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6

Abstract7

Connections in steel structures have an important impact on the behavior of the entire8

structure. One of them existed in the connection of column to base plate. The appropriate9

understanding of structural connections behavior and the awareness of how transmission of10

power occurred by their connections and more accurate understanding of their behavior is11

essential for modeling and structural analysis. In the following study, at first, the connection12

of the column to base palte was studied under the monotonic loading in laboratory. Then, the13

finite element method and criteria are used for designing the moment-rotation curve. The14

results of the study indicated that the moment-rotation curve of in experimental sample and15

the analytical methods are reasonably close to each other. Therefore, the finite element16

methods and criteria can be used with reasonable accuracy in the behavior evaluation of this17

type of connection.18

19

Index terms— column to base plate connection, moment-rotation curve, rigidity.20

1 I. Introduction21

ne of the most important steel structure connections in this study is the connection of column to base plate because22
it transfers all the forces of entire structure to the foundation and it is themaximum point of axial and shear23
forces and some moment-rotation curves. This connection is the place of overall instability and destruction of24
structure specifically at the time of earthquake and it effects on the behavior of entire structure. Therefore, careful25
consideration of its behavior especially its seismic behavior is very important. It has been observed in some cases26
that the lack of proper application of design or construction caused in the destruction of structure. One particular27
issue which increases the importance of column base connection evaluation is the effect of various members and28
their features in connection. These connections are consisted of columns, plates of base plates, foundations and29
bolts. ??1] ??2] ??3] ??4] ??5] ??6] This connection behavior is influenced by different parameters. The most30
important of these parameters can be assessed as follows:31

? Dimensions and thickness of columns base ? Diameter, length and position of tie rods ? Strength of available32
materials included sheets, tie rods and concrete33

? Geometry in the foundation ? The type of loading ? The distance between the edge of columns and base34
plate ? The ratio of concrete surface to sheet surface35

The Classification of this connection can be done in different ways. This classification can be classified as36
behavioral perspective, resistance, energy dissipation capacity, failure mode and the ways of loading. Several37
methods and experiments by different researchers in different fields have been done for the behavior of columns38
base, different components and factors affecting the connection. Most of these studies have been carried for39
the behavior of connection in the static loading or numerical study of the connection behavior.[7-12] Today,40
good methods for assessing resistance and initial stiffness have been developed. But for other features such as41
rotational capacity, curve, there is no appropriate way to the appropriate level. If these features could be estimated42
accurately, significant progress had been achieved in structural design. In this study, for estimating the columns to43
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4 ? CLASSIFICATION AND MODELING

base plate connection response, independent of the experiment results, the component-based modeling and finite44
element method were used. First, component-based modeling in compliance with the mechanical principles was45
introduced and then the moment-rotational curve has obtained. Then the sample was modeled by ANSYS finite46
element software and loaded by monotonic loading. The prepared samples in the laboratory of Babol Noshirvani47
University of Technology have been loaded under monotonic loading and the results were recorded. The results48
of laboratory tests have been used as a verification model. In the end, the advantages and disadvantages of two49
models in comparison to laboratory models were discussed.50

2 II. Laboratory Evaluation51

The main and common methods for determining the curve is experiment on the connections. For designing52
curves, bending moments were directly measured by the static loading of experimental sample and rotational53
angles based on the transferring of beams in comparison to depth. Seyed Mostafa Shabanian ? , Gholamreza54
Abdollahzadeh ? & Amir sina Tavakol ? laboratory of Babol Noshrivani University of Technology. For creating55
the samples, firstly, the required sample sections were prepared and drilled. In addition, the final assembly56
was carried out in the laboratory. Due to the uncertainty of welding in the laboratory, the required welding57
was carried in the factory. To investigate the behavior of real-time connection load, a node was entered to the58
connection increasingly. On the other words, at each stage of loading, the load on the connection was increased59
about certain weight which is more than before the last one. This loading continues until the connection is60
destroyed. The type of materials and the geometry characteristics of connection is provided in Table 1.Concrete61
with resistance of 282 kilograms per square centimeter was used for concrete Pedestal and tie rods was M20. 362
Eurocode for this state that buckling plate and tie rode occur simultaneously. The purpose of this design is that63
the plastic deformation can be seen in the plate and the bolts. Column size and the ratio of width to thickness64
was selected in such a way that the column buckling does not occur before plate rupture. The figure ?? shows65
the laboratory sample of column connection to base plate and loading device.66

3 III. Component-Based Model67

In the component-based modeling, at first the component connection are separated to its structural connection68
and the stiffness of each component was obtained. The entire stiffness was obtained through the sum of each69
stiffness component and their parameters were introduced by a suitable mathematical relationship. The diagram70
of moment-rotation curve was achieved. The mathematical model parameters must be defined in such a way that71
they can calculated using the material properties and geometry dimensions. The application of component base72
modeling was associated with the four basic steps. [13][14] ??15][16][17] ? Identifying the components connection73
? Characterization of each component ? The combination of elements for assessing the general behavior of74
connection75

4 ? Classification and Modeling76

The main idea of this method is based on the study of zoetemeijer in 1983. In order to identify the behavior of77
components, they are often loaded by tensile, pressure and shear loading. The accuracy of this method depends78
on the accuracy of their characteristics and the method of components combination. In this method, it is assumed79
that component properties are completely independent of each other and therefore these characteristics can be80
easily achieved. The components behavior can be stated with a non-linear relationship of force-displacement. The81
components behavior is generally non-linear behavior, but it can be as simple as the two or three linear models.82
The model parameters can be obtained from the dimensions of the components and materials properties. The most83
important parameters in the mathematical model are design resistance, stiffness factor and deformation capacity.84
Understanding the factors of connection and failure associated modes is the first phase of the component method85
modeling. Rotation described the connection with the deformation of four sources which two of the sources86
located in stretching zone and two other sources placed in compression zone. It includes concrete under pressure87
with grout, and flange columns in the press, the plate of column base under bending and bolts under tensile.88
??18,19] In sum, the components of column to base plate connection are as follow:89

? The pressure part (concrete under pressure and column base under bending) ? The Column ? The Tensional90
part (including tie rods and sheet under bending) ? The transfer part of cutting force The idea of evaluating the91
resistance and stiffness of base plate has been expressed by Jas part and Melchers. The regulations of Euro code92
3 used this method to determine the characteristics of the components for the two connections to column and93
column to base plate. In the plate components, three different failures have been investigated.94

? Rupture of tie rod as the result of the top plate In order to design the rotation-moment curve which is95
indicated the entire node behavior, the characteristics of each component must be combined properly. To this96
end, appropriate mechanical and analytical models should be developed. Mechanical model provided by Jas part97
et al is presented in figure ?? and it is based on simulations of two-dimensional nonlinear springs. This model not98
only considered the nonlinear behavior of each component, but also takes the impact of the changes affecting the99
bending area. The model is very complicated for engineering and design applications. The applied component100
model in necessary to determine the design strength, stiffness and deformation capacity of this type of connection.101
[20,21] Figure ?? : The mechanical model of column to base plate connection It can be understood from presented102
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models that the choice of effective area is very essential in the complexity of the final model. The reason for103
this is that in the process of combining components, the influence of vertical force and bending moment must104
be considered. The actual values of these forces are effective in the position of the neutral fiber that this case is105
linked to the effective area. Most suggestions for effective area is presented based on the regulation of Euro code106
3. In this regulation, the stress distribution on concrete is assumed under the plate of column base. To calculate107
the resistance, the easiest method is the perfect plastic stress distribution. Rotational stiffness is achieved based108
on the model provided in the Eurocode 3. [22,23] IV. Finite Element Model Finite element method which is a109
subset of numerical methods is one of the most practical methods for solving the engineering problems. In 1960,110
the socalled finite element was firstly used by Clough to solve the problems of two-dimensional elasticity. In the111
finite element method, the physical issues were solved with the help of differential equations and minimizing the112
potential energy. By this assumption that the number of degrees of freedom is reduced a limited from the infinite113
degrees of freedom. In the finite element method the available continuous environment is divided into a finite114
number of smaller components with simple geometry and then for components of a displacement function which115
link the displacement of each point to shift nodes. It is assumed that due to the complex geometry of column base116
connections, and multi-phase environment of connections in terms of material type, in finite element models, the117
number of degrees of freedom is very high and relevant volume calculation is more than usual for conventional118
computers. The other reason which leads to the complexity is the multiplicity types of nonlinear behavior in119
these models. This cause that the solution engine repeatedly increase the frequency of each incremental step. In120
addition, in the original version, the existence of periodic load increases the influence of this issue. Therefore, it121
is inevitable to consider simplification for modeling. [24][25][26][27][28] In the present study, the finite element122
software (ANSYS) is used for modeling the column to base plate connections. SOLID components have been123
used to establish components connections. Contact surface friction coefficient of 0.6 is assumed to consider the124
frictional forces. To model the effect of pre stressing screw in modeling, PRETS179 has been used. The holes of125
screws were modeled 2 mm larger than the diameter of the screws. In all models by dividing the geometry of the126
steel mesh into the separate parts, an attempt has been made to achieve the best split lattice. The parameters127
used to define the size of the mesh elements were the length of elemt in near areas ( ) Areas near the connection128
have been modeled with the finer elements. These areas included bolts, column base plate, and end parts of the129
column to a distance twice the depth of the column plate which can be seen in Figure 5. Depending on the type130
of loading that has been done, the type of material used in hardening steel is considered isotropic which is listed131
in Table 3. Drucker-Prageralso used to modify the concrete behavior. This material is providing the possibility132
of penetrating elements of column base plate to the size of about 0.5 cm in the concrete.133
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6 V. The Evaluation of Results136

Evaluation of results based on componentbased modeling. In the component-based method, modeling for a macro137
elements is provided by the combination of rigid rods and springs which represents the constructive engagement of138
the component. In this way, each of the deformation mechanisms and rigidity in specific connection is determined139
by testing them individually or referring to regulations. The rigidity of each components is modeled by the linear140
or nonlinear spring and the sum of these springs in series or parallel connections can be assembled to determine141
rigidity. Component-based method uses the combination of rigid elements and deformable (spring) which can142
indicate the source of deformation of a single component. Components usually have been modeled mechanically by143
the geometric properties of substances and materials. The performance of mechanical models gives a satisfactory144
prediction of the curve. Figure 6 shows a comparison between experimental results and the component-based145
model. The differences are due to the defects, mismatch and residual stress of the experimental setup which146
cannot be easily considered in computational models. The impact of these factors can be very high in the initial147
stiffness.148

7 a) The results evaluation of finite element modeling149

In the present study, the performance of finite element method of column connections to the based columns has150
been compared with the experimental results. In general, the finite element models can appear in the prediction151
of reliable curves. They can effectively estimate the initial stiffness and connections resistance. If all nonlinear152
properties of all connected materials are taken into account, it can estimate the rotational capacity of connections.153
This type of loading analysis is non-linear statistic model. Non-linear analysis is included the analysis of nonlinear154
material, geometric non-linear and nonlinear contact. In the process of the finite element model loading, load155
point is applied to the end of the column in the incremental linear to the finite element model. Figure 7 shows156
a comparison between the experimental results and finite element model. It can be seen that the stiffness of157
model in the initial slope of the component model is a little more than experimental model. One reason for this158
could be the shorter length of bolts in the numerical model which leads to the hardness of primary connection.159
In contrast with the increasing of load amounts, the behavior of other components will have a greater role in160
nonlinear connection response.161
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8 VI. CONCLUSION

8 VI. Conclusion162

In this study the behavioral curve of column connection to its based were examined through the modeling of163
finite element and component-based and the results of these methods were compared with the results from the164
laboratory. The results are presented in the following paragraph:165

? By comparing the results obtained from finite element method and the results of laboratory tests it was found166
that in the linear region, the results are entirely consistent. But by entering to the nonlinear region, the curves are167
to some extent far from each other. The reasons for this difference can be the different experimental conditions in168
comparison to the analytical model, equipment errors used for loading, recording the results, boundary conditions,169
the difference in real terms other materials beam and column, and different behavior of welding elements in real170
models and analytical models. ? The comparison of the results indicated that there is acceptable agreement171
between the moment rotational curve obtained from components and laboratory tests. The differences between172
these two moment-rotation curves are based on some factors such as the sliding of screw and elliptical mode of173
the screw holes. Thus it can be concluded that the component method for parameterization the behavior of this174
type of connection has acceptable accuracy. In addition, by this method the number of trials and errors that175
have a lot of cost can be reduced.176
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Tie rod Plate thickness plate dimention The column section
( ) cm ( ) cm

M 20 20 50× 50 HEA ? 200 50× 60
Samples were design according to

Figure 6: Table 1 :

8



120
100

80
Title
Axis

60 Experimental

40
20
0
0 0.01 0.02 0.03 0.04

Axis
Title

0.05 0.06 0.07 0.08 ( ) Volume XVI Issue III Version I

of Researches in Engineering
Global Journal

Figure 7: ?

3

Yield stress Modulus of elasticity The abbrevi-
ated name

Corresponding part

235 Mpa 5 2.1 10 Mpa × S235 column base plate
355 Mpa 5 2.1 10 Mpa × S355 columns
900 Mpa 5 2.1 10 Mpa × Grade10.8 bolts
25 Mpa 4 2.5 10 Mpa × C25 Pedestal

Figure 8: Table 3 :

120
100
Moment(KN.m)40 60

80
Finite element Experimental

20
0
0.00E+002.00E-

02
4.00E-02 6.00E-02 8.00E-

02
Rotation(rad)

( ) Volume XVI Issue III Version I
of Researches in Engineering
Global Journal

connections including axialversusmoment

Figure 9:

9



8 VI. CONCLUSION

10



[ interaction Journal of Constructional Steel Research] , interaction Journal of Constructional Steel Research p.178
.179

[Zoetemeijer ()] A design method for the tension side of statically laded, P Zoetemeijer . 1974. 20 p. . (bolted180
beam to column connections. Heron)181

[Packer and Morris ()] ‘A limit state design method for the tension region of bolted beam column connections’.182
J A Packer , L J Morris . The Structural Engineer 1979. 55 (10) p. .183

[Loret and Prevost ()] ‘Accurate numerical solutions for Drucker-Prager elasticplastic models’. Benjamin Loret ,184
Jean H Prevost . Computer Methods in Applied Mechanics and Engineering 1986. 54 p. .185

[Ciampi et al. ()] Analytical Model for Concrete Anchorages of Reinforcing Bars under Generalized Excitations,186
V Ciampi , R Eligehausen , V V Bertero , E P Popov . No. UCB/ EERC!82/23. 1982. University of California187
at Berkeley (Report)188

[Tagawa and Gurel ()] ‘Application of steel channels as stiffeners in bolted moment connections’. H Tagawa , S189
Gurel . Journal of Constructional Steel Research 2005. 61 p. .190

[Urbonas and Daniunas ()] ‘Behavior of Semi-Rigid Steel Beam-to-Beam Joints under Bending and Axial Forces’.191
K Urbonas , A Daniunas . Journal of Construction Steel Research 2006. 62 p. .192

[Bursi ()] ‘Calibration of a finite element model for isolated bolted end-plate steel connections’. O S Bursi , Jas193
, JP . Journal of Constructions Steel Research 1997. 44 (3) p. .194

[Krishnamurthy and Graddy ()] ‘Correlation between 2-and 3-dimenesional finite element analysis of steel bolted195
end-plate connections’. N Krishnamurthy , D E Graddy . Computers and Structures 1976. 6 (4_5) p. .196

[Díaz et al. ()] ‘FEM model of beam-to-column extended end-plate joints’. C Díaz , M Victoria , P Marti , O197
Querin . Journal of Constructional Steel Research 2011. 67 p. .198

[Elsayedmashaly and El-Heweity ()] ‘Finite element analysis of beam-to-column joints in steel frames under199
cyclic loading’. Mohamed Elsayedmashaly , El-Heweity . Alexandria Engineering Journal 2010.200

[Adany and Dunai ()] ‘Finite element simulation of the cyclic behavior of end-plate joints’. S Adany , L Dunai .201
Journal of Computers and Structures 2004. 82 p. .202

[Mazzolani et al. ()] Influence of equivalent bolt length in finite element modeling of T-stub steel connection.203
Computers and structures, F M Mazzolani , Spon , Charis J London , Minas E Gantes , A Lemonis . 2000.204
2003. 81 p. . (Moment Resistant Connections of Steel Frames in Seismic Areas)205

[Abdollahzadeh and Shabanian ()] ‘Investigation the Behavior of Beam to Column Connection with Flange206
Plate by Using Component Method’. G Abdollahzadeh , S M Shabanian . Iranica Journal of Energy and207
Environment (IJEE) 2013. 4 (3) p. .208

[Huber and Tschemmernegg ()] ‘Modeling of beam -to -column Joints’. G Huber , F Tschemmernegg . Journal209
of constructional Steel Research 1998. 45 (2) p. .210

[Azizinamini ()] Monotonic response of semirigid steel beam to column connections, A Azizinamini . 1982.211
Columbia. University of South Carolina (MS thesis)212

[Adany ()] ‘Numerical and Experimental Analysis of Bolted End Plate Joints Under Monotonic and Cyclic213
Loading’. S Adany . PhD Dissertation 2000. Budapest University of Technology and Economics214

[Mehrabian ()] ‘Seismic Performance of Steel Frames with A Post-Northridge Connection’. A Mehrabian .215
Engineering Journal King, W.S., and Chen, W.F (ed.) 2002. 1993. 18 (4) p. . Department of Civil Engineering216
and Engineering Mechanics, the University of Arizona (AISC)217

[Weynand et al. ()] ‘The stiffness model of revised Annex J of Eurocode 3’. Klaus Weynand , Jean-Pierre Jaspart218
, Martin Steenhuis . Proceedings of the 3rd International Workshop on Connections, (the 3rd International219
Workshop on Connections) 1995.220

[Volume XVI Issue III Version I Global Journal of Researches in Engineering] ‘Volume XVI Issue III Version I’.221
Global Journal of Researches in Engineering222

11


	1 I. Introduction
	2 II. Laboratory Evaluation
	3 III. Component-Based Model
	4 ? Classification and Modeling
	5 Global Journal of Researches in Engineering ( ) Volume XVI Issue III Version I
	6 V. The Evaluation of Results
	7 a) The results evaluation of finite element modeling
	8 VI. Conclusion

