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ABSTRACT 

This work studied the effect of welding joint location on the critical load value, buckling strength, and maximum 

deflection for slender long columns of mild steel. Numerical models are used also to simulate the buckling of welded 

columns with two types of ends fixity (Pin-fixed and Fixed-Fixed) and compare the results with experimental results. 

Results show that the location of the welding joint at the middle point of the column gave the lower value of the critical 

load, buckling strength, and maximum deflection of the column. While the location of the welding joint at the first 

quarter of column length will give the best critical load, buckling strength, and minimum deflection of the column. The 

maximum divergences between the experimental and numerical results reach 9% for pin-fixed ends type and 11% for 

pin-pin fixed ends.  
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INTRODUCTION 

Columns are long slender bars under axial compressive forces. They can be horizontal, vertical, or inclined. They are 

classified as short columns, long columns, or intermediate columns. When a slender member is subjected to an axially 

compressive force, it may fail due to buckling [1]. Columns are widely used in structures, ships, automobiles, viaducts, 

and other industries. The analytical solution of the buckling problem for the axially compressed structure was given in 

1757 by the Swiss mathematician Leonhard Euler, which suggests a solving method for the instability problem of 

compressive members. Critical stress is defined as" The maximum stress applied before the beam starts to buckle"[2]. 

G. Partskhaladze et al. conducts a new approach for solving the problem of the compressed bar instability in the elasto-

plastic behavior of materials. The new approaches were developed to allow determining the values of critical stresses 

for compressed bars under the yield strength. The reliability of this new technique for determining the critical stresses 

increased by almost 10–12%[3]. H. Ban and G. Shi studied the buckling phenomena for high strength steel compressed 

bars. The results show that the increase in the yield strength of these bars will lead to a decrease in compressive residual 

stresses to yield strength ratio and had less effect on the buckling behavior for these bars [4].  

Ghafur H. Ahmed studied the effects of the welding process on the tensile and bending strength of steel bars. The 

welding process for reinforcement steel bars is considered a solution in some cases when the welding process didn’t 

consider as manner joining process. The results showed the welding joint existence will reduce the strength of steel 

bars by (10-40%) and reduced the elongation ratio by (30-60%), bending process for welded steel bars and weld 

grooves must be prohibited [5]. Bin Huang et al presented the FE models of welded high-strength steel of circular 

section considering stresses that residual in member, overall imperfections of geometry, and verified them against 

existing data of test. The bearing capacity will be reduced by (11.8%) for the medium-length members [6]. Tomasz 

Domanski conducted models of the failure process for welded slender compressed bars by using the three-dimension 

correlation system. The experimental results show when the length of welding exceeding the cross-section dimensions 

will lead to failure at a stress lower than expected compressive strength [7]. K. Jarmai and M Petrik presented the 

design procedure for welded steel compressed bar that loaded with external force. The different materials, different 

lengths of bar, and different loading value are used in calculations. Results showed the yield stress ranged between 

(235-690MPa). [8.] 

This work studied the effects of welding joint location on the critical load, buckling strength, and maximum deflection 

of low carbon steel column by using experimental and numerical analysis. 
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BUCKLING FORMULA OF EULER COLUMN 

The bar will subject to bend when the load exceeding the critical value of axial compressive force and then is calling 

Buckling. This value of load can be determined by using the Euler formula, which considered the equilibrium state of 

a column as in figure1.[9,10] 

Fixed-pinned ends column 

 

Figure 2. Buckling of slender column (fixed-pinned ends).[9] 

Let     𝑘2 =
𝑃

𝐸𝐼
 M = -Py – Vx                                                                                                                                            (6) 

d2y

dx2 + k2x = −
V

EI
x                                                                                                                                                              (7) 

The solution of this non-homogenous differential equation is:  

yp = −
V

k2∗EI
x = −

V

P
x                                                                                                                                                     (8) 

Adding the particular solution to the general solution as: 

Y=A Sin kx + B Cos kx−
𝑉

𝑃
x                                                                                                                                                (9) 

𝑃𝑐𝑟 =
20.19𝐸𝐼

𝐿2                                                                                                                                                                         (10)   

The equating of the above equation to the Euler’s formula will give us :  
𝜋2∗𝐸𝐼

𝐿2 =
20.19 𝐸𝐼

𝐿2  

 Le=0.699 L≈ 0.7 L   ؞

Pinned-Fixed ends 



 Effect of Welding Joint Locations on the Buckling Strength of Long Slender Steel Bars 

 

95 
 

 

Figure 3. Buckling of slender column (fixed-fixed ends).[10] 

𝐸𝐼
𝑑2𝑦

𝑑𝑥2 = 𝑀 = 𝑀𝑜 − 𝑃 ∗ 𝑦                                                                                                                                             (11) 

𝐸𝐼
𝑑2𝑦

𝑑𝑥2 + 𝑃 ∗ 𝑦 = 𝑀𝑜                                                                                                                                                          (12) 

 
𝑑2𝑦

𝑑𝑥2 +
𝑃∗𝑦

𝐸𝐼
=

𝑀𝑜

𝐸𝐼
                                                                                                                                                                 (13) 

 The general solution of the differential equation is: 

Y=A cos(kx) + B sin(kx) +
𝑀𝑜

𝑃
--------- (14)      where:𝑘 = √

𝑃

𝐸𝐼
 

At x=o                       Y=0           𝐴 = −
𝑀𝑜

𝑃
                                                                                                              (15) 

At x=0      
𝑑𝑦

𝑑𝑥
=0     

𝑑𝑦

𝑑𝑥
= −𝐴 ∗ 𝑘 ∗ sin(𝑘𝑥) + 𝐵 ∗ 𝑘 ∗ cos (𝑘𝑥)+0=0 B=0 

Y=A cos (kx) + 
𝑀𝑜

𝑃
                                                                                                                                                                  (16)  

Y=−
𝑀𝑜

𝑃
∗ 𝑐𝑜𝑠(𝑘𝑥) +

𝑀𝑜

𝑃
                                                                                                                                                       (17) 

At  x=0       Y=0      0= 
−𝑀𝑜

𝑃
cos(𝑘𝑙) +

𝑀𝑜

𝑃
  

𝑀𝑜

𝑃
[1 − cos(𝑘𝑙) = 0                      cos(kl)=1 kl=2π 

l2*k = 4*π2 𝑙2 𝑃

𝐸𝐼
= 4𝜋2                            𝑃𝑐𝑟 =

4𝜋2𝐸𝐼

𝑙2                                                                                                               (18) 

Equivalent modulus of elasticity for welded bar can be find according to relation as follow:[11] 

𝐸𝑒𝑞. =
𝐿𝑡𝑜𝑡𝑎𝑙

3

[
𝐿2

3

𝐸2
+

𝐿𝑡𝑜𝑡𝑎𝑙
3 −𝐿2

3

𝐸1
]

                                                                                                                                                                (19) 

Where: 

Eeq.----- Equivalent modulus of elasticity for welded bar 
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Ltotal----- Total length of welded bar 

L2------- Length of welded zone 

E2 ------- Modulus of elasticity at welded zone 

E1---------Modulus of elasticity of bar  

METHODS AND MATERIALS 

Material of Column 

The material of the column was mild steel and tested the chemical composition according to standard specification 

ASTM E415-17 [12], as shown in table (1). The mechanical properties of the column material find by tensile test for 

the column samples (with dimensions of L=750mm and D=6mm) according to standard specification ASTM E8 [13], 

to find the modulus of elasticity, yield strength, and tensile strength. 

Table 1. Analysis of chemical composition of Steel column material 

Welding Process and Material of welding 

The chemical composition of welding material used to weld, the columns are the E6013 by using an electrical arc 

welding method according to the American Welding Society standard (AWS) shown in the table (2). 

Table 2. Analysis of chemical composition of welding material (E6013) 

    

 

 

The tensile test is done for a welded column to find mechanical properties like modulus of elasticity, yield strength, 

and tensile strength. 

     The welding process is done for columns at different locations (X/L= 0.25, 0.33, 0.5, 0.667, and 0.75) where (X/L) 

is the dimensionless distance from the load applied to the center point of the welding zone as shown in figure (4). 

  

  

  

 

 

 

 

 

 

 

 

 

 

Figure 4. Welded and Un-welded Steel columns at different locations 

Buckling Test 

Buckling test for circular steel columns were done according to the standard ASTM E 9 with using Buckling tester 

apparatus as shown in figure 5  

  

Fe. S. P. Si. Mn. Ni. Cr. C. Elements 

balance 0.04 0.4 0.55 1.6 0.3 0.3 0.27 Presence % 

Fe. Si. S. P. Si. Mn. C. Elements 

balance 0.28 0.03 0.03 0.23 0.6 0.1 Presence % 

X/L=0.25 

X/L=0.333 

X/L=0.5 

X/L=0.667 

X/L=0.75 

L=750mm 

6mm 
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Figure 5. Buckling Tester 

NUMERICAL MODEL 

The numerical model was built by the finite element method using ANSYS software to simulate the welded and un-

welded columns model and applying the compressive load to reach the critical load and compare the results with 

experimental results. The meshing of the model used element type of (solid 64 3-D) that can be used for an anisotropic 

solid structure. This element can be defined by eight nodes that have three degrees of freedom: translations in the nodal 

directions X, Y, and Z. This element had large deflection capabilities and stress stiffening. This element has various 

applications, such as stress analysis for composites and other materials. This type of element can be shown in figure 

6.[14] 

 

Figure 6. Element type of Solid 64 3-D.[14] 
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Figure 7. Finite Element Models of columns with different location of welding Joint 

 

 

Welding Joint 

Welding Joint location X/L=0.25 

Welding Joint 

Welding Joint location X/L=0.333 

Welding Joint 

Welding Joint location X/L=0.5 

Welding Joint 

Welding Joint location X/L=0.667 

Welding Joint 

Welding Joint location X/L=0.75 

Without Welding 



 Effect of Welding Joint Locations on the Buckling Strength of Long Slender Steel Bars 

 

99 
 

RESULTS AND DISCUSSIONS 

The results of the tensile test for un-welded mild steel column had an elastic modulus of 208GPa, Yield Strength of 

575MPa, and Tensile Strength of (675MPa) as shown in figure 8. 

 

Figure 8. Stress-Strain Diagram for un-welded mild steel column 

The Stress-strain diagram for the welded column can be shown in figure 9. The elastic modulus was 140GPa, Yield 

Strength of 405MPa, and Tensile Strength of 430MPa. These results can show the effect of the presence of a welding 

joint on the strength of columns towards the tensile loads, as this welding joint has lower strength due to the 

composition of welding material and increasing the ratio of carbon (C) in the joint and that lead to decreased elastic 

properties and strength of the welded column. 

 

Figure 9. Stress-Strain Diagram for welded mild steel column 

Figures 10 and 11 show the experimental and numerical results for different location of welding joint with critical load 

and buckling strength respectively for slender columns of length 750 mm, diameter 6 mm, and slenderness ratio (L/r) 

of 500 with end fixity of pin-fixed ends. The location of the welding joint affects negatively on critical load and 
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buckling strength due to the low elastic properties of the welding joint comparing with the base material and the lowest 

value of critical load and buckling strength takes place when the location of the welding joint at the middle of the 

column (X/L=0.5).The reduction in buckling strength reach to 40% for welded columns. 

 

Figure 10. Relation between Critical Load and Welding Joint location (Pin-Fixed end columns) 

 

Figure 11. Relation between Buckling Stress of columns and Welding Joint location (Pin-Fixed ends) 

Figures 12 and 13show the experimental and numerical results for different location of welding joint with critical load 

and buckling strength respectively for slender columns of length 750 mm, diameter 6 mm, and slenderness ratio (L/r) 

of 500 with end fixity of fixed-fixed ends. The location of the welding joint affects negatively on critical load and 

buckling strength due to the low elastic properties of the welding joint comparing with the base material and the lowest 

value of critical load and buckling strength takes place when the location of the welding joint at the middle of the 

column (X/L=0.5). The reduction in buckling strength reaches to 44% for welded columns. 



 Effect of Welding Joint Locations on the Buckling Strength of Long Slender Steel Bars 

 

101 
 

 

Figure 12. Relation between Critical Load of columns and Welding Joint location (Fixed-Fixed ends) 

 

Figure 13. Relation between Buckling Strength of columns and Welding Joint location (Fixed-Fixed ends) 

Figures 14 and 15 show the relationship between the welding joint location with the maximum deflection of the welded 

columns. The maximum value of maximum deflection occurs when the welding joint at the midpoint of column 

X/L=0.5 for two types of fixity (pin-fixed and fixed-fixed ends), and that due to the negative effect of welding joint on 

elastic properties of columns. The maximum deflection increased for welded columns about 145% for pin-fixed ends 

columns and 190% for fixed-fixed ends columns 
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Figure 14. Relation between Max. Deflection of column and Welding Joint location (Pin-Fixed ends) 

 

Figure 15. Relation between Max. Deflection of column and Welding Joint location (Fixed-Fixed ends) 

CONCLUSIONS 

The welding joint location had a severe effect on the critical load and buckling strength of slender mild steel columns 

and this effect is shown very clear at the midpoint welding joint of columns when the reduction ratio in buckling 

strength reaches 40% and 44% for two types of fixity (Pin-Fixed and Fixed-Fixed ends) respectively, due to the low 

elastic properties and stiffness of welding joint that may be considered as weakness zone in the column. The maximum 

deflection of the columns also affected by the location of the welding joint and that shows very clear when the welding 

joint at the midpoint of column length that may increase to 145% for pinned-fixed ends and 190% for fixed-fixed ends. 

The divergence between experimental and numerical results may reach 11%. 



 Effect of Welding Joint Locations on the Buckling Strength of Long Slender Steel Bars 

103

ACKNOWLEDGEMENT 

The author would like to acknowledge the assistance offered by Laboratories and workshops of Mechanical 

Engineering Department at Faculty of Engineering / University of Kufa in republic of Iraq for supporting this research. 

REFERENCES 

[1] I.O. Ofondu, E.U. Ikwueze, and C. C. Ike, "Bubnov-Galerkin Method For The Elastic Buckling Of Euler Columns", 

Malaysian Journal of Civil Engineering, Vol. 30, No. 2, Pp. 331-346, 2018. DOI: 10.11113/mjce.v30n2.483. 

[2] K. Xifeng, G. Xin, W. Qilei, L. Qiang, and Z. Fang, "The Critical Buckling Load of Column under Axial 

Compressive Force", IOP Conf. Series: Materials Science and Engineering, Vol. 794, 2020. DOI:10.1088/1757-

899X/794/1/012075. 

[3] G. Partskhaladze, I. Mshvenieradze, E. Medzmariashvili, G. Chavleshvili, V. Yepes, and J. Alcala, "Buckling 

Analysis and Stability of Compressed Low-Carbon Steel Rods in the Elastoplastic Region of Materials", Advances 

in Civil Engineering, Hindawi, Vol. 2019, 2019. DOI:org/10.1155/2019/7601260. 

[4] H. Ban and G. Shi, "Overall buckling behavior and design of high-strength steel welded section columns", Journal 

of Constructional Steel Research, Vol. 143, Pp. 180–195, 2018. 

 [5] G.H. Ahmed, "Mechanical Properties of Welded Deformed Reinforcing Steel Bars", Aro-The Scientific Journal 

Of Koya University, Vol. 3, No. 1, Pp. 28-39, 2015. 

[6] B. Huang and Z.C. Hong, "Interactive Buckling of Q420 Welded Circular Tubes under Axial Compression", 

Advances in Materials Science and Engineering Hindawi, Pp. 1-14, 2020. DOI: org/10.1155/2020/4028907. 

[7] T. Domaniski, "Examples of modern methods of measuring deformation", MATEC Web of Conference, Vol. 

157,05004, 2018, DOI.org/10.1051/matecconf/201815705004. 

 [8] K. Jarmai and M. Petrik, "Optimization and Comparison of Different Standard for Compressed Welded columns", 

An International Journal for Engineering and Information Sciences, Vol. 15, No. 1, Pp. 3-14, 2020. DOI: 

10.1556/606.2020.15.1.1. 

[9] A. Bedford, and M.K. Liechti, "Buckling of Columns", In Mechanics of Materials, Springer International 

Publishing, Pp. 729-781, 2020. DOI.org/10.1007/978-3- 030-22082-2_10. 

[10] S. Berczyński, P. Dunaj, and Z. Grządziel, "Straight and Bent Bars Buckling Considered as the Axial 

Displacement of One Bar End", MAPE, Vol. 3, No. 1, Pp. 57-70, 2020. DOI:10.2478/mape-2020-0005. 

[11] L. Al-Ansari, H. Abdulsamad, F. Gburi, and Q. Al-Ansari, "Analytical and numerical calculation of the critical 

buckling load in compound columns", Australian Journal of Mechanical Engineering, Vol. 18, No. 3, 2020. 

DOI.org/10.1080/14484846.2020.1756183. 

[12] ASTM E415-17, "Standard Test Method for Analysis of Carbon and Low-Alloy Steel by Spark Atomic Emission 

Spectrometry", American Society for Test and Materials, 2017. 

[13] ASTM E8-16, "Standard Test Methods for Tension Testing of Metallic Materials", American Society for Test and 

Materials, 2016. 

[14] X.F. Yan, "Overall buckling analysis on different formed circular steel tubular columns under axial compression", 

MATEC Web of Conferences, 277, 2019, DOI: org/10.1051/matecconf/201927703017. 

http://aro.koyauniversity.org/index.php/index
http://aro.koyauniversity.org/index.php/index

