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Introduction  

The use of steel as a construction material cannot be over 

emphasized. Not only of its low cost, but also its availability and 

high tensile strength has made it a reliable material in engineering 

[1]. As a result, several researches have been done on steel as a 

construction material to better understand its strength and weakness, 

so as to better utilize the material in construction. Over time, the use 

of steel in concrete that is reinforced concrete has been the most 

common use of steel, but in recent years, the use of steel as a 

building system has gained popularity in the world today [2]. Not 

only is it used in industrial buildings, but also as a skeletal covering 

in a building frame for aesthetics like in shopping malls, hotels, 

bridges etc.   

Every building structure comprises of two different sections; 

the superstructure and the substructure. This is why the need to 

develop a systematic way in which the loads from the roof, slabs, 

columns, beam are transferred to the ground cannot be 

overemphasized. In essence, no building can exist if the load from 

the superstructure is not being transferred to the substructure 

adequately. Columns are used to transfer load (that is load from roof, 

slab, wall and beams) to the foundation, and if this load is not 

properly estimated, could result to damage of the entire building and 

loss of lives. One of the most important modes of failure of columns 

especially that are made from steel is flexural buckling [3]. This is 

an instability failure, which occurs at stresses below the design 

strengths of the column. 

 

Background on Steel Column-Base Connection 

Laboratory testing has demonstrated the susceptibility of 

column base plates connections to various failure modes, including 

weld fracture [4-6], base plate yielding, anchor rod fracture and 

concrete crushing [7]. Grauvilardell et al. [8] indicate that in 

structural systems such as braced frames, a base plate connection 

may experience extremely large shear-to-moment ratios, such that, 

failure of the connection is dominated by shear. Compression and 

flexural improvement of base plate were also captured in the 

American Institute of Steel Construction (AISC) by [9]. 

Furthermore, [10] captured that the basis of steel column base plate 

design consideration in the United States are dependent on the 

specifications of anchor rods and base plates as captured by several 

institutions, such as AISC Steel Construction Manual [11], 

American Concrete Institute (ACI) Committee 318 [12], etc. Further 

provisions have also been made for column base plates subjected to 

special loading [13]. 

In more practical scenario, [14] reported that the steel structures 

during the Kobe earthquake in Japan were damaged, and many of 

the exposed-type column bases failed in several consistent patterns 

caused by brittle base plate fracture, excessive anchor bolt 

elongation, unexpected early anchor bolt failure, and inferior 
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ABSTRACT 
Although, steel offers various advantages in the construction industry, due to its wide range of 

usage, however, it is often associated with peculiar failure problems. A wholistic approach to the 

analysis of all these failures is paramount for any structure or mechanism in context, and cannot 

be overemphasized. Therefore, this paper focuses on the failure analysis of steel column-base-

connections. Finite element method in ABAQUS software was used to simulate the responses of 

the steel column-base-connection subjected to axial loading. A steel column section 100 × 50 × 9.3 

kg/m3 UB section and a steel grade S235, was modeled with a height of 920 mm, on a base plate of 

192 × 172 × 11.7 mm of the same grade. From the finite element result, the load that could result 

to failure of the mechanism is 140 N/mm2.  Results also indicate that buckling is the predominant 

or governing failure associated with steel column. Results also indicate that, it can be concluded 

that the governing failure mode for a steel column connected to a base plate is buckling of the steel 

column. In view of the above, steel column and the base plate should be molded together as a 

component having homogenous material property. This will limit failure on the steel column and 

the base plate. 
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construction work. These problems of column-base connections in 

steel structures have been ongoing for years and yet, have not 

spurred enough research as compared to the beam-to-column joint 

connections. 

 Likewise, the major codes for steel design also lay more 

emphasis on the beam-to-column connection, which creates more 

uncertainty in the performance of the joint. Most of the research on 

column base connections available have focused more on analysis, 

which is a stepping stone in predicting the various failure modes 

associated to a column base in compression. Nevertheless, it is 

paramount to understand the various failure modes attached to this 

mechanism so as to prevent them from occurring. Hitherto, the 

studies on this mechanism has focused on the column base 

components (that is. base plate, anchor rod, grout and concrete 

footing), neglecting the steel column; this steel column is a vital 

component that help transmit the load to the base components.  

Therefore, it has become imperative to design and analyze 

entire components in the steel column-base connection in order to 

prevent waste and thereby reduce construction cost. Failure to do 

this would lead to expensive and often inappropriate solutions in the 

future, hence, putting the safety of the structure at a huge risk [15]. 

The purpose of this study is to highlight the possible modes of 

failure of the column base plate under axial loading and analytically 

determine its performance using the Finite Element Analysis (FEA) 

coded in ABAQUS/CAE. 

 

Methodology 

Finite Element Method 

Model Description 

The graphical interface CAE of ABAQUS was used to model 

the steel column base connection. For a simplified model, and to 

avoid complexity, the main components of the connection were 

modeled: base plate, steel column, bolts and concrete block. The 

grout was not represented. However, the function of the grout is to 

transmit friction forces, that function was represented in the contact 

interaction between the base plate and concrete block, so that forces 

are transferred from the base plate to the concrete block. The 

materials used in carrying out this work include; a 100 × 50 × 9.3 

kg/m3 Universal Beam section, base plate of 192 × 172 × 11.7 mm, 

anchor rod, 8.8 bolt. 

 

Part Module 

The steel column section 100 x 50 x 9.3 kg/m3 UB section and 

a steel grade S235, was modeled with a height of 920 mm. A base 

plate of 192 × 172 × 11.7 mm and steel grade S235, was welded to 

the bottom of the steel column. In order to avoid convergence 

problems caused by contacts and boundary conditions, only one part 

was created for these two components. The welds introduced helps 

present a more resistance of the joint by reducing the distance 

between the bolts and the side of the column. Stiffeners of 5 × 20 × 

15 mm were also introduced to this mode. The concrete block was 

made of grade C25/30 having a dimension of 500 × 500 × 400 mm. 

The anchor bolts of steel grade 8.8 were modeled with a cylinder 

shape having a tensile area of 154.088 mm2, which corresponds to a 

diameter of 14 mm, was modeled and of size 30 × 30 × 20 mm. 

 

 
 

Plate 1: Components of a model (a) Column welded to the base 

plate; (b) Bolt; and (c) Concrete block 

 

Material Properties 

The stress-strain relationship for the structural steel components 

and the concrete block were imputed. The value of the stress and 

strain was computed by calculating the true stress and plastic strain 

from the engineering stress and normal (engineering) strain using 

the following equations; 

𝜎𝑡𝑟𝑢𝑒 = 𝜎𝑛𝑜𝑚(1 + 𝜀𝑛𝑜𝑚)              (1) 

𝜀𝑡𝑟𝑢 = ln(1 + 𝜀𝑛𝑜𝑚)                  (2) 

𝜀𝑝𝑙 = 𝜀𝑡𝑟𝑢 −
𝜎𝑡𝑟𝑢

𝐸
                          (3) 

The resulting solution for Equations 1 – 3 for the anchor rod and the 

base plate is given in Tables 1 and 2. 

 

Table 1: True stress and plastic strain for anchor rod 

True 

Stress  

(N/mm2) 

Plastic 

Strain x 10-3 

(mm/mm) 

250 0 

366 1.531 

442 14.758 

504 15.981 

(c) 

(a) (b) 
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Table 2: True stress and plastic strain for steel column welded with 

base plate 

True 

Stress  

(N/mm2) 

Plastic  

Strain x 10-3  

(mm/mm) 

465 0 

570 21.683 

706 239.017 

 

Assembly of Components 

The components were modeled as a solid 3-D deformable 

element. This ensure that the instance part presented has its own 

coordinate system. Each part was arranged using the relevant 

position constrains and translation. The assembly connection is 

shown in Plates 1 - 7. 

 

Contact Interactions 

Khodaie et al. [16] pointed out that the end plate and base plate 

connections are similar in terms of FEM techniques, therefore 

knowledge and experience from end plate 3-D FEM techniques can 

be applied to a base plate connection. Thambiratnam and 

Krishnamurthy [17] guides in defining the major contact interfaces, 

which is usually a difficult task to do in modelling.  

 

Boundary Conditions 

In order to consider the influence of the soil, the boundary 

condition assigned to the concrete block is to restrain the concrete 

block bottom against displacement along X, Y, Z and rotation about 

θx, θy, θz. Therefore, all degrees of freedom at the bottom of the 

concrete block are constrained, while the degrees of freedom on 

lateral sides of the concrete block are released. 

 

Steps and Loading 

Two steps were created for the job; the initial step, where the 

boundary conditions and the contact interactions were established, 

and step-1 where the vertical pressure is being applied at the upper 

surface of the column was established. From the component analysis 

carried out, the bearing resistance of the base plate is 161.kN having 

an equivalent pressure of 136.53 N/mm2. In order for failure to 

occur, the pressure applied must be greater than the pressure the 

component can resist. The value of 140 N/mm2 was applied to the 

component at the surface of the steel column and at an eccentricity 

of 60 mm. Two jobs were created for this model having the above 

two conditions (Plate VIII). 

 

Meshing 

In order to increase accuracy of the stress distribution, finite 

elements were generated as a result increasing the density in regions 

of interest where stresses will be concentrated and a less dense 

elements at other regions, (see Plate 2).  

 

 

Plate 2: Assembly mesh of the base connection 

 

Results and Discussion   

Test one setup (pressure uniformly distributed on the steel column) 

From the finite element analysis in ABAQUS CAE, the 

following observations were made: 

 

Local buckling of the steel column 

Plate 3 shows the buckling of the steel column. Buckling occur 

at the bottom of the steel column. Buckling at that section is because 

both the steel column and the base plate have the same material 

properties, which prevents the buckling from occurring at mid span 

of the steel column, but rather at the base of the steel column, and 

also the addition of stiffener also provided more resistance of the 

steel column, which was in agreement with [18]. 

 

 

Plate 3: Local buckling of steel column 
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Yielding of Base Plate 

The property of the base plate was known to be brittle, and this 

was proved significantly by the failure which occurred at the base 

plate; perhaps this explains why the base plate formed hinge prior to 

the failure of the anchor rod. The yielding of the base plate (Plate 4) 

is in accordance to [19]. From the failure, the base plate can be 

categorized as an intermediate plate. 

 

 
Plate 4: Yielding of the base plate 

 

Crushing of Concrete Block   

Due to the applied pressure, the concrete block bulged in, but 

didn’t make a significant damage of the concrete block. This may 

be due to the depth of the concrete block and the material properties 

of the concrete block, (Plate 5). And the effect of this properties 

improved the bearing capacity of the concrete by resisting the 

induced stress on it, causing the plate to fail (bulge out). 

 

 

Plate 5: Crushing of the concrete 

 

Wielded Fracture 

Premature fracture of the welds due to the deformation of the 

flanges (partial torsional buckling) at the column base is due to the 

discontinuity between the base plate and the steel column is the 

reason for weld fracture (Plate 6). This reduced the strength of the 

connection. 

 

 
 

Plate 6: Weld fracture 

 

Fracture of the Anchor Rod 

The anchor rod which is basically transmitting tensile load to 

the ground, fractured at the rod when transmitting the tensile load 

through friction between the rod and the concrete hole to the 

concrete footing, the failure is also caused when the bolt head tried 

to resist the uplift of the base plate due to tensile load from the 

connection, (Plate 7). The von misses stress, total strain, reaction 

and displacement from the finite element analysis is represented in 

Table 3 respectively. The stress is plotted against the strain, while 

the reaction is plotted against the rotation, as shown in Figures 3 and 

4 respectively. 

 

 
 

Plate 7:  Fracture of the Anchor Rod  
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Table 3: Finite element analysis variables from ABAQUS CAE 

S/N True 

Stress 

(N/m2) 

Plastic 

Strain 

(m/m) 

Reaction 

RF 

(kN) 

Displace

ment U 

(m) 

1. 1.784e+03 3.913e-5 0 0 

2. 4.779e+07 8.829e-5 6.754E+01 5.555E-05 

3. 9.558e+08 2.157e-4 1.351E+02 1.111E-04 

4. 1.434e+08 3.431e-4 2.026E+02 1.666E-04 

5. 1.912e+08 4.706e-4 2.702E+02 2.222E-04 

6. 2.390e+08 5.980e-4 3.377E+02 2.777E-04 

7. 2.867e+08 7.254e-4 4.052E+02 3.333E-04 

8. 3.345e+08 8.528e-4 4.728E+02 3.888E-04 

9. 3.823e+08 9.803e-4 5.403E+02 4.444E-04 

10. 4.301e+08 1.108e-3 6.079E+02 4.999E-04 

11. 4.779e+08 1.235e-3 6.754E+02 5.555E-04 

12. 5.257e+08 1.363e-3 7.429E+02 6.110E-04 

13. 5.735e+08 1.490e-3 8.105E+02 6.666E-04 

 

From Figure 3, the maximum stress value is 5.737e+08 N/mm2 

corresponding to plastic strain of 1.49e-3. It could be observed that 

the graph is linear. The stress increasing directly proportional to the 

strain. Also, from figure 3, the reaction of the connection at the base 

of the concrete where boundary conditions are applied is 

proportional to the displacement, and this has found itself to be true 

from the research work of [15]. 

 

 

Fig. 1:  Stress – strain curve 

 

 

 

Fig. 2:  Reaction - displacement curve 

 

Test two set up (pressure uniformly distributed at eccentricity on the 

steel column) 

Local buckling 

From the finite element result, when pressure is applied 

uniformly at an eccentricity of 60 mm away from the outer flange of 

the steel column, the steel column failed by buckling, Plates 8 and 

9. Since the design of steel column base stipulated in EC3 (1993) 

only provides designs criteria when axial load is applied uniformly 

on the column, and not when the axial load is applied perpendicular 

to the steel column (that is, at eccentricity to the steel column); same 

load that caused failure from test one is used. After application of 

the load, buckling occurred along the weak axis (that is, web) of the 

steel column, the base plate, the anchor rod and the base did not 

show failure. The displacement from the finite element analysis on 

the entire structure is 3.258 ×10-4 mm. 

 

 

Plate 8: Buckling of the steel column showing the Von Mises 

Stress legend 
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Plate 9:  Buckling of the steel column showing the 

deformation legend 

 
Nevertheless, just as it was observed that the maximum stress 

is concentrated at the weld region from test one, test two possess no 

different outcome, but the stress concentration was within the area 

where the load was applied on the steel column. The von mises stress 

gives a value of 251.6 N/mm2, and when this is compared to the von 

mises value of the former set up of 572.8 N/mm2, this means that 

due to the non-linear response of the material property of steel with 

respect to the application of loading, the plastic deformation of the 

two set up gives a percentage difference of 77.9 %. In the case of 

the anchor rod and the concrete block, the finite element results gave 

a maximum displacement of 8.632 × 10-7 mm and 2.619 × 10-6 mm. 

These magnitudes are of less significance when compared to the 

steel column, because the load was not fully transmitted to the 

concrete footing before failure occurred at the steel column.  

 

Conclusion and Recommendation 

From the component analysis carried out through finite element 

method, using ABAQUS software to determine the buckling load 

reduction factor for steel columns, the following conclusions can be 

derived; 

(i) The contrast failure in both test one and test two is buckling, 

which is the first failure mode noted. Unlike test two, additional 

mode of failures was seen in test one, which are, fracturing of the 

weld, yielding of base plate, fracture of the anchor rod and crushing 

of concrete block, in succession of their occurrence. From the finite 

element result, the load that could result to failure of the mechanism 

is 140 N/mm2.  

(ii)  From the finite element analysis, it can be concluded that the 

governing failure mode for a steel column connected to a base plate 

is buckling of the steel column. As aforementioned by other research 

work, that the base plate yielding, fracture of the weld, fracture of 

the anchor rod, crushing of the concrete block as the failure mode 

encounter in this type of mechanism; the buckling of the steel 

column proves to be more of a threat based on the reoccurrence from 

popular research experiments carried out and the finite element 

analysis results. 

For recommendation, steel column and the base plate should be 

molded together as a component having homogenous material 

property. This will limit failure on the steel column and the base 

plate. This type of components are been used in advanced countries 

for steel construction. 
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