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Abstract

The realistic response of the steel frames cannot always be investigated with idealized rigid or articulated
joints. For sideways loads, significant calculation errors may occur if the modeling of the joints does not take
into account their most realistic behaviour. The use of semi-rigid joints, both in design and construction, can
result in favourable structural properties in the case of steel frames, especially in seismic areas.
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1. About semi-rigidity

Conventional analysis of frames is usually per-
formed under the assumption that a connection
joining a beam to a column is either infinitely
rigid or perfectly pinned (Figure 1.). The experi-
mental results show that the actual behaviour of
joints is far from the above idealization. All con-
nections transmit some moments and exhibit a
certain degree of flexibility.

The concept of semi-rigid or flexible connec-
tions is recognized in several national codes for
steel structures. There are several mechanical
solutions for a semi-rigid beam-to-column con-
nection ranging from fully rigid, semi-rigid, to
pinned state (Figure 1.).
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2. Modeling and behaviour of semi-rigid
connections

The behaviour of the connection is described
by a non-linear moment-relative rotation rela-
tionship, which is usually determined through
experiments. Numerous experimental results
have shown that the connection bending moment
M - relative rotation ¢ relationships are non-lin-
ear over the entire range of loading for almost all
types of connections.

The fundamental role of the constitutive rela-
tion bending moment M -relative rotation @ (or
Or) have to be properly dealt with. Several analyt-
ical models have proved to adequately agree with
the results of experimental investigations. Among

Figure 1. Fully rigid, semi-rigid and pinned connection types
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the most popular analytical models is the Frye —
Morris polynomial function [1]:

¢))

Here, C are curve fitting constants, K is a dimen-
sionless factor depending on the geometry of the
connection, while M is the bending moment at the
beam-to—column interface and O is the relative
rotation of beam section against the column sec-
tion.

Power model (2) proposed by Kishi and Chen [2]
has the following generalized form:
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Here, ©,= M /R,,, where R,, is the initial stiffness
of the connection, M, is the ultimate bending mo-

Figure 2. A general aspect of bending moment M —rel-
ative rotation @ associated with semi-rigid
connection

Figure 3. Constitutive M - O, in of shape parameter
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ment capacity, n is a shape parameter and 0, is a
reference plastic rotation [3, 4].

Richard and Abbot [5] proposed a three param-
eter model in the form:

3)

The shape parameter n plays an important role
in these (2), (3) constitutive relations, as illustrat-
ed in Figure 3.

Figure 4. illustrates the difference between
the responses of a simple, two level steel frame,
where the ideal rigid joints are used instead of
semi-rigid joints. There are also quite different
phenomena in the case of cyclic loads, as the
semi-rigidity is followed by some plasticization
(Figure 5.).

Figure 4. Rigid and semi-rigid in the case of a simple
frame

Figure 5. Hysteretic constitutive semi-rigid relation-
ship
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3. Standardization of semi-rigidity

The experimentally established constitutive M —
@ relationship needs a number of mechanical pa-
rameters to be assessed initial stiffness, rotational
capacity, design limits to be applied (Figure 6.).

The large spectrum of semi-rigid behaviour —
mainly under seismic action - is due to the kine-
matics of the semi-rigid connection (Figure 7.):
rotation @, of column section differs from rota-
tion @, of adjacent beam section. The different
rotation of the two structural components of the
connection generates the relative rotation @ (Fig-
ure 8.).

Experimentally obtained data may, indeed, as-
sign the state of the beam-to—column connection,
as: rigid, semi-rigid or pinned (Figure 6.). The de-
sign activity has to simplify and adopt models of
semi-rigidity if it is to be incorporated in practical
design activity [6, 7]. Considering the semi-rigid-
ity of the connections leads to significant differ-
ences (Figure 3. and 4.) between numerical re-
sults, that cannot be neglected [6, 7, 8].

The real problem of steel structures located in
seismic areas is their behaviour under seismic
action [9, 10, 11]. In these situations seismicity
induced lateral displacement and, generally, a
specific dynamic behaviour requires a hysteretic
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Figure 6. Experimentally assessed parameters and
assigned a state of semi-rigidity
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Figure 7. Rotational semi-rigidity scheme
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constitutive bending moment - relative rotation
relationship, due to which the response of the
structure may differ significantly (Figure 10).

4. Conclusions

Semi-rigidity is a clearly defined state of
multi-story structures located in seismic areas
and it must be approached accordingly. The spe-
cific behaviour of semi-rigidly connected struc-
tures cannot be approximated or neglected. The
hysteretic nature of the constitutive bending mo-
ment — relative rotation relationship confers a
dissipative property to semi-rigid steel structures.
Dissipation of seismically induced energy is, in
turn, a positive feature of these special structures.

Classification of joints by initial stiffness

M, $rigid
semi-rigid
S = 8E/L,
nominally
s, = 0.5E /L, pinned
0 rotation, ¢ ]

Figure 8. Classification of node connections based on
calculated initial rigidity

Figure 9. From experiment to standardization
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Figure 10. Rigid and semi-rigid behaviour
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