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Abstract. In the present paper, a finite element approach calculating the rising and the relative slip 
of steel base plate connections is proposed. Two types of connections are studied, the first consists on 
a base plate welded to the column end and attached to the reinforced concrete foundation by two 
anchor bolts. These bolts are placed on the major axis of the I shaped section used as column, one 
anchor bolt on each side of the web. In the second configuration, the connection includes a plate base 
and four anchor bolts placed out side the flanges of the I shaped section or hallow form. To take in 
account the real behaviour of this connection, a model by finite elements which considers count 
geometrical and material no linearties of the contact and cracking in the concrete foundation. To study 
the rising of the base plate, an approach treating problems of contact-friction between the base plate 
and the foundation is developed. This approach is based on a unilateral contact law in which a 
Coulomb friction is added. The numerical resolution is ensured by the increased Lagrangien method. 
For the behaviour of the concrete foundation, the developed model is based of a compressive elasto-
plastic model. The heights rising-rotations and the heights rising- slip displacements curves are 
plotted.    

1 Introduction
The base plate is necessary to transmit to the reinforced concrete foundation the effort acting in the column. The 
dimensions of the base plate � are given by considering the pressure transmitted to the subjacent concrete, 

witch must resist without rupture. The thickness of the base plate 

�b d�

� �pt is given by considering the pressure 

transmitted by the concrete. The number of anchor bolts, the space between the bolts just as the welding 
connecting the column to the base plate are other factors which can influence the choice of dimensions of the 
base plate. The dimensioning of the base plate is a relatively simple work is one has tables and abacuses of 
calculation like those proposed by Stockwell [1], Sandhu [2], Bird [3], C.M. 66 [4], Euro code [5]. The recent 
studies as well experimental as numerical showed all that other parameters could influence the behaviour of the 
base plate like rising and the slip. The rising and slip are generated by the contact between the base and the 
reinforced concrete foundation. During the last decades, a significant work dealing with the problem of rising 
and slip between base plate and reinforced concrete foundation were carried out by many researches. Several 
approaches were used: experimental approach, analytical approach and the numerical development. The tests at 
the laboratory showed all that the separation of the connection is always made on the level surface of contact 
between the base plate and reinforced concrete foundation which is assumed as fully rigid connection [6-8]. 
Other experimental investigation under concentrated loads and offset loads describing and evaluating the 
response of the column base connections were carried out [9-12].  The analytical approach, on the other hand, 
based on a variable distribution of the reaction of the reinforced concrete foundation on the base plate under a 
weak concentrated load applied in the top of the column gave a significant surface of contact [13-14]. Another 
approach, by finite elements method, to evaluate the rising and the slip of the base plate compared to the 
reinforced concrete foundation was realized these last years [15-16].  Several models were used. The model with 
one dimension based on the theory of Bernoulli where the anchor bolt is modelled as a spring gave results at 

1 e-mail : chamizi@yahoo.fr

© Owned by the authors, published by EDP Sciences, 2010
DOI:10.1051/epjconf/20100609001
EPJ Web of Conferences 6, 09001 (2010)                                         6

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial License 3.0, which 
permits unrestricted use, distribution, and reproduction in any noncommercial medium, provided the original work is properly cited.

Article available at http://www.epj-conferences.org or http://dx.doi.org/10.1051/epjconf/20100609001

http://www.epj-conferences.org
http://dx.doi.org/10.1051/epjconf/20100609001


least mitigated [17]. On the other hand, models with two (2D) and three dimensions (3D), which have the 
following advantages: 

� Visualization of normal and tangential displacement 
� Precise numerical results 
� Minima costs of data processing 
� showed all the rising and the slip between the base plate and the reinforced concrete foundation [18-25]. 

2 Development of the model by finite element 
Taking into account  studies enumerated above and the various recommendations made by the authors, we built a 
three-dimension finite element model based on the non linear analysis of the structure to simulate the behaviour 
of column base plate connection. The model takes into account the non linearity of materials and the non 
linearity of contact between the foundation and the base plate, where it simulates the rising and the slip of the 
base plate and where friction at the interface concrete foundation – base plate is ensured by four nodes quadratic 
elements [26]. The model is established in code computer CASTEM3M. The aim of this study is the analysis of 
the behaviour of the column-base plate connections most usually used. For this purpose, the curves of rising 
according to rotations and the normal displacement according to the tangential displacement are plotted. 

3 Unilateral contact (or Signorini) 
In numerous simulations, the law of unilateral contact used is illustrated by the problem of Signorini.  Let us 
consider a deformable body in contact with a rigid body (fig.1.), the conditions of unilateral contact of Signorini 
having to be respected in all points of the deformable bodies located on the contact C�  is [27]:   

                                                                                                                                                 (1)0�h
                                                                                                                                               (2)0�nR�

                                                                                                                                          (3)0�	 nRh �

with h the interstice or the displacement of a point of contact in the normal direction to the contact n  and  the 
components of the normal effort. The equation (1) translated the condition of impenetrability; the equation (2) 
the fact that the normal force of contact is compression and the equation (3) represents the condition of 
complementarily (if the point is in contact then 

�
nR�

0�h  and 0�nR �  if the point leaves the contact then 

and )[27]. 

0�h
)0�nR �
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Fig.1. Contact between a deformable body and rigid body (Signorini problem) 
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4 Coulomb law

The force at the point of contact can break up into a normal force  and a tangential force nR�

)( tRnRRR tnt

���
��� 	�	� . The model of Coulomb is written in the following way [27]:   

                                     nt RR �� 	� �                                                                                               (4)   

                                     0�	 tnt vRR ��� � �          (adherence)                                                (5) 

                                     
t

t
nt v
v

RR
�

�

�� 		�� �                      (slip)                                                      (6)

with tangential relative speed between the two bodies and tv� �  the friction coefficient of Coulomb (Fig.2.) 
which includes all the local parameters, such as roughness between the two bodies.   

                                             
                                                             Fig.2. Coulomb law  

5 Equilibrium without friction

The deformable body is considered and the rigid body1
 2
 , we note 21 

�
 �  the whole of the bodies. 

The deformable body is subjected to the imposed displacements du
�

 on the zone u� , to imposed efforts sf
�

 on 

the zone , and to forces of volumes �� f v
�

acting on the field (Fig.1.)

                                       0�� vfdiv
���            in 
                                                                       (7) 

                                        duu ��
�                          on u�                                                                     (8)

                                       � � Sfn
��

�	�                 on ��                                                                      (9)

                                         � � Rn
��

�	�                on C�                                                                     (10)

Equilibrium of deformable body with frictional contact is written: 1


           � � � � �	�� �� dVufdVW
V VVsolide

��
�� :2

1
contS WdSuf

C

�	��
��

                                  (11)

The work of the actions of contact on the deformable body is written: 
                                      dSuRunRW ttnncont

C

)( ����
	�	� ��

�

                                                       (12) 

                                        with nuuuu nt
�����
	��� )( 12

The actions of rigid body 2
 on body are written: 1


                                      dSRnRf
C

tncont )(��
�

�	�
���

                                                                    (13)
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6 Finite element modelling 

�� :C�           Behaviour law 
� � uB 	��          Interpolation of deformations 

� � kuNu 	�        Interpolation of displacements 

In matrix form the equation (11) is written 

                                                � � � �)( 2
1 FuuKuW TT

solide �	�                                                 (14) 

with � �                       rigidity matrix � �BdVCBK
V

T��

  and   � � � � � � � � dSfNdSfNdVfNF cont
T

S
T

V
V

T

CC

���
���
��

��� � �F       vector of the external efforts 

The equilibrium of system with frictional contact amounts to minimize the energy equation under the following 
constraint: 

                                                                                     (15) � ��
�
�

��		��
��

0))((
0

12 n
T

solide

uGnnuuh
Wdiv
����

��

7 Method of resolution (increased Lagrangien) 

                                � � � � � �� � 0),( 22
1 ���� uGGuuGuKuuW TTTTT

solide
���                      (16)

       
� � � �

� ��
�
�

��
���


�
�
�

�
�

�
�

�
�
�
�
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KKT
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u
W
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uW
���

��
��

�
10

0
0),(                   (17)

8  Numerical analysis 

Three types of connections are studied, the first one consisting of a base plate � �11pt mm�  welded to the end 

of column and attached to the reinforced concrete foundation with two anchor bolts. These bolts are placed on 
the major axis of the I shaped column cross- section, one anchor bolt on each side of the web (Fig.5.) In the 
second configuration, the connection comprises a base plate � �30pt m� m

�m

 and four anchor bolts placed 

outside the flanges of the I shaped section (Fig.6.). In the third configuration, the connection comprises a base 
plate � , a column with a hollow cross-section and four anchor bolts (Fig.7). Two loading types are 

used. First, the connections were subjected to shear force and a bending moment only, and then the connections 
were put under shear force, a bending moment and an axial compressive force (Fig.8). In this case a bending 
moment is caused by the offset compressive load.   Different eccentricities and variable axial loadings (P=100 to 
600 KN) are chosen, in order to show the influence of these parameters of the degree of fixity of the column base 
connections. In this study, the following assumptions were assumed in order to obtain essential response 
features: 

19pt m�

� An interaction between the holes being in the base plate and the anchor bolts is ensured by considering 
a unilateral contact between these two bodies 

� In order to simplify the mesh, the anchor bolts that are of circular sections are simulated in this study by 
bolts of square sections of equivalent surface. 

� The discrimination of the anchor bolts is made so that the nodes coincide with the nodes of the holes of 
the base plate. 
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� To take into account the problem of contact friction between the base plate and the foundation, the 
nodes as well as the degrees of freedom of the two bodies are selected so that they coincide 

� The same precaution is also taken with regard to the nodes and the degrees of freedom of the anchor 
bolts and the concrete foundation 

� Traction in the concrete develops only in the high part of bolt (on the third of LP)
� The loadings are introduced in the forms of increments (ensured well by CASTEM3M code) 

h= 1220 mm 

 HEB 100 

mmt p 11�

30

70

30

70 70

Fig.3. Detail of two anchors bolts connection 

Fig.4. Detail of four anchors bolts connection 

h= 1220 mm 
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Fig.5. Detail of four anchors bolts connection with a hollow cross-section 
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    Fig.6. Finite element mesh of the 3-D model 

9 Results 

Base plate thickness tp= 11 mm
Base plate connections with HEB 100 column
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Fig. 7.  Maximum rising-rotation diagrams for base plate thickness tp = 11 mm under various axial 
loadings.Base-plate connections with HEB 100  and HEB 160column. 

Base plate thickness tp = 19 mm
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Fig.8. Curves of the rising of the 19 mm  and 30 mm thickness base plate under various axial loadings. 
Base–plate connections with HEB 160 column.
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Base plate thickness tp = 19 mm 
Base plate connections with HEB 160 column
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Fig.9. Curves of the normal and tangential displacement of the 19 mm and 30 mm thickness base plate.

10. Conclusions 
1. For the column-base plate connection with only two anchors bolts without compressive load, the 

conclusions are: 
� Rising of the base plate side of traction 
� The anchors bolts were lengthened and bent 
� The columns did not undergo any deformation; all rotation is occurred on the level of 

connection.
2. For the same connection with two anchors bolts in the presence of compressive load (P = [100-400] 

KN), the rising of the base plate side of traction is still definitely visible but less important (reduction 
from 6 to 16%). We notice that a contact zone is established under the right end of the base plate. The 
resting part of the plate starts to separate from concrete foundation, tensioning the left bolt. The 
deformation of the base plate as well as the plastic strains decrease as axial load increases. 

3. For the column-base plate connection with four anchors bolts without compressive load, the conclusions 
are:

� Rupture of two anchors bolts in traction. 
� The base plate was raised considerably before the rupture of the anchors bolts. Rising maxima 

are (36mm, 32mm and 29mm) respectively for the base plate thickness 
( ,  and11pt mm� 19pt mm� m30pt m� ). Comparing the result with the model with 

base plate thickness =  to the result with the model with base plate thickness 

= , the highest uplift is slightly smaller, as well as the separation length. These 

results are natural, since the stiffness of the base plate increases for thickness ,
permitting smaller deformability and reducing its final plastic strain. 

pt mm30

pt mm11
mmt p 30�

� Side of compression, there is friction of the base plate over an 80 mm length counted starting 
from the end of the base plate. 

 4.     Maintaining for same connections (HEB 160 with four anchors bolts) in presence of compressive  load  
(P = [100-600] KN), our conclusions are: 

� The rising of base plate is less visible than when there is no compressive load. 
� The contact area increases along with the axial loading from 0 to 600 KN. 
� We notice that the bending of the base plate is reduced in comparison with the connection 

without compressive load. This proves that the increase of the stiffness  of the base plate 
significantly affects its response under applied axial loading and bending moment 
combination. 

� The rising of base plate side of traction is less and less important when the compressive load 
increases. The reduction of maximum rising is of the order respectively of (6 to 70%) while 
passing from compressive load of P = 100 KN to P = 600 KN. 

� Local warping of the wing in compression. 
� Traction at the base of column is same side as the wing in compression at the top of column. 

What shows well that a moment is developed in the connection and the column works in 
double curve. 
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5. For the connections with hollow cross-section, the rising of base plate is even less visible. 
6. Increasing the base plate thickness, the stiffness it possesses permits limited deformation which is  
        slightly visible. 
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