Volume 5, Issue 1, January 2022

International Journal of Research in Engineering, Science and Management 252

IJRESM  https://www.ijresm.com | ISSN (Online): 2581-5792

Effect of Semi Rigid Joints On Design of Steel
Structure

Chinmyi Chandrakant Burle”
Student, Imperial College of Engineering and Research, Pune, India

Abstract: Limit state design method has presented a new era of
safe and economic construction for steel structures. New standard
IS 800:2007 for design of steel structures has provided an
opportunity for modern design philosophy, design specifications
and provisions as per Limit State Method of design in our country.
In design of steel structures, steel connections are important
elements for controlling behaviour of structure. It is essential that
to understand behaviour of steel frame, connectors are required to
develop full or a little higher strength compared to members being
joined in order to achieve a safe and an economical design. A
connection rotates through angle or caused by applied moment M.
This is angle between beam and column from their original
position. Several moment-rotation relationships have been derived
from experimental studies for modelling semi-rigid connections of
steel frames. These relationships vary from linear model to
exponential models and are non-linear in nature. Connections
possess semi rigid end conditions in actual behavior. In this paper
the study of literature review on, the effect of semi rigid joints on
design of steel structures is studied also study of literature review
on the behavior of semi rigid connections and its modeling is
discussed.
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1. Background

A steel structure, like any other, is an assemblage of a group
of members which contribute to resist the total load and thereby
transfer the loads safely to ground. This consist members
subjected to various actions like axial forces (Compression &
Tension), bending, shear, torsion etc., or a combination of these.
The elements are connected together by means of rivets, pins or
welds. Depending on the fixity of these joints, the connections
are classified as rigid, semi rigid and flexible

2. Introduction

Steel structures are made up of different elements like beams,
columns, bracings, flooring and roofing systems. These
elements are properly connected to form a composite unit.
Beam-to-column connections are an integral element of a steel
frame, and their behavior affects the overall performance of the
structure under different loadings. In common engineering
practice, it is usually assumed that steel connections are either
rigid or pinned. In actual practice, steel connections are not
providing ideal rigid or pinned end conditions. Connections
provide flexibility for ideal rigid connections and provide
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rigidity in case of ideal pinned end conditions. The behaviour
of connections which falls between ideal pinned and rigid
conditions has been classified as semi rigid steel connections.
Connections that connect beam to column using angles, plates,
welds, and bolts are deformable and exhibit a nonlinear
behavior. It is more reliable to consider all connections as semi
rigid. Connection 2010 Structures Congress 2010 ASCE 3240
flexibility affects both force distribution and deformation in
beams and columns of the frame, and is to be accounted for in
the structural analysis (Dhillon 1999). It is important to know
when the connections are to be assumed as rigid, semi rigid or
flexible. For practical purposes, connections can be regarded as
the rigid and the frame can be designed as a rigid frame if the
limit Elg / (RKL) < 0.05 is satisfied, where, Elg is the flexural
rigidity of the beam, L is the length of the beam, and RK is the
connection stiffness (Subramanian 2008). Extended end plate
connections possessing initial stiffness more than 105.05
kNm/rad behave as rigid connections. All welded connections
and extended end plate connections are considered as rigid for
design purposes. Joint stiffness less than 0.001 kNm/rad may
be assumed as hinged and if it is more than 1000 KNm it may
be assumed as fixed. It is necessary to know the moment-
rotation behaviour of actual beam to column connections and to
formulate appropriate m-8r model for use in analysis and design
of semi rigid frames. More popular approach to describe m-6r
curve is to curve-fit experimental data with simple expressions.
A connection rotates through angle Or caused by applied
moment M. Several moment-rotation relationships have been
derived from experimental studies for modeling semi-rigid
connections of steel frames. These relationships vary from
linear model to exponential models and are non-linear in nature.
Relative moment-rotation curves of extensively used semi-rigid
connections.

3. Literature Review

Joint stiffness and its influence: Paper stated that changing
the joint stiffness causes the bending moments to be
redistributed in the attached member. Even a large change in
stiffness at a rigid or pinned joint only causes a slight
redistribution. Changing stiffness is quite important when
designing semi-rigid joints. The vast majority of the members
in the steel structure can be easily and reliably designed using
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standard procedures. The successful IDEA StatiCa Connection
software, which is becoming the world standard for the design
of joints (used by 1,500 offices), has put into practice a good
way 5 % for ULS 20 % for SLS Bending Stiffness Mid-span
bending moment End bending moment Pinned Semi-Rigid
Rigid Pinned Connection Rigid connection 5 of designing joints
using the component method and finite element method

Knowledge of the behavior of joints can be used to refine the
design of more complex and non-standard beams and columns.
Authors finds that IDEA StatiCa prepares for its users an
application for the detailed design of atypical members by their
geometrically and materially non-linear analysis including
joints. The philosophy of the new program is the same as for
Connection. Offering a wide range of designers FEM models in
a very user-friendly interface Lubomir Sabatka, 2018

Seismic Performance of Steel Frames: Author finds that the
semirigid connection modelling produced lighter frames
compared to the rigid one. Beam-to-column connection
flexibility affects the force distribution in the frame and causes
decrease in the base shear. (iii) It was concluded that there is no
linear relationship between connection stiffness and maximum
displacement at the top.The maximum displacement at the top
in high-rise frame is mainly controlled by frame properties and
ground motion level. Current design code does not take into
account adequate design method for frames with semirigid
connections for high seismic areas. Specially, for research
concern the seismic force distribution and the analysis
subjected to the gravity loads need further investigation.
Considerably more work will need to be done to determine the
cyclic performance of partial strength/semirigid connections
Iman Faridmehr 2017.

Analysis and Design: Paper Conclude that an analysis and
design method has been employed for steel frames with semi-
rigid connections using limit state design provisions. Analysis
takes into account the nonlinear behaviour of beam-to-column
connections. for this research The analysis and design of
members has been done considering ideally rigid and ideally
pinned end conditions using STAAD Pro.2006 for three storey
one bay, two bays and three bays frames, respectively.

Connections have been designed after evaluating end forces
in members. Secant stiffness has been calculated for connection
as per Frye and Morris polynomial modeling. The secant
stiffness values have been incorporated in analysis instead of
assumptions of ideally rigid or ideally pinned end conditions for
the frames. Design of members has been conducted using the
codal provisions. The design process has been repeated for
selecting member cross-sections and connection parameters.
Economical solutions have been evaluated using software. U.
V. Dave 2010.

Bracing System: Reduction in results with increasing the
flexibility of connection about fixity factor ‘0.75” as compare
to fixity factor ‘0.5°. As span increase the more lateral
displacement observed. To overcome this effect, the bracing
system is used to improve the lateral stability of structure. The
analysis results of X-braced frame have indicated more lateral
stability than diagonal braced frame. In the overall seismic
analysis of high-rise structure, corner and full perimeter braced
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frame enhance to give least lateral displacement and drift
comparing with middle braced frame. Harsh Ranal 2020.

Modelling of joint behavior: Several types of models can be
used to obtain the moment—rotation curve, these are: analytical,
empirical, experimental, informational, mechanical and
numerical. The most popular of these are the mechanical
models, of which the most used is the component method. With
this method it is possible to evaluate the rotational stiffness and
moment capacity of semi-rigid joints when subjected to only
pure bending. The method fails if an axial load is also present.
A summary of the advantages and disadvantages of each model
is the principal characteristic of each model. When analysing
semi-rigid frames, the behaviour of the joints need to be
modelled, this is associated with a mathematical model of the
moment-rotation curve. Depending on the type of global
structural analysis required, one of several moment-rotation
curve representations can be used, these are: linear, bilinear,
multilinear and nonlinear. Concepcién Diaz 2017.

Influence of the semi-rigid bolted steel joints: Comparative
analysis of steel structures when interaction of joints bending
moment ant axial force have been evaluated obtaining joints
characteristic, the calculation results of internal forces and
displacements differ when there is only bending moment of
joints evaluated. In the issue, the characteristics of beam-to-
beam joints with weighty axial forces have to be obtained with
the interaction of bending moment and axial force Alfonsas
Danitinas 2010.

Seismic Analysis and Design of a Multistoried Industrial
Steel Structure: Unstiffened Top & Seat angle without Double
web angle (T&S) type of semi-rigid connection is used for
Beam to column joint connection. But this type of Connection
is applied as a connection Flexibility (Rotational Spring) to
Rigid Joints only. Initial Connection Stiffness (Rki) of T&S is
formulated manually & Workout Using Microsoft Excel
Worksheet and it is applied to Rigid Joint in Model 2.
Maximum Shear force & Bending Moment is Reduced in Semi-
Rigid Structure by Providing Connection Stiffness. So for less
Shear force & Bending Moment is Experience by the Semi-
Rigid Structure Percentage of Saving of the Structural Steel is
estimated by Considering Semi-Rigid Structure (Model-2).
Overall saving of the Structural Steel is estimated as 18.5931%
Economy of Industrial Steel Structure is achieved by saving
Structural Steel Material Akshay. P. Wawgel 2020.

Effects of semi-rigid behavior of connections: In this paper,
the semi-rigid behavior of beam to column connections is
considered in the reliability analysis of the steel frames. The
numerical examples indicate the importance of the assumption
of semi-rigid behavior of connections in the analysis and
evaluation of the probability of failure of the system of steel
frames. In all cases studied there are substantial differences in
the result of reliability analysis between the more realistic semi-
rigid connections and the cases in which extreme assumptions
of fully-rigid or fully pinned connections are used. Also, the
more realistic semi-rigid behavior modeling of connections
should be considered in the reliability analysis of steel-framed
structures if more reliable results are desired. M.A. Hadianfard
2003.
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Concluding remark on Literature Review: Steel portal
frames were traditionally designed, assuming that beam-to-
column joints are ideally pinned or fully rigid, whereas in fact,
due to the finite stiffness of the joints, the true behaviour is
somewhere between these two extremes. All studies agree that
when carrying out structural analysis of any frame, the
rotational behaviour of the joint should be considered.
Currently, the most common method of accounting for the true
behaviour of a connection is by using the moment-rotation
curve in the analysis of the structure. Several types of models
can be used to obtain the moment—rotation curve, these are:
analytical, empirical, experimental, informational, mechanical
and numerical. The most popular of these are the mechanical
models, of which the most used is the component method. With
this method it is possible to evaluate the rotational stiffness and
moment capacity of semi-rigid joints when subjected to only
pure bending. The method fails if an axial load is also present

4. Conclusion

The semi-rigid design of joints can fit in standard design
practice by adopting an adjusted traditional design approach. In
this approach, the share of responsibilities between engineer
and steel fabricator are similar to those in traditional frame
design with pinned or rigid joints. In the adjusted approach, a
first approximation of the joint stiffness should be included in
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the frame analysis.
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