
Structural Engineering and Mechanics, Vol. 90, No. 1 (2024) 51-70 

https://doi.org/10.12989/sem.2024.90.1.051                                                                                                                                             51 

Copyright © 2024 Techno-Press, Ltd. 

http://www.techno-press.com/journals/sem&subpage=7                                                                   ISSN: 1225-4568 (Print), 1598-6217 (Online) 

 
1. Introduction 
 

The Axial Compression Ratio (ACR) in Reinforced 

Concrete (RC) columns is defined in this paper as the ratio 

between the nominal (i.e., unfactored) demanding axial 

force P caused by gravity forces only and the nominal axial 

capacity of concrete f´c Ag, where f´c is the concrete 

compressive strength and Ag is the gross sectional area. The 

Demand Capacity Ratio (DCR) is defined worldwide as the 

ratio between all the demanding factored (combination) 

internal forces (axial, shear, bending, and torque) and the 

design sectional strength. DCR is a much more reliable and 

realistic index of structural strength, as the demand 

accounts for all the loads (gravity, wind, earthquake, etc.) 

and their combinations, and involves all the internal forces, 

regarding the sectional strength, it considers the steel 

reinforcement, the factor (or the material safety factors in 

the European regulations), and the interaction between the 
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different internal forces. Noticeably, the difference between 

the information conveyed by ACR and DCR is higher when 
there is important seismicity. Given this situation, most of 

the design codes do not limit ACR, but only DCR. However, 

suggesting bounds for ACR could prove useful in early 

design stages, by saving time, effort, and money. The main 

aim of this paper is to show that ACR is a rather reliable 

indicator of the final seismic strength (DCR), once this 

hypothesis is confirmed, the convenience of establishing 

bounds for ACR is apparent. This convenience is based on 

several considerations: (i) observed damage of actual 

buildings (Villar-Salinas et al. 2021), (ii) prescriptions of 

several modern major design codes (EN 1998 1-1 2004, GB 

50011-2010 2010), (iii) the seismic action adds more axial 

compression and bending moments to the most loaded 

columns, therefore, ACR is a reliable indicator of their 

remaining capacity (in this sense, it should be noted that 

serviceability conditions coincide roughly with the building 

actual situation prior the seismic effect). Finally, the 
calculation of ACR is an easy operation. This preliminary 

study analyzes three actual representative prototype RC 

frame buildings located in Cartagena, Colombia, one of 

them has six stories, and the two others have eleven. These 

buildings have columns with high ACR. The next 

paragraphs discuss this issue more deeply. 

The breach of actual seismic codes and standards by 
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Abstract.  Poorly designed reinforced concrete (RC) columns of actual moment-resisting frame (MRF) buildings can undergo 

Axial Compression Ratios (ACR) so high as their demand exceeds their capacity, even for serviceability gravity load 

combinations, this lack commonly leads to insufficient seismic strength. Nonetheless, many seismic design codes do not specify 

limits for ACR. The main contribution of this research is to investigate the need to limit the ACR in seismic design. For this 

purpose, three prototype 6 and 11-story RC MRF buildings are analyzed in this paper, these buildings have columns undergoing 

excessive ACR, according to the limits prescribed by standards. To better that situation, three types of alterations are performed: 

retrofitting the abovementioned overloaded columns by steel jacketing, increasing the concrete strength, and reducing the 

number of stories. Several finite element analyses are conducted using the well-known software SAP2000 and the results are 

used for further calculations. Code-type and pushover analyses are performed on the original and retrofitted buildings, the 

suitability of the other modified buildings is checked by code-type analyses only. The obtained results suggest that ACR is a 

rather reliable indicator of the final building strength, hence, apparently, limiting the ACR in the standards (for early stages of 

design) might avoid unnecessary verifications. 
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