (𝜆𝑖𝑚), representing the 

seismicity on a specific site, and on the fragility curve (𝑃[𝑓|𝑖𝑚]) being the probabilistic 

structural behavior of a specific structure. In the present paper, to compute 𝜆𝑖𝑚, the seismic 

hazard map for Italy, provided by the National Institute of Geology and Volcanology (INGV), 
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was used. Fragility functions were computed through the Cloud method (Jalayer&Cornell, 

2003) from non-linear time history analysis. 

4  Results and Discussion 

From the fragility curves and reliability indexes were computed for all building frames (Figure 

1) it can be noted that the overall seismic performance of EAF concrete structures is close to 

the performance of the reference material one.  

 

Figure 1. Reliability index for 3- (a), 6- (b) and 9- (c) story RC frame archetypes. 

When compared to the reference material, EAF concrete buildings report similar reliability 

indexes. This confirms that in terms of safety margins with respect to seismic actions, buildings 

designed with ordinary concrete but built with EAF aggregates are exposed to almost the same 

risk as those built with NAs ones. 

5 Conclusions 

The main goal of this paper was to investigate the effect of concrete mixtures with EAF slag in 

the seismic performance of different code conforming RC-frame structures. When replacing 

NAs of ordinary concrete with EAF ones the seismic safety levels achieved are comparable to 

those of the same structural configuration built with ordinary concrete. 
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