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A R T I C L E  I N F O   

Keywords: 
Steel–concrete composite beam-columns 
Unequal load eccentricity 
Concrete-filled steel tubular columns 
Equivalent moment factor 
Experimental testing 

A B S T R A C T   

This paper presents eight experimental tests on circular concrete-filled steel tubular (CFST) beam-columns loaded 
under unequal eccentricities at both ends. This loading scheme has not been widely studied yet in previous 
research works on CFST columns, but it may be very common into industrial or residential multi-storey frames, 
where both ends are subjected to different bending moments. Tests results revealed that the ultimate resisting 
load increases when the column is loaded under unequal eccentricities compared to what is loaded under equal 
eccentricities. However, under certain conditions, the column ductility decreases. Also, the equations provided 
by the Eurocode 4 and AISC 360–16 for second order effects were assessed. Specifically, the equivalent moment 
factors, βor Cm, were calculated from experimental data and compared to those given by the standards. Although 
Eurocode 4 presents more accurate predictions, both codes provide safe predictions for higher slenderness beam- 
columns but unsafe predictions for double curvature members with low slenderness. In view of the results, 
further research is needed to improve the equivalent moment factor proposals including additional parameters 
apart from the loading eccentricity ratio.   

1. Introduction 

Circular concrete-filled steel tubular (CFST) columns have been 
extensively used along decades because they present constructional and 
structural benefits. Specifically, this composite column typology does 
not need reinforcement and formwork. This allows a rapid structural 
erection. Besides, the confinement produced by the steel tube improves 
the ductility of the normal or high-strength concrete infill and decreases 
the occurrence of local buckling in the steel tube, which is likely to occur 
with very low thickness, since it can only buckle outwards. The behav
iour of CFST columns has been well described and summarized by Zhao 
et al. [1] and Han et al. [2]. Additionally, many experimental works on 
this column typology were compiled by Goode and Lam [3] and Leon 
et al. [4] providing an extensive database for further research. 

Despite the large body of research about CFST columns noted above, 
it was found that most of them are focused on short and axial 
compression members and not enough experiments are available in case 
of slender beam-columns under unequal load eccentricities, which 
produces non-constant bending moment along the column length. Be
sides, it should be noted that this load situation is not uncommon and, 
for example, may appear on multi-storey frames, where columns are 

subjected to different bending moments at both ends. Moreover, in case 
of unequal eccentricities, one positive and the other negative, the beam- 
column presents double curvature which may importantly affect the 
second order effects on the element. 

Regarding the analysis of circular CFST beam-columns under double 
curvature bending, Kilpatrick and Rangan [5] presented the results of an 
experimental program including this effect. The results showed a sig
nificant improvement of the column stiffness due to the double curva
ture but with loss of ductility. In turn, also Zeghiche and Chaoui [6] 
exposed results from four circular CFST beam-columns with double 
curvature bending and compared them with Eurocode 4 (EN 1994–1-1 
[7]) provisions. The conclusion was very disturbing because Eurocode 4 
[7] showed unsafe predictions for these cases. 

It seems that the increase on the stiffness and strength under unequal 
eccentricities may come from the larger part of concrete that remains 
under compression when bending is lower. Moreover, due to the brittle 
behaviour of concrete, when column reaches the maximum capacity, the 
failure is achieved reducing the ductility of the system. 

Apart from circular beam-columns, Wang [8] provided experimental 
results from four rectangular CFST beam-columns under double curva
ture bending, including two specimens tested under biaxial bending. The 
tests results showed higher stiffness for specimens loaded with unequal 
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eccentricities and safe previsions were provided by BS 5400 Part 5 [9] 
and the current Eurocode 4 [7] for this beam-column typology. Addi
tionally, Hernández-Figueirido et al. [10,11] developed an extensive 
experimental program on square and rectangular CFST beam-columns 
under unequal load eccentricities, including 36 specimens. The experi
ments covered eccentricity ratios from 1 to − 0.5 and columns infilled 
with normal and high strength concrete. The tests results confirmed 
higher stiffness and ultimate load for beam-columns under unequal load 
eccentricity, but similar ductile behaviour between them was found. 
Moreover, the concrete strength was revealed as the most influential 

parameter to increase the ultimate axial load. Provisions from standards 
Eurocode 4 [7] and AISC 360 [12] were assessed showing slightly unsafe 
predictions mainly related with second order effects. Therefore, cor
rections on flexural stiffness (E⋅I) and on the equivalent moment factor 
(β or Cm) were encouraged. 

In turn, as it is referred in bibliography, the circular CFST column 
cross-section is the most effective geometry due to the constant 
confinement that the steel tube provides to the concrete core. Therefore, 
when the beam-column is subjected to unequal eccentricities and the 
part along the column under compression is larger than in beam- 

Nomenclature 

As Steel cross-section area 
Ag Gross cross-section area 
Cm Equivalent moment factor (AISC 360–16) 
D Column cross-section diameter 
DI Ductility index 
ebottom Load eccentricity at bottom end 
etop Load eccentricity at top end 
fc, fc’ Characteristic cylinder strength of concrete 
fy Steel yield strength 
Ic Second moment of area of the concrete part 
Ia, Is Second moment of area of the steel part 
L Column length 
L/D Length-diameter ratio 
Mtot Bending moment including first and second order effects 

n Load level 
Nexp Maximum experimental load 
Npl,Rd Cross-section plastic resistance 
r Eccentricity ratio (r = ebottom / etop) 
t Tube thickness 

LIST OF GREEK SYMBOLS 
β Equivalent moment factor (Eurocode 4) 
δ85% Axial shortening at 85 % of maximum load in the 

descending branch 
δ Nmax Axial shortening at maximum experimental load 
Δ Lateral deflection 
Δ Nmax Maximum lateral deflection along column length at 

maximum axial load 
ε Longitudinal strain 
χ Cross-section curvature  

Table 1 
Specimen details.  

ID D (mm) t (mm) etop (mm) ebottom (mm) r fy (MPa) fc (MPa) Npl,Rd (kN) L/D 

CFST1 219.1 3 50 50  1.0  452.00  40.43  2362.6 13.69 
CFST2 25  0.5  452.00  45.96  2559.8 
CFST3 0  0.0  452.00  45.96  2559.8 
CFST4 − 25  − 0.5  452.00  46.74  2587.6 
CFST5 108 2 50 50  1.0  387.40  40.43  601.5 27.78 
CFST6 25  0.5  414.67  45.96  666.6 
CFST7 0  0.0  500.76  46.74  730.6 
CFST8 − 25  − 0.5  438.45  46.74  689.1  

Fig. 1. Load eccentricity at ends (First order bending moment variation).  
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columns subjected to equal eccentricities, the column capacity seems 
higher for circular than for rectangular cross-sections. Additionally, 
related to concrete confinement, it is worthy to notice here that the size 
effect has been also considered in bibliography when CFST columns are 
applied to large-scale engineering structures under low eccentricity 
[13,14]. 

More recently, Espinós et al. [15] developed a finite element nu
merical model validated with the experiments noted previously [8] and 
carried out a parametric study on rectangular CFST beam-columns 
including the non-constant bending – i.e unequal load eccentricities at 
both ends- as an important factor on the ultimate load and stiffness of 
the columns. Other advanced models for CFST are also available for the 
analysis of these slender beam-columns [16]. 

Following the findings described above, the objective of this paper is 
to extend the number of experiments available regarding circular CFST 
beam-columns under unequal load eccentricities in order to provide a 
deeper understanding of this situation on the beam-column response. 
Besides, these experiments may contribute to build a wider database of 
tests which could be useful for the assessment of the accuracy of current 
code provisions on composite steel–concrete beam-columns. It should be 
noted that the experimental tests conducted in this research differ from 
those available in the literature due to the higher load eccentricity (up to 
50 mm) and the study of intermediate eccentricity ratios from 1 to − 0.5. 
Previous tests were limited to low eccentricities (20, 30 mm) and 
extreme eccentricity ratios between 1.0 and − 1.0. 

2. Experimental program 

2.1. Specimens description 

The experimental program described in this paper consists of eight 
circular CFST columns with a length of 3 m, divided into two groups of 
four specimens, see Table 1. The columns of the first group (CFST1 to 
CFST4) show the same geometry with 219.1 mm of steel tube diameter 
and 3 mm of tube thickness, which represents a 13.69 length-diameter 
ratio (L/D). In turn, the specimens belonging to the second group 
(CFST5 to CFST8) present 108 mm of tube diameter, 2 mm of tube 
thickness and a length-diameter ratio of 27.78. In both groups, the 
lowest tube thickness employed produces a diameter-thickness ratio (D/ 
t) over the maximum value provided by EN 1994–1-1 [7] Clause 6.7.1 
(9). Therefore, the thin-walled section condition should be assumed for 
all columns. 

In turn, the difference between the specimens of each group comes 
from the load eccentricity at both ends. While the top eccentricity (etop) 
equals 50 mm for all columns, the bottom eccentricity (ebottom) can take 
the next allowable values: 50, 25, 0 and − 25 mm. Therefore, the load 
eccentricity ratio between both ends presents values from 1 to − 0.5. This 
variation in the loading scheme produces unequal load eccentricities at 
the ends and non-constant first order bending moment along the column 
length, see Fig. 1. Moreover, the test setup was designed to create pin
ned–pinned boundary conditions so the buckling length could be 
considered 3135 mm for all columns, including the end plate thickness. 
It should be highlighted that due to the column geometry (circular), the 

Fig. 2. Test setup view.  

Fig. 3. Schematic view of column and devices position.  
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bending analysis can be done in-plane. 
About materials, it should be noted that the steel tubes were cold 

formed and were supplied by a manufacturer with a S275JR steel grade. 
However, the real steel strength (fy) was obtained by the corresponding 
coupon tests for each specimen, see Table 1. It can be observed that all 
the specimens of the first group present the same real steel strength 
(452.00 MPa) because these four steel tubes came from the same 
manufacturing batch. However, the steel tubes of the second group were 
supplied from different manufacturing batches and showed a variable 
real steel strength from 387.40 MPa to 500.76 MPa. 

Regarding the specimen preparation process, a 300x300x10 mm 
steel plate (S275JR) was firstly welded to the bottom end of each empty 
steel tube to simplify the casting of concrete and to create the joint with 
the pinned support assembly. Secondly, the steel tubes were cast in 
vertical position with normal strength fresh concrete, supplied by a local 
concrete producer. Finally, the column was covered by welding another 
steel plate to the top end. The concrete was made using calcareous ag
gregates with a nominal concrete strength of C30/37 MPa. The real 
concrete compressive strength (fc) was determined from 150x300 mm 
cylinders using the standard compressive test procedure. All columns 
were tested further than 28 days from their casting day. Thus, the same 
day as each column test day, the concrete compression was measured, 
see Table 1. 

2.2. Test setup 

The specimens described previously were tested at the Universitat 
Jaume I, Castellon (Spain) testing facilities. A horizontal hydraulic jack 
with 5000 kN of maximum capacity was used. In order to apply the load 

under equal or unequal eccentricities at both ends a special assembly 
was built. Specifically, the end plates described in the previous section 
were welded to the steel tube with the required eccentricity which 
permitted applying unequal eccentric loads, but maintaining the column 
in horizontal position. Additionally, the end plates were screwed to a 
rigid plate (71 mm thick), which presents a knife form to allow for load 
transfer without any rotational restraint, see Fig. 2. Thus, the specimens 
are tested under pinned–pinned boundary conditions. 

The tests were conducted under a displacement-controlled scheme, 
with a constant displacement velocity of 1 mm/min. This loading 
scheme permits the post-peak analysis. Indeed, the test was extended 
after the peak until the load showed at least a 15 % reduction. In order to 
initialise the tests from a neutral position and to avoid the self-weight 
effect, two vertical supports were positioned below the specimens 
(Fig. 2). These supports have no effect after the preload application (5.0 
kN) because the eccentricity direction was placed downwards and then 
the columns showed always upwards displacements. 

About the measurement control system, apart from the loading 
registration, five Linear Variable Displacement Transducers (LVDTs) 
were placed at five points along the column length in order to measure 
the column deflection during the test, see Fig. 3. Additionally, six strain 
gauges were located, three in the central cross-section (A) and three in 
one quarter intermediate cross-section (B), which registered longitudi
nal strains at three locations: 0◦, 90◦ and 180◦ (Fig. 3). 

Fig. 4. CFST1-CFST4 Test results. a) Load vs. axial shortening; b) Load level vs. 
axial shortening. 

Fig. 5. CFST5-CFST8 Test results. a) Load vs. axial shortening; b) Load level vs. 
axial shortening. 
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Table 2 
Test and analysis results.  

ID Nexp (kN) n δ Nmax (mm) δ 85% (mm) DI ΔNmax (mm) βexp (EC4) Cm,exp (AISC 360–16) 

CFST1  880.78  0.373  11.06  14.88  1.35  26.6  1.000  1.059 
CFST2  968.47  0.378  11.27  15.80  1.40  24.3  0.944  1.001 
CFST3  1138.81  0.445  10.93  14.85  1.36  17.5  0.788  0.836 
CFST4  1256.33  0.486  11.28  16.00  1.42  14.0  0.698  0.738 
CFST5  100.44  0.167  11.32  23.14  2.05  49.2  1.096  1.018 
CFST6  112.85  0.169  11.03  17.57  1.59  40.9  0.916  0.842 
CFST7  156.40  0.214  9.41  15.44  1.64  38.5  0.626  0.46 
CFST8  183.16  0.266  6.51  10.06  1.54  28.8  0.392  0.211  

Fig. 6. Measured deflection along column length.  
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3. Test results 

The clearest test results, in terms of axial load versus axial short
ening, are showed in Fig. 4a (CFST1 to CFST4) and Fig. 5a (CFST5 to 
CFST8). These two plots clearly present the increase in the maximum 
load when the eccentricity ratio (r) decreases from 1.0 to − 0.5. Exact 
values of the maximum load achieved for each experiment (Nexp) and the 
axial shortening observed at this load (δ Nmax) are showed in Table 2. 

Although the increase in the maximum load for lower eccentricity 
ratios may seem obvious, it is interesting to notice the difference be
tween Fig. 4a and Fig. 5a. While Fig. 4a for CFST1 to CFST4 columns 
shows similar stiffness (loading slope) and ductility (unloading slope) 
for all specimens, Fig. 5a for CFST5 to CFST8 shows an increase in the 
stiffness and a decrease in the ductility when the loading eccentricity 
ratio decreases (compare r = 1.0 and r = − 0.5 in Fig. 5a). This behav
iour, observed in Fig. 5a, matches with previous findings done by Kil
patrick and Rangan [5]. 

Apart from the direct observation of loading curves, the ductility of 
each column can be quantified from the ductility index (DI). DI is 
measured following Han et al. [17] proposal, as the ratio between the 
axial displacement corresponding to 85% of the maximum load in the 
descending branch (δ 85%) and the displacement from the maximum load 
(δ Nmax): 

DI =
δ85%

δNmax
(1) 

The calculated DI, detailed in Table 2, shows a similar value, be
tween 1.35 and 1.42, for columns CFST1 to CFST4. However, for spec
imens CFST5 to CFST8 the DI drops from 2.05 for r = 1.0 to 1.54 for r =
− 0.5, which confirms the lower ductility for members subjected to un
equal eccentricities, as it was described before. 

Additionally, it should be highlighted that the different behaviour 

observed between Fig. 4a and Fig. 5a may be attributed to the length- 
diameter ratio (L/D), which is the main parameter that changes be
tween both figures. However, the plain plots observed in Fig. 4a and 
Fig. 5a should not be compared directly because the concrete 
compressive strength and steel yield strength are not the same for all 
specimens, as it was described in Table 1. In order to solve this fact, the 
experimental load is normalized by using the cross-section plastic 
resistance (Npl,Rd). Then, the applied load can be plotted in comparable 
values of load level (n) on Fig. 4b and Fig. 5b, where: 

n =
Nexp

Npl,Rd 

The overall behaviour observed in Fig. 4b and Fig. 5b presents the 
same trend as noted for Fig. 4a and Fig. 5a. Therefore, the higher stiff
ness and lower ductility observed here and in previous investigations for 
CFST beam-columns under double curvature (r < 0.0) is corroborated 
just for specimens with high length-diameter ratio (L/D). This finding 
seems reasonable because these specimens also present higher second 
order effects. The exact values for the maximum load level during each 
experiment are listed in Table 2. 

In turn, the deflection along the column length was measured during 
each test by the LVDTs described in Fig. 3. In particular, Fig. 6 displays 
the deflection results for each test at the peak load (black line), at the 
end of the test (grey line) and after the unloading (grey dashed line), 
which shows the unrecovered deflection due to plastic strains. 

CFST1 and CFST5, with equal loading eccentricities at both ends (r =
1.0), show maximum deflection at the column mid-length. However, the 
more the loading eccentricity difference between both ends, the more 
the displacement of the maximum deflection point from mid-length to 
the top end. See the difference from CFST2 to CFST4 and from CFST6 to 
CFST8. Additionally, it can be observed that the deflection values of 
higher slenderness columns (CFST5 to CFST8) are higher than those 

Fig. 7. Column remaining deflection after test.  
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from CFST1 to CFST4. It should be noted here that CFST5 deflection at 
the end of test is not displayed in Fig. 6 because maximum elongation of 
LVDTs was reached. Moreover, Fig. 7 presents the real pictures of each 
column after the test to show the remaining deflection. A red dashed line 
has been included in Fig. 7 to mark the original column longitudinal 
axis. 

Finally, the longitudinal strain gauges results are displayed in Fig. 8 
for specimens CFST1 to CFST4, and in Fig. 9 for CFST5 to CFST8. Both 
figures show the strain measurements for the mid-length section (A-A) 
and the quarter-length section (B-B). In all cases, the top strain gauge 
(0◦) shows positive values, which means tension, while lateral (90◦) and 
bottom (180◦) gauges present negative values, which are related to 
compression stress. These results, in terms of tension and compression, 
mean that the neutral line is located over the cross-sectional centre of 
mass. This displacement of the neutral line out of the centre of mass 
indicates that beam-columns are loaded under combined bending and 
compression. This finding from strain gauges results fits perfectly with 
the loading scheme, where loading eccentricity is placed below the 
cross-section centre of mass, and the column deflects upwards. 

Additionally, longitudinal strain measurement at top (ε 0◦) and bot
tom (ε 180◦) cross-section points allows for the curvature (χ) calculation: 

χ =
(ε0º − ε180º)

D
(3) 

This curvature can be plotted against the applied bending moment, 
including the second order effects, to obtain the experimental M- χ 
curve: 

M = Nexp⋅etop + Nexp⋅ΔLVDT1 (4) 

The experimental moment–curvature plot (M- χ) for the mid-length 
cross-section of each column showed in Fig. 10 can be useful for 
further numerical model validation. It should be noted that the M- χ 
curve for CFST4 was omitted due to strain measurement errors during 
CFST4 test. 

4. Equivalent moment factor 

The experiments detailed before differ from each other only in the 
unequal loading eccentricities at both ends. This fact affects mainly the 
second order response because, as was described in Fig. 6, the column 
deflection changes from single to double curvature. 

European and American structural standards deal with this non- 

Fig. 8. Axial load versus longitudinal strain (εL) for specimens CFST1 to CFST4.  
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Fig. 9. Axial load versus longitudinal strain (εL) for specimens CFST5 to CFST8. a).  
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constant bending moment by using an equivalent moment factor to 
convert the problem into the equivalent one under constant bending 
moment. This factor is called β in the Eurocode 4 [7] and Cm in AISC 
360–16 [12]. In both cases, the equivalent moment factor works as a 
reduction factor (value lower than 1.0) which depends on the loading 
eccentricity ratio (r). A summary of the equations to take into account 
the second order effects for both standards are listed in Table 3. 

In turn, the deflection measurements carried out during the experi
ments by the LVDTs at maximum axial load (ΔNmax ) allowed for the 
assessment of the total bending moment, including the second order 
effects, simply using the following expression: 

Mtot = Nexp⋅(etop + ΔNmax ) (5) 

Therefore, the experimental calculation of the total bending moment 
from Eq. (5) can be directly compared against the equations provided by 
the standards (Table 3) in order to obtain an experimental value of the 
equivalent moment factor, β or Cm. The results from this computation 
are listed in Table 2 as βexp or Cm,exp and also plotted in Fig. 11 where the 
values proposed by the standards are displayed as a dashed black line. 

As it was explained before, the equivalent moment factor may be 
understood as a reduction factor to transform the less critical non- 
constant bending moment problem to a more critical one under con
stant bending to facilitate the design process. Points for β or Cm over the 
dashed black line (see Fig. 11) reveal higher experimental values than 
predictions provided by standards. Additionally, it should be noted that 
Fig. 11 shows in blue dots predicted β or Cm values for slenderer columns 
(L/D = 27.78, CFST5 to CFST8) but in red diamonds for less slender ones 
(L/D = 13.69, CFST1 to CFST 4). 

The direct Fig. 11 observation reveals the following important 
findings:  

– The Eurocode 4 framework for the second order effects assessment of 
these beam-columns shows more accurate results than AISC 360–16 
in terms of the equivalent moment factor.  

– The expressions provided by Eurocode 4 and AISC 360–16 for the 
equivalent moment factor, β or Cm respectively, show conservative 
predictions for beam-columns with length-diameter ratio equal to 
27.78 but unconservative predictions for beam-columns with lower 
length-diameter ratio (L/D = 13.69). Additionally, the discrepancy 
of these unconservative predictions increases for lower loading ec
centricity ratio (r). 

The second finding described above may indicate that the equivalent 
moment factor not only depends on the loading eccentricity ratio (r) but 
also on the column slenderness as it was proposed by other authors for 

Fig. 10. Measured moment – curvature line (M- χ) in section A-A (L/2). a) 
CFST1-CFST3. b) CFST5-CFST8. 

Table 3 
Comparison of equations for second order analysis.  

Eurocode 4 AISC 360–16  

Mtot = k⋅NEd ⋅etop + k2⋅N⋅e0 

Mtot = B1⋅(Pr⋅etop)

k =
β

1 −
NEd

Ncr,eff 

B1 =
Cm

1 −
Pr

Pe1 

k2 =
1

1 −
NEd

Ncr,eff  

β = 0.66+ 0.44⋅
etop

ebot ≥ 0.44 Cm = 0.6+ 0.4⋅
etop

ebot 

Ncr,eff =
π2⋅EIeff,II

L2 Pe1 =
π2⋅EI*

L2 

EIeff,II = 0.9⋅(Ea⋅Ia + 0.5⋅EcmÂ⋅Ic) EI* = 0.64⋅(Es⋅Is + C3⋅Ec⋅Ic)

e0 =
L

300 C3 = 0.45 + 3
(As

Ag

)

≤ 0.9 

Ecm = 22.000⋅
( fc

10

)0.3 
(MPa) Ec = 0.043⋅w1.5

c ⋅
̅̅̅̅

f ’
c

√

(MPa) 
wc: weigth of concrete in S.I  

Fig. 11. Equivalent moment factor (β-Cm). Measured and predicted. a) EC4. b) 
AISC 360–16. 

V. Albero et al.                                                                                                                                                                                                                                  



Engineering Structures 259 (2022) 114206

10

reinforced concrete columns [18]. Additionally, this fact may explain 
the Eurocode 4 unsafe predictions found by Zeghiche and Chaoui [6] and 
already noted in the introduction of this paper. Indeed, the specimens 
tested by Zeghiche and Chaoui [6] presented double curvature and a 
length-diameter ratio of 12.5. 

In turn, Fig. 12 shows the comparison between the first and second 
order bending moments for all tested specimens. This figure reveals that 
the second order effects are less important for double curvature (r < 0) 
and also, in general, for lower length-diameter ratio (L/D). 

Finally, it should be noted that the assessment of the equivalent 
moment factor was done assuming the value for the column stiffness 
provided by the standards as accurate enough. However, this fact is also 
controversial. Indeed, both values, the equivalent moment factor and 
the column stiffness for the second order analysis are connected and 
should be deeply studied in future research. 

5. Conclusions 

This paper presents the test results of eight circular concrete-filled 
steel tubular beam-columns, 3 m long, subjected to unequal load ec
centricities in both column ends. This experimental program extends the 
number of experiments available on this loading typology for CFST 
columns, which are nowadays limited. The main conclusions obtained 
through the analysis of the test results are listed hereafter:  

– The application of unequal load eccentricities in CFST beam-columns 
provides an increase on the maximum resisting load but a decrease 
on the column ductility. This finding was observed for columns with 
a length-diameter ratio (L/D) of 27.78 but was not evident for col
umns with lower length-diameter ratio (L/D = 13.69).  

– Eurocode 4 and AISC 360–16 provisions for the equivalent moment 
factor, β or Cm respectively, were assessed using the test results. This 
assessment concluded that Eurocode 4 proposal present a more ac
curate prediction. Additionally, unconservative predictions were 
observed for CFST beam-columns under double curvature loading, 
which presents a slenderness ratio equal to 13.69. On the contrary, 
conservative predictions were obtained in both cases for beam- 
columns with higher length-diameter ratio (L/D = 27.78).  

– It was found that the current provisions for the equivalent moment 
factor from Eurocode 4 and AISC 360–16 depending only on the 
loading eccentricity ratio (r) do not capture the influence of other 
parameters like the column slenderness, which revealed to be 
evident from the test results observation done in this paper. There
fore, further research should be done to introduce other parameters 
in order to improve the accuracy of the current equations. 
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