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Abstract-Earthquake around the world is one of the reasons responsible for the destruction to life and property in large
numbers. In order to mitigate such hazards, it is important to incorporate norms that will enhance the seismic performance of
the structures. Earthquake loads are required to be carefully modeled so as to assess the real behavior of structure with a
clear understanding that damage is expected but it should be regulated. Seismic Retrofitting is the modification of existing
structures to make them more resistant to seismic activity, ground motion, or soil failure due to earthquakes. In this project
our aim is to analyze an existing building using STAAD Pro v8i, with and without the provision of seismic retrofitting. The
structure is analyzed in STAAD Pro v8i and the bending moment was chosen as the criteria for selecting the weak member.
RC jacketing was selected as the retrofitting technique employed to the weak member andlater the member in the structure
was compared with the bending moment value before and after providing retrofitting. It was determined that RC jacketing

strengthened the structure, which was vulnerable to seismic activity.
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I. INTRODUCTION

1. General Background:

In recent times, reinforced concrete buildings have
become common in India, particularly in towns and cities.
Reinforced concrete (or simply RC) consists of two
primary materials, namely concrete with reinforcing
steelbars. Concrete is made of sand, crushed stone (called
aggregates) and cement, all mixed with pre-determined
amount of water.

Concrete can be moulded into any desired shape, and steel
bars can be bent into many shapes. Thus, structures of
complex shapes are possible with RC.A typical RC
building is made of horizontal members (beams and slabs)
and vertical members (columns and walls), and supported
by foundationsthat rest on ground. The system comprising
of RC columns and connecting beams is called a RC
Frame. The RC frame participates in resisting the
earthquake forces.

Earthquake shaking generates inertia forces in the
building, which are proportional to the building mass.
Since most of the building mass is present at floor levels,
earthquake-induced inertia forces primarily develop at the
floor levels. These forces travel downwards — throughslab
and beams to columns and walls, and then to the
foundations from where they are dispersed to the ground.

As inertia forces accumulate downwards from the top of
the building, the columns and walls at lower storeys
experience higher earthquake-induced forces and are
therefore designed to be stronger than those in storeys
above.

Seismic analysis is a subset of structural analysis and is
the calculation of the response of a building (or non
building) structure to earthquakes. It is part of the process
of structural design earthquake engineering or structural
assessment and retrofit in regions where earthquakes are
prevalent.

A Seismic Retrofit provides existing structures with more
resistance to seismic activity due to earthquakes. In
buildings, this process typically includes strengthening
weak connections found in roof to wall connections,
continuity ties, shear walls and the roof diaphragm.

It is of critical importance that the structures that need
seismic retrofitting are identified correctly, and an optimal
retrofitting is conducted in a cost effective fashion. Once
the decision is made, seismic retrofitting can be performed
through several methods with various objectives such as
increasing the load, deformation, and/or energy dissipation
capacity of the structure.

Conventional retrofitting methods include addition of new
structural elements to the system and enlarging the
existing members.

Addition of shear walls and bracings shown in Fig. 1.1(a)
is the most popular strengthening method due to its
effectiveness, relative ease, and lower overall projectcost
compared to column and beam jacketing shown in
Fig.1.1(b) and (c), respectively. Relative effectiveness of
various wall and bracing configurations are compared in
Fig. 1.1(a). From this figure, it is seen that post-cast shear
walls and steel braced frames are the most effective
strengthening techniques.
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Fig 1. Conventional strengthening methods used for
seismic retrofitting.

Most retrofitting techniques will result an increase in
stiffness and slightly increase in mass which causes in
return a shorter period. Shortening in period of vibration
often results an increase in strength and ductility of
retrofitted structure. Thus, a proposed retrofit scheme can
be said to be successful if it results an increase in strength
and ductility capacity of the structure which is greater than
the demands imposed by earthquakes.

2. Obijectives:

e To study the seismic response of a building.

e To introduce Retrofitting techniques to an existing
building.

e To analyse the effectiveness of RC jacketing as a
retrofitting technique.

e Toanalyse the building after introducing Retrofitting.

e To compare the response of the building to seismic
activity with and without Retrofitting.

3.Scope:

To ensure the safety and security of a building, employees,

structure functionality, machinery and inventory.

e Essential to reduce hazard and losses from structural
elements.

e  Predominantly concerned with
improvement to reduce seismic hazard.

e Important buildings must be strengthened whose
services are assumed to be essential just after an
earthquake like hospitals.

structural

Il. LITERATURE REVIEW

1. Study of Previous Literatures:

Giuseppe Oliveto and Massimo Marletta, 2005 studied
the seismic retrofitting of reinforced concrete buildings not
designed to withstand seismic action is considered. The
study was based on the scenario in Italy. The paper
proceeds with an illustrative description of the seismic
action and then addresses the problem of evaluating the
seismic resistance and vulnerability of engineering
structures.

The application of the methodology presentedto reinforced
concrete buildings in Eastern Sicily clarifies the concepts
discussed. In particular, the concept of seismic resistance,
seismic vulnerability and seismic over- resistance become
easily understood from the journal.

The paper then considers the retrofitting of buildings
vulnerable to earthquakes and briefly describes the main
traditional and innovative methods of seismic
retrofitting.[1]

N. Lakshmanan, 2006 gathered the available information
particularly on the nonlinear behaviour, and the various
approaches available to evaluate the seismic safety of
buildings. It was emphasized that the existing procedure is
grossly approximate, and hence improving sections of the
approach to high levels of accuracy would not necessarily
lead to a better result. The need for evaluating the various
repair strategies for use in the improvement of the seismic
performance of reinforced concrete structures has been
highlighted. The behaviour of repaired beams and beam-
column joints has been discussed. [2]

Komal Bedi, 2013 explained about different techniques of
Retrofitting. Retrofitting is defined as a general term
consisting of treatments including, preservation,
rehabilitation and construction. It is saidthat the section of
appropriate treatment strategy is a great challenge
involved in the retrofit process and must be determined
individually for each project. Seismic retrofitting
techniques are Structure level Retrofit, Addition of
structural RC walls, Use of steel bracing, Seismic isolation
etc. Recent retrofitting techniques such as Concrete
Jacketing, Steel Jacketing etc are also pointed out in this
journal. [3]

Sumit Bharadwaj et.al, 2015 explained that retrofit in
structures is done to increase the survivability
functionality. At present day, retrofitting has a very
lucrative market in the developed and as well as
developing countries. It provides a number of ways to
improve the damaged structure and allows expanding the
lifespan of a structure, increasing its functioning and
safety. Retrofitting mainly depends upon the modern
technology and the unique ideas of the engineers and may
vary from place to place.[4]

Sameh A, 2016 studied seismic wvulnerability of RC
buildings in Egypt. It has been said that seismic provisions
were not provided in Egypt and hence the buildings where
vulnerable to seismic activity. Two buildings one provided
with seismic provisions and the other without seismic
provisions were taken into account.

The final conclusion was that seismic provisions are a
necessary to be checked and provided. Even though Egypt
is considered a region of moderate seismicity, in order to
avoid the future risk Seismic analysis was carried out. [5]
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Pranay Ranjan et.al, 2016 gave emphasise to the design
of RC, FRP and SFRC Jacketing of failed columns of an
existing building. These three retrofitting techniques are
mainly dealt in this journal and that too for existing
columns. Jacketing of columns consists of added concrete
with longitudinal and transverse reinforcement around the
existing columns. This type of strengthening improves the
axial and shear strength of columns while the flexural
strength of column and strength of the beam-column joints
remain the same.

It is also observed that the jacketing of columns is not
successful for improving the ductility. A major advantage
of column jacketing is that it improves the lateral load
capacity of the building in a reasonably uniform and
distributed way and hence avoiding the concentration of
stiffness as in the case of shear walls. A four storey
building in Patna, Bihar is considered in this journal which
doesn’t show any seismic vulnerability.

The building is assumed to be provided with additional
two storeys and thus additional loads may lead to seismic
vulnerability. Three designs with RC, FRP, and SFRC
Jacketing techniques are carried out along with cost
evaluation.IS  15988:2013, Seismic Evaluation and
Strengthening of Existing Reinforced Concrete Buildings
— Guidelines, Bureau of Indian Standards, New Delhi,
2013 is the code followed in this journal. [6]

I11.MODELING AND ANALYSIS

1. Software’s Used:

1.1STAAD Pro v8i: STAADPro v8i is a structural
analysis and design software application originally
developed by Research Engineers International in 1997. In
late 2005, Research Engineers International was bought by
Bentley Systems. STAAD Pro v8i is one of the most
widely used structural analysis and design software
products worldwide. It supports over 90 international steel,
concrete, timber &aluminium design codes. It can make
use of various forms of analysis from the traditional static
analysis to more recent analysis methods like p-delta
analysis, geometric non-linear analysis, Pushover analysis
(Static- Non Linear Analysis) or a buckling analysis. It can
also make use of various forms of dynamic analysis
methods from time history analysis to response spectrum
analysis.

1.2Auto CAD 2010:Auto CAD is a CAD (Computer
Aided Design or Computer Aided Drafting) software
application for 2D and 3D design and drafting, developed
and sold by Autodesk, Inc. It is avector graphics drawing
programme. It uses primitive entities-such as lines, poly-
lines, circles, arcs and text-as the foundation for the
complex objects. Auto CAD’s native file format, DWG,
and to a lesser extent, its interchange file format, DXF
hasbecome the standards for interchange of CAD data. All
the drawings for reference were done by making use of
Auto CAD 2010.

2. Loads and Load Combinations:
The various loads considered for the analysis were:

2.1Dead Loads as per IS: 875 (Part 1) — 1987:

These are self-weights of the structure to be designed. The
dimensions of the cross section are to be assumed initially
which enable to estimate the dead load from the known
unit weights of the structure. The values of the unit
weights of the materials are specified in IS 875:1987(Part-
I).Dead load includes self-weight of columns, beams,
slabs, brick walls, floor finish etc. The self-weight of the
columns, beams and slabs were taken automatically by the
software.

2.2Live Loads as per IS: 875 (Part 1) — 1987:

They are also known as imposed loads and consist of all
loads other than the dead loads of the structure. The values
of the imposed loads depend on the functional requirement
of the structure. Commercial buildings will have
comparatively higher values of the imposed loads than
those of the residential buildings.

2.3 Earthquake Loads as per IS: 1893 (Part 1) —
2002:Dynamic forces on multi-storeyed buildings are
bestcomputed through a detailed vibration analysis.
Detaileddynamic analysis or modal analysis or pseudo-
static analysis should be carried out depending on the
importance of the problem. Earthquake shaking is random
and time variant. But, most design codes represent the
earthquake-induced inertia forces as the net effect of such
random shaking in the form of design equivalent static
lateral force. This force is called as the Seismic Design
Base Shear VB and remains the primary quantity involved
in the force-based earthquake-resistant design of buildings.
Instead, the earthquake demand is estimated only based on
concepts of the probability of evidence, and the design of
earthquake effects is termed as earthquake-resistant design
against the probable value of the demand.

The Design Base Shear, Vb is taken as per the Indian
Seismic Code IS 1893 (Part 1) — 2002.

Dynamic analysis shall be performed to obtain the design
seismic force, and its distribution to different levels along
the height of the building and to the variouslateral load
resisting elements for the following buildings:
Base Shear, Vb = W*Ah
W =8540.84 kN(3.1)
Fundamental naturalperiod, Ta=0.09h/d0.5 (3.2)

Ta=0.422 sec X direction = 0.463 sec Z direction As per
IS 1893(Part 1) - 2002 fig 2 & table 3,

Spectral acceleration coefficient, Sa/G=2.5
As per 1S 1893(Part 1) - table 2,
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2.4Load Combinations:

Design of the structures would have become highly
expensive in order to maintain either serviceability and
safety if all types of forces would have acted on all
structures at all times. 3 |9

Zone factor, Z = 0.16(Moderate) Fig.3.1 shows the plan of the multi-storied building. This
As per IS 1893(Part 1) -2002 table 6, was obtained by providing co-ordinates in STAAD Pro
Importance factor, | =1 v8i.
As per IS 1893(Part 1) - 2002 table2, Response reduction R e e 1)
factor, R=5 i g[E— e
Ah =z* [ *Sa=0.04 L
2Rg(3.3) g i g
Base shear force, Vb = 341.63 kN. v 18
i

- oe
| e & s

Accordingly the concept of characteristic loads has been
accepted to ensure at least95 percent of the cases, the
characteristic loads considered will be higher than the
actual loads on the structure. However the characteristic
loads are to be calculated on the basis of average/mean
load of some logical combinations of all loads mentioned
above.

| J s et

IS 456:2000 and IS 1893(Part-1):2002 stipulates the
combination of the loads to be considered in the design of
the structures.

3. Member Property Specification:

The properties of various frame member sections such as
cross sectional dimensions of the slab; beams, columns etc
are given;

3.1 Slab:
e Thickness of the slab up to 7m = 130 mm
e Thickness of the slab from 7 to 18m =120mm

3.2 Beam: Fig 4. Rendered view of the Model before Retrofitting.
The dimensions of the beams are 200mm *400mm
Fig.3.4 shows the 3D view of Multi-storied building. The

3.3 Column: dimensions of the beams are 200mm*400mm. The
The dimensions of the columns are 300mm *400mm dimensions of the columns are 300mm*400mm.

4. Staad Pro V8i Modelling:
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Fig 2. Plan of multi-storeyed building.

Fig5. Floor Load.
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Fig.3.5 shows the floor load applied to the bottom storeys(
0 to7m).
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Fig 6. Floor load.

Fig.3.5 & 3.6 shows the floor load applied. As plates are
not provided, it is necessary to consider the slab load.
Floor load provided is the summation of self weight of the
slab and floor finish.. Assuming the floor finish to be
1.5kN/m2.Slab thickness is 130mm till 7m and it varies to
120mm from 7 to 18m.

Self weight of slab = 0.130*25*1 = 3.253N/m2 Floor
finish = 1.5kN/m2
Total floor load = 3.25+1.5 = 4.75kN/m2
As so from 7 to 18m height, Floor load = 4.5kN/m2
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"Fig 7. Wall load as UDL. -
Fig.3.7 shows the wall load coming on the frame. The
thickness of wall is 20cm and height of wall is 3m. In
framed structure dead load of bricks will act on the beams.
And it will be expressed in terms of kN/m, which is as a
UDL.

Considering 20cm thickness of brick, including plastering.
Height of wall neglecting beam depth 2.6m. Density of
engineering bricks as per 1S 875 PART 1 = 21.20kN/m3.

Load will be,
21.20kN/m3 *20m*2.6m= 11kN/m.

5. Staad Pro V8i Analysis:
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Fig 8. Sorted bending moment value before retrofitting.

Fig.3.9& 3.10 shows the bendingmoment value before
retrofitting. The fig.3.10 shows Bending moment value of
all the beams parallel to Y axis, i.e., columns. Load case 8
shows maximum bending. The column 1625 is the one
with maximum bending moment in the ground floor.

5. Design of RC Jacketing for Failed Column:

Jacketing is one of the most frequently used techniques
used to strengthen RC columns.With this method, axial
strength, bending strength and stiffness of the original
column are increased. The column no. 1625 was chosen as
the failed column in the bottom storey. It showed a
maximum bending moment value of 230.302kN-m. The
following are the given details;

Height of column= 2500mm Width of column, B= 300mm
Depth of column, D=400mm

Area of steel provided =804.25 mm2
fy =415 N/mm2 fck =35N/mm2 Axial Force, P = 965.156
Factored axial forlc((!\,l Pu =1447.734 kN
Pu = 0.4* fck*Ac+0.67* fy*Asc (3.4)
According to cl.8.5.12 of 1S 15988:2013,
Asc = 0.8 % of Ac
i.e, 1447.734*103 = 0.4*35*Ac+0.67*415*0.8 % Ac

Therefore, Ac =89234.10 mm2 As per cl.8.5.1 of IS
15988: 2013, A”C =1.5 Ac = 133851.15 mm2

© 2021 USRET
2422



International Journal of Scientific Research & Engineering Trends
Volume 7, Issue 5, Sept-Oct-2021, ISSN (Online): 2395-566X

Taking B = 400mm,

D =133851.15 = 334.63 = 400 mm
400

As per 1S 15988: 2013, minimum jacketing thickness to be
provided is 100mm.

i.e, Width of the column, B =600mm Depth of the column,
D =600mm

Hence provide a column of size 600mm*600mm
IV. RESULTS AND DISCUSSIONS

From the studies it was evident that the structure is
vulnerable to seismic activity. In order to resist the seismic
activity, RC jacketing was chosen as the retrofitting
technique. As per IS 15988:2013, RC jacketing was
designed. It was applied and the following figures show
the results;
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Fig 9. Sorted bending moment value after retrofitting.

Fig.4.1 shows sorted bending moment value after
retrofitting. The beam parallel to Y axis, i.e, column no.
1625 was chosen as the failed column. Since it was
thecolumn in ground floor with maximum bending
moment.

The retrofitting technique employed was RC jacketing.
Design of RC jacketing was based on IS 15988:2013
‘Seismic Evaluation and strengthening of existing RC
Buildings’and the size of the column were assigned to
600mm*600mm. The property of the column was changed

as per design and it was seen that the value of bending
moment decreased from that before retrofitting.
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Fig 10. Shear & Bending value of the Column 1625 before
Retrofitting.

T TR | == o3, 7221 s | ancd s o s

‘!i D e Whce { } i it

‘i t \nd I,

! l |

i

il 3

4

i )
N H

Fig 11. Shear & Bending value of the Column 1625 after
Retrofitting.
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Fig 12. Rendered view of the model after Retrofitting.

Bending Moment plays a major role in the amount of
reinforcement to be placed in any reinforced concrete
structures. Moment by its nature has a capacity to cause
tension and compression at the same time in a section. In
reinforced concrete structures concrete is good in
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compression and steel is good both in tension and
compression, but due to the slenderness of rebar material it
easily buckles. So we place the reinforcement steel on
tension side.

In Columns bending moment causes the section to have
decreased axial load capacity. Always if the moment on
the section increase, the axial load capacity decrease hence
the amount of reinforcement should increase. After
applying retrofitting it was evident that the Bending
moment value has decreased from 230.302kN-m to
113.763KN-m. It showed that retrofitting is an efficient
technique in strengthening the structure wvulnerable to
seismic activity.

V. CONCLUSION

The study was to investigate the seismic response of an
existing building. It showed that the building was
vulnerable to seismic activity and after that RC jacketing
was provided. It was analysed in STAAD Pro v8i.

The important conclusions formulated from the project are

as follows:

e We investigated the vulnerability of the building to
seismic activity and it was found that the building
responded to seismic activity.

e According to IS 1893 (Part 1)2002, Seismic load was
calculated as 341.63kN. Considering seismic load,
dead load and live load, the structure was modelled
and analysed in STAAD Pro v8i.

e Retrofitting techniques were evaluated from different
journals. RC jacketing was chosen as the most
appropriate technique to be employed in this project.
According to IS 15988:2013 ‘Seismic Evaluation and
Strengthening of existing RC Buildings’ RC jacketing
was designed.

e In Columns bending moment causes the section to
have decreased axial load capacity. Always if the
moment on the section increases, the axial load
capacity decrease hence the amount of reinforcement
should increase.

e Column no.1625 was employed with RC jacketing.
The Bending moment was the criteria in choosing the
column. The column was having an initial bending
moment value of 230.302kN-m. The structure after
analysis with retrofitting showed a value of
113.763kN-m.

e A decrease of 49.39% of bending moment value
occurred by the provision of providing retrofitting.

e The analysis of the structure before and after
retrofitting evidently showed that the
retrofittingtechnique complimented in strengthening
of the structure. It showed that retrofitting aims in
strengthening a structure to satisfy the requirements of
the current codes for seismic design.

e From completing the project it was concluded that
seismic retrofitting provides existing structures with
more resistance to seismic activity due to earthquakes.
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