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Abstract- Precast constructions are now days generally
adopted in various residential and commercial projects. In
this paper the RCC beam column junction is compared with
precast beam column load. Initially beam-column junctions
are analyzed for static linear point load which increases with
time. The analysis is done by FEM tool ANSYS workbench.
The stress-strain curve, load-deflection curve, normal stress
and strains are compared for RCC and Precast models. In
later stage time history analysis is proposed for various zones
for same models. A new precast concrete beam-to- column
connection for moment-resisting frames is developed in this
study.

Keywords- Precast, beam-column junction, ANSYS..
I. INTRODUCTION

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) [1] . 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) [2]. 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. 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 [3].

Development of specific procedures for the
estimation of seismic vulnerability of existing precast
structures represents a key step not only when relevant
structures are concerned, but also when rehabilitation and
functional re-planning of large urban areas have to be carried
out [4]. From a technical point of view, problems related to
rehabilitation and seismic upgrading of existing precast
buildings are different; first of all, aspects related to non-
destructive techniques are involved for what concerns the
definition of mechanical and geometrical properties of
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members and also of the degradation of base materials;
another important point is the assessment of reinforcement
(prestressing tendons, deformed and smooth rebars) [5]. 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 [6].

The seismic safety of precast structural systems
represents a subject for investigation which is very much of a
current interest worldwide [7]. In many structures, some of the
structural elements are designed as seismically resistant,
whereat the remaining ones sustain only gravitational loads
inappropriate floor structures that don’t have the capacity to
transfer inertial forces to the seismically resistant vertical
elements [8]. Predominant type of the precast (industrial)
building in Europe consists of columns tied together with
beams. Among many types of different connections between
precast elements, the connection using steel dowel is most
common [9] .The existing analytical and experimental
investigations as well as the experience gathered from the
occurred earthquakes are not sufficient enough for throwing
light on their seismic behavior [10] .The following figure.1
represents general precast beam model.
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step

height of lattice
varies

Figure 1 Precast Beam

I1. SYSTEM DEVELOPMENT
2.1Methodology:
1. Collection of Data
a. Study of Time History
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Time history analysis is the study of the dynamic response of
the structure at every addition of time, when its base is
exposed to a particular ground motion.

2. Study of Connections

a. RCC Beam Column Connection

A conventional RCC beam column is considered for the
purpose of modeling which is then compared with precast
beam column connections.

b. Precast Beam Column Connection

Three precast beam column connections are modeled and then
results are compared with conventional RCC beam column
connection.

3. Software Modeling

a. Building modeling and analysis in Staad Pro.
A G+9 RCC Commercial building is taken into consideration
for analysis and design purpose in staad pro.

b. Modeling of Beam column connection in ANSYS.
The Maximum BM beam column junction is modeled in
ANSYS.

4. Result and Conclusion

As a consequence of the analysis, the results obtained
from the models in ANSY'S are shown in tables and graphs.

2.2 Response Spectrum Method:

Response spectrum analysis is a procedure for
computing the statistical maximum response of a structure to a
base excitation. Spectra which determine the base acceleration
applied to each mode according to its period (the number of
seconds required for a cycle of vibration).Response spectrum
analysis produces a set of results for each earthquake load case
which is really in the nature of an envelope. It is apparent from
the calculation, that all results will be absolute values - they
are all positive. Each value represents the maximum absolute
value of displacement, moment, shear, etc. that is likely to
occur during the event which corresponds to the input
response spectrum.

The definition of the proposed numerical model was
made by using finite elements available in the ANSYS code
default library.

2.3 Time History Data (e.g. of earthquake measuring
in time history analysis):
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Time history data of Kobe (Japan, 1995) and Chamoli
(Uttarakhand, 1999) is shown in the graphs. The time history
data of highest magnitude is taken for analysis in Ansys.

CHAMOL

3. MODELING AND ANALYSIS OF MODELS:
3.1 Problem statement:

A G+9 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-IlI
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 3.4.1 is conventional RCC model, Figure 3.4.2

is precast model no. 1, Figure 3.4.3 is precast model no. 2, and
Figure 3.4.4 is precast model no. 4.
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3.2 Material properties:
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3.3 Analysis of model:

The analysis results of the G+9 RCC Commercial
Building in StaadPro is shown in the figure4.3.1. 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 3.3.1.
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Figure 3.3.1Beams with highest beam end forces
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WaxM{ _ 602 |9DLEQX 2 0128 32014] 0000 0329 0001 19.826
Minlx| 604 |8DLEQX 24 0128 32014 0000 0320 0001 19826
Max My| 10 DLEQZ 213 1824.073 0.000 -27.339
MinMy| 431 [10DLEQZ 243 965.172 0000  -34998 0000 54677 -0.000 |
WaxWz 185 [9DLEQX 2 1247382 32169 5239 0000 8199 48422 |
WinMz| 188 | 8DLEQX 9 1247382 32169 5239 0.000 | 8199 48422

Table 3.3.1 Beams with highest beam end forces.

Maximum Bending Moment is observed at Beam No.
406 as shown in Table no. 4.3.1. The concrete design output
obtained from Staad file is shown in figure 4.3.1 and 4.3.2
along with its RCC details for Column no. 406 and adjacent
Beam no. 354.

Column no. 406 along with its adjoining beam B354 is
taken for designing purpose.
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Figure 3.3.2 Datails of Column 406
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Figure 3.3 .3 Destails of Beam 334
3.4 ANSYS model:

The Maximum BM beam column junction is further modeled
in ANSYS
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Figure 3.4.1 Conventional RCC Model Figure 3.4.2 Precast
Model 1
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Figure 3.4.3PrecastModel2 Figure3.4.4Precast Model

IV. RESULTS AND DISCUSSION:

The results obtained from the analysis of models in ANSYS
are shown in tables and graphs.

Figure no. 3.4.1 shows conventions RCC model
taken for analysis, and Figure no. 3.4.2, 3.4.3 and 3.4.4 shows
different precast models taken for analysis.

From Graph 4.1 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 4.2, 4.3 and 4.4. In
precast the stresses are concentrated in the connecting
elements.

4.1 Maximum Deformation M25:

Table 4.1Maximum Deformation
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Graph 4.1 Maximum Deformation

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.

Figure 3.4.8 Total Deformation of precast model no. 2
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4.2 Normal Stress M25:

Table 4.2Normal Stress
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Graph 4.2 Normal Stress

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.

4.3 Shear Stress M25:

Table 4.3Shear Stress
LOAD () vs SHEAF. SIRESS (MFa)
L OAD[RCC FRECAST |[FRECASI [PRECAST
)  WODEL BMODEL NODEL RODEL
MI0.1 0.2 MO.3
] ] ] ] ]
00 [000FONE38E-02  |[L.73E-0T  [I.ISE-0T
T00 001284 [[30E-0I  [FS0E-00  [Z30E-01
00 [0.0194T [0.193% 052443 034513
HO0 [0.0I588 025921 A 03603
SO0 00323510 32401 WRIEE N 057538
EO0  [0.03GEZI|0 38EE1 T.047 069043
TO0 (0045280 453T TII13 080553
ER R R Y W L T 3959 0 9I08

Page | 330

ISSN [ONLINE]: 2395-1052

1.5
@ ! —4—RCC
=
E 05 | == PRECAST MODEL NO. 1
PRECAST MODEL NO. 2
0F =i PRECAST MODEL NO. 3
0 200 400 600 800 1000
LOAD (N)
Graph 4.3Shear Stress

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%.

4.4 MaximumPrincipal Stress M25:

Table 4.4MaximumPrincipal Stress
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Graph 4.4MaximumPrincipal Stress

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%.

V. CONCLUSION
In this project the comparative analysis is made for

RCC and PRECAST beam column connections and following
conclusions are as observed:
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e 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.

REFERENCES

Ahmad BaharuddinAbd.Rahman, Dennis Chan Paul
Leong, A. Aziz Saim, Mohd. Hanim Osman “Hybrid
Beam-to-Column Connections for Precast Concrete
Frames” Proceedings of the 6th Asia-Pacific Structural
Engineering and Construction Conference (APSEC 2006),
5 — 6 September 2006, Kuala Lumpur, Malaysia.
AkashLanke, Dr. D. Venkateswarlu “Design, Cost &
Time analysis of Precast & RCC building.” International
Research Journal of Engineering and Technology (IRJET)
e-ISSN: 2395 - 0056 Volume: 03 Issue: 06 | June-2016.
EhsanNoroozinejadFarsangi “Connections Behaviour in
Precast Concrete Structures Due to Seismic Loading”.
Gazi University Journal of Science GU J Sci23(3):315-
325 (2010).

José F. Rave-Arango, Carlos A. Blandén, José |I.
Restrepob, Fabio Carmona, “Seismic Performance Of
Precast Concrete  Column-To-Column  Lap-Splice
Connections.” Engineering Structures 172 (2018) 687—
699.

Prof. Dr. Khalid S. Mahmoud Dr. Mohannad H. Al-
Sherrawi, “Nonlinear Finite Element Analysis of
Composite Concrete Beams.” Number 3 Volume 8
Journal of Engineering.

Marco Breccolotti, Santino Gentile, Mauro Tommasini,
Annibale Luigi Materazzi, Massimo Federico Bonfigli,
Bruno Pasqualini, Valerio Colone, Marco Gianesini,
“Beam-column joints in continuous RC frames:
Comparison between cast-in-situ and precast solutions.”
Engineering Structures 127 (2016) 129-144.

Marcela NovischiKataoka, Marcelo Aradjo Ferreira, Ana
LuciaHomce de Cresce El Debs, “Nonlinear FE analysis
of slab-beam-column connection in precast concrete
structures.” Engineering Structures 143 (2017) 306-315.

Sadik Can Girgina, Ibrahim SerkanMisir,
SerapKahraman,“Seismic  Performance Factors for
Precast  Buildings with  Hybrid  Beam-Column

Connections.” Procedia Engineering 199(2017) 3540—
3545. X International Conference on Structural
Dynamics, EURODYN 2017.

Page | 331

[9] SaeedBahrami,

ISSN [ONLINE]: 2395-1052

MortezaMadhkhan, Fatemeh
Shirmohammadi, NimaNazemi, ‘“Behavior of two new
moment resisting precast beam to column connections

subjected to lateral loading.” Engineering Structures 132
(2017) 808-821.

[10] Vidjeapriya, Bahurudeen, Jaya. K.,“Nonlinear analysis of

exterior precast beam-column J-Bolt and cleat angle
connections.” International journal of civil and structural
engineering Volume 4, No 1, 2013 ISSN 0976 — 4399.

www.ijsart.com



