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ABSTRACT Artlcle Info {.) Check for updates
Shielding gas flow rate is an important parameter in gas metal arc welding (GMAW), but its relationship ~ EPITED BY

with the mechanical response of welded low-carbon steel specimens depends on the welding and testing F?;éc';s er;?]znsnE Bangkinang
conditions. This study investigated the effect of shielding gas flow rates of 10, 20, and 25 L/minonthe | jonesia. '

maximum load recorded during compression testing. Three specimens with nominal dimensions of 100
x 40 x 4 mm and V-groove joints were welded at a nominal current of 120 A, with one specimen tested
at each flow rate. The maximum recorded loads were 440 kgf at 10 L/min, 460 kgf at 20 L/min, and
460 kgf at 25 L/min. The increase from 10 to 20 L/min corresponded to a descriptive increase of
approximately 4.55%, whereas increasing the flow rate from 20 to 25 L/min produced no additional
recorded load benefit. These findings provide a preliminary comparison of shielding gas settings and
the loading response of the investigated welded specimens. However, the absence of replicated tests
prevents statistical assessment of the observed differences or identification of an optimum flow rate.
Furthermore, the original area calculation requires verification before the derived values can be
interpreted as compressive strength. The results identify 20 L/min as a candidate for further
experimental evaluation, subject to replicated testing, validated loading geometry, and improved
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INTRODUCTION
Research Context and Manufacturing Significance

Gas metal arc welding (GMAW) is an established
joining process for manufacturing low-carbon steel
components. Its continuous wire feed supports productive
fabrication, while the externally supplied shielding gas
protects the welding region(Liu et al., 2021, p. 1; Wordofa
& Ramulu, 2023, p. 366). For manufacturers, the practical
challenge is to produce joints with suitable mechanical
performance while controlling process variability and
consumable use. Shielding gas selection therefore involves
both weld integrity and production efficiency, rather than
gas delivery alone (Campbell et al., 2012; Fortain & Gadrey,
2013).

Figure 1 illustrates the principal components of the
GMAW system, including the power source, wire feed
mechanism, welding gun, and shielding gas supply. Within
this arrangement, gas flow rate is an adjustable parameter
whose effectiveness depends on the interaction between the
gas stream, welding arc, and surrounding atmosphere.
Understanding this interaction is necessary when selecting
settings for a particular material, joint geometry, and

Manahan Hutagallung & Ricky Sanjaya

manufacturing application (Bitharas et al., 2017; Jia et al.,
2025)
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Note. English label key: control system; wire feed speed control; gas outlet;
workpiece; welding gun trigger; welding gun; wire feed motor; connection
to control system; 110 V input; welding power source; voltage control; wire
spool; gas hose; shielding gas cylinder.
Figure 1. GMAW equipment arrangement

Industrial Problem and Limitations of Gas Flow
Adjustment

A specific industrial problem concerns the tendency to
increase shielding gas flow when protection around the
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welding region is uncertain. This adjustment may appear
straightforward, but its effectiveness depends on the
operating conditions. Campbell et al. (2013) identified
excessive consumption and undesirable turbulence as
potential consequences of high flow rates. They also
demonstrated the importance of nozzle geometry and cross-
drafts in determining shielding performance. Increasing
flow without considering these factors can therefore add cost
without resolving the underlying delivery problem.

Existing gas delivery systems allow operators to regulate
flow, but a selected flow-meter setting does not
independently establish adequate protection or mechanical
performance. Beyer et al. (2013) compared conventional
flow control with a self-regulating gas-saving device and
demonstrated that reduced consumption could maintain
weld quality under suitable conditions. However, lower flow
rates became more wvulnerable to cross-drafts. The
manufacturing problem is consequently one of selecting an
appropriate operating condition, rather than simply
maximising or minimising gas supply(Mamo & Foden,
2013; Suwannatee et al., 2023, p. 1020). This creates a
further question for process qualification: when gas flow
increases, does the resulting joint exhibit a corresponding
mechanical benefit? Answering this question requires
measurements relevant to the intended loading condition.
Evidence of adequate shielding is important, but it does not,
by itself, quantify the load-bearing response of a particular
welded specimen.

Critical Synthesis of Previous Research

Previous research has approached shielding gas selection
through  complementary  physical and mechanical
assessments. Campbell et al. (2012) found that acceptable
weld quality could be maintained at 6 L/min in a draft-free
environment. They also associated flow variation with
changes in penetration, distortion, and peak temperature.
These observations indicate that flow adjustment may affect
several aspects of welding performance, although the
acceptable setting remains conditional on the surrounding
environment. Bitharas et al., (2017) examined these

conditions more directly using schlieren imaging,
magnetohydrodynamic  modelling, and radiographic
inspection. Their investigated GMAW configuration

achieved sufficient shielding with pure argon at 9 L/min
(Chen et al., 2023, p. 6516; Spaniol et al., 2020, p. 877).
Whereas  flow-control trials assess the practical
consequences of changing gas supply, this combined
approach provides insight into coverage and interaction with
the atmosphere. Nevertheless, successful shielding in that
configuration cannot be treated as a transferable flow
recommendation for every material, joint, or mechanical
loading condition.

Mechanical studies extend the evidence beyond
coverage. Pratikno et al. (2022) investigated ASTM A53—
A36 joints using pure CO: at 15, 20, and 25 L/min with
single- and double-V grooves. The highest tensile strength
occurred at 25 L/min with a double-V groove. Their findings
show why gas flow must be considered alongside joint
preparation. However, the preferred combination represents
the tested materials and tensile response, rather than a
general optimum for GMAW joints. (Malang et al., 2023)
examined SPHC steel using currents of 120-140 A and CO-
flow rates of 15-25 L/min, with tensile and impact
properties as response measures. Their factorial
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investigation incorporated repeated tests, enabling
assessment of current, flow rate, and their interaction. This
provides a stronger basis for evaluating interacting
parameters than an unreplicated comparison. Its conclusions
nevertheless concern tensile and impact performance,
leaving the compression-test response of the present
specimen configuration unresolved. Collectively, these
investigations establish that shielding effectiveness, joint
preparation, and mechanical loading must inform parameter
selection. Their different preferred settings are not
necessarily contradictory. They reflect differences in
experimental conditions and evaluation criteria. The
implication for manufacturing research is that gas flow
recommendations require a clearly defined application and
response measure.
Mechanical Evaluation and the Specific Research Gap
The present investigation examines welded specimens
under compressive loading using a universal testing
machine, illustrated in Figure 2. This assessment provides a
basis for comparing the maximum recorded loads associated
with the selected welding conditions. It also requires careful
interpretation: a specimen that bends under an applied
compressive load does not necessarily experience uniform
uniaxial compression. The recorded load therefore
characterises the specimen and loading arrangement, while
any calculated stress depends on the reference area and test
assumptions.

Upper cross Head

Space for Tensile
spacemen

Movable Cross Head

Space for Compressive
spacemen

Load

Indicator

Speed
Control

Figure 2. Universal testing machine

Against this background, the research gap concerns the
transferability of existing shielding gas evidence to the
investigated compression-test configuration. The reviewed
studies address gas coverage, flow-control efficiency, tensile
properties, or impact resistance. They do not directly
establish how flow rates of 10, 20, and 25 L/min relate to the
recorded loading response of the present low-carbon steel
specimens with a V-groove, dimensions of 100 x 40 x 4 mm,
and a welding current of 120 A.

This gap is deliberately bounded. It does not imply that
compression behaviour or shielding gas effects have never
been studied. Rather, it identifies a specific relationship that
the reviewed evidence does not resolve directly. A
comparative  experiment can provide preliminary
observations for this configuration, although establishing
reproducibility, statistical significance, or a broadly
applicable optimum would require further testing.

Proposed Approach and Research Questions

This study compares the compression-test responses of
specimens produced at three shielding gas flow rates: 10, 20,
and 25 L/min. The specified welding current, specimen
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dimensions, and groove type remain consistent across the
comparison. The principal response measure is the
maximum recorded load; the corresponding calculated
strength values provide an additional comparison subject to
verification of the area definition and loading configuration.

The approach differs from the reviewed studies through
its focus on a defined compression-test response rather than
shielding visualisation, nozzle redesign, or tensile and
impact properties. Its purpose is comparative and
exploratory. It does not seek to infer unmeasured changes in
porosity, microstructure, residual stress, or thermal history.
The investigation addresses the following research
questions: 1) How does the maximum recorded load differ
among specimens welded at shielding gas flow rates of 10,
20, and 25 L/min? 2) Does the specimen welded at 25 L/min
exhibit an additional load-bearing benefit relative to the
specimen welded at 20 L/min under the investigated
conditions? 3) How do the corresponding calculated strength
values compare when evaluated using a consistently defined
reference area?

Intended Scientific and Technological Contributions
The intended scientific contribution is a clearly bounded
comparison connecting shielding gas flow rate with

MATERIALS AND METHODS

Materials, Equipment, and Research Conditions

The investigation used low-carbon steel specimens
joined by gas metal arc welding (GMAW). The recorded
specimen dimensions were 100 mm in length, 40 mm in
width, and 4 mm in thickness. A V-groove configuration and
a nominal welding current of 120 A were specified for all
three experimental conditions. The material designation,
chemical composition, supplier, and certified mechanical
properties were not documented sufficiently to establish a
specific steel grade. The principal equipment comprised a
GMAW welding system, a shielding gas supply, and a
universal testing machine for mechanical loading. The
welding system and testing machine are illustrated in
Figures 1 and 2, respectively. Specimen photographs before
and after loading provided supplementary documentation of
the observed deformation. The available records do not
identify the shielding gas composition or purity, electrode
classification and diameter, welding machine model, testing
machine capacity, or load measurement accuracy. These
specifications are necessary for independent replication and
must be established from the original experimental records.
The investigation is therefore reported as a preliminary
comparison under the documented conditions.

Experimental Design and Specimen Preparation
The study used a single-factor comparative experimental
design. Shielding gas flow rate was the experimental factor,
with three nominal settings: 10, 20, and 25 L/min. The
welding current, groove type, and recorded specimen
dimensions were consistent across the three conditions.
Table 1. Experimental conditions used in the comparison

Condition  Condition  Condition

Parameter G10 G20 G25
Shielding gas flow rate, Q
(L/min) 10 20 25
Nominal welding current (A) 120 120 120
Recorded specimen length
(mm) 100 100 100
Recorded specimen width 20 20 40
(mm)
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mechanical response under the investigated loading
arrangement. This extends the application-specific evidence
available for GMAW parameter selection and provides a
basis for subsequent experiments using replication,
deformation measurements, and weld characterisation. The
intended technological contribution is preliminary support
for identifying flow settings that merit further procedure
qualification. Such evidence may help manufacturers
evaluate whether increased gas delivery warrants additional
testing for a mechanical benefit. The study does not directly
measure production cost, gas savings, or environmental
performance, so these outcomes remain outside its
demonstrated contribution. What remains unresolved is
whether the selected flow settings produce distinguishable
and reproducible loading responses in this specimen
configuration. By investigating the observed differences
without assuming an improvement in advance, the study
aims to strengthen the connection between welding
parameter selection and mechanical evaluation. Its
contribution to manufacturing science lies in providing
configuration-specific evidence and defining the conditions
under which that evidence can inform further process
development.

Recorded specimen

thickness (mm) 4 4 4
Groove type \Y% \Y \Y
Recorded specimen count 1 1 1

Each specimen was associated with its nominal gas flow
setting and subsequently subjected to mechanical loading.
The available dataset contains one reported observation per
condition.  Consequently, the experiment permits
comparison among the three recorded specimens but does
not provide an estimate of variation within each condition.

Condition G10 served as the internal reference for
calculating relative changes. It was not an unwelded control
or a reference specimen certified to a testing standard. No
additional control group was included in the reported
dataset. The records do not specify the groove angle, root
gap, root face, surface preparation, welding position,
number of passes, or order of specimen production. These
preparation details should be supplied before the procedure
is presented as independently reproducible.

Process Parameters and Measurement Procedures

The independent variable was the nominal shielding gas
flow rate, expressed in L/min. The principal response
variable was the maximum recorded load, F ., ,€xpressed
in kilogram-force (kgf). A secondary response was the load-
normalized value calculated using the reference area
adopted in the original analysis. The documented
comparison variables were welding current, specimen
dimensions, and groove type. Other potentially influential
parameters, including arc voltage, wire feed speed, travel
speed, contact-tip-to-work distance, torch angle, and
interpass temperature, were not sufficiently documented to
confirm equivalent operating conditions. Following
welding, each specimen underwent loading in the universal
testing machine. The reported maximum load was retained
as the primary mechanical observation. Photographs taken
before and after testing documented the specimen condition
and bending deformation. These photographs support
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qualitative description but do not independently quantify
strain, displacement, or fracture characteristics.

The available records do not specify the loading
direction relative to the weld, support spacing, contact
geometry, loading rate, preload, displacement measurement,
data acquisition frequency, or stopping criterion. No specific
mechanical testing standard can therefore be claimed as
having been followed. Because bending occurred during
loading, the recorded response should be interpreted in
relation to the test configuration rather than assumed to
represent uniform uniaxial compression. Calibration
certificates, instrument resolution, and measurement
uncertainty were not available in the supplied records.

Accordingly, no numerical uncertainty bounds were
assigned.
Analytical Procedures and Definition of Response
Measures

The analysis compared maximum recorded loads and
reproduced the calculations underlying the reported Results.
No computational model, optimisation algorithm, or
mechanistic simulation was used. For consistency with the
original calculation, the reference area was defined as:

Aref = Z(POLQ + PyTy + LOTO) (1)
where \(P_0\), \(L_0\), and \(T_O\) denote the recorded
specimen length, width, and thickness, respectively, in
millimetres. Substituting the documented dimensions gives:
Aver = 2[(100 x 40) 4 (100 x 4) + (40 x 4)] = 9120 mm?
Equation (1) calculates the total external surface area of a
rectangular prism. It does not calculate the cross-sectional
area perpendicular to the applied load. The corresponding
quantity is therefore designated here as a load-normalized
index, [, rather than an intrinsic material compressive
strength:

1 L — Fmax
- Aref

where 1_L is expressed in kgf/mm2 when F max
expressed in kgf.

This definition preserves the numerical basis of the
existing Results while distinguishing the reported
calculation from a validated compressive stress
measurement. Calculation of engineering compressive stress
would instead require a verified load-bearing cross-sectional
area and an appropriate loading configuration. Where force
conversion was required, kilogram-force was converted to
newtons using:

Faxn = 980665 X Fingxkgr 3)
Conversion of the index to N/mm2 changes its units but does
not resolve the geometric limitation of the reference area.

@
is

Performance Evaluation and Experimental Limitations
Performance evaluation used the maximum recorded
load as the primary comparison metric. The load-normalized

RESULTS

The strength of the welded pipe joints was calculated to
determine the reported compressive strength associated
with bending deformation.

index provided a secondary metric consistent with the
original numerical analysis. Because all specimens used the
same reference area, the index preserves the ranking of the
recorded loads and does not constitute an independent
mechanical measurement. Relative differences between
conditions were calculated as:

AF, ) = (M) x 100%

Frax,a
where a and b represent the conditions being compared.
The evaluation considered the changes from 10 to 20
L/min, from 20 to 25 L/min, and from the reference
condition to each higher-flow condition. These comparisons
describe the recorded observations. They do not establish
statistical significance, repeatability, or a generally
applicable optimum. No replicated trials, independently
measured reference properties, or separate validation dataset
were available. Process variability and measurement
uncertainty could therefore not be separated from
differences associated with gas flow setting. Likewise, an
equal reported response at two settings cannot establish
equivalence without repeated measurements and a defined

equivalence criterion.

4)

Data Analysis and Reproducibility

The analysis used the three recorded maximum loads, the
nominal process settings, and the documented specimen
dimensions. All observations were retained. No values were
imputed, and no outliers were removed. Data processing
comprised checking units, reproducing the reference-area
calculation, calculating the load-normalized index, and
determining relative differences using unrounded values.
Rounding was applied only when presenting the final
numerical values. The flow-rate comparison used a
numerical horizontal axis so that the spacing between 10, 20,
and 25 L/min represented the actual differences between
settings. No inferential statistical tests were performed
because the dataset contained one observation per condition.
Standard deviations, confidence intervals, and significance
thresholds were therefore not reported. The software and
version used for the original analysis were not documented,;
the equations above specify the arithmetic required to
reproduce the calculations.
Potential sources of bias include undocumented welding
parameters, specimen preparation differences, loading
alignment, and the absence of randomised production and
testing orders. These limitations restrict interpretation to the
recorded specimens. Reproducibility requires preservation
of the original load records, specimen identification,

dimensional measurements, photographs, equipment
specifications, and completed welding and testing
procedures.

Equation key: KT = compressive strength (kgf/mm?); Fmax
= maximum load (kgf); Ao = initial cross-sectional area
(mm2). Table 1 presents the specimen parameters before

7 = Fnax testing.
Ag
Table 1. Test specimen parameters
. Po Lo To Ao Groove - Fmax
No. Specimen Welding Current (A

P (mm)  (mm)  (mm)  (mmg)  Type g B (kgn

1 Shielding gas flow rate of 10 L/min 100 40 4 9,120 \Y% 120 440

2 Shielding gas flow rate of 20 L/min 100 40 4 9,120 \Y% 120 460

3 Shielding gas flow rate of 25 L/min 100 40 4 9,120 V 120 460
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Image table key: No = number; Spesimen = specimen; Laju gas = gas flow rate; Kampuh = groove; Arus = current; liter/mnt = L/min. Po, Lo, To, Ao, and
Fmax are defined below Table 2. All numerical entries are retained from the original image.

Specimen welded at a shielding gas flow rate of 10 L/min

Before testing After testing

Figure 3. Specimen welded at 10 L/min before and after testing
A. Calculation of the initial cross-sectional area
Ao =2 x ((Po x Lo) + (Po x To) + (Lo x To)) = 9,120 mm?
B. Calculation of specimen compressive strength

KT _ Fr;lax
=
= 0.048 kgf/mm?

Specimen welded at a shielding gas flow rate of 20 L/min

Before testing

After testing

' Figure 4. Specimen welded at 20 L/min before and after testing
A. Calculation of the initial cross-sectional area

Ao =2 x ((Po x Lo) + (Po x To) + (Lo x To)) = 9,120 mm?
KT = 0.050 kgf/mm?

Specimen welded at a shielding gas flow rate of 25 L/min.
Before testin After testing

L

Fi-gAl‘Jh‘re 5. Specimen welded at 25 L/min before and after testing

A. Calculation of the initial cross-sectional area

Ao =2 x ((Po x Lo) + (Po x To) + (Lo x T0))

=9,120 mm?

B. Calculation of specimen compressive strength
F'r;lax

= 0.050 kgf/mm?

Table 2. Calculated results for the shielding gas flow rates

No. Specimen Po (mm) Lo (mm) To (mm) Ao (mm?) Groove | (A) Fmax (kgf) (kgflfr-nrmZ)
1 Gas flow 10 L/min 100 40 4 9,120 \% 120 440 0.048
2 Gas flow 20 L/min 100 40 4 9,120 460 0.050
3 Gas flow 25 L/min 100 40 4 9,120 460 0.050

where: Po = initial length (mm); Lo = initial width (mm); To = initial thickness (mm); Ao = initial cross-sectional area (mm2); Fmax = maximum load

(kgf); KT = compressive strength (kgf/mm?).

0.051 9

0.050 4

0.049 4

0.04
0.048 4

Compressive strength (kgfimm?)

0.047 = T
10

0.050 0.050

T T
20 25

Shielding gas flow rate (L/min)
Note. Original graph label key: Kuat Tekan = compressive strength (kgf/mm2); Laju Gas Pelindung = shielding gas flow rate (L/min).

Figure 6. Compressive strength versus shielding gas flow rate.

Figure 6 presents the compression test results for pipe joints
welded at shielding gas flow rates of 10, 20, and 25 L/min.
The specimen welded at 10 L/min exhibited a reported

DISCUSSION

Principal Findings and Their Scientific Interpretation
The principal finding is a difference in the maximum
recorded load between the specimen welded at 10 L/min and
those welded at 20 and 25 L/min. The latter two specimens
exhibited the same reported maximum load. Within the
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compressive strength of 0.048 kgf/mm2. The specimens
welded at 20 and 25 L/min each exhibited a reported
compressive strength of 0.050 kgf/mm2.

available dataset, increasing shielding gas flow was
therefore associated with an improvement between the first
two settings, followed by no additional recorded benefit at
the highest setting. This pattern qualifies the assumption that
increasing gas flow necessarily produces a continuous
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improvement in mechanical performance. A plausible
explanation for this plateau is that, beyond a certain flow
rate, additional shielding gas no longer changes the effective
protection of the weld pool, so that other factors such as heat
input and joint geometry govern the observed load capacity.

The interpretation should focus primarily on maximum
recorded load. The calculated values presented as
compressive strength were obtained by dividing the load by
the total external surface area of a rectangular
specimen(Jiang et al., 2018, p. 251; Tita-Goldstein, 2013, p.
61). This denominator does not represent the cross-sectional
area perpendicular to the applied load(Cruz et al., 2022, p. 8;
Dhoska et al., 2018, p. 13). Consequently, these values
describe the load-normalized index defined in the revised
Methods rather than an independently established material
compressive strength. Because the same reference area was
used for every specimen, the index reproduces the load
ranking without providing additional evidence about
intrinsic material properties.

The recorded increase from 440 to 460 kgf corresponds
to approximately 4.55% when calculated from the reported
loads. However, this difference cannot be interpreted as a
statistically established treatment effect. With one reported
observation per condition and no quantified measurement
uncertainty, the experiment cannot distinguish a
reproducible gas-flow effect from specimen variability or
differences in welding and testing conditions.

Comparison with Previous Research

The observed response is consistent with the broader
understanding that shielding gas requirements depend on the
welding configuration. Campbell et al. (2012) maintained
acceptable weld quality at reduced flow rates under draft-
free conditions but identified increased sensitivity to cross-
drafts. Bitharas et al. (2017) likewise demonstrated
sufficient coverage at relatively low flow in their
investigated GMAW configuration. These studies indicate
that additional gas delivery does not automatically produce
additional quality benefits. Nevertheless, their coverage and
weld-quality assessments cannot directly validate the
present mechanical observations because their materials,
delivery conditions, and evaluation criteria differ.
Accordingly, the present study does not establish whether
the observed plateau between 20 and 25 L/min reflects a
general saturation of shielding performance, and this
question should be addressed through replicated
measurements under controlled stand-off distances and gas
delivery conditions. Such replication would also clarify
whether the reference-area normalization used here alters
the apparent ranking, since a true cross-sectional basis may
respond differently to changes in weld bead geometry and
porosity, as the stand-off study showed that weld seam
porosity was unaffected across the tested range while shield
gas flow rate remained the controlling parameter(Coroado et
al., 2017, p. 3171; Wordofa & Ramulu, 2023, p. 370) . The
closest mechanical comparison is the investigation by
Pratikno et al. (2022), who examined ASTM A53-A36
joints at 15, 20, and 25 L/min using different V-groove
configurations. Their highest tensile strength occurred at 25
L/min with a double-V groove. The present absence of an
additional recorded load benefit between 20 and 25 L/min
does not contradict that finding. Their study evaluated
tensile performance in a different material and joint
configuration(Elfallah, 2022, p. 18703). Together, the
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investigations indicate that a preferred flow setting must be
linked to the specific response being evaluated rather than
transferred directly between applications. Malang et al.
(2023) investigated current and gas-flow combinations
through replicated tensile and impact testing of SPHC steel.
Their experimental design addressed interactions between
parameters, whereas the present dataset supports only a
descriptive comparison across flow settings at a specified
current. Their findings reinforce the relevance of gas flow to
mechanical evaluation, but also illustrate why replication
and control of interacting parameters are necessary before a
preferred setting can be established with confidence.
Plausible Process and Mechanistic
Explanations

One possible explanation for the lower recorded load at
10 L/min is that shielding conditions differed sufficiently to
influence joint formation. Bitharas et al. (2017) showed that
gas coverage depends on interactions among the shielding
stream, arc, nozzle position, and atmosphere. If coverage at
the lowest setting was inadequate in the present
arrangement, differences in weld integrity could have
contributed to the observed response. However, the study
did not measure coverage, oxygen concentration, or internal
discontinuities.(Egerland et al., 2018, p. 847; Silva et al.,
2021, p. 48). Insufficient shielding therefore remains a
hypothesis rather than an experimentally demonstrated
cause. Consistent with this interpretation, the broader
literature suggests that shielding failure at low flow is more
likely to manifest as porosity and reduced weld soundness
than as a uniform change in strength, which would make the
observed difference in maximum load a secondary indicator
rather than a direct measure of coverage(Reijonen et al.,
2020; Silvério et al., 2021, p. 10) .

A second possibility concerns changes in thermal
behaviour and weld geometry. Campbell et al. (2012)
associated gas-flow variation with penetration, distortion,
and peak temperature. Such relationships provide a technical
basis for investigating whether gas delivery affected the
geometry or mechanical response of the present joints. The
available photographs alone cannot establish these
mechanisms, because penetration depth, weld dimensions,
temperature history, and residual stresses were not
quantified(Drexler et al., 2019, p. 14; Hu et al., 2022, p.
5821). Consequently, the mechanistic interpretations offered
above should be regarded as testable hypotheses, and their
confirmation would require measurement of penetration
profiles, porosity distribution, and fracture surface
characteristics across replicated specimens at each flow
setting.

The equal maximum loads at 20 and 25 L/min could
indicate that additional flow provided no measurable benefit
under the tested conditions. They could also reflect limited
instrument resolution, rounding, or specimen differences.
Although excessive flow can introduce turbulence, as
discussed by Campbell et al. (2013), the present
observations do not demonstrate that turbulence occurred at
25 L/min. No reduction in recorded load was observed at that
setting, and gas-flow behaviour was not measured.
Contribution to Manufacturing Science and Conditions
of Applicability

The study provides a preliminary connection between
shielding gas setting and the loading response of a defined
welded-specimen configuration. Its contribution is the

Relationships
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compression-test comparison at a specified current, groove
type, and recorded specimen size. It extends the application-
specific discussion of shielding gas selection beyond the
tensile, impact, and coverage responses considered in the
reviewed investigations.

The comparison also highlights the importance of
selecting an appropriate performance indicator. A maximum
load characterises the tested specimen and loading
arrangement. An intrinsic material strength requires an
appropriate stress definition and test configuration.
Maintaining this distinction improves the connection
between manufacturing parameters, mechanical
measurements, and the conclusions drawn from them.

Within the reported tests, the specimens welded at 20 and
25 L/min performed better in terms of maximum recorded
load than the specimen welded at 10 L/min. This observation
is insufficient to classify any setting as universally
satisfactory or unsuitable. No acceptance threshold,
unwelded baseline, or qualified reference procedure was
provided. The findings apply only to the recorded specimens
and cannot establish performance under different gas
compositions, nozzle arrangements, welding currents,
material grades, or service loads.
Practical Implications for Process Selection and
Resource Use

The practical implication is that 20 L/min merits further
evaluation because the specimen produced at this setting
reached the same reported maximum load as the specimen
produced at 25 L/min. A manufacturer could use this
observation to define a subsequent qualification experiment,
rather than adopt 20 L/min immediately as an optimum.

A lower flow setting could reduce shielding gas use if
welding duration and other operating conditions remained
unchanged. This is a projected benefit, not a demonstrated
outcome of the present study. Actual gas consumption,
leakage, pre-flow, post-flow, and welding duration were not
measured(Society et al., 2022, p. 241, 2023, p. 134).
Financial savings therefore cannot be quantified from the
available results. Any future assessment of gas economy
should therefore be designed to record consumption directly,
so that the relationship between flow setting, shielding
performance, and operating cost can be established
experimentally rather than inferred.

The study likewise provides no direct evidence of
improved productivity, reduced energy consumption, lower
emissions, or reduced material waste. Those outcomes
would require measurements such as cycle time, electrical
energy, gas consumption, rejection rate, and rework
frequency. The experimentally supported statement is
narrower: additional nominal gas flow from 20 to 25 L/min
produced no additional reported maximum-load benefit in
the available observations.

Robustness, Generalizability, and Threats to Validity
The principal limitation is the absence of documented
replication. A single observation per setting does not permit
estimation of within-condition variability, confidence
intervals, or statistical significance. It also prevents an
equivalence conclusion for the two higher-flow conditions.
Equal reported values are not sufficient to establish that their
underlying performance distributions are equivalent.
Internal validity is further limited by incomplete
documentation of gas composition, electrode characteristics,
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arc voltage, travel speed, torch position, and specimen
preparation(Evans et al., 2022, p. 1519; Martina et al., 2012,
p. 1378). Although current, dimensions, and groove type
were nominally consistent, other influential conditions were
not verified. Differences in these factors could contribute to
the measured response and weaken causal attribution to gas
flow.

Measurement validity remains affected by the
unspecified loading configuration, observed bending, and
reference-area calculation. The absence of calibration and
uncertainty information makes it impossible to determine
whether the recorded difference exceeds the combined
variability of the measurement and preparation procedures.
The tests also do not establish pipe pressure resistance,
fatigue performance, or structural service reliability.

Generalizability is consequently limited. The
observations support a local comparison and a basis for
further investigation. Broader recommendations require
independently prepared replicate specimens, documented
welding procedures, verified loading geometry, calibrated
instrumentation, and an appropriate mechanical testing
protocol.

Relationship to Existing Knowledge and Further
Research

The findings qualify the proposition that increasing
shielding gas flow continuously improves welded-joint
performance. They are compatible with previous evidence
that suitable flow settings depend on the process
configuration, but they do not establish the physical
mechanism responsible for the recorded differences. Future
work should therefore combine replicated welds with arc
observation, shielding-gas coverage measurements, and
fracture-surface analysis, so that any proposed mechanism
can be tested rather than assumed, as recommended in the
broader literature on weld-quality assessment (Prasetyo et
al., 2023, p. 73). Such an approach would also allow the
influence of gas flow to be separated from the effects of arc
behaviour and filler-material variability, which the reviewed
studies have shown can dominate the scatter in measured
strength (Fortan et al., 2020, p. 106104; Schilling et al.,
2026, p. 3477). Such a combined design would also clarify
whether the observed sensitivity to flow setting is consistent
across welding conditions, since the reviewed evidence
indicates that factors such as current, voltage and gas flow
interact in determining joint response rather than acting
independently (Boris, 2026, p. 22). Further work should
prioritise repeatability and measurement validity before
expanding the parameter range. Replicated tests with
verified geometry would establish whether the load
difference persists. Weld cross-sections, radiographic
inspection, and dimensional measurements could then
examine whether coverage, penetration, or discontinuities
explain the response. Such evidence would allow the present
descriptive comparison to develop into a stronger process—
structure—performance investigation. Such an investigation
would also benefit from documenting the complete welding
procedure, including gas composition, electrode geometry,
arc voltage, and travel speed, so that the contribution of
shielding gas flow can be isolated from other influential
variables (Muddin et al., 2024, p. 29). Such an approach
would also make it possible to determine whether the
reported load differences are reproducible under
documented loading geometry and calibrated measurement
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conditions, rather than reflecting unrecorded procedural
variation (Kareem et al., 2023, p. 126). The present study
therefore offers preliminary evidence for targeted process
qualification. Its manufacturing value lies in identifying a

CONCLUSION

This study compared the compression-test responses of
low-carbon steel GMAW specimens produced at shielding
gas flow rates of 10, 20, and 25 L/min. The maximum
recorded load increased from 440 kgf at 10 L/min to 460 kgf
at 20 L/min, a descriptive increase of 4.55%. The specimen
welded at 25 L/min also reached 460 kgf, indicating no
additional recorded load benefit over 20 L/min.

The study contributes preliminary, configuration-
specific evidence linking shielding gas settings with
mechanical loading response. The observations identify 20
L/min as a candidate for further procedure qualification, but
do not establish an optimum or demonstrate gas savings. The
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