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Abstract

The significant progress achieved in the electronics technology and computer programming, made
possible the application of Finite Element Method (FEM) for the analysis of steel frame joints. The
goal of the FEA on steel joints was to obtain “bending moment - relative rotation” curves as close
as possible to the ones experimentally obtained, in a reasonable time period and with reduced
Costs.

This paper presents the analysis with finite elements of two joint typologies: welded and bolted
with end plate, using the ABAQUS programm. The results obtained after the numerical simulation
were compared with the experimental data extracted by scientifical literature.

Rezumat

Progresele spectaculoase realizate in domeniul sistemelor electronice de calcul a facut posibila
utilizarea metodei elementelor finite (MEF) la cercetarea si proiectarea cadrelor metalice. In
domeniul calculului structurilor metalice in cadre,Aplicarea analizei cu MEF nodurilor cadrelor
metalice ofera posibilitatea simularii comportarii reale a acestora, cu costuri mici, in comparatie
cu testele experimentale si intr-un timp relativ scurt.

Lucrarea de fata prezinta analiza cu elemente finite a doua tipologii de imbinari: cu sudura si Ccu
placa de capat extinsa si suruburi pretensionate, utilizand programul de calcul ABAQUS.
Rezultatele obtinute in urma modelarii au fost comparate cu date experimentale extrase din
literatura de specialitate.
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1. Introduction

The behavior of steel connections continues to be an issue of interest in the area of steel structures.
The non linear behavior of steel frames joints is experimentally proved even in the case of welded
connections. The study presents in detail two illustrative examples created by using FEM for a
welded connection and a connection with extended end plate. For both joints, a nonlinear static
analysis was applied using ABAQUS commercial code, ver. 6.11 [1-4] and the obtained results
were compared with experimental data from scientific literature [7].
The numerical models were created by using 3D finite elements of solid type C3D4R, considering
the contact between components and the bolts pre-tensioning.
The analysis focused on the following aspects:

o The state of stress at each loading step
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o The faillure mode in comparison with the one experimentally observed
o The comparison of the bending moment-relative rotation curves with the ones
experimentally obtained [7]

2. Static scheme and connection description

Two typologies of beam-to-column joints have been modeled using ABAQUS commercial code,
ver. 6.11 and compared with corresponding experimental tests. The joints are double sided and the
static scheme was perfectly symetrical (Fig.1).
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Figure 1. Static scheme

The first type was a welded connection (Fig.2.a.) and the second type was a bolted end plate
connection (Fig.2.b.). Beam and column are I, respectively H profiles. High strength bolts M20/
10.9 are used, for the extended end plate solution.
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Figure 2. Connection configurations [7]

The mechanical and the measured geometrical characteristics of elements were taken from the
experimental tests [7].

The structure is simply supported on the beam ends. A vertical cyclic alternated force was applied
on the top of the column.

3. Discretisation of the models
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The density of the mesh was made higher in areas where the stress concentrations were expected,
respectively in the joint zone and in the supports regions, then in the remaining areas (Fig. 3.).

In order to respect the actual geometry of the profiles, all the components of the joints were
modeled using the element C3D4 which refers to a 4 node linear tetrahedron [1].

Figure 3. Mesh discretisation of the end plate connection model

The column web panel is stiffened by two plates aligned with the beams flanges. The stiffeners are
welded to the beam in the support zones. Welds are modeled using tie constraint option.

In order to simplify the bolted joint model, hexagonal bolt head and nuts are idealized as circular
and washers are not modeled. Slip between end plate and bolt head was neglected. Bolt holes are
assumed to be 1mm greater then the bolt size.

4. Material model

For the welded connection, the yield and ultimate tensile were 313,8MPa and 449,8MPa
respectively and the ultimate strain was 0,23.

Two material models was used in the bolted joint model, one for the joint elements, and the other
for the bolts.

The yield and ultimate tensile stresses considered for the beam, column and end plate were
248.3MPa and 416 MPa respectively. The ultimate strain was 0,23.

High strength friction grip bolts (10.9) are considered in the bolted joint. The yield and ultimate
stress for the bolts were considered as 900 MPa and 1000 MPa respectively and the ultimate bolt
strain considered was 0,09.

5. Contact modeling

In the case of the joint with end plate and prestressed high strength bolts the transfer of the forces is
realized through friction due to the clamping action between the connection elements.

Small sliding surface to surface contact was applied to all the surfaces which have small relative
sliding [1-4, 9]. Between the end plate and the column flange was considered a tangential frictional
contact (i =0,3), using penalty stiffness formulation and a hard normal contact using augmented

Lagrange formulation. The bolt head / nut were tied constrained to the end plate / column flange.
Between the bolt hole and the bolt shank the tangential contact was considered as frictionless. Hard
constraint was considered between the rigid plate and the top column section.
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6. Load application and boundary conditions

The load was applied, for the extended end plate connection model, in two steps. In the first step a
pretension force, about 0,7 time of the yield bolt stress, was applied to all the bolts, at the center
section of the bolts, using the pretension option of ABAQUS [1-4, 9]. In the second step, a
concentrated vertical force was applied on the top of the column. A rigid plate tie constrained on the
top of the column effected the transmission of the concentrated force to the joint zone. In the two
numerical models, the vertical force were applied statically.

7. Results interpretation

7.1.Welded connection

The action of concentrated force is transmitted by the rigid plate to the node zone (fig.4).

Joint faillure was produced by local buckling of the upper beam flange associated with beam web
and bottom flanges plastification (Fig.5.a). A similar failure mode has been identified in the
experimetal test (Fig.5.b).
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Figure 4. Deformated shape of welded joint

a. Numerical model b. Experimental test

Figure 5. Failure of welded connection

The moment-rotation curve obtained after the numerical simulation was presented in the figure 6,
compared with the envelope moment-rotation experimental curve.
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Figure 6. Moment-Rotation curve of the welded joint

The initial stiffnes of the models are similar as it can be observed from figure 6. A difference of
0.012% was obtained for the maximum bending moment.

7.2.Extended end plate connection

The highest stress areas of the structure were the bolts of the last row, submitted to tension, the
beam flanges and web in compression, the column web in compression, the areas around the
supports.

The failure of the joins was caused by the ruin of the bolts in the last row submitted to tension.

The same failure mode was obtained after its experimental testing.
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Figure 7. Deformated shape of bolted joint

In the figure 8., is presented the distribution of the stresses in the connection elements and in the
most strained bolt.
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Figure 8. Stress distribution in the joint elements and in the last row bolt
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Figure 9. Moment-Rotation curve of the extended end plate connection

In the numerical model the evolution of the curve is linear till 570kN (concentrated load / force),
after which the flexibility of the joint increases, at the end the value of the bending moment reaches
317kNm while the last rotation is 0.029rad.
The moment-rotation curve of the numerical model underestimated with 2,88% the yield moment
and overestimated with 14,75% the initial stiffness.
The values of maximum moment for the two models presents an approach to about ten percent.
The difference between the initial stiffness values obtained for numerical and experimental models
can come from various sources, most often as a direct consequence of the simplifications introduced
in the numerical model. Other factors which explain the differences between experimental and
numerical models may refer to:

e Analysis type (statical in the numerical model and cyclic alternated in the

experimental tests).
e Constitutive material laws used in the FE symulation.
e Differences between prestress force values introduced in the models.
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8. Conclusions

The simple geometry of the welded joints and the clear modality of efforts transmition facilitate the
numerical modeling of this connections.
Numerical model developed for the welded joint was used to validate the statical scheme for the
connections with extended end plate.
Finite element method analysis of joints with end plate and high strength prestressed bolts with the,
ABAQUS softwere, has provided results close to those obtained through experimental tests.
A special attention was accorded to :

-contact modeling of interacting surffaces ,

-prestress bolts modeling,

-material model.
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