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a3l 3,50 Ll s (oISl Sl N Jgd

T W X Y Z
Cross-section shape |-| Load Eccentricity | ~| Slenderness ratio | -| Protection | - | Expose Fire
S = Square Column I (e/D (or B) = 0) A=105 1 N-= Unprotected N = Unheated
C = Circle Column 2 (e/D (or B) =0.25) A=35 2 Co= Coating [=1S0 834

SS = Square stub
CS = Circle stub

3 (e/D (or B) =0.5)

Table. 1. Details naming scheme for the columns tested (for example T-W-X-Y-Z: C-2-2-N-I)

el Jiiujfdbﬁ&:{wjdz\bédaba)\.\a-p i glales 4l (mllae Dby Y Jod>

Specimen Size (B or D) Walz t:})liCk' le(nLg)th Ctglc?%%l.g T? Peak temperature (°C)°
febel (mm) (mm) (mm)  (mm) (min)  Steel oM Conc
face mm cent.
C-1-2-N-U 114 3 1000 0 Ne 20 20 20 20
C-1-2-CO0-1 114 3 1000 19 120 441 398 396 394
C-1-2-N-I 114 3 1000 0 120 1068 1024 988 953
C-2-2-N-I 114 3 1000 0 120 1062 1018 984 951
C-3-1-N-I 114 3 1000 0 120 1061 1022 979 958
CS-1-1-N-I 114 3 300 0 120 * * * *
S-1-2-N-U 100 2.43 1000 0 N 20 20 20 20
S-1-2-C0-1 100 2.43 1000 17 120 526 501 489 477
S-1-2-N-1 100 2.43 1000 0 120 1078 1043 1008 974
S-2-2-N-1 100 2.43 1000 0 120 1071 1028 999 970
S-3-2-N-1 100 2.43 1000 0 120 1056 1031 978 966
SS-1-1-N-I 100 2.43 300 0 120 * * * *

Table. 2. Testing matrix and maximum temperatures recorded in steel tube and the concrete core during fire testing.? The duration of
the exposure to the fire, ® average maximum temperature at thermocouples, © the unheated columns, * the thermocouple is not used in

these specimens.
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Fig. 1. Structural testing setup details
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Col (5] e/D A Nue Oaxial Olateral Eave
mn
o (mm)  ore/B (KN) (mm) (mm) "
C-1-2-N-N 0 0 35.1 587.2 2.76 -7.57 -
C-1-2-C0-1 0 0 35.1 521.5 9.28 -20.93 -
C-1-2-N-I 0 0 35.1 199.8 1.52 -12.26 -4465.9
C-2-2-N-1 25 0.25 35.1 134.6 7.12 -12.2 -3369.8
C-3-2-N-I 50 0.5 35.1 104.8 8.75 -13.21 -3002.3
CS-1-1-N-I 0 0 10.5 381.3 29.4 -5.89 -
S-1-2-N-N 0 0 34.6 499.8 27.88 -4.55 -
S-1-2-Co-1 0 0 34.6 3335 4.85 -8.93 -
S-1-2-N-1 0 0 34.6 1454 9.32 -1.81 -2255.1
S-2-2-N-1 25 0.25 34.6 106.1 9.42 -15.75 -12143
S-3-2-N-I 50 0.5 34.6 74.4 10.38 -13.48 -2802.8
SS-1-1-N-I 0 0 10.5 209.8 15.53 -3.55 -
Table. 3. Recorded loads, displacements and strains at peak during post-fire tests
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Fig. 2. The effect of the load eccentricity ratio in load-strain relations for circular sections, square sections
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Fig. 3. Load versus lateral displacement at mid-span (left), or axial displacement (right) for square columns and circular columns
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Test Predicted failure loads Error%
data

Speciie; Nue  Npredi NpQred Npreds; Npredi Npred> Npreds;
(KN) (KN) (KN) (KN) (KN) (KN) (KN)
C-1-2-N-N 589.6 587 573 612 -0.44% -2.82% 3.80%
C-1-2-Co-I 521 523 556 728 0.38% 6.72% 39.73%
C-1-2-N-1I 199 208 196 203 4.52% -1.51% 2.51%
C-2-2-N-1I 134 141 120 139.4 5.55% -10.45% 3.99%
C-3-2-N-I 104 108 56 106 4.00% -46.15% 1.75%
CS-1-1-N-I  381.32 210 196 403 -44.93% -48.60% 5.69%
S-1-2-N-N 499.8 499 489 413 -0.16% -2.16% -17.37%
S-1-2-Co-1 333 415 426 440 24.62% 27.93% 32.13%
S-1-2-N-1 145 147 143 151 1.38% -1.38% 3.79%
S-2-2-N-1 106 - 92 - -5.27% -13.21% -3.01%
S-3-2-N-I 74 - 71 - 3.04% -4.05% 5.49%
SS-1-1-N-I 209.8 148 143 340 -29.46% -31.84% 62.06%
. . MPE -5.51% -6.71% 17%

Concentric loading
Stdeva deviation, % error 22% 23% 26%
Concentric & MPE -3.06% -10.63% 12%
Eccentral loading Stdeva deviation, % error 18% 22% 22%

Table. 4. Comparison of recorded and predicted failure loads
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Abstract:

Predicting the residual load-bearing capacity of damaged concrete-filled steel tube (CFST) columns
exposed to fire, based on the effects of eccentricities, is a subject on which relatively little research has
been done. This paper aims to present the results of a series of post-fire residual capacity tests for CFST
columns with different cross sections (circular and square), under axial load, and different eccentricities
in the event of a failure. In this experimental study, the influence of parameters such as cross-sectional
shape, load eccentricity, slenderness and fire protective coating on the post-fire residual capacity of
CFST sections was investigated. Based on the results of this study, the following conclusions were
obtained in the scope of this research work:The results showed that eccentricity could be effective in
reducing the residual capacity of the column, but the change in the amount of eccentricity cannot be as
effective as reducing the residual capacity of the columns. The studies indicate that the residual
capacity is significantly reduced by increasing the slenderness ratio. Therefore, in order to determine
the residual capacity of the CFST columns under load eccentricity, a simplified equation for predicting
the reduction factor was proposed, a comparison between the predicted and experimental results shows
that there is a reasonably good agreement. The tests show that by increasing the temperature over a
cross-section of CFST columns, the residual axial load capacity and the axial stiffness of the
unprotected columns decreased significantly compared to the unheated columns. Comparison of the
axial compressive capacity of CFST columns with square and circular have shown that for columns
having the same concrete material, the circular column has slightly better structural post-fire behavior
than the square column. To fire-protected sections, the effect of the cross-sectional shape on the
residual strength is significant, relative to the unprotected sections is more. In fact, by comparing the
temperature distribution on the surface of the circular and square sections, one can find that the
maximum temperature distribution at the circular cross sections is less than the square cross sections.
Therefore, with less degradation of the properties of the cross-sectional materials, the more residual
load-bearing capacity is expected. Finally, based on the experimental results, the ability to predict the
residual load-bearing capacity of the concrete-filled hollow tube columns after exposure to the ISO-834
standard fire as per the modified design method in Eurocode 4 for the fire and ambient conditions were
evaluated. The investigation’s results showed that the simplified method of Eurocode 4, in the ambient
temperature produced safe results for predicting residual resistance of CFST columns after fire
exposure, under both concentric and eccentric loading conditions. This approach was considered as a
conservative method, with the MPEs for concentric loads, as well as both concentric and eccentric
loads as -5.51% and -3.06% lower than the prediction, respectively.

Keywords: Concrete-filled steel tube (CFST), residual capacity, Predictions, load eccentricity, Post-
fire.
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