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Abstract: This study investigates the influence of Shielded Metal Arc Welding (SMAW) welding parameters on the
remaining compressive capacity ofangle-shaped steel members used for structural strengthening. The analysis focuses
on memberswith thin hot-rolled profiles (40.4 x 40.4 x 4.0 mm, 50.5 x 50.5x 5.0 mm, and 60.6 x60.6 x 6.0 mm). A
finite element model simulates the heat distribution caused by welding, leading to a temperature increase withinthe
member. Welding scenarios are simulated using various combinations of current strength and welding speed based
on the specifications for electrode type E6013. The remaining compressive capacity is determined by segmenting the
cross-sectionbased on temperatureintervals and considering the member's slenderness. The analysis reveals a clear
correlation between welding parameters and compressive capacity loss. Employing a higher current and lower
welding speed leads to a moresignificant reduction in capacity dueto the resulting extensive heat-affected zone (HA2).
Conversely, the lowest current and highest speed scenario minimizes the HAZ, resulting in the highest remaining
compressive capacity. The analysis demonstrates that the 40.4x 40.4x 4.0 mm member can retain upto 51.15%of its
original capacity under these optimal conditions, while the 50.5 x 50.5 x 5.0 mm and 60.6 x 60.6 x 6.0 mm members
can retain 57.79% and 75.78%, respectively. In contrast, the worst-case scenario employing high current and low
speed significantly reducesthe remaining capacity, with reductions down to 6.79%, 10.87%, and 10.54% for the
respective member sizes. These findings highlight the importance of optimizing welding parameters to minimize the
negative impact on the compressive capacity of steel members during strengthening operations.

Keywords : compressive capacity, current, heat, SMAW welding, welding speed

INTRODUCTION utilities, suchas waterreservoirs, exemplify this principle

The growing need for infrastructure retrofitting
emphasizes the importance of adapting existing
structures to enhance serviceability [1]. Over time,
changes in population demographics, technological
advancements, and evolving regulations can render
infrastructure inadequate [2]. Addressing serviceability
improvements in operational infrastructure often requires
interventions while the structure remains under service
load [3]. This critical aspect underscores the necessity for
meticulous planning and precise execution to minimize
disruptions during the retrofitting process, especially in
steel-made construction.

Within critical infrastructure systems, specific
components are irreplaceable and must maintain
continuous operation. Hospitals and their supporting

[2]. The uninterrupted functionality of these elements
underscores their vital role in upholding essential services
[4]. Steel, reinforced concrete, and timber are common
construction materials that form thebackbone of our built
environment. However, steel structures present a distinct
challenge whenitcomes to retrofitting due to the inherent
heat involved in the welding process [ 5, 6]. Welding, a
cornerstone of structural modifications, can negatively
impact the integrity of steel members through heat
generation [7]. While bolted and welded joints offer
options for connecting steel members, it's noteworthy
that both methods incorporate some form of welding [8].

Truss structures, characterized by their intricate
network of slender members, exhibit a greater
susceptibility to heat-related effects compared to frame
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structures [9]. This distinction stems from the inherent
design principles of trusses, which often incorporate
members with smaller cross-sectional areas [10]. In
contrast to frame structures that typically utilize larger,
more robust elements, trusses rely on the combined
strength of their interconnected members to achieve their
structural function [11]. As a consequence, any reduction
in the structural integrity of these slender members, such
as that caused by heat exposure, can significantly impact
the overall stability and performance of the entire truss
system [12].

Research by Mushthofa [13] has established a
critical correlation between the thickness of steel sections
and the dimensions of the heat-affected zone (HAZ)
during welding. This finding highlights a key aspect of
the welding process: the material's thickness directly
influences the extent of thermal alteration in its
surrounding area [14]. When welding thinner steel
sections, the generated heat penetrates a larger portion of
the material, resulting in a wider HAZ compared to
thicker sections [15].

Truss structures are well-known for their efficient
ability to transmit axial stresses, encompassing both
compression and tension, within their members [ 16].
However, itis crucial to recognize that the compressive
capacity ofthese members is notsolely determined by the
material's strength but also by their geometric properties,
particularly their length. This relationship is captured by
the slendemess parameter, which represents the ratio of a
member's length to its cross-sectional dimensions [17]. In
trusses, where members are slender and primarily
subjected to axial loads, the capacity to resist
compressive stress exhibits a non-linear dependence on
member length [18]. As the ratio of member length to
cross-sectional dimensions increases, susceptibility to
buckling increases, thereby compromising their
effectiveness in resisting compressive forces [18].

Previous research has predominantly focused on
evaluating the strength and integrity of welded joints [19]
or examining their properties after the welding process
[20]. However, a significant knowledge gap persists
regarding the behavior of welded members under load,
especially at elevated temperatures encountered during
fire events [21]. While existing studies have explored the
behavior of structural elements under fire conditions, the
emphasis is often placed on the overall structural
response rather than the specific behavior of the welded
members themselves|[22]. This study aims to address this
critical gap by investigating the capacity of welded
members subjected to combined loading and elevated
temperature conditions.

This paper presents the results of an analysis
investigating the effects of welding on the compressive
capacity of steel members. The analysis explores the

influence of three key parameters: steel member
thickness, welding speed, and electrical current used on
the electrode. The impact of these parameters on the
remaining compressive capacity is evaluated for steel
members of varying lengths.

2. THEORY AND METHODS

Theory

The Heat Affected Zone (HAZ) is a crucial region
surrounding the molten weld pool in a welded joint.
While the weld pool itself undergoes complete melting,
the HAZ experiences significant temperature elevations
during the welding process. This localized heating
induces metallurgical transformations in the base metal
without complete melting. These transformations alter
the microstructure and mechanical properties of the
material [21]. Consequently, the HAZ can exhibit
reduced strength and ductility, increased hardness and
brittleness, and a heightened susceptibility to cracking
compared to the unaffected base metal [22]. Higher heat
input during the welding process results in a larger and
more pronounced HAZ. Material properties also play a
significant role, with thinner materials generally
exhibiting wider HAZ compared to thicker sections due
to differences in thermal conductivity.

Joint preparation Weld metal

Fusion line Penetration zone
Coarse-grained HAZ
Fine-grained HAZ
Base metal

Transfomation zone boundary

\ // ‘
Heat affected
zone,

Weld affected material

Figure 1. Heataffected zone division during welding [23]

A cross-section of a welded joint can be
conceptually divided into two distinct regions: the heat-
affected zone (HAZ) and the base metal (Figure 1). The
capacity of a member to resist compressive forces,
known as its compressive strength, transcends the
intrinsic properties of the material itself. It is a complex
interaction governed by several key parameters [24]. The
effective length factor (k) reflects the support conditions
of the member. A more rigid support system (higher k)
translates to a higher attainable compressive strength [25].
The member length (L) exerts a straightforward
influence: longer members exhibit a greater susceptibility
to buckling under compression due to the amplified
leverage for bending moments [26]. The radius of
gyration (1) plays a crucial role, as it relates to the
distribution of the member's area (A) and moment of
inertia (I) [27]. A larger radius of gyration signifies a
stockier member with enhanced resistance to buckling,
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thereby leading to a higher compressive strength. Finally,
the material's yield strength (fy) also comes into play. A
material with a higher yield strength can withstand a
greater compressive load before yielding and potentially
buckling. It's important to note that these parameters are
not independent; for instance, the effective length factor
can influence the critical buckling load, which itself
depends on the member's length and radius of gyration.
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Figure 2. Elastic and in-elastic limit columns [27]

The design of structures incorporating compression
members, such as columns, necessitates a thorough
understanding of their behavior under load. Columns can
be classified as either elastic or inelastic (Figure 2) based
on their response to compressive forces. Elastic columns
are perfectly straight, slender members fabricated from a
material with well-defined yield strength (Fy) and elastic
modulus (E). These columns exhibit a specific response
when subjected to gradually increasing compressive
loads. Initially, the column undergoes elastic deformation
that is proportional to the applied load. This initial
behavior follows a well-defined linear relationship
between stress and strain, as governed by Hooke's Law.
However, a critical load limit exists, beyond which the
column can experience lateral buckling. Euler's formula
provides an estimate for this critical buckling load in
elastic columns. It incorporates thecolumn length (L), the
material's elastic modulus (E), and a factor (k) that
reflects the end conditions of the column.

Inelastic columns, characterized by stockier cross-
sections or fabrication from materials with lower yield
strengths (Fy), exhibit behavior that deviates from the
purely elastic regime. In these cases, the column
transitionsintothe inelasticregion, where the stress-strain
relationship becomes nonlinear. This nonlinearity
signifies material yielding, which can induce permanent
deformation even before the critical buckling load is
reached. Consequently, the critical load capacity for
inelastic columns is generally lower than that predicted
by Euler's formula for elastic columns. To account for the
influence of material properties and geometry on

buckling behavior, empirical formulas can be employed.
One such formula estimates the critical load for inelastic
columns using a constant (4.71) multiplied by the square
root ofthe ratio between the elastic modulus(E) and yield
strength (Fy). This emphasizes the critical importance of
considering both the material properties and geometric
factors when designing columns for adequate resistance
to buckling under compressive loads.

Methods

The numerical analysis is conducted on the thin-
nest commercially available hot-rolled angle sec-
tions commonly used in structural applications.
These sections have the following dimensions: L
40.40.4, L 50.50.5, and L. 60.60.6 (where L repre-
sents the equal leg length). Shielded Metal Arc Weld-
ing (SMAW) is employed, utilizing the E6013 elec-
trode, a popular choice for general-purpose welding
[28].

According to ASME Section IX [29], the fol-
lowing equation (1) is used for calculating heat in-
put:

HI =(V.A.60)/s (1)

where HI isheat input (kJ/mm), V isvoltage (V),
A is current (Amps), and s is welding speed
(mm/min). ENISO 1011-1 [30] gives the thermal ef-
ficiency value for SMAW as 0.8. These variations
will produce different energy input (Hnet) values, as
shown in Table 1 below. The simulation was con-
ducted using a 3.2 mm diameter electrode with a
static voltage of 35 V. The travel speed varied from
75 mm/min to 150 mm/min in increments of 10
mm/min. The current was varied across multiple
simulations, ranging from 75 amps to 125 amps with
10 amp intervals.

The electrode diameter and current values are
referenced in the product catalog. A constant voltage
of 35 V is employed in this study. This value repre-
sents the upper limit typically recommended for
SMAW processes. The decision to maintain a con-
stant voltage stems from the understanding that, in
SMAW, electrode diameter exerts a greater influence
on current and penetration depth compared to volt-
age [31]. Increasing voltage beyond the recom-
mended range is not expected to yield significant
benefits.

The selection of travel speeds draws reference
from several studies and industry catalogs ([32], [33],
[34]). These resources recommend a travel speed
range of 3 to 6 inches per minute (75—150 mm/min)
for SMAW welding processes.
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Thermal efficiency in welding refersto the portion
of electrical energy supplied to the arc that translates
into heating the weld pool. A nominal value of 0.8 is
often assumed, but several factors influence the ef-
fectiveness of this energy transfer [35].

A key factor is the inherent variability of the
heat source in Shielded Metal Arc Welding (SMAW)
compared to more focused processes [35]. SMAW
relies on resistance heating of the electrode tip and
molten metal droplet, resulting in less-controlled
heat input and potential fluctuations in the amount of
heat transferred to the workpiece [36]. Travel speed
and electrode size also play a role. Higher travel
speeds or larger electrode diameters limit the time
available for the arc to heat the metal, leading to

Table 1. Energy input and simulation mapping

lower thermal efficiency. Material properties further
influence efficiency. Materials with higher thermal
conductivity dissipate heat more readily, reducing
the energy available to heat the weld pool. Finally,
while machine settings have a minor influence,
higher voltage settings can lead to a slight decrease
in efficiency due to increased arc length, but this ef-
fect is generally less significant compared to the
other factors [37]. As Kah [38] highlighted, arc effi-
ciency varies depending on factors such as arc volt-
age and current. Their research does not provide a
single definitive value for SMAW, but emphasizes
the importance of considering these parameters to
achieve optimal welding outcomes.

Scenario Num. for 75 Amps S1.1 S1.2 S1.3 S14 S1.5 S1.6 S1.7 S1.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 1.680 1482 1326 1200 1.096 1.008 0933 0.840
Scenario Num. for 85 Amps S2.1 S2.2 S2.3 S2.4 S2.5 S2.6 S2.7 S2.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 1904 1.680 1.503 1360 1.242 1.142 1.058 0.952
Scenario Num. for 95 Amps S3.1 S3.2 S33 S3.4 S3.5 S3.6 S3.7 S3.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 2.128 1.878 1.680 1.520 1.388 1277 1.182 1.064
Scenario Num. for 105 Amps S4.1 S4.2 S4.3 S44 S4.5 S4.6 S4.7 S4.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 2352  2.075 1.875 1.680 1.534 1.411 1.307 1.176
Scenario Num. for 115 Amps S5.1 S5.2 S5.3 S5.4 S5.5 S5.6 S5.7 S5.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 2576 2273 2.034 1.840 1.680 1.546 1431 1.288
Scenario Num. for 125 Amps Se6.1 S6.2 S6.3 S64 S6.5 S6.6 S6.7 S6.8
Travel speed (mm/min) 75 85 95 105 115 125 135 150
Energy input (kJ/mm) 2.800 2471 2211 2.000 1826 1.680 1.556 1.400

*S for Simulation ...

Table 2. Reduction factors for stress-strain relationship of steel at elevated temperatures [39]

Steel temperature 0,

Reduction factors at temperature relative to the value at 20°C

Effective yield strength

Proportional limit Slope ofthe linear elastic

range

Ko = fy0 / £, Kpo =0/ £y Ko = Eas/ Ea
20 1,000 1,0000 1,0000
100 1,000 1,0000 1,0000
200 1,000 0,8070 0,9000
300 1,000 0,6130 0,8000
400 1,000 0,4200 0,7000
500 0,780 0,3600 0,6000
600 0,470 0,1800 0,3100
700 0,230 0,0750 0,1300
800 0,110 0,0500 0,0900
900 0,060 0,0375 0,0675
1000 0,040 0,0250 0,0450
1100 0,020 0,0125 0,0225
1200 0,000 0,0000 0,0000

Note: For intermediate values of the steel temperature, linear interpolation may be used
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As evident from Table 2, an increase in temperature
within a cross-section corresponds to a decrease in
its yield strength. Consequently, this study employs
a cross-sectional analysis approach that involves di-
viding the section into multiple groups. The first
group encompasses the area with a yield strength of
fy = 0. Subsequently, the remaining cross-section is

subdivided into several pieces categorized by yield
strength values that are in close proximity. This area
segmentation aims to determine the cross-sectional
area (A), which will subsequently influence the ra-
dius of gyration calculation and, consequently, the
member's slenderness. As illustrated in Figure 3, the
area division is facilitated by analysis software.

Parameter

Segment
1 2 3 4 5 6

A

145 335 342 7.07 13.54 6.96

J

086 6.81 712 26.57 63.96 25.95

5 133

3.80 2600 6649 35747 209518 209030

122

3.80 2600 6649 35747 209518 209030

123

271 2218 6252 33786 198146 207144

AS2

095 335 342 707 13.54 6.96

AS3

095 335 342 707 13.54 6.96

S33(+face)

181 6.11 1109 34.15 110.83 100.74

S33(-face)

113 5.69 1060 40.11 148.65 108.59

S22(+face)

113 5.69 1060 40.11 148.65 108.59

N @ A

ke
3

123 a 5 ' 6 S22(-face)

181 6.11 1109 34.15 110.83 100.74

Z33

128 555 941 3145 10543 77.28

Figure 3. Segmen per segment section properties analysis

Each segmented region is assigned an area and a
moment of inertia Consequently, each segment
possesses its own unique radius of gyration. The analysis
proceeds by evaluating each modeled segment to
determine its reduced compressive capacity.
Subsequently, the total reduced compressive capacity for
the entire cross-section is obtained by summing the
contributions from all segments. This process is repeated
for each welding simulation.

3. RESULTS AND DISCUSSION
Compressive strength due to welding speed vari-
ation

Figure 4 illustrates the load-carrying capacity of
L 40.40.4 profiles under compressive force for
various member lengths, ranging from 0.5 m to the
slenderness limit defined as kL/r > 200. The figure
also depicts the effects of different welding simula-
tions on this capacity. The curve labeled "40.40.4 1.1
Ambient" represents the baseline compressive ca-
pacity of the 40.40.4 member at room temperature.
The curves labeled "40.40.4 1.1 Heated" to "40.40.4

1.8 Heated" represent the reduced compressive ca-
pacity remaining in the 40.40.4 cross-section after
welding simulations 1.1 to 1.8, respectively. The ver-
tical separation between each "Heated" capacity
curve and the "Ambient" curve quantifies the loss of
compressive capacity attributable to the welding
simulation. As evident from the figure, longer

welded members exhibit a smaller decrease in their
compressive capacity compared to shorter members.
Figures 5 and Figure 6 depict analogous pat-
terns for the 50.50.5 and 60.60.6 profile members,
respectively. The analysis encompassed these mem-
ber sizes, ranging from a length of 0.5 m to the
threshold before slenderness classification (kL/r >
200). While the trends are generally similar, there are
subtle variations in the compressive capacity reduc-
tion patterns. Notably, the 60.60.6 profile exhibits
the least decrease in compressive capacity. Further-
more, compared to the 40.40.4 and 50.50.5 profiles,
the 60.60.6 member demonstrates a steeper decline
in compressive capacity during welding simulations
compared to the thinner members (4 mm and 5 mm).
The observed lower reduction in compressive
capacity for the 60.60.6 profile member compared to
the thinner sections (4 mm and 5 mm) can be at-
tributed to two key factors. Firstly, thicker steel sec-
tions generally experience a smaller heat-affected
zone (HAZ) during welding. Secondly, the member
length also plays a role in influencing the remaining
compressive capacity. For a given current and volt-
age combination, the greatest loss of compressive ca-
pacity is likely to occur when the member length
falls within the elastic-inelastic transition zone.
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Figure 4. Compressive load carrying capacity for each simulation to each length of 40.40.4 member
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Figure 5. Compressive load carrying capacity for each simulation to each length of 50.50.5 member
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Figure 6. Compressive load carrying capacity for each simulation to each length of 60.60.6 member

Compressive strength due to current and welding
speed variation

Building upon the previous simulations, this
analysis extends the investigation to members with
cross-sectional dimensions of 40.40.4, 50.50.5, and
60.60.6, as detailed in Table 2. Consistent with the
trends observed in Figure 7, Figure 8, and Figure 9
(illustrating the decrease in compressive capacity for
40.40.4, 50.50.5, and 60.60.6 cross-sections under
simulation 1.1, respectively), the largest remaining

compressive capacity is associated with welding
simulation 1.8 (fastest travel speed), while the small-
est capacity is observed for simulation i.1 (slowest
travel speed). Consequently, Figure 10, Figure 11,
and Figure 12 present the results for members
40.40.4, 50.50.5, and 60.60.6, respectively, under
welding simulations i.1 and 1.8 for further examina-
tion.
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Figure 7. Resumed compressive load carrying capacity for each simulation to each length of 40.40.4 member
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Figure 8. Resumed compressive load carrying capacity for each simulation to each length of 50.50.5 member
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Figure 9. Resumed compressive load carrying capacity for each simulation to each length of 60.60.6 member

The findings from the simulations conducted on
the 40.40.4, 50.50.5, and 60.60.6 cross-sections con-
sistently demonstrate a pattern across all three thick-
nesses (4 mm, 5 mm, and 6 mm). For each cross-
section, the highest remaining compressive capacity
is observed under welding simulation i.8 (fastest
travel speed), while the lowest remaining capacity
occurs under simulation i.1 (slowest travel speed).

An analysis of the remaining compressive ca-
pacity for the 40.40.4 (Table 3), 50.50.5 (Table 4),
and 60.60.6 (Table 5) cross-sections, as they vary
with member length, reveals a consistent trend. As

evident from the tables, welding parameters that
combine lower current and higher travel speed lead
to the highest remaining compressive capacity
within the cross-section. Conversely, higher current
and lower travel speed combinations result in the
lowest remaining capacity. This observation can be
attributed to the influence of net heat input (Hnet) on
the heat-affected zone (HAZ) width. Hnet, in turn, is
a function of welding current, power, speed, and
thermal efficiency. While not a linear relationship,
the width of the HAZ exhibits a positive correlation
with the heat input experienced during welding.
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Table 3. Remaining capacity of heated 40.40.4 section frame

Length ¢Pn (kN) ¢oPn' (kN) oPn' (kN) Remainingcapacity Remaining capacity
(m) ambient S1.8 S6.1 for S 1.8* forS6.1**
0.50 60185.9 29307.22 7511.359 48.69% 12.48%

1.00 45864.3 21260.04 4209.597 46.35% 9.18%
1.50 29818.8 13849.79 2078.121 46.45% 6.97%
2.00 17491.8 8666.521 1190.816 49.55% 6.81%
245 11785.0 6028.342 800.4505 51.15% 6.79%

Table 4. Remaining capacity of heated 50.50.5 section frame

Length(m)  ¢Pn (kN) @Pn' (kN) oPn' (kN) Remainingcapacity Remaining capacity
ambient S1.8 S6.1 for S 1.8* for S 6.1**
0.50 97200.1 56175.11 21916.31 57.79% 22.55%
1.00 80999.2 36256.72 13327.09 44.76% 16.45%
1.50 60732.3 20410.87 7486.354 33.61% 12.33%
2.00 40990.2 12294.63 4406.042 29.99% 10.75%
2.50 26650.7 8192.961 2885.043 30.74% 10.83%
3.00 18688.8 5836.679 2031.405 31.23% 10.87%
3.04 18270.1 5710.893 1986.315 31.26% 10.87%

Table 5. Remaining capacity of heated 60.60.6 section frame

Length ¢Pn (kN) oPn' (kN) ¢oPn' (kN) Remaining capacity Remaining capacity
(m) ambient S1.8 S6.1 for S 1.8* for S 6.1%*
0.50 142584.1 103834.10 46094.94 72.82% 32.33%
1.00 125230.7 84642.16 27547.33 67.59% 22.00%
1.50 102052.2 65253.29 14624.00 63.94% 14.33%
2.00 77320.7 49412.93 8632.31 63.91% 11.16%
2.50 54297.9 36556.21 5680.00 67.33% 10.46%
3.00 38173.7 27462.12 4011.62 71.94% 10.51%
3.50 28284.2 21224.03 2979.61 75.04% 10.53%
3.64 26270.0 19906.18 2768.68 75.78% 10.54%

*)S 1.8 employed a travel speed of2.50 mm/s, and 75 amps current
**) S 6.1 employed a travel speed of 1.25 mm/s, and 125 amps current

The most significant reduction in compressive
capacity is observed when the member length falls
within the elastic-inelastic buckling transition zone.
This phenomenon occurs once the proportional limit
is exceeded. As the member length increases and its
behavior becomes more elastic, the magnitude of
compressive capacity loss diminishes.

Temperature Distribution Along the Section

The observed decrease in yield strength and elas-
tic modulus at elevated temperatures can be at-
tributed to the weakening of interatomic bonds
within the steel's microstructure. This phenomenon
arises as temperature increases, causing thermal en-
ergy to vibrate the atoms in the steel lattice. These
vibrations disrupt the orderly atomic arrangement,
weakening the forces that hold the atoms together
[40].

Yield strength signifies the stress level at which
the steel transitions from elastic to plastic defor-
mation. A decrease in yield strength due to elevated

temperatures implies a lower load threshold for plas-
tic deformation within the member. This conse-
quence diminishes the member's load-carrying ca-
pacity and can lead to premature failure under com-
pressive loading. Elastic modulus, on the other hand,
reflects the steel's stiffness, essentially its resistance
to elastic deformation. A lower elastic modulus
translates to increased deflection under a given load.
In compression members, this translates to greater
bowing and potential buckling at a reduced critical
load.

Simulation 1.8, characterized by the lowest cur-
rent variation and highest travel speed, represents the
scenario with minimal compressive capacity loss.
Conversely, simulation 6.1, employing the highest
current variation and lowest travel speed, exempli-
fies the conditions that lead to the most significant
reduction in compressive capacity. In essence, these
simulations establish the upper and lower bounds for
the compressive capacity loss observed in the steel
members.
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Figure 10. Comparison of 4 mm thick cross-sections welded with simulations 1.8 and 6.1

Figure 10 illustrates that upon contact with the
4 mm thick steel cross-section, the tip of the profile
flange retains a temperature exceeding 450°C.
Furthermore, the temperature at the edge of the
cross-section welded using simulation 1.8 remains
below 450°C, whereas the edge welded with
simulation 6.1 surpasses this temperature. These
observations suggest that when welding the 40.40.4
member, the entire weld path experiences
temperatures exceeding 450°C, eliminating any
region within the cross-section that retains its base
metal behavior. In other words, the entire cross-

section transforms into the heat-affected zone (HAZ).

Notably, the 5 mm plate welded with
simulation 1.8 exhibits a section of base metal
exceeding 20 mm along its length due to a cross-
section temperature remaining below 200°C.
Conversely, the edge of the 5 mm plate welded with
simulation 6.1 retains a temperature between 300°C
and 350°C. This observation suggests that when
welding the 5 mm thick cross-section using
simulation 6.1, the entire cross-section transforms
into the heat-affected zone (HAZ).

The 6 mm plate welded with simulation 1.8 retains
a substantial section of base metal exceeding 35 mm in
length due to a cross-section temperature that remains
below 200°C. In contrast, the edge of the 6 mm plate
welded with simulation 6.1 exhibits a temperature of
approximately 250°C. While the entire cross-section
transforms into the heat-affected zone (HAZ) when
welding the 6 mm section using simulation 6.1, the
reduction in capacity at this temperature is likely to be
comparatively minimal.

4. CONCLUSIONS

Higher welding currents demonstrably lead to a
more extensive distribution of elevated temperatures
within the cross-section. This directly translates to a
reduction in both yield strength and elastic modulus. The
magnitude of this reduction is directly proportional to the
increase in temperature experienced by the cross-section.
In simpler terms, higher welding currents induce a more

simulation 6.1

pronounced decrease in yield strength and elastic
modulus.

Welding speed demonstrably influences the
remaining compressive capacity, with higher speeds
resulting in a more favorable outcome. The observed
trends in remaining compressive capacity, for each
member length variation, exhibit a similarity to the
behavior of members at room temperature. However, this
similarity diminishes with increasing member length. In
other words, the gap between the trends observed for
room temperature and welding conditions narrows as the
welded member length grows.

The study reveals that the most favorable scenario
for minimizing compressive capacity loss is achieved by
employing the highest welding speed and the lowest
current setting. For instance, with a welding current of
75 amps, 35 volts, and a travel speed of 150 mm/min, the
remaining compressive capacity for the 40.40.4,50.50.5,
and 60.60.6 cross-sections is measured at 51.15%,
57.79%, and 75.78%, respectively. Conversely, a worst-
case scenario employing a current of 125 amps, 35 volts,
and a travel speed of 75 mm/min would significantly
reduce the remaining capacity to a mere 6.79% for the
40.40.4 member, 10.87% for the 50.50.5 member, and
10.54% for the 60.60.6 member. It is noteworthy that the
decrease in compressive capacity observed across all
cross-sections generally diminishes with increasing
member length.

The simulation results demonstrate a clear
correlation between welding parameters and
compressive capacity loss. Specifically, employing the
lowest welding speed and highest current demonstrably
leads to the greatest reduction in compressive capacity.
This phenomenon can be directly attributed to the
resulting temperature distribution within the member's
cross-section. Welding at these settings induces a
scenario where the entire cross-section falls within the
heat-affected zone (HAZ), effectively eliminating any
remaining base metal that retains its original properties.
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