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Abstract

Concrete-filled steel tubular (CFST) members are commonly used as composite columns in modern construction. However,
the current guidelines for members’ fire design (EN1994-1-2) have been proved to be unsafe in case the relative slenderness
is higher than 0.5. In addition, the simplified design methods of Eurocode 4 are limited to circular and square CFST columns,
while in practice columns with rectangular and elliptical hollow sections are being increasingly used because of their
architectural aesthetics. In the last years a large experimental research has been carried out at Coimbra University on the topic.
They have been tested concrete filled circular, square, rectangular and elliptical hollow columns with restrained thermal
elongation. Some parameters such as the slenderness, the type of cross-section geometry as well as the axial and rotational
restraint of the surrounding structure to the column have been tested in order to evaluate their influence on the fire resistance
of such columns. In this paper it is evaluated the influence of the boundary conditions (pin-ended and semi-rigid end-support
conditions) on the behavior of the columns in case of fire. In these tests it could not be seen a marked effect of the tested
boundary conditions but it is believed that the increasing of rotational stiffness increases the fire resistance of the columns.
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0. Notation

CFST concrete-filled steel tubular

CC circular column

EC elliptical column

RC rectangular column

SC square column

A cross-sectional area of the column

Am/V section factor

b short dimension of the cross-section (width of

the cross-section)

d long dimension of the cross-section (length of

the cross-section)

L effective buckling length of a column in the

plane of bending

t wall thickness of steel tube

fc compressive strength of the concrete at normal

temperature

fy yield strength of the steel at normal temperature

ρs longitudinal steel reinforcement ratio

non-dimensional slenderness of the column at

normal temperature

Npl,Rd design resistance to axial compression of the

composite section

Ncr minimum elastic critical force for flexural

buckling of a compression member with semi-

rigid end support conditions

Nb,Rd design buckling resistance of a compression

member

ka,c axial stiffness of the column

Kr,c rotational stiffness of the column about the

minor axis

P axial compression force in the column

P0 initial applied service load on the column

P/P0 relative axial restraint forces

ka axial restraint imposed by a surrounding struc-

ture to the thermal elongation of the column

Kr rotational restraint imposed by a surrounding

structure to the rotation of the column ends

subjected to fire (about both principal axes)

Kr rotational restraint imposed by a surrounding

structure to the rotation of the column ends

subjected to fire (about both principal axes)

tPmáx time for maximum axial restraint force

tcr critical time

1. Introduction

Concrete filled steel tubular (CFST) columns are inc-

reasingly assuming a greater role in civil construction.
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This is due to the combination of some of the best prop-

erties of each material, making it structurally advantag-

eous and an efficient solution (Qiu et al., 2017, Yuan et

al., 2018). Concrete filling offers an attractive practical

solution for providing fire protection to steel hollow col-

umns without any external protection. The fire resistance

of concrete-filled steel hollow section columns may be

between 50 and 100 minutes, depending on the type of

concrete filling (plain concrete, bar-reinforced concrete or

steel fiber-reinforced concrete) (Kodur, 1999) whereas

the fire resistance of common steel tube columns is less

than 30 minutes (Scullion et al., 2011). This improved

fire resistance is also due to the composite action between

concrete core and steel tube (Wang et al., 2017).

This type of columns has the particularity of the steel

tube first expands more than the concrete core, due to the

higher temperature and thermal expansion coefficient of

the steel, which sustains the serviceability load applied to

the column. In the latter stages the steel tube starts to

buckle locally, due to the degradation of the mechanical

properties at high temperatures and consequent loss of

loadbearing capacity, transferring this way the load to the

concrete core. Finally, when the concrete core loses its

strength, the column as a whole buckle (Espinos et al.,

2016). The existing studies on columns made of concrete-

filled steel hollow sections at high temperatures addressed

the effect of the depth-to-thickness ratio (Espinos et al.,

2015), the column slenderness (Mago and Hicks, 2016),

the initial applied load level, the load eccentricity (Yao et

al., 2016) and the local buckling in the concrete-filled

steel tube on their fire resistance. These studies proved

that both the simplified calculation model in clause 4.3.5.1

and the method in Annex H of EN 1994-1-2:2005 lead to

unsafe predictions for both axially and eccentrically

loaded columns (Albero et al., 2016). However, most

studies did not take into account the interaction between

the column and the surrounding structure and correspond-

ing boundary conditions. The response of these columns

when inserted in a building structure is different than when

isolated. Both axial and rotational restraints to the thermal

elongation of the column, play a role on column's stability,

by inducing different forms of interaction between the

heated column and the cold adjacent structure. Whereas

the axial restraint to thermal elongation of the columns

may have a detrimental effect, the rotational restraint may

have a beneficial effect on the fire resistance (Ibañez et

al., 2016; Rodrigues and Laim, 2017a).

Therefore, with the main purpose of contributing for the

development of simplified design methods for the design

of these concrete filled tubular composite columns, it is

intended to describe in detail in this paper the behavior of

CFST columns in fire situation with particular interest on

the influence of the boundary conditions (Rodrigues and

Laim, 2017a, 2017b).

2. Experimental Tests

2.1. Test Set-up

The experimental set-up is viewed in Fig. 1. A three-

dimensional (3D) frame was built, that allowed position-

ing the testing columns in the center and thus simulating

the surrounding structure to the column. With this experi-

mental set-up different axial restraint, ka could be impo-

sed by the surrounding structure on the CFST columns,

however only the one corresponding to 30 kN/mm is

considered in this work. The system is also composed by

a two-dimensional (2D) frame, in which a hydraulic jack

was positioned, to apply the serviceability loads to the

columns.

The columns were placed in the center of the 3D res-

training frame and tested with semi-rigid and pin-ended

support conditions. The columns had at each end a steel

plate S355 that fitted directly to the 3D restraining frame

(semi-rigid support condition) or to the pinned support

(pin-ended support condition). The connection of the col-

umn to the supports have been done in both cases by four

M24 steel grade 8.8 bolts. The details of the supports are

presented in Fig. 2.

Additionally, above the specimen a 3MN compression

load cell was placed to monitor the axial restraining forces

Figure 1. General view of the test set-up.
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generated in the CFST columns during the test. The ther-

mal action was applied by a vertical modular electric fur-

nace programmed to reproduce the ISO 834 standard fire

curve (ISO 834-1, 1999).

2.2. Tested columns

A great number of experiments on the behavior of con-

crete filled circular (CC), square (SC), rectangular (RC)

and elliptical (EC) hollow columns at high temperatures,

was carried out under this experimental program. The

specimens were full-scale columns made of hollow steel

profiles completely filled with reinforced concrete (Fig.

3), with the mentioned steel cross-sections. All reinfor-

cing bars used in the test specimens were of S500 struc-

tural steel and all specimens presented a similar concrete

of C25/30 class with calcareous aggregate, according to

EN 1992-1-1:2004. In addition, all steel profiles were

3.15 m tall of S355 grade (with a nominal yield strength

of 355 MPa and a tensile strength of 510 MPa), according

to EN 1993-1-1:2004. Another important point to note is

that about five days after concrete casting, the moisture

content of the concrete was about 4.5%, according to the

procedure described in EN 1097-5:2009. This parameter

was measured as soon as possible because the water loss

from the concrete inside the steel tubes was too limited.

The following table (Table 1) presents the characteris-

tics of the columns and the calculation of the service-

ability loads for the tests carried out. In the last columns

of the table, the axial and rotational adimensional stiff-

ness, are also presented. In this paper only the columns

tested with axial stiffness of 30 kN/mm were presented

the results as the main objective of the paper is to analyse

the effect of the boundary conditions on the behaviour of

the columns at high temperatures. This stiffness is refer-

enced in the figures by lka.

Table 2 presents the dimensions of the steel tubes and

the amount of steel rebars adopted in each of the columns

used in the experiments. For each specimen the transver-

sal reinforcement was composed of 8 mm diameter stir-

rups with a spacing of 150 mm until about 800 mm from

the supports and with a spacing of 200 mm in the central

part. The concrete covering related to the rebars for all

tested columns was 25 mm.

For each type of column two different cross-sections

were tested, except for the elliptical ones. Therefore, the

circular hollow sections were 273 and 193.7 mm with a

Figure 2. Details of the end supports: (a), (b) and (c) pin-ended; (d) semi-rigid ended.

Figure 3. Scheme of the cross-sections of the tested columns.
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wall’s thickness of 10 and 8 mm (respectively). The square

ones were 150 mm and 220 mm wide with a wall’s thick-

ness of 10 and 8 mm (respectively). The rectangular ones

were 250 mm and 350 mm height and 150 mm wide with

a wall’s thickness of 10 mm. The elliptical ones had 320

mm height and 160 mm wide with a wall’s thickness of

12.5 mm.

The largest circular and square columns had eight longi-

tudinal rebars, four of which were 16 mm in diameter

(416) and the other four were 10 mm (4φ10). The narr-

owest column had four longitudinal rebars of 12 mm in

diameter (4φ12). On the other hand, the largest rectang-

ular column had six longitudinal rebars, four of which of

16 mm in diameter (4φ16) and the others of 10 mm (2φ

10), whereas the narrowest rectangular column had four

longitudinal rebars of 16 mm in diameter (4φ16). For the

elliptical columns were used 4 rebars of 10 mm in dia-

meter (4φ10).

Note that these longitudinal rebars were chosen for this

study in order to have similar longitudinal reinforcement

ratios between columns with the same geometric shape.

As well as that the widest rebars were placed at the cor-

ners of the cross-sections and the others in the middle, as

shown in Fig. 3 and Table 2.

2.3. Test Procedure

The test procedure first involved the positioning of the

CFST test column in the center of the restraining frame,

followed by applying the serviceability load. The load

level applied on the columns, P0, was 30% of the design

value of the buckling load of the columns at ambient

temperature, calculated in accordance with the methods

proposed in EN 1994-1-1:2004 (i.e., based on charac-

teristic material properties). During the application of the

Table 1. Test programme

Test reference
A

(mm2)
Am/V
(m-1)

Npl,Rd

(kN)
Ncr

(kN)
Nb,Rd

(kN)

ka,c
(kN/
mm)

kr,c
(kN.m/

rad)

P0

(kN)

ka
(kN/
mm)

kr
(kN·m/

rad)
ka/ka,c

kr/
(kr+kr,c)

CC273-30ka-PP 58535 14.7 0.51 4075 17519 3759 1094 24695 1128 30 0 0.03 0

SC220-30ka-PP 48400 18.2 0.54 3987 14562 3627 1005 20528 1088 30 0 0.03 0

CC194-30ka-PP 29468 20.7 0.71 2258 4704 1903 573 6632 571 30 0 0.05 0

RC350-30ka-PP 52500 19.0 0.75 4385 8319 3600 1104 11727 1080 30 0 0.03 0

RC250-30ka-PP 37500 21.3 0.77 3436 6137 2783 837 8651 835 30 0 0.04 0

SC150-30ka-PP 22500 26.7 0.80 2043 3420 1626 500 4820 488 30 0 0.06 0

EC320-30ka-PP 40212 19.8 0.85 4118 6109 2858 965 8612 857 30 0 0.03 0

CC273-30ka-SR 58535 14.7 0.41 4016 26426 3814 1094 24695 1144 30 94615 0.03 0.79

SC220-30ka-SR 48400 18.2 0.44 3987 21967 3751 1005 20528 1125 30 94615 0.03 0.82

CC194-30ka-SR 29468 20.7 0.58 2178 7097 1956 573 6632 587 30 94615 0.05 0.93

RC350-30ka-SR 52500 19.0 0.61 4385 12549 3880 1104 11727 1164 30 94615 0.03 0.89

RC250-30ka-SR 37500 21.3 0.63 3436 9258 3016 837 8651 905 30 94615 0.04 0.92

SC150-30ka-SR 22500 26.7 0.65 2043 5158 1776 500 4820 533 30 94615 0.06 0.95

EC320-30ka-SR 40212 19.8 0.69 4118 9216 3248 965 8612 974 30 94615 0.03 0.92

CC273-110ka-SR 58535 14.7 0.41 4016 26426 3814 1094 24695 1144 110 131340 0.10 0.84

SC220-110ka-SR 48400 18.2 0.44 3987 21967 3751 1005 20528 1125 110 131340 0.11 0.86

CC194-110ka-SR 29468 20.7 0.58 2178 7097 1956 573 6632 587 110 131340 0.19 0.95

RC350-110ka-SR 52500 19.0 0.61 4385 12549 3880 1104 11727 1164 110 131340 0.10 0.92

RC250-110ka-SR 37500 21.3 0.63 3436 9258 3016 837 8651 905 110 131340 0.13 0.94

SC150-110ka-SR 22500 26.7 0.65 2043 5158 1776 500 4820 533 110 131340 0.22 0.96

EC320-110ka-SR 40212 19.8 0.69 4118 9216 3248 965 8612 974 110 131340 0.11 0.94

Table 2. Geometric characteristics of specimens

Test reference
d

(mm)
b

(mm)
t

(mm)
fy

(MPa)
fc

(MPa)
rebars

ρs

(%)
d/t d/b

CC273 273.0 - 10.0 365 33 4φ16 & 4φ10 2.3 27.3 -

CC194 193.7 - 8.0 365 33 4φ12 1.9 24.2 -

SC220 220.0 220.0 10.0 410 33 4φ16 & 4φ10 2.9 22.0 1.0

SC150 150.0 150.0 8.0 410 33 4φ12 2.6 18.8 1.0

RC350 350.0 150.0 10.0 420 33 4φ16 & 2φ10 2.3 35.0 2.3

RC250 250.0 150.0 10.0 420 33 4φ16 2.7 25.0 1.7

EC320 320.0 160.0 12.5 375 33 4φ20 4.2 25.6 2.0

λ
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load, the upper beams of the restraining frame were not

connected to the columns in such a way that they could

move freely downwards, ensuring that the load was

directly applied to the test specimen. Once the predefined

load level was reached, the vertical movement of the

upper beams of the restraining frame was blocked (the

connections between the upper beams and the peripheral

columns of the restraining frame were fastened with lock-

ing nuts, washers and threaded rods) in order to activate

the restraint imposed by the restraining frame on the CFST

column. Finally, the electric furnace was turned on, and the

specimen was uniformly exposed to the ISO 834 standard

fire curve (ISO 834-1, 1999). During the heating period,

the load was kept constant until the specimen failed. The

failure criterion adopted in this study was based on the

ultimate load bearing capacity of the column, that is when

it could no longer support the initial applied load (serv-

iceability load).

3. Results

3.1. Temperatures

Fig. 4 depicts, as an example, the evolution of tempera-

tures on columns CC194-lka-sr (a), EC320-lka-sr (b), RC

250-lka-sr (c) and SC150-lka-sr (d), as a function of time.

All the temperatures presented were measured at mid-

height of the columns. For all cases, the lowest axial stiff-

ness, and semi-rigid boundary conditions were chosen. It

is possible to observe a great difference of temperatures,

between the thermocouples in the concrete and the steel,

on the surface outside the columns. Thermocouples named

with the letter S, stand for thermocouples in the steel sur-

face, and the letter C stands for the ones inside the conc-

rete. Thermocouple S1 is placed in the steel reinforcement

of the column and thermocouple S2 is outside the column.

The temperatures in the steel tube increased faster, trying

to accompany the furnace heating curve, while the temp-

eratures in the rebars and concrete increased slower reach-

ing temperatures of not more than 200ºC. A huge differ-

ence between the outer surface of steel, and the tempera-

tures inside the concrete, and the reinforcement, was ob-

served. For this temperature level the mechanical prop-

erties of the concrete and rebars remain unaffected and

indicates that buckling was governed by the external steel

tube.

3.2. Restraining forces and axial displacements

In this section, the evolution of the relative axial forces

and vertical displacements in the columns are depicted, in

different graphs. In each graph, two different lines are

depicted, the red line stands for the semi-rigid boundary

condition and the blue line stand for the pin-ended col-

umns. The restraining forces showed the typical behavior

of increasing up to a maximum and at a certain point start

decreasing, due to degradation of the mechanical prop-

erties of the materials with the temperature, reaching again

the value of the initial applied loading.

In Fig. 5, the results for the circular column CC-194

Figure 4. Temperatures at column’s mid-height a) CC194-lka-sr, b) EC320-lka-sr, c) RC250-lka-sr and d) SC150-lka-sr.
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show no major differences between the two boundary

conditions, neither for the relative axial forces, neither for

the vertical displacements.

In Fig. 6, the results for the elliptical column EC-320

show important differences between the two boundary

conditions. The pin-ended column experienced a typical

behavior of these columns under fire, with an abrupt decay

of the relative restraint forces, and the semi-rigid column

presents a gentle decay of the restraining forces. This post-

buckling behavior is important in terms of the analysis of

the global behavior of the whole structure. It is very dif-

ferent the behavior of a structure with columns suffering

an instantaneous loss than with columns suffering smooth

a decay of the of load bearing capacity.

In Fig. 7, the results for the rectangular column RC-250

are presented. Despite of the difference in the critical times,

with higher resistance presented by the pin-ended, exp-

lained maybe by higher local buckling on the semi-rigid

columns, the shape of the graphs is pretty much the same.

In Fig. 8, the results for the square columns SC150,

show negligible differences on the critical times for both

end support conditions. The experimental tests on the pin-

ended columns, showed a sudden decay on the restraining

forces after the peak value followed by a sudden decay

Figure 5. a) Relative Axial Restraint Force and b) Axial Displacements for column CC194-lka, for semi-rigid and pin-
ended boundary conditions.

Figure 6. a) Relative Axial Restraining Forces and b) Axial Displacements for column EC320-lka for semi-rigid and pin-
ended boundary conditions.

Figure 7. a) Relative Axial Restraining Forces and b) Axial Displacements for column RC250-lka for semi-rigid and pin-
ended boundary.
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for later stages of the tests and near de critical time.

In general, it can be said that columns with regular

cross-sections, with two similar buckling axes, it is not

observed any influence of the boundary conditions. On

the other hand, columns with two distinct buckling axes,

the ones with pin-ended support conditions showed abrupt

buckling that occurs around the weak buckling axis.

Table 3 presents the main results of the tests under

study: maximum relative axial forces, times from the beg-

inning of the tests and critical times. It is interesting to

note that the maximum relative axial restraining forces

are greater for the cases on semi-rigid ended support con-

ditions than for pin-ended support conditions. Moreover,

except for the elliptical columns, this peak of maximum

axial restraining forces, occurred approximately at mid-

time of the tests. Only for this type of columns, the semi-

rigid ended support conditions provided greater critical

time, but it is worth to note that this Table do not reflect

the post-buckling behavior of the columns.

3.3. Lateral Deflections and Stiffness of the System

Figs. 9 to 12 depict the deformed shapes of the columns,

in the end of the tests, meaning, in the moment consid-

ered the collapse of the element. The deformed shapes are

drawn around minor and major axis, for each column,

elliptical, circular, rectangular and square, for both boun-

dary conditions adopted in the study, pin-ended (pp) and

semi-rigid (sr). In general, as expected, greater deflections

were observed for deflections around minor axis, and for

double-symmetric cross-sections no important differences

were noticed.

Fig. 9 depicts the deformed shapes on the circular col-

umns CC194. It is observed for this column, that the semi-

rigid end support conditions provide lower deflections,

around both axes. All graphs were plotted for the critical

times of 35 minutes, equal for both end conditions.

Fig. 10 depicts the deformed shapes on the elliptical

columns EC320. It must be stated that these deformed

shapes were plotted for different times, which were

considered the critical times for each test. Thus, the pin-

ended column has a critical time of 33 minutes and the

semi-rigid column has a critical time of 42 minutes mean-

ing that the deformed shapes of Fig. 10 are for different

instants of time.

Fig. 11 depicts the deformed shapes on the rectangular

columns RC250. In this case a strange result was obtained.

The pin-ended column presented a greater critical time

than the semi-rigid end condition column. This result was

not expectable at all, and may be explained by the strong

local buckling observed in this case.

In Fig. 12, the deformed shapes on the square columns

SC150 is depicted. In this case, as observed in the circular

column, the critical time is almost the same for both end

conditions.

Figs. 13 to 16, depict the stiffness of the set, composed

by the column and the surrounding frame, for the different

types of columns.

In Fig. 13, for the circular column CC194, the stiffness

for the case of the pin-ended column was 20.8 kN/mm,

and for the case of semi-rigid boundary condition was

31.5 kN/mm.

In Fig. 14, for the elliptical column EC320, the stiffness

Figure 8. a) Relative Axial Restraining Forces and b) Axial Displacements for column SC150-lka for cases of semi-rigid
and pin-ended boundary.

Table 3. Maximum relative axial restraining forces, time for the maximum axial restraining forces and critical times

Columns
pined-pined end support

Columns
semi-rigid end support

P/P0 tPmáx (min.) tcr (min.) P/P0 tPmáx (min.) tcr (min.)

CC194-30ka-PP 1.31 17.32 35.7 CC194-30ka-SR 1.43 15.70 34.58

EC320-30ka-PP 1.37 26.20 33.30 EC320-30ka-SR 1.43 23.33 42.13

RC250-30ka-PP 1.26 21.27 37.35 RC250-30ka-SR 1.35 18.88 32.37

SC150-30ka-PP 1.37 15.28 24.42 SC150-30ka-SR 1.45 14.43 24.37
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was 20.2 kN/mm for the pin-ended, and 29.5 kN/mm for

the semi-rigid boundary conditions.

In Fig. 15, for the rectangular column RC250, the values

were a little bit higher: 23.3 kN/mm for the pin-ended,

and 34.7 kN/mm for the semi-rigid boundary conditions.

In Fig. 16, the lowest values observed were for the

square columns: 19.5 kN/mm for the pin-ended column,

and 31.1 kN/mm for the semi-rigid column.

As expected, in all cases the global stiffness was always

higher for the case of the semi-rigid connections.

3.4. Rotations

Figs. 17 to 20 depict the rotations on the top of the col-

umns. These rotations were registered with four displace-

ment transducers (three were enough) placed in the cor-

ners of the top end plates of the columns and with this

allowing determining all rotation planes. With the results

of these LVDT´s, it was possible to define the position of

the plane defined by the end plate, and its rotation around

x and y axis. Fig. 17 depicts the rotations for the circular

column CC194.

In Fig. 18, the rotations for the elliptical column EC320

are presented. It is clear that the rotations for the semi-

rigid support connection were almost negligible, and in the

pin-ended column, the rotations around y axis are greater

than the ones around x axis.

In Fig. 19, the case of the rectangular column RC250 is

showed. Again, the rotations for the semi-rigid connection

Figure 9. Lateral deflections for columns CC194-lka: a) pp-y axis; b) pp-x axis; c) sr-y axis; d) sr-x axis.

Figure 10. Lateral deflections for column EC320-lka: a) pp-y axis; b) pp-x axis; c) sr-y axis; d) sr-x axis.
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Figure 11. Lateral deflections for column RC250-lka: a) pp-y axis; b) pp-x axis; c) sr-y axis; d) sr-x axis.

Figure 12. Lateral deflections for column SC150-lka: a) pp-y axis; b) pp-x axis; c) sr-y axis; d) sr-x axis.

Figure 13. Stiffness of column CC194-lka for a) pin-ended and b) semi-rigid boundary conditions.
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Figure 14. Stiffness of column EC320-lka for a) pin-ended and b) semi-rigid boundary conditions.

Figure 15. Stiffness of column RC250-lka for a) pin-ended and b) semi-rigid boundary conditions.

Figure 16. Stiffness of column SC150-lka for a) pin-ended and b) semi-rigid boundary conditions.

Figure 17. Rotations on top of column CC194-lka for a) pin-ended and b) semi-rigid boundary conditions.
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were very low, and for the pin-ended column the rotations

around the minor axis are greater than the ones around

major axis, as expected.

Fig. 20, depicts the case of the square column RC150.

Again, the rotations for the semi-rigid connection were

very low, and for the pin-ended column the rotations around

x axis suffer an abrupt increase, which may be explained

by some geometrical imperfections of the column, or some

initial eccentricities. However, this abrupt behavior is con-

gruent with the abrupt decay of the relative axial restrain-

ing forces and also the axial displacement.

3.5. Deformed Shapes after test

Fig. 21 shows the deformed shapes of the columns after

fire tests concerning to the pin-ended support conditions

for the four different cross-sections studied. It may be ob-

served by these Figures that the columns with pin-ended

boundary conditions present a more pronounced deformed

shape than the columns with semi-rigid connections.

Fig. 22 shows the columns after the fire tests with semi-

rigid boundary conditions. In these cases, the deformed

shapes by the end of the experimental tests are very

smooth.

In Fig. 23 some rectangular and square columns are

shown. In these Figures it may be observed the local buck-

ling in some parts of the columns, mainly in the bottom

half, which may be the reason of some premature failure

of the columns. This local buckling was only observed in

Figure 18. Rotations on top of column EC320-lka for a) pin-ended and b) semi-rigid boundary conditions.

Figure 19. Rotations on top of column RC250-lka for a) pin-ended and b) semi-rigid boundary conditions.

Figure 20. Rotations on top of column SC150-lka for a) pin-ended and b) semi-rigid boundary conditions.
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square and rectangular cross-sections. This phenomenon

is a detrimental detail in the fire resistance of the rein-

forced concrete filled steel composite columns.

4. Conclusions

The main purpose of this research was to provide data

for assessing the fire resistance of the concrete filled

Figure 21. Columns after fire test a) CC194-lka-pp; b) EC320-lka-pp; c) RC250-lka-pp; d) SC150-lka-pp.

Figure 22. Columns after fire test a) CC194-lka-sr; b) EC320-lka-sr; c) RC250-lka-sr; d) SC150-lka-sr.

Figure 23. Deformed shapes of rectangular and square columns showing local buckling of steel profile.



Boundary Conditions and Fire Behavior of Concrete Filled Tubular Composite Columns 325

hollow columns. The advantages of this type of columns

are widely known, especially in fire situation, with the

steel tube providing confinement to the concrete and thus

preventing its spalling and the concrete inside the tube

preventing the loss of structural integrity of the steel for

the high temperatures.

The adoption of elliptical columns, as the ones used in

the present study is very interesting from the aesthetic

point of view. However, as they have two well-defined

buckling axes sudden collapse around the weak axis was

observed especially for the pin-ended columns.

Comparing the rectangular with the square columns,

the first ones presented a greater fire resistance, despite

the fact that they were tested with a bigger cross-section.

Comparing the elliptical with the circular columns, the

elliptical only presented greater fire resistance for the

semi-rigid boundary conditions. For the pin-ended col-

umns, the elliptical presented a poor fire performance,

comparing with the circular ones. Again, it must be noted

that different cross-section dimensions are being compared.

The quantitative results of this research project are

valuable to provide data for future numerical studies with

focus on parametric analysis of the behaviour of these

solutions under fire situation. Interesting outcomes were

obtained, as the post-buckling of some columns, the rota-

tions of the pinned-ended and semi-rigid columns, the

stiffness of the set column-frame showing expected values

for all cases. Further development of this research, with

the results of these tests, numerical models will be calib-

rated, and detailed numerical models will provide data for

fire design of these elements.
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