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Abstract

Keywords: fire, filled composite column, fire resistance

Structures will be damaged or collapsed when structural members lose their
load-carrying capacities at elevated temperatures. Fire resistance design is needed to
regulate structures having minimum fire resistance. Although fire resistance design
has been enforced in the building codes, there is a lack for performance-based fire
resistance design and prediction of fire resistance. In this study, behavior, fire
resistance, and effects of the variables of the concrete filled box columns (CFBCs) are

investigated to propose evaluation of the fire resistance.

This study explored the research results from literatures and, accordingly,
designed eight CFBC specimens. Experiment and finite element analyses were
conducted to investigate the behavior of the CFBC specimens, with or without
reinforcement, under fire, and to explore the effects of the variables on the fire
behavior. Finally, a recommendation of fire resistance of the CFBCs was proposed on

the basis of the test results of previous research and this study.

The test results showed that a noise of bursting was heard during the test when
the CFBC specimens reached maximum axial elongation. It is speculated that the
noise was caused by the concrete burst resulting from the difference of temperature
and humidity. The magnitude of the applied axial load significant influenced the axial
deformation and behavior of the specimens, and, further, the fire resistance. However,
the dimension of the cross section of the specimens and reinforcement had little
effects. Finite element analysis could reasonably predict the temperature distribution
and trend of the axial deformation of the specimens. Analysis results indicated that the
magnitude of the applied load was a major variable affecting the fire resistance. Only
some of the specimens designed in accordance with Eurocode reached the code
specified fire resistance. Moreover, the fire resistance formulas used for the concrete
filled tube columns were not suitable to evaluate the fire resistance of the CFBCs.
Therefore, a fire resistance formula was proposed to access the fire resistance of the
CFBCs. The fire resistance of the CFBCs mainly related to the ratio of applied axial

load to the load-carrying capacities of the reinforced concrete.

According to these research results, the following suggestions are proposed.
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For immediate strategy:

The fire behavior of the concrete filled box columns with reinforcement should
be studied. The CFBC specimens with reinforcement had slightly better behavior the
specimens without reinforcement. Therefore, the research is needed to further
investigate the effects of amount of the reinforcement, concrete cover, and spacing of

the lateral tie on the fire behavior.
For long-term strategy:

Performance-based fire resistance design is needed to be established for domestic
building structures. A performance-based fire resistance design is to state the safety
goals and to design the structures to fulfill the requirements. Based on many research
results conducted by the ABRI, it is necessary to establish the performance-based fire

resistance design for the CFBCs.
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Standard Fire Resistance
steel section: (b /e) =25 or (d/e)z=25 R30 [ R60 | R90 |R120 [R180
1| Minimum cross-sectional dimensions for load level g <
0,28
1.1 | Minimum dimensions h and b or minimum diameterd [mm] | 160 | 200 | 220 | 260 | 400
1.2 [ Minimum ratio of reinforcement Ag / (Ag + Ag) in (%) 0 1,5 [ 3,0 [ 6,0 | 6,0
1.3 | Minimum axis distance of reinforcing bars ug [mm] - 30 | 40 | 50 | 60
2 | Minimum cross-sectional dimensions for load level 1 <
0,47
2.1 | Minimum dimensions h and b or minimum diameter d [mm] | 260 | 260 | 400 | 450 | 500
2.2 | Minimum ratio of reinforcement Ag / (Ag + Ag) in (%) 0 30 | 60 | 60 | 6,0
2.3 | Minimum axis distance of reinforcing bars ug [mm] - 30 | 40 | 50 | 60
3 | Minimum cross-sectional dimensions for load level r, <
0,66
3.1 | Minimum dimensions h and b or minimum diameter d [mm] | 260 | 450 | 550 - -
3.2 [ Minimum ratio of reinforcement Ag / (A¢ + Ag) in (%) 30| 60| 60 - -
3.3 | Minimum axis distance of reinforcing bars ug [mm] 25 | 30 | 40 - -

(8 %k : Eurocode 4, EN 1994-1-2)

£ -+ ECCS-Technical Committee 3

B A ﬁé]‘é’e ¢ European Convention for Constructional Steelwork-Technical
Committee 3 (ECCS- Technical Committee 3) (1988) . 2_< # ¥ §+ £ & = 304k &
V2wt i SRR R R W E TS VST R P e AR 23
BoE o Al A TG 5 2 R [ A VR T Rk R
B &%+ ECCS 'itéx C A B %4 o ECCS "itdx C L2 A5 2 R B g 430
C20 2 C40 F % > 4 F 5 S400 s > AHER A ImI 45 m 2 F > 4hfip
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