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Abstract: In this study, the deflection and deformation behaviours of IPN80 steel beam and column were 
investigated under the different industrial loads. Single-sided welds were applied to IPN80 steel beams using 
shielded metal arc (SMAW) and metal inert gas welding (MIG) method in the form of T-type. After that, the 
performance of SMAW and MIG welded joints were identified using beam bending test under 500 and 
3000 N loads. SMAW and MIG methods were compared with each other to understand the deflection and 
deformation behaviours of the welded steel structures. Lower deformation and deflection were obtained in 
MIG welded steel beams. The results show that, steel beams welded MIG method has higher load capacity 
than SMAW welded ones. MIG welding method is more reliable than the SMAW method for the combining 
performance and load capacity.

Keywords: metal inert gas welding, shielded metal arc welding, steel beam and column, bending 
test, deflection.

1. Introduction

Experience shows that steel structures subjected to earthquakes behave well. A ductile behaviour, 

which provides extended deformation capacity, is generally the better way to resist earthquakes 

(Agarwal 1992, Hattap et al. 2005, Kayhan et al. 2010, Callister 1993). There are some advantages for 

steel structures in a seismic zone, namely their flexibility and low weight. Stiffer and heavier structures 

attract larger forces when an earthquake hits. Steel structures are generally more flexible than other 

types of structure and lower in weight (Groover 2007, Oates et al. 1998, Black et al. 2008, Deren, 

1995). Forces in the structure and its foundations are therefore lower. This reduction of design forces 

significantly reduces the cost of both the superstructure and foundations of a building. Steel structures 

are generally light in comparison to those constructed using other materials (Karaduman et al. 2002, 

Cary 1994, Oguz 1993). The two of the combining methods used in the steel structures are shielded 

metal arc welding (SMAW) and metal inert gas welding (MIG). SMAW uses a metallic consumable 

electrode of a proper composition for generating arc between itself and the parent work piece. The 

molten electrode metal fills the weld gap and joins the work pieces. This is the most popular welding 

process capable to produce a great variety of welds. The electrodes are coated with a shielding flux of a 
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suitable composition. The welding quality of the shielded metal arc welding is determined by the 

welding parameters including the welding slot forms, electrode diameter, welding current, welding 

speed, arc length, electrode advance angle, electrode oscillation angle and movement, welding direction 

and position, etc (Afolabi 2008, Chan et al. 1999, Ates et al. 1999). MIG welding is an arc welding 

process, in which the weld is shielded by an external gas, like argon, helium, CO2, argon + Oxygen or 

other gas mixtures (Salazar et al. 2007, Magasdi et al. 2007). Consumable electrode wire, having 

chemical composition similar to that of the parent material, is continuously fed from a spool to the arc 

zone. The arc heats and melts both the work pieces edges and the electrode wire. Structural steel beams 

used the steel construction can be combined using both welding methods. Steel beams generally carry 

vertical gravitational forces but can also be used to carry horizontal loads, for example, loads due to an 

earthquake or wind. The loads carried by a steel beam are transferred to columns or walls, which then 

transfer the force to adjacent structural compression members. In light frame construction the joists rest 

on the beam. Steel beams are characterized by their profile, the shape of their cross-section, their length, 

and their material. One of the most common types of steel beam is the I-beam or wide-flange beam. 

This is commonly used in steel-frame buildings and bridges. The main goal of the present study is to 

investigate the deflection and deformation behaviour of IPN80 steel beams welded shielded metal arc 

and metal inert gas welding methods under the different industrial loads.

2. Experimental study

2.1 Materials

The material used in this study was commercially available (EN 10025: 2004) as a structural steel 

beam. Hot rolled and round-edged IPN80 steel beams occur geometrical dimensions of 80 × 42 × 

3.9 mm and weight of 5,94 kg/m. Chemical content of the IPN80 steel beam (St37-2) was given in 

Table 1. 

The geometrical shape and perspective view of IPN80 steel material were shown in Fig. 1(a) and 

Fig. 1(b), respectively. Geometrical dimensions of IPN80 steel material in accord with European 

structural steel standard (EN 10025: 2004) was given in Table 2. Flanges of IPN steel materials are 

oblique 14% head towards inner surface and body height is higher than beam flanges. IPN steel 

materials are widely used as girder stem because of body plane loadings in the steel structures. 

2.2 Welding applications

Single-sided welds were applied to IPN80 steel beam and column using shielded metal arc and metal 

inert gas welding method in the form of T-type. Before welding operation, surface of steel beam and 

column were cleaned using wire brushing and sanding. After that, steel structure was fixed to template 

for stabilize of axis lines. Afterwards, steel beam and column were welded single-sided using SMAW 

and MIG method. As shown Fig. 2, it was used two steel materials one of the steel beam and the other 

steel column for all welding applications. Weld nugget size were measured as 23.2 mm. Six welds were 

Table 1 Chemical content of IPN80 steel material (%)

Standard C Si Mn P S Fe

DIN EN 10025-94 0,17 0,4 0,5 0,04 0,05 98,84
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totally applied to a specimen together with two inner corners and four outer corners. Used welding 

parameters for SMAW and MIG welding were listed in the Table 3 and Table 4, respectively.

2.3 Beam bending tests

Beam bending tests were applied to steel structure specimens to compare the performance of SMAW 

and MIG welding. Each test specimen was applied steel beam and steel column, welded each other. 

Firstly, test specimen was placed in a mould, as shown in Fig. 3(a). Afterwards, having a specimen 

mould was assembled to tensile/compression testing device (Schenck Trebel) which has load capacity 

of 50 tones, as shown in Fig. (3b). Also, a comparator was fixed to tensile/compression testing device for 

deflection measurement of steel beam. In the beam test, while steel column was fixed to all directions, 

top ends of steel beam was applied to load (-Y) direction through a high strength steel cylinder has 

Fig 1. (a) Geometrical shape and (b) perspective view of IPN80 steel material

Table 2 Geometric dimensions of IPN80 steel material

Symbol G h b tw tf r1 r2 A d Ss AL AG

Value 5,94 80 42 3,9 5,9 3,9 2,3 7,57 59 21,6 0,304 51,09

Unit kg/m mm mm mm mm mm mm mm2 × 102 mm mm mm2/m m2/t

Fig 2.  Welded steel structure
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diameter of 50 mm. Direction of load and boundary conditions were shown in Fig. 3(c). It was applied 

to each steel structure specimen six different industrial loads of 500, 1000, 1500, 2000, 2500 and 

3000 N. After loading, deflection values occurred top ends of steel beam were measured using the 

comparator. Deflection values reported in the test are the average of at least three specimens. After that, 

the deflection values of the welded structure were evaluated and the performance of the two methods 

was compared each other.

3. Results and discussion

Deflection values depending on the load in the bending test were listed in Table 5. Furthermore, the 

comparison of steel structure welded SMAW and MIG methods was also given in Table 5.

Fig. 4 represents the deflection curve of steel specimen joined with MIG welding method depending on 

the different loads. In the curve, the deflection values of steel beam were increased gradually with the 

increment of load. The deflection values of the steel beam consists of a small amount under the lower

Table 3 Shielded metal arc welding parameters

Parameter type Values and comments

Welding machine ESAB LHF 400

Material IPN80 steel beam/column

Number of material 2

Cleaning of surfaces Wire brushing and sanding

Electrode type Rutile shielded metal electrode

Electrode diameter 3,25 mm

Welding current 110 Ampere

Welding speed 4 mm/sec

Arc length 1,6 mm

Polarization Straight polarity, electrode (−)   

Table 4 MIG welding parameters

Parameter type Values and comments

Welding machine ESAB C 280

Material IPN80 steel beam/column

Number of material 2

Cleaning of surfaces Wire brushing and sanding

Wire type Flux cored welding wire

Wire diameter 0,8 mm

Wire speed 4,2 m/min

Welding current 100 Ampere

Welding speed 6,5 mm/sec

Shielding gas 88Ar + 10CO2 + 2O2

Arc length 1,2 mm

Polarization Straight polarity, wire (−)   
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loads, it was increased slightly with the increment of load. All obtained deflection values are lower than 

0,1 mm for MIG welded specimens due to high performance weld nugget in this method. It was also 

observed in deflection value of 0,0857 mm under the load of 3000 N. While deformation of welded 

steel structure occurred in small quantities, weld nugget was resisted versus applying load. Fig. 5 shows 

Table 5 Deflection values depending on the load.

Load (N)
Deflection, δ (mm)

for shielded metal arc welded steel structures for MIG welded steel structures

500 0,023255814 0,016949153

1000 0,227272727 0,020000000

1500 0,407407407 0,029411765

2000 0,578947368 0,039682540

2500 0,833333333 0,068702290

3000 26,208793654 0,085714286

Fig 3. In the beam bending test, (a) specimen mould, (b) testing apparatus, (c) direction of load and boundary 
condition
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deformation of MIG welded steel structure after loading of 3000 N. In this steel structure, applied load 

was canalised from steel beam to steel column because of high strength of weld nugget. Also, it was not 

observed on fracture of weld nugget in the structure. 

Fig. 6 shows the deflection curve of steel structure welded shielded metal arc welding method of 

depending on the different industrial loads. In the figure, the deflection values of steel beam were 

increased with the increment of load, similarly MIG welded structures. But, it was determined in 

deflection value of 26.2 mm under the loading of 3000 N, dissimilarly than SMAW welded structures. 

Deflection values of steel specimens welded via SMAW are higher than the MIG welded ones under 

the same load conditions. The reason is that the strength and performance of weld nugget are higher in 

the MIG applications than the SMAW welding method (Uslu et al. 2010, Bailey 1999).  Fig. 7 shows 

the displacement of MIG welded steel structure and fracture of weld nugget after the loading of 3000 N. 

The displacement of steel beam was increased with the increment of load and the fracture occurred in 

weld nugget at the loading of 3000 N.

Many parameters influence the strength and performance of welds, including the welding method, the 

Fig 4. Load-deflection curve for MIG welded structures

Fig 5. Deformation under the load of 3000 N for MIG welded structure



Comparison of steels via SMAW and MIG welding methods under industrial loads 231
amount of energy input, the weldability of the base material, filler material, and flux material, the 

design of the joint (Uslu et al. 2010, Bailey 1999, Tulbentci 1990). In this study, the displacement and 

deformation that accompanies the MIG welding process is much lower than that of the shielded metal 

arc welding process. Steel structures welded shielded metal arc welding result in greater deformation 

due to an increase in the amount of load. The deflection value of the steel structure welded via SMAW 

was about 8.24% higher than MIG welded one under the loading of 2500 N. From this result, it is seen 

that the load carrying capacity of steel structure welded via MIG welding is higher than the SMAW 

welded one. In this study, static analyses have been done for steel construction structures, and it needs 

not to investigate metallographic difference, microstructure changes and thermal behaviours. Because, 

the steel construction model that we used in this study was modeled in the form of weld before the finite 

element analysis. For that reason, before/after the loading, thermal changes, hardness profiles and 

thermal cycle were beside the point for steel construction macro structure.

4. Conculusions

The deflection values for steel structure welded MIG changed between 0.0169 mm and 0.0857 mm, 

Fig 6. Load-deflection curve for SMAW welded structures.

Fig 7. Displacement and fracture under the loading of 3000 N for shielded metal arc welded structure.
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on the other hand, for SMAW welded steel structure were determined between 0.0232 mm and 

26.2087 mm under the same loading conditions. While the displacement behaviour with the fracture of 

weld nugget in the steel structure welded SMAW was occurring, it was not observed the fracture for 

steel structure welded via MIG under the loading of 3000 N. Steel structure welded via MIG method 

can be preferred because of the high load carrying capacity and low deformation instead of steel 

structure welded via SMAW in the steel structures. It is clearly seen that, welding type is the most 

important factor for determining the load carrying capacity, deformation under the load and safety of 

structure in the steel constructions.

References

Afolabi, A.S. (2008), “Effect of electric arc welding parameters on corrosion behaviour of austenitic stainless 
steel in chloride medium,”  AU J.T., 11(3), 171-180.

Agarwal, R.L. (1992), Welding Engineering: A Textbook for Engineering Students, fourth ed. Khanaa 
Publications, Nai Sarai, Delhi, India

Ates, H. and Turker, M. (1999), Determination of penetration with various welding parameters of electrical arc 
and GMA welding, Gazi Univ J, 12(3), 655-664.

Bailey, C.C. (1999), The Behaviour of Asymmetric Slim Floor Steel Beams in Fire, J. Cons. Steel Res., 50(3), 
235-257.

Black, J.T. and Kohser, R.A. (2008), Materials & Processes in Manufacturing, tenth ed. Wiley Interscience, New 
Jersey, 851-853.

Callister, E.W. (1993), Pipeline Rules of Thumb Handbook, Third Edition. Golf Publishing Company, Texas.
Cary, H.B. (1994), Modern. Welding. Technology., Third Edition, Prentice Hall, Inc, New Jersey.
Chan, B., Pacey, J. and Bibby, M. (1999), “Modelling gas metal arc weld geometry using artificial neural 

network technology,” Can. Metall. Quart., 38(1), 43-51.
Deren, H. (1995), Steel. Struct., Istanbul Technical University Press, Istanbul.
De Salazar, J.M.G., Soria, A. and Barrena, M.I. (2007), The effect of N-2 addition upon the MIG welding 

process of duplex steels, J. Mater. Science, 42(13), 4892-4898.
Groover, M.P. (2007), Fundamentals of Modern Manufacturing: Materials, Processes, and Systems, third ed. 

Wiley Interscience, New Jersey, 706-709.
Hattap, S. and Essiz, Ö. (2005), Steel construction versus earthquake, Earthquake symposium, 23-25 March, 

Kocaeli, Turkey.
Karaduman, M. (2002), Steel Structures, v: 1, fourth edition, Atlas Press, Istanbul, Turkey.
Kayhan, A.H. and enel, .M. (2010), “Fragility curves for single story precast industrial buildings,” Teknik 

Dergi, 336, 5161-5184.
Magasdi, A., Dobranszky, J. and Tusz, F. (2007), Fatigue properties of welded joints of high-carbon steels, 5th

Hungarian Conference on Materials, Science, Testing and Informatics, Materials Science, Testing and 
Informatics III, 47-53.

Oates, W.R. and Saitta, A.M. (1998), Welding Handbook, Volume-4, Eighth Edition, American Welding Society, 
Miami.

Oguz, B. (1993), Handbook of Arc Welding, Oerlikon Publications, Istanbul, Turkey.
Tulbentci, K. (1990), MIG/MAG welding methods, Gedik Publications, Istanbul.
Uslu, S., Soy, U., Findik, F. and Oz, C. (2010), Optimization of arc welding parameters via a computer program, 

Proceedings of the international materials symposium, Denizli, Turkey, 23-27.

CC

Sç Sç


	Comparison of steels via SMAW and MIG welding methods under industrial loads
	Ugur Soy
	Department of Metallurgical & Materials Science Engineering, Faculty of Technology, Sakarya University, Esentepe Campus, 54187, Sakarya, Turkey
	(Received December 29, 2010, Accepted April 14, 2011)
	Fig 1. (a) Geometrical shape and (b) perspective view of IPN80 steel material
	Fig 2. Welded steel structure
	Fig 4. Load-deflection curve for MIG welded structures
	Fig 5. Deformation under the load of 3000 N for MIG welded structure
	Fig 6. Load-deflection curve for SMAW welded structures.
	Fig 7. Displacement and fracture under the loading of 3000 N for shielded metal arc welded structure.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




