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Abstract. This work presents a procedure for the design of concrete-filled hollow columns under fire 
action, employing cross-section strength interaction diagrams. Fire action induces thermal strains and 
modifies the stress-strain relationships for steel, concrete and reinforcement bars. Strength interaction 
diagrams are tools that relate ultimate values of bending moments and axial force in the cross section. A 
previously developed algorithm is used for the construction of diagrams, obtained by a stepwise variation 
of the deformed configuration, under assumptions of conventional ultimate strain values for concrete and 
steel. The moment magnification factor is used to approximate the second order effects in the column. The 
procedure is compared with European Committee for Standardization rules for calibration of 
eccentricities to be used in the calculations.

1 INTRODUCTION

Axial force-bending moment diagrams are useful and popular tools for ambient temperature design of 
composite beam-column cross sections. A procedure for the construction of such diagrams for arbitrarily 
shaped steel-concrete composite sections under generic temperature distribution, such as that present in a 
fire, was developed by Caldas [1]. This author obtained these diagrams for RC sections and compared the 
results to experimental values. The results showed that the procedure is able to take into account the 
influence of thermal strains, the ultimate concrete strain variation with temperature and different fire 
exposure boundary conditions (1, 2, 3 or 4 faces of rectangular sections).

This paper applies the developed procedure [1, 2, 3, 4] to the design of slender concrete filled circular 
hollow section columns under fire action. The results are then compared to the analytical method adopted 
by the European Committee for Standardization, EN 1994-1-2:2005 [5].

2 COLUMN DESIGN

2.1 Resistance of cross section (interaction diagrams)

Under fire action, the thermal strains and the degradation of the mechanical properties of the materials 
pose challenging difficulties to the limit state analysis of beam-column cross sections. Generic 
temperature distributions result in unexpected variations of the interaction diagrams. In order to define 
these limit states it is necessary to establish ultimate strain values for concrete and steel. For concrete, the 
ultimate compressive strain is conventionally assumed as the value correspondent to the peak stress of the 
Eurocode 2, EN 1992-1-2:2004 [6], temperature-dependent uniaxial stress-strain relation (figure 1).
Concrete tensile stress is not taken into account. 



434



435



436



437



438



439



440

Rodrigo B. Caldas et al.

[7] Caldas, R.B., Fakury, R.H., Sousa Jr., J.B.M. Araújo, A.H.M. ÈCapacidade resistente à compressão
de pilares tubulares circulares de aço preenchidos com concreto em situação de incêndioŠ, Proc. of 
30° CILAMCE, Congresso Ibero-Latino-Americano de Métodos Numéricos em Engenharia, 2009.

[8] American Concrete Institute. Building Code Requirements for Structural Concrete. ACI 318, 2005.

[9] Associação Brasileira de Normas Técnicas (Brazilian Association of Technical Standards). Design 
of Structural Concrete. ABNT NBR 6118:2007.

[10] European Committee for Standardization. Eurocode 4: Design of Composite Steel and Concrete 
Structures, Part 1.1: General Rules and Rules for Buildings. EN 1994-1-1:2004.

[11] Associação Brasileira de Normas Técnicas (Brazilian Association of Technical Standards). Design 
of Steel and Composite Structures for Buildings. ABNT NBR 8800:2008.

[12] Caldas, R.B., Fakury, R.H., Sousa Jr., J.B.M. ÈBases do dimensionamento de pilares mistos de aço 
e concreto segundo o projeto de revisão da NBR 8800Š, Revista da Escola de Minas, 60(2), 271-
276.




