
IJSART - Volume 8 Issue 5 – MAY 2022 ISSN [ONLINE]: 2395-1052

Page | 764 www.ijsart.com

Effectiveness of Precast Beam Column Connection
Over Conventional Beam Junction

Mr. Rohan Dnyanoba Solunke1, Prof. Dr. Pujari. A. B2

1Dept of Civil Engineering
2Associate Professor, Dept of Civil Engineering

1, 2 K.J College of Engineering and Management Research, Kondwa, Tal-Haveli, Dist-Pune – 411048

Abstract- Ancient Romans used concrete and poured it into
moulds to construct their intricate network of aqueducts,
culverts, and tunnels. There are several architectural and
structural applications for precast technology today, including
individual components and even full building systems. In
1905, precast panelled structures were introduced to the
contemporary world in Liverpool, England. John Alexander
Brod, a municipal engineer who also devised the concept of
the football goal net, invented the method. The concept was
not widely adopted in Britain. Nonetheless, it was accepted
globally, especially in Eastern Europe and Scandinavia. To do
analysis of RCC building for Dead load, living load, and
Earthquake load in order to find Critical joint and joints. To
do an ANSYS study of a key joint's axial forces, shear forces,
and bending moment. The research will compare beam
column joint precast beam column connection with RCC beam
column connection in terms of bending loads, shear stresses,
main stresses, and deflection. In this project, a comparison is
done between RCC and PRECAST beam column connections,
and the following observations are made.The result for
Maximum Deformation for all models concludes that the
Deformation for precast model no. 1 is less than the other
precast patterns and RCC model by approximately 5-10% for
precast models and 30-40% for RCC model. • The result for
Normal Stress for all models concludes that the Normal Stress
for precast model no. 3 is less than the other precast patterns
and RCC model by approximately 15-20% for precast models
and 40-50% for RCC model.
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I. INTRODUCTION

1.1 History:

Ancient Romans made use of concrete and they
poured that material into moulds to build their complex
network of aqueducts, culverts, and tunnels. Modern uses for
pre-cast technology include a variety of architectural and
structural applications — including individual parts, or even
entire building systems.

In the modern world, precast paneled buildings were
pioneered in Liverpool, England, in 1905. The process was
invented by city engineer John Alexander Brod who also
invented the idea of the football goal net. The idea was not
taken up extensively in Britain. However, it was adopted all
over the world, particularly in Eastern Europe
and Scandinavia.

1.2 Introduction:

Precast concrete systems have many advantages like
speed in construction, good quality due to factory production,
economy in mass production. Despite these advantages of
precast concrete, it is not widely used throughout the world,
especially in regions of high seismic risk. The reason behind
this is lack of confidence and knowledge base about their
performance in seismic regions as well as the absence of
rational seismic design provisions in major model building
codes (Priestley, 1991). High storey precast frame panel
buildings performed poorly in the 1988 Spitak, Armenia
earthquake due the lack of adequate seismic design
considerations such as ductility in precast joints (Hadjian,
1993). A significant number of parking structures suffered
extensive damage and a number of precast concrete parking
structures collapsed in the 1994, Northridge earthquake. One
of the reasons for the collapse was lack of proper diaphragm
connections (Mitchell et al., 1995). In the 1995 Kobe
earthquake, most of the precast prestressed concrete structures
performed well, only three sustained severe structural damage.
The structural damage was due to insufficient connection
detailing (Muguruma et al., 1995). The lessons learnt from the
past earthquakes are that the connections are the weakest link.
Hence more research is required in the study of connections.
For Purpose of Rehabilitation and protection against seismic
actions concerns a large number of buildings made of precast
and prestressed concrete elements, basically for industrial-
manufacturing purposes. These buildings are very common in
many countries and especially in Italy, where a large number
of constructions were built in the ‘50s, ‘60s and ‘70s, during
the reconstruction after World War II and the consequent
economic and social development. At that time the buildings
were characterized by innovative and even high performance
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materials and by complex structural solutions exploiting new
material and design approaches. The latter however were not
comparable with modern regulations and technical knowledge,
so that assessment of present conditions needs specific studies
on local and global behavior. This circumstance is more
relevant if seismic risk is analyzed; in fact, many constructions
are located in areas recognized to be exposed to seismic risk
after erection, so that the original design takes into account
only gravity loads, without any consideration of lateral loads
due to earthquake

1.2.1 Beam-Column Connections

The beam-column connection is one of the few vital
regions determining the seismic resistance efficiency of a
framed or partially-framed structure. The present need is to
develop a rational analytical model capable of predicting the
ultimate capacity of a variety of embedded steel member
precast connections. The development of this analytical model
is based on the results of a series of experiments in which the
different variables like effect of column axial load, effect of
additional welded reinforcement, effect of shape of embedded
member were studied. The analytical model has been used to
construct a series of non-dimensional design curves for
connections with or without additional welded reinforcement.
The connection between the beam and column must be strong
enough as it serves as part of the vertical load resisting system
in order to comply with one of the failure modes in which the
beams must fail before columns. Under earthquake loading,
the joint will be the most critical area to resist the lateral
seismic reaction forces. Its characteristics affect the global
behavior of the whole structure, particularly when subjected to
seismic loading. Therefore, the strength of the joint has to be
higher than the strength of the member it joins. This makes the
proper reinforcement of this zone difficult to construct and not
fully established. The designed joint failed in shear and the
beam bars slipped only after the first cycle of inelastic loading.

Precast concrete has been recognized as a feasible
means of building structural structures that are secure, robust,
efficient, quality, and cost-effective. However, its application
in high seismic regions has been restricted, mostly because of
the lack of availability of construction standards relative to
those required for concrete frameworks cast in place. Over the
years, the introduction of precast concrete has demonstrated
benefits of concrete production, such as better quality
protection, smoother construction schedule management,
effective usage of resources and cost savings.

1.3 OBJECTIVE:

 To perform analysis of RCC building for Dead load, live
load and Earthquake load to identify Critical joint.

 To Perform analysis of critical joint for axial forces, shear
forces and Bending moment in ANSYS

 To study the comparative analysis of beam column joint
precast beam column connection with RCC beam column
connection for bending stresses, shear stresses, principal
stresses and Deflection

II. LITERATURE REVIEW

Ehsan Noroozinejad Farsangi et. al. [1] studied finite element
analysis on 4 types of precast connections which are pinned,
rigid, semi rigid and a new proposed connection. The stiffness
of the new connection was obtained from the slope of the total
load versus deflection graph in the elastic range. Then the
seismic loading from El Centro earthquake modified with
0.15g and 0.5g were applied to the whole structure. He
concluded from the analysis results that new connection has
sufficient stiffness, strength and also higher ductility.
Meanwhile, the whole structure analysis results showed that
the new connection behaves as semi rigid connection. LUSAS
and SAP2000 were used for analysis.

R.A. HawilehLanke et al [2] Studied nonlinear finite element
analysis and modeling of a precast hybrid beam–column
connection subjected to cyclic loads. A detailed three-
dimensional (3D) nonlinear finite element model was
developed to study the response and predict the behavior of
precast hybrid beam–column connection subjected to cyclic
loads that was tested at the National Institute of Standards and
Technology (NIST) laboratory. The model had taken into
account the pre-tension effect in the post-tensioning strand and
the nonlinear material behavior of concrete. The model
response was compared with experimental test results and
yielded good agreement at all stages of loading. Fracture of
the mild-steel bars resulted in the failure of the connection. In
addition, the magnitude of the force developed in the post-
tensioning steel tendon was also monitored and it was
observed that it did not yield during the entire loading history.
He concluded that successful finite element modeling will
provide a practical and economical tool to investigate the
behavior of such connections.

Vidjeapriya. R et al [3] Developed a 3-D nonlinear FE model
to study the response of an exterior precast beam to column
connection subjected to reverse cyclic loading. Tests of a one-
third scale exterior beam column precast concrete connections
was conducted. Two types of connections were compared. The
connections included a monolithic connection and two precast
beam - column connections (i) using J-bolt (ii) using Cleat
Angle. ANSYS finite element software was used for the non-
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linear analysis of the precast beam column connection. For the
nonlinear analysis, one-third scale model was developed. Two
types of elements were used including solid elements and
contact elements. The finite element analysis results compared
well with the experimental data. It is concluded that if the
material constitutive relation and failure criterion can be
selected suitably, the finite element model can accurately
predict the overall seismic behavior and the inelastic
performance of these two kinds of joints.

Summary

The seismic performance of the design of precast
concrete depends very much on the ductility of the joints
framed by beams and columns that are precast. The purpose of
this analysis was to decide the most appropriate type of beam-
column connections. The dimensionless hysteresis models of
two types of joints were proposed and found the rationality of
the monolithic precast joint model was confirmed. The models
will serve as an important method for the seismic performance
review and investigation of design parameters of pre-cast
links, claim the researchers.

III. METHODOLOGY

Methodology steps:

1. Collection of Data
a. Study of Time History

2. Study of Connections
a. RCC Beam Column Connection
b. Precast Beam Column Connection

3. Software Modeling
a. Building modeling and analysis in STAAD

Pro.
b. Modeling of Beam column connection in

ANSYS.
4. Result and Conclusion.

Fig 1: Flow Chart

IV. PROBLEM STATEMENT

4.1 Problem statement: -

A G+7 RCC Commercial building is considered for
analysis and design purpose in staad pro the details of the
building considered are as follows:

Plan dimensions: 12 m x 12 m
Location considered: Zone-III
Soil Type considered: Hard Strata.

General Data of Building:

• Grade of concrete: M 25
• Grade of steel considered: Fe 500
• Live load on roof: 2 KN/m2

• Live load on floors: 4 KN/m2

• Roof finish: 1.0 KN/m2

• Floor finish: 1.0 KN/m2

• Brick wall in longitudinal direction: 200 mm thick
• Brick wall in transverse direction: 140 mm thick
• Beam in longitudinal direction: 230X350 mm
• Column size: 300X750 mm
• Density of concrete: 25 KN/m3

• Density of brick wall including plaster: 20 KN/m3

• Plinth beam: 230X350 mm

Total of 4 models are analyzed in ANSYS:
Figure 4.4.1 is conventional RCC model,
Figure 4.4.2 is precast model no. 1,
Figure 4.4.3 is precast model no. 2, and
Figure 4.4.4 is precast model no. 3.

4.3Analysis of model: -

The analysis results of the G+7 RCC Commercial
Building in STAAD.Pro is shown in the figure 4.3.1. The
highlighted lines in the model shows the columns and beams
with highest beam end forces. The beams with highest beam
end forces are shown in Table 4.3.1.

Fig 2: Plan view
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Fig 3: Bending moment of beams in staad

Fig 4: Shear force of beams in staad

4.4 ANSYS model: -

Details for ANSYS Models for Precast and RCC

Column Size – 300 x 750 mm

Reinforcement for Column – 12 – 16No
Beam Size – 230 x 450 mm

Reinforcement for Beam – Top – 12 -2, Bottom- 12 -2,

Shear – 10 @120 C/C
Total Maximum Load – 1824 KN

Fig 5: Modeling

The Maximum BM beam column junction is further modeled
in ANSYS

DETAILS OF PRECAST MODELS

Fig 6: Precast Model 1

Fig 7: Precast Model 2

Fig 8: Precast Model 3
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VI. RESULT AND DISCUSSION

The results obtained from the analysis of models in
ANSYS are shown in tables and graphs. From Graph 5.2 it
clearly shows that the total deformation in conventional RCC
beam column junction is more than precast beam column
junction. The normal stress, shear stresses and maximum
principal stresses in precast model no. 1, 2 and 3 is more as
compared to RCC beam column junction as seen in the Graphs
5.2, 5.3 and 5.4. In precast the stresses are concentrated in the
connecting elements.

5.1 Maximum Deformation M25:-

Table 5.1Maximum Deformation Of M25

Graph 1 Maximum Deformation of M25

Above graph shows the result for Maximum
Deformation for all models, the results conclude that the
Deformation for precast model no 1 is less than the other
precast patterns and RCC model, by around 5-10% for precast
models and 30-40% for RCC model

5.2 Normal Stress M25:-

Table 5.2 Normal Stress of m25

Graph 2 Normal Stress of M25

Above graph shows the result for Normal Stress for
all models, the results conclude that the Normal Stress for
precast model no 3 is less than the other precast patterns and
RCC model, by around 15-20% for precast models and 40-
50% for RCC model

5.3 Shear Stress M25:

Table 5.3 Shear Stress of M25
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Graph 3 Shear Stress of M25

Above graph shows the result for Shear Stress for all
models, the results conclude that the capacity of  Shear Stress
for RCC model is less than the other precast patterns, by
around 30-35%

5.4 Maximum Principal Stress M25:-

Table 5.4 Maximum Principal Stress of M25

Graph 4 Maximum Principal Stress of M25

Above graph shows the result for Maximum Principal
Stress capacity for all models, the results conclude that the

capacity of Maximum Principal Stress for RCC model is less
than the other precast patterns, by around 40-45%

VII. CONCLUSION

In this project the comparative analysis is made for
RCC and PRECAST beam column connections and following
conclusions are as observed:

 The result for Maximum Deformation for all models,
the results conclude that the Deformation for precast
model no 1 is less than the other precast patterns and
RCC model, by around 5-10% for precast models and
30-40% for RCC model

 The result for Normal Stress for all models, the
results conclude that the Normal Stress for precast
model no 3 is less than the other precast patterns and
RCC model, by around 15-20% for precast models
and 40-50% for RCC model

 The result for Shear Stress for all models, the results
conclude that the capacity of  Shear Stress for RCC
model is less than the other precast patterns, by
around 30-35%

 The result for Maximum Principal Stress capacity for
all models, the results conclude that the capacity of
Maximum Principal Stress for RCC model is less
than the other precast patterns, by around 40-45%

 The maximum deformation are reduced by 15-20 %
in to Precast beam column connections as compared
to RCC beam column connections.

 From the analytical study of the different shapes of
beam column connection it is found that the precast
connection is more effective as compared to RCC.

 The Normal Stresses, Shear Stresses, Equivalent
stresses, Principal stresses are observed more at
connecting elements of precast.

 The time history analysis result for Total
Deformation mm for all models, the results conclude
that the Total Deformation mm for RCC model is
greater than the other precast patterns, by around 10-
20%, and less for model no 3

 Above graph shows the time history analysis result
for Shear Stress for all models, the results conclude
that the Shear Stress for RCC model is greater than
the other precast patterns, by around 25-30%, and
less for model no 3

 The time history analysis result for Max. Principal
Stress for all models, the results conclude that the
Max. Principal Stress for RCC model is greater than
the other precast patterns, by around 20-25%, and
less for models no 3
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 The time history analysis result for Normal Stress for
all models, the results conclude that the Normal
Stress for RCC model is greater than the other precast
patterns, by around 10-15%, and less for models no 3

 The time history analysis result for Equivalent Stress
for all models, the results conclude that the
Equivalent Stress for RCC model is greater than the
other precast patterns, by around 10-15%, and less
for models no 3
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