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Abstract

This study presents an enhanced method for evaluating the buckling resistance of reclaimed steel members by proposing modified 

local and global buckling formulas that align with the safety provisions of the Eurocode. Standard Eurocode formulas for local and global 

buckling resistance are insufficient for reclaimed members, as they do not account for the standard-based imperfection magnitudes 

and residual stress states commonly observed in reclaimed structures. To address this gap, new buckling resistance formulas were 

developed and calibrated through advanced geometrically and materially nonlinear analysis with imperfections (GMNIA). The reliability 

of the proposed formulas is evaluated in accordance with Annex D of EN 1990, enabling the derivation of appropriate partial safety 

factors for both local and global buckling modes. An additional safety factor is introduced to capture the interaction between these 

modes, ensuring a reliable safety assessment. The current study provides engineers with a practical method for evaluating the buckling 

capacity of reclaimed steel members, promoting safe and sustainable reuse in structural applications.
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1 Introduction
Sustainability is reshaping modern engineering, present-
ing a growing challenge for engineers to extend the life-
time of steel structures. At the heart of this challenge lies 
the complex task of predicting the buckling capacity of 
steel-plated structures. A  challenge made more compli-
cated by the influence of residual stresses and inherent geo-
metric imperfections. These effects are more pronounced 
in reclaimed structures, where in-service deterioration 
often results in greater imperfection magnitudes than cur-
rent manufacturing standards permit [1–3]. Consequently, 
designing the reclaimed elements using the currently avail-
able local and global buckling resistance formulas avail-
able in  Eurocode  [4,  5] may not ensure safe design, as 
they do not adequately account for the elevated imperfec-
tions and the associated residual stresses formed during 
service. In  a previous study  [6], the authors investigated 
welded box-section columns and developed local and 
global imperfection factors α, which take into account the 
elevated values of imperfections and the resulting residual 
stresses during the formation of these imperfections. These 

imperfection factors can be used in the currently available 
buckling formulas in Eurocode  [4,  5] to provide a more 
accurate estimation of the buckling capacity of reclaimed 
members. However, to use these improved buckling for-
mulas in designing steel members, the EN 1990:2002 [7] 
requires performing a reliability study to consider the 
uncertainties in the proposed model and its basic variables. 
This reliability study yields the partial safety factor (γM1) 
that can be used to determine the design buckling capacity. 

In this study, several reliability studies are performed 
to determine the partial safety factor  (γM1) for the pro-
posed local and global buckling formulas for square 
welded box-section columns. The  proposed buckling 
capacities are compared against geometrically and mate-
rially nonlinear analysis with imperfections  (GMNIA) 
that considers the increased imperfections and residual 
stresses. Furthermore, the interaction of local and global 
buckling capacity is also studied. This investigation will 
allow the designers to estimate the buckling capacity of 
reclaimed steel members more accurately. 
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2 Literature review
Statistical analysis based on probabilistic reliability the-
ory is employed to evaluate the safety performance of 
the proposed resistance functions and to determine suit-
able partial safety factors. The  assessment follows the 
Eurocode framework, utilizing the First-Order Reliability 
Method  (FORM) to quantify the reliability level and 
ensure compliance with established safety criteria.

A set of procedures is available in Annex  D of 
EN 1990:2002 [7] for obtaining the design values for a resis-
tance function using statistical evaluation of experimental 
data. The procedure begins with formulating a design model 
for the theoretical resistance  (rt), as expressed in  Eq.  (1). 
This is followed by a comparative analysis between the 
theoretical resistance values  (rt,i), calculated using actual 
measured material and geometric properties, and the cor-
responding experimental results (re,i) obtained from experi-
mental tests for each specimen. The least squares best-fit to 
the slope can be determined according to Eq. (2).
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Each resistance pair (rt,i, re,i) is used to calculate an 
error term δi, as depicted in Eq. (3).
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Eqs. (4) and (5) are used to calculate ∆i and ∆  for a set 
of n experiments: 
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The variance (s2) and the coefficient of variation (Vδ) 
are calculated according to Eqs. (6) and (7), respectively.
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2.1 Uncertainties of the basic variables VXi

This study considers material strength ( fy), plate 
width (bc), and thickness (t) as basic variables. The overall 
coefficient of variation (Vrt) combines the CoVs of these 

variables. EN  1990:2002  [7] offers different methods to 
calculate  (Vrt) depending on the complexity of the resis-
tance function. For independent variables, Eq. (8) applies 
to determine (Vrt).
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2.2 Determination of partial safety factors γM and γM
*

For small values of Vrt and VXi, Eq. (9) can be used. 
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If the values of Vrt and VXi are not small, Eq. (10) must 
be used acc. to [8].
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Equation (11) is used to calculate the partial safety factor 
(γM1), where rk and rd denote the characteristic and design 
resistances, defined by Eqs. (12) and (13), respectively.
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grt(XM) is the theoretical resistance using mean values. Qrt, 
Qδ, and Q depend on the CoVs Vrt, Vδ, and Vr. Weighting 
factors αrt and αδ are as depicted in Eqs.  D19.a–D19.b 
of/in EN  1990:2002 standard  [7]. k∞ is the 5% frac-
tile for an infinite number of tests (1.64, Table D1 of/
in EN  1990:2002 standard  [7]) and the 1% fractile for 
design (3.04, Table D2 of/in EN 1990:2002 standard [7]) 
in EN 1990:2002 standard [7]. kn and kd,n are fractile fac-
tors for unknown Vx,unknown from Tables D1 and D2 of/in 
EN 1990:2002 standard [7]. 

The corrected safety factor (γ*
M) is calculated 

using  Eq.  (14), with nominal values of the basic vari-
ables applied as per Eq.  (15). This approach, presented by 
Taras and da Silva [9], da Silva et al. [10], Walport et al. [11], 
Heinisuo [12], Taras and Huemer [13] and Schillo et al. [8], 
generally provides a more accurate estimate of the necessary 
partial safety factor for the resistance model under analysis.
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r g Xn rt nom� � � 	 (15)

The target value for the corrected partial safety 
factor  (γ*

M) is 1.0 for buildings and 1.1 for bridges. 
For reclaimed members, a value of 1.15 is suggested [1]. 

An alternative method for calculating γ*
M, used success-

fully in past studies [14–16], is given by Eq. (16). It uses ∆k 
from Eq. (17), which adjusts for differences between nom-
inal to mean, and characteristic difference in resistances. 
∆k is the ratio of the mean resistance with nominal inputs 
to the characteristic resistance.
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and Qfy is equal to 0.07 based on JCSS recommenda-
tions  [17]. Several studies recommended a method by 
Afshan  et  al.  [18], based on Annex  D of EN  1990, that 
accounts for variable dependencies and overstrength. 
This reduces the uncertainty of the basic variables' uncer-
tainty Vrt.

The dependency of the member resistance on the basic 
variables can be derived for each numerical simulation 
using different exponents c, d, and e that are applied to the 
basic variables, as depicted in Eqs.  (18)-(20). The N1.05fy, 
N1.05t, and N1.05b represent the buckling resistances obtained 
from numerical analyses with yield stress  fy, thickness  t, 
and width b multiplied by 1.05, respectively. The Nfy, Nt, 
and  Nb are the obtained buckling resistances from the 
unmodified values of fy, t, and b.
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The coefficient of variation (Vrt) in this method is deter-
mined according to Eq. (21) [18]. 

V cV dV eVrt fy t b� � � � � � � � �2 2 2 	 (21)

This method uses overstrength factors ( fy,mean/fy,nom) to 
produce a more reliable corrected partial safety factor γ*

M. 
The overstrength factors are listed in Table 1. 

Following the recommendations of [18] and [19], the 
following modifications can be adopted to account for the 
dependent variables and the overstrength factors, where 
the  is determined according to Eq. (22). 
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3 The developed numerical model
A numerical model is developed in Ansys [20] using four-
node thin shell elements (SHELL181), as shown in Fig. 1. 
Loading and boundary conditions are applied via two 
master nodes located at the centers of the end cross-sec-
tions. Coupling constraints are used to connect the mas-
ter nodes to all node locations on the end cross-sections, 
ensuring coupling in all six degrees of freedom. For the 
first master node, constraints are applied to prevent trans-
lation in the global directions  (UX,  UY,  UZ) and rota-
tion about the longitudinal axis (RZ), thereby simulating 
a pinned boundary condition and preventing the mem-
ber from rotating freely along its axis. Meanwhile, the 
second master node is constrained against translation in 
the (UX, UY) directions and against rotation about (RZ), 
allowing deformation in the UZ direction. 

A mesh sensitivity analysis is performed to identify 
an optimal mesh size that ensures accurate results while 

Table 1 Overstrength factors for different steel types [8]

Grade 235 355 460

fy,mean/fy,nom 1.25 1.2 1.15
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minimizing computational demand. This analysis is con-
ducted for box-section members with the smallest and 
largest plate widths considered in the study, capturing a 
representative range of geometries. The  results indicate 
that a mesh size equal to b/20, where b is the plate width, 
offers a reliable prediction of buckling resistance with 
acceptable computational efficiency. This mesh size ade-
quately captures local and global buckling modes without 
significantly increasing the solution time. Further details 
on the applied material model and mesh sensitivity analy-
sis are available in [22, 23].

The residual stress model illustrated in Fig. 2 is adopted 
in this study, as recommended by the ECCS (European 
Convention for Constructional Steelworks)  [24] and 
prEN 1993-1-14 [25]. Positive values denote tensile residual 
stresses, while negative values indicate compressive stresses. 
This residual stress model is applied in conjunction with the 
non-amplified imperfections considered in the analysis.

The effect of amplified imperfections and the stresses 
that develop during their formation is evaluated by consid-
ering two types of imperfections: (i) non-amplified imper-
fections, representing the inherent geometric imperfec-
tions present before loading, and (ii) displacements of the 
same shape as the non-amplified imperfections, simulat-
ing those that develop during the service life of the mem-
ber. These displacements will cause the formation of the 
amplified imperfections and stresses in the member.

The modelling of non-amplified local and global 
imperfections is achieved by manually altering the ide-
alized geometry of the finite element model. This is done 
by adjusting the positions of selected nodes to introduce 
imperfection amplitudes, either added or subtracted from 
the original geometry, to take into account the effect of 
initial geometric imperfections typically observed in 
real structural members. This approach enables the sim-
ulation of realistic buckling behavior by incorporating 
imperfections prior to loading. A detailed description of 
the modelling procedure and its validation is provided 
in the authors' earlier work  [21]. Local imperfections 
are modelled using integer multiples of half sine waves, 
determined based on the L/b ratio, where L is the column 
length and b is the plate width of the box section. These 
imperfections are introduced along each plate in the longi-
tudinal direction, with alternating amplitudes on adjacent 

(a)

(b)

(c)

Fig. 1 (a) Local, (b) global, and (c) interaction definitions of 
imperfections for box sections [21]

Fig. 2 Residual stress model for welded box section columns [24, 25]
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plates to reflect first eigen buckling mode, as shown in 
Fig. 1(a). Global imperfections, on the other hand, are rep-
resented by a continuous half sine wave extending along 
the entire length of the column, as illustrated in Fig. 1(b). 
For cases involving interaction buckling, both local and 
global imperfections are simultaneously applied to the 
model, as depicted in Fig.  1(c). This modelling strategy 
has been validated through various studies, which con-
firm that it provides a consistent and reliable estimation of 
buckling resistance in structural members [26]. Amplified 
imperfections are introduced as displacements distrib-
uted along the column plates. It  is essential to note that 
this method relies on the assumption that the imperfec-
tions and residual stresses generated during service can 
be approximated by these displacements. The analysis 
follows a three-step procedure designed to approximately 
simulate the key stages a reclaimed column experiences 
throughout its service life. In the first step, the column 
model is analyzed with non-amplified imperfections and 
residual stresses to represent the inherent imperfections 
that exist prior to service loading. In the second step, dis-
placements are applied to impose amplified imperfec-
tions, simulating the additional deformations and stresses 
that may develop during the column's previous service 
period. In the final step, these displacements are removed 
while retaining the induced stresses, and a compressive 
load is applied at the master node to evaluate the column's 
buckling behavior under its current condition. After each 
step, the stress state and geometry are captured using the 
`INISTATE` and `UPGEOM` commands to ensure con-
tinuity and accuracy between analysis stages. During 
the first two stages, the loads are applied at their desig-
nated magnitudes, whereas in the third stage, the analysis 
is terminated when numerical convergence is no longer 
attainable. It  is important to note that the imposed dis-
placements follow the same shape and sign as the initial 
non-amplified imperfections, effectively amplifying their 
magnitudes. In the case of interaction buckling, local and 
global imperfection shapes are superimposed and applied 
simultaneously through a unified displacement load-
ing pattern. The validation of this numerical model has 
been comprehensively addressed in the authors' previous 
work on welded box section columns [21], where numeri-
cal results were benchmarked against experimental data. 
The validated model showed excellent agreement, yield-
ing a mean buckling capacity ratio of 1.0 and a coefficient 
of variation  (CoV) of 0.06, confirming its reliability in 
predicting structural performance.

4 Effect of imperfection amplitude on buckling capacity
4.1 Local buckling resistance
Short columns with a length-to-width ratio of three (L = 3b) 
are examined to evaluate their local buckling resistance. 
In a previous study [23], local imperfections were calibrated 
to match the Annex B buckling curve of EN 1993-1-5 [5]; 
these non-amplified imperfections yield a baseline numer-
ical resistance Ren_base. These imperfections are amplified 
by amplification ratios (ramp) of 1.2, 1.5, 2, and 3.0 to obtain 
the amplified imperfections and to produce the amplified 
buckling resistance Ren_amp. To  illustrate the influence of 
imperfection amplification, Fig.  3 presents load-defor-
mation curves for three specimens having a local slen-
derness ratio of ( . )�p �1 35 . It  shows a curve obtained 
with non-amplified imperfections ("No-amp") is com-
pared against that with amplified imperfections of a value 
of ramp = 3.0. Amplified imperfections are introduced using 
two approaches: (i) by directly modifying node positions 
("Node-amp"), as done in the authors' earlier work  [22], 
and (ii) by applying displacement loads ("Disp-amp"). 
Fig.  3 illustrates the Von  Mises stress distribution for 
the "Disp-amp" method at key points along the load-de-
formation curve. The first image shows the stress state at 
the onset of the buckling analysis. Unlike the Node-amp 
method, which assumes imperfections develop without 
inducing additional stresses, the Disp-amp method cap-
tures both the amplified imperfections and the stresses 
generated during their formation.

Fig. 4(a) shows the results of the performed numerical 
study, where the y-axis shows the normalized amplified 
capacity to the base capacity for a wide range of local slen-
derness. It can be seen that the greatest reduction occurs for 
(ramp = 3.0). The non-homogeneous trend originates from 
residual stresses carried over from the previous analysis, 
induced by the displacements applied as imperfections. 
These stresses contribute to greater instability, particularly 

Fig. 3 Load-deformation curves for the studied methods
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in the medium slenderness range. The results of the imper-
fection calibration process against the GMNIA are shown 
in Fig. 4(b), where x-axis shows the amplification factor 
(ramp), while y-axis shows the local imperfection factor 
αL. The calibration of αL was carried out by adjusting its 
value to minimize the discrepancy between the theoreti-
cal and numerical results. The straight-line behavior arises 
from the nature of the Eurocode buckling curve, whose 
general trend slightly differs from the obtained numerical 
results. It means, the buckling curve available in Annex B 
of EN 1993-1-5 [5] can be modified to include the effect of 
amplified imperfection, as depicted in Eqs. (23) and (24). 
The reliability study will be performed to estimate a par-
tial safety factor for this formula. 
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4.2 Global buckling resistance
Pure global buckling behavior is studied using the geo-
metric configurations reported in  [6]. The non-amplified 
global imperfection is introduced by adjusting the nodal 
positions of the column geometry. In contrast, the ampli-
fied imperfection is applied as a displacement load distrib-
uted along the full column length. A global imperfection 
amplitude of L/1000 is used, in combination with the resid-
ual stress distribution also defined in [6], to represent real-
istic initial conditions. The  amplified imperfections are 
defined as described previously. Fig. 5 shows the normal-
ized resistance obtained using GMNIA and the calibrated 
imperfection factors αg for global buckling. Eqs. (25)-(26) 
represents the modified buckling curve for global buckling. 

� g ampr� � � �� �0 34 0 17 1. . 	 (25)

(a)

(b)

Fig. 4 (a) Normalised numerical results for pure local buckling analysis 
of box section columns using displacement load imperfection method 

(Disp-amp). (b) The relationship between the amplification ratio (ramp) 
and the α value in Eq. (23) [16].

(a)

(b)

Fig. 5 (a) Normalised numerical results for pure global buckling 
analysis of box section columns using the displacement load 

imperfection method (Disp-amp). (b) Correlation between the 
amplification ratio (ramp) and the α imperfection factor in Eq. (6.49) [12] 

using the displacement load imperfection method.
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4.3 Interaction buckling resistance
For columns exhibit both local and global slenderness, 
require the application of imperfections in both modes. 
Global imperfections are set to L/1000, while local imper-
fections follow the Annex B calibration, with a peak value 
of b/125 [23]. These imperfections, combined with residual 
stresses, are treated as non-amplified imperfections. A sim-
ilar procedure, as described earlier, is adopted to apply 
both local and global amplified imperfections using the 
amplification factors shown earlier. Both local and global 
imperfections are applied simultaneously using the same 
amplification factors. The resulting numerical resistances 
are then compared to the theoretical interaction buckling 
resistances, which are determined using the calibrated for-
mulas for local and global buckling Eqs. (23)-(26).

5 Reliability analysis 
To ensure that the calibrated formulas for local and global 
buckling satisfy the safety requirements of the Eurocode, 
the method "design assisted by testing" available in 
Annex D of EN 1990:2002 [7] is used. The details of the 
applied method are described in Section 2. In this study, 
the resistance obtained using GMNI analysis is consid-
ered as the benchmark resistance (re), and the resistance 
obtained using the developed formulas is considered as 
the theoretical resistance (rt). The  theoretical resistance 
for local buckling is defined by Eqs. (23)-(24), while for 
global buckling is defined by Eqs. (25)-(26). For interac-
tion buckling, the product of these two equations is used. 
Two methods are applied and compared to determine the 
partial safety factors: (i) the first uses the normalized 
numerical-to-theoretical resistances, (ii) while the second 
one compares the non-normalized resistances. The first 
method demonstrates the ability of the proposed formu-
las to capture the trend observed in the numerical results, 
whereas the second method evaluates their accuracy in 
estimating the buckling resistance relative to the numer-
ical results. Table 2 shows the coefficient of variations for 
each parameter considered in the uncertainty of the model.

5.1 First method: normalized resistances
In this method, the normalized resistances are utilized, 
as shown in Eq. (27), where the normalized numerical 

resistance is divided by the normalized resistance obtained 
by the local and global buckling formulas.
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Table 3 shows a summary of the performed reliability 
assessment, where the mean value correction b is calcu-
lated according to Eq. (2), while the coefficient of vari-
ations (Vδ) according to Eq. (7). The overall coefficient 
of variations (Vrt), which accounts for the variability of 
the basic input parameters is calculated according to Eq. 
(8). The total coefficient of variations (Vr) is calculated 
according to Eq. (10). The partial safety factor (γM1) is 
calculated according to Eq. (11) and the corrected partial 
safety that incorporates nominal input parameters is cal-
culated according to Eq. (16). As shown in Table  3, the 
mean correct factor (b) is larger than 1.00, and the coef-
ficient of variations is relatively small for all types of 
buckling, indicating reliable fit. However, the method in 
EN 1990:2002 [7] requires the determination of the partial 
safety factor, which includes the effect of the uncertainty 
of the basic variables, shown in Table 2. The obtained par-
tial safety factors (γM1) are around 1.14 for local buckling, 
1.16 for global buckling, and 1.18 for interaction buckling. 
To account for the effect of nominal values and the over-
strength ratio, which various authors have shown to impact 
the estimation of the partial safety factor [9–11]. The cor-
rected partial safety factor (γ*

M1) is calculated using the 
∆k method outlined in Section 2. The obtained partial 
safety factors (γ*

M1) are around 1.13 for local buckling, 
1.15 for global buckling, and 1.17 for interaction buckling. 
It can be seen that a small reduction has been achieved. 
However, the obtained corrected partial safety factors are 
still relatively large, mainly due to the uncertainty of the 

Table 2 Coefficient of variations for each parameter

Parameter CoV

Plate thickness Vt 0.05

Plate width Vb 0.005

Yield strength Vfy 0.07

Table 3 Statistical evaluation of the studied methods (∆k method)

Type b Vδ Vrt Vr γM1 γ*
M1

Local 1.00 0.010 0.086 0.087 1.14 1.13

Global 1.01 0.033 0.086 0.092 1.16 1.15

Interaction 1.02 0.060 0.086 0.105 1.18 1.17
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basic variables (Vrt), which, as shown in Table 3, is larger 
than  (Vδ). In a previous study conducted by the authors 
on amplified imperfections, which did not account for the 
effect of induced stresses [22], comparable values were 
found for Vr and γ*

M1. However, slightly higher values of Vr 
are observed here due to the inclusion of stresses induced 
during imperfection formation.

To provide a better estimate of the partial safety factors 
for each buckling mode, a more comprehensive method 
is used to take into account the sensitivity of each ana-
lyzed model to each basic variable. It takes into account 
the interdependency of the basic variables, aiming to more 
realistically represent actual behavior. This method, origi-
nally developed by Afshan et al. [18], is explained in detail 
in Section 2. In this method, the Vrt is calculated for each 
test according to Eq. (21), where a modification factor is 
applied to the coefficient of variation of each basic vari-
able. The modification factors (c, d, and e) utilized in this 
study are depicted in Eqs.  (18)-(20). These factors are 
determined for each test specifically, utilizing non-nor-
malized resistances. Additionally, this method incorpo-
rates the effect of the nominal values of the yield strength 
and the overstrength ratio. Several researchers utilized 
this method to estimate partial safety factors for buckling 
problems [11, 27–32]. The results of the reliability study 
performed using this method are presented in Table  4. 
It can be observed that the resulting partial safety factors 
are smaller than those obtained using the ∆k method.

5.2 Second method: non-normalized resistances
While the previous method shows the general ability of 
the provided formulas to capture the trend observed by the 
numerical model, the current method shows the consis-
tency in estimating the buckling resistance. This method 
compares the non-normalized resistances, where the reli-
ability assessment is based on the ratio depicted in Eq. (28). 
The  results of the performed study are shown in Fig.  6, 
where the x-axis shows the theoretical resistance (rt), and 
the y-axis shows the benchmark resistance (re). The com-
parison shows that the developed formulas provide a gen-
erally robust estimation of the buckling resistance. A sum-
mary of the performed analysis is shown in Table 5. It can 

be observed that the mean correction value (b) is equal to or 
larger than 1.0, and the coefficient of variation is relatively 
small (Vδ < 0.02) for all types of buckling. This suggests 

Table 4 Statistical evaluation of the studied methods [18]

Type b Vδ Vrt Vr γ*
M1

Local 1.00 0.010 0.07 0.071 1.00

Global 1.01 0.033 0.08 0.087 1.00

Interaction 1.02 0.060 0.09 0.104 1.05

Fig. 6 Theoretical buckling capacity vs the benchmark (numerical) 
buckling capacity for (a) local buckling, (b) global buckling and (c) 

interaction buckling

Table 5 Statistical evaluation of the studied methods

Type b Vδ Vrt Vr γ*
M1

Local 1.00 0.00 0.07 0.10 0.99

Global* 1.04 0.01 0.08 0.12 1.01

Interaction* 1.20 0.02 0.09 0.19 1.15
*Limited: λg > 0.4 and ramp ≤ 2.0
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a generally safe estimation of the buckling resistance. 
The  corrected partial safety factor, calculated according 
to Eq. (22), is equal to 1.0 for local buckling, 1.01 for global 
buckling, and 1.15   for interaction buckling. It  is worth 
mentioning that a larger discrepancy exists for global and 
interaction buckling behavior compared to the local buck-
ling. This is mainly because the numerical simulations 
capture complex behaviors that are not fully represented 
by the simplified Eurocode buckling formulas. However, 
several researchers showed that for reclaimed members, a 
value of γM1 = 1.15 can be used [1]. It should be noted that 
the reliability study is restricted to λg > 0.4 and ramp ≤ 2.0, 
since the buckling curves were unable to accurately reflect 
the numerical model behavior outside these limits.

ratio
Numerical

Formula

�
� �
� �
R

R
amp

amp

	 (28)

6 Conclusions
This study presented a reliability assessment of reclaimed 
welded box-section steel members prone to local, global, 
and interaction buckling. The  study mainly focused on 
investigating the reliability of newly developed local 
and global buckling formulas that take into account the 
effect of amplified imperfections in reclaimed members 
and the generated residual stresses during the forma-
tion of the imperfection during the service time of the 
members  [6]. The  developed formulas were calibrated 
against GMNI analyses, which take these effects into 

account. The method available in Annex D of EN 1990 is 
used to evaluate the reliability of the proposed formulas. 
The results demonstrated consistent mean correction fac-
tors (b ≥ 1.0) and low coefficients of variation (Vδ < 0.02), 
indicating accurate estimations of buckling resistances. 
Corrected partial safety factors were proposed for local, 
global, and interaction buckling modes. The  findings 
demonstrate that the current Eurocode resistance for-
mulas may not be directly applicable to reclaimed mem-
bers due to elevated imperfection magnitudes that cause 
a large reduction in capacity. When designing reclaimed 
structural members, the actual geometric imperfections 
should be measured, and the characteristic capacity eval-
uated using the proposed buckling curves. The  design 
resistance is then obtained by applying the appropri-
ate partial safety factors to ensure safety requirements. 
The  modified design approach, supported by calibrated 
safety factors, provides a practical and safe framework for 
the structural assessment and reuse of existing steel mem-
bers, contributing to sustainable engineering practices.
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