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Abstract
The maintenance, rehabilitation and upgrading of
structural members, is perhaps one of the most crucial
problems in civil engineering applications. Strengthening
has become the acceptable way of improving their load
carrying capacity and extending their service lives.
Infrastructure decay caused by premature deterioration
of buildings and structures has lead to the investigation
of several processes for repairing or strengthening
purposes. One of the challenges in strengthening of
concrete structures is selection of a strengthening
method that will enhance the strength and serviceability
of the structure while addressing limitations such as
constructability, building operations, and budget.
Structural strengthening may be required due to many
different situations. Strengthening is required for loads
resulting from wind and seismic forces or to improve
resistance to blast loading. Additional strength may be
needed due to a deficiency in the structure's ability to
carry the original design loads. Deficiencies may be the
result of deterioration (e.g., corrosion of steel
reinforcement and loss of concrete section), structural
damage or errors in the original design or construction.
The majority of structural strengthening involves
improving the ability of the structural element to safely
resist one or more of the following internal forces caused
by loading: flexure, shear, axial, and torsion.
Strengthening is accomplished by either reducing the
magnitude of these forces or by enhancing the member's

resistance to them. Typical strengthening techniques
such as section enlargement, externally bonded
reinforcement, post-tensioning, and supplemental
supports may be used to achieve improved strength and
serviceability.

Factors which affect the Retrofitting techniques

 Magnitude of strength increase.
 Effect of changes in relative member stiffness
 Size of project (methods involving special materials

and methods may be less cost effective on small
projects).

 Environmental conditions (methods using adhesives
might be unsuitable for applications in high
temperature environments; external steel methods
may not be suitable in corrosive environments).

 Dimensional/clearance constraints (section
enlargement might be limited by the degree to which
the enlargement can encroach on surrounding clear
space).

 Accessibility.
 Availability of materials, equipment and qualified

contractors
 Construction cost, maintenance costs, and life-cycle

costs; and Load testing to verify existing capacity.

Keywords: Concrete, Non – Destructive test, Structural
audits, seismic effect .

Retrofitting techniques
There are many retrofit techniques available, depending upon the various types and conditions of structures.
Therefore, the selection of the type of intervention is a complex process, and is governed by technical as well
as financial and sociological considerations. The following are some factors affecting the choice of various
intervention techniques

 Cost versus importance of the structure
 Available workmanship
 Duration of work/disruption of use
 Fulfillment of the performance goals of the owner
 Functionally and aesthetically compatible and complementary to the existing building
 Reversibility of the intervention
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 Level of quality control
 Political and/or historical significance
 Structural compatibility with the existing structural system
 Irregularity of stiffness, strength and ductility
 Adequacy of local stiffness, strength and ductility
 Controlled damage to non-structural components
 Sufficient capacity of foundation system
 Repair materials and technology available

Methods of retrofitting
a. Structure level or Global Retrofit Methods
In structural level or global retrofit method two approaches are used for structure level retrofitting.

i) Conventional methods based on increasing the seismic resistance of existing structure.

ii) Non conventional methods based on reduction of seismic demands.

Conventional methods of retrofitting or strengthening are used to enhance the seismic resistance of existing
structures by eliminating or reducing the adverse effects of design or construction. The methods include the
options like adding of shear wall, infill walls or steel braces.

b. Member level or Local Retrofit Methods.

These are several existing retrofitting systems available for upgrading RC-structure. In these systems, some
are able to increase the stiffness, strength, deformation and energy absorbing capacity of the structures and
some are able to reduce the influence of the seismic actions on the structure. The application in reality of these
retrofitting systems is dependent on their effectiveness on the structures in both aspects: technique and
construction costs. In spite of having much advantage in increasing the stiffness and strength for the buildings,
the use of bulky systems such as reinforced concrete shear walls to retrofit buildings under seismic actions
becomes more and more limited due to its complication in erection and very high costs for foundation system
because of high seismic forces acting on the walls.

Innovative approaches to retrofitting
The main innovative methods of retrofitting may be grouped into the following classes:

 Stiffness reduction
 Ductility increase
 Damage controlled structures
 Composite materials
 Any suitable combination of the above methods.

Structural audit
Structural Audit is an important tool for knowing the real status of the old buildings. The Audit should
highlight & investigate all the risk areas, critical areas and whether the bldg. needs immediate attention. It
should also cover the structural analysis of the existing frame and pinpoint the weak structural areas for static,
wind & earthquake loads. If the bldg. has changed the user, from residential to commercial or industrial, this
should bring out the impact of such a change.

Purpose of Structural Audit

 To save Life & Property.
 To know the health of your building and to project the expected future life.
 Highlight the critical areas that need to be attended with immediate effect.
 To proactively assist the residents and the society to understand the seriousness of the problems and
the urgency required to attend the same.
 To comply with Municipal or any other statutory requirements.
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Recommended NDT Tests
The following NDT tests are required to be carried out on structural elements. However, it is important that
the testing scheme is prepared based on preliminary survey of the building/structure:

A. Core tests to determine the estimated equivalent in situ compressive strength & to establish correlation
between Rebound hammer test & in situ strength of concrete.

B. Rebound Hammer test to estimate the in situ compressive strength of cover concrete.

C. USPV test to assess the integrity of concrete.

D. Carbonation test to assess the depth of carbonated concrete.

E. Cover test to assess the cover provided to RCC structural members.

F. Half cell potentiometer test to determine the probability of active corrosion.

Rebound Hammer test USPV test

Sample Visual Observations:

 Chajjas are severely affected by corrosion.
 Severe corrosion cracks are developed in columns.
 Top level slab is severely affected by corrosion, cover of concrete has spelled down and steel is exposed.
 Front side Chajja throughout the length of structure is severely affected by corrosion.
 Top level beams are affected by corrosion.
 Almost 100% columns in the top floor have corrosion related distress.

Figure 1.1 Photographs of Room No.105 Mgm college, Navi Mumbai.

Average
Rebound

Quality of Concrete

>40 Very good

30-40 Good

20-30 Fair

<20 Poor and / or delaminated

0 Very poor and/             or
delaminated

Pulse
Velocity

Concrete Quality Concrete
Grade

> 4.0 km/s Very good to excellent I

3.5-4.0 km/s Good to very good,
slightly porosity may

exist

II

3.0-3.5 km/s Satisfactory but loss of
integrity is suspected

III

<3.0 km/s Poor and loss of
integrity exist

IV
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Formulation of Problem
Introduction

In this paper, Building modeling is done on the
STAAD-Pro and Analysis of building is carried
out. After analysis Design of Reinforcement is
done. Consider that building is too old and age is
more than 60 years, so due to leakage and
environmental action building is not in good
condition.

Preliminary Data

Building is located in Mumbai, it’s a residential
building G+3 structure, and building is 60 years
old. Other essential data given below

 Type of structure = RCC Building
 Zone = III
 Layout = as shown in fig.
 Number of stories = G+3

 Ground storey height = 3 m.
 Floor to floor height = 3 m
 Parapet wall =150 mm thick including
plaster
 Wall thickness =230 mm thick including
plaster
 Total depth of the slab =150 mm
 Size of all columns = 230 × 450 mm
 Size of all beams = 230 × 400 mm
 Density of RCC concrete = 25kN/m3
 Unit weight of brick masonry is
=20kN/m3
 Weight of floor finish (FF) = 1kN/m2
 Live load on floor = 2kN/m2
 Type of soil = hard soil

Load Combination

 Comb. 1 – 1.5 (DL+LL)
 Comb. 2 – 1.2 (DL+LL+EL)
 Comb. 3 – 1.2 (DL+LL-EL)
 Comb. 4 – 1.5 (DL+EL)
 Comb. 5 – 1.5 (DL-EL)
 Comb. 6 – 0.9DL+1.5EL

 Comb. 7 – 0.9DL-1.5EL

Application of Codes and Standards

 1. IS 15988:2013
 2. IS 456:2000
 3. IS 13311 (Part- I): 1992
 4. IS: 1331 (Part 2): 1992

Load Calculation

The building is considered to be situated in zone
III & it is a public building,

Dead Load Data

 Roof load

Self weight of the slab = 25 × 0.15 = 3.75kN/m2

Weight of floor finish = 1kN/m2

Weight of terrace water proofing = 1.5kN/m2

Total slab weight on roof = 6.25kN/m2

 Floor load

Self weight of the slab =25 × 0.15 = 3.75kN/m2

Weight of floor finish = 1kN/m2

Total slab weight on floor = 4.75kn/m2

 Wall load

Parapet weight of wall = 20 × 0.15 = 3kN/m

Weight of wall = 20 × 0.23 = 12.65kN/m

 Live Load Data

Live load on roof = 1kN/m2

Live load on floor = 2kN/m2
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Figure 1.2 Typical Column plan

Figure 1.3 Typical Beam plan
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Figure 1.4 Building Model in STAAD- Pro

Figure 1.5, 3D view of Building in STAAD- Pro

Steel Details of Building
Floor No. Beam No. B D Top Steel Bottom Steel Stirrups

Ground floor FB1,2,3,4,5,6,7,8,9,10,11,1

2,13,14,15,18,19,20,21,22,

23,24,25,26,27,28,29,30,31

,32,33,34,35,36,37,38,39,

42,43,44,45

230 400 2-8T 2-16T 8T@150C/C

FB16,17, 40,45 230 400 3-10T 3-16T 8T@150C/C

First floor FB1 to 45 230 400 2-8T 2-16T 8T@150C/C

Second floor FB1 to 45 230 400 2-8T 2-16T 8T@150C/C

Third Floor FB1 to 45 230 400 2-8T 2-16T 8T@150C/C

Roof Beam FB1 to 45 230 400 2-8T 2-10T 8T@150C/C

Table 1.4 - Floor Beam Schedule

Column No. Up to Plinth 1st Floor 2nd Floor 3rd Floor Link

C1,C2,C3,

C5,C6,C7,C8,C9,

C10,C11,C12,C1

3,C15,C16,C17,C

18,C20,C21,C22

C230X450 C230X450 C230X450 C230X450

8-12T 8-12T 8-12T 8-12T 8T@150C/C

C4,C14, C19 C230X450 C230X450 C230X450

6-20T +2-12T 8-12T 8-12T 8-12T 8T@150C/C

Table 1.5 Column Schedule
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RCC Jacketing
Introduction
Reinforced concrete jacketing increases the
member size significantly. This has the advantages
of increase the member stiffness and is useful
where deformation is to be controlled. If columns
in the building are found to be slender, RC
jacketing provides a better solution for avoiding

buckling problems. Design for the strengthening
repair work is based on the composite action of the
old and new work. Strain compatibility
calculations may have to be carried out carefully
giving due accounts to factors such as creep.

Rehabilitation Strategies:
A number of options are available for giving a relief to a distressed structure, which could cover any of the
following:
 Reducing of dead/live loads
 Repair/ Strengthening of Columns. Beams

and slabs
 Improving the compressive strength of

concrete;
 Attending to cracks and joints;

 Improving the masonry structure to be able to
resist earthquake forces;

 Providing protective cover against the
aggressive deteriorating chemicals.

Figure 1.5 RCC Column jacketing
Figure 5.4 Revised Section of column

Figure 5.4 Revised Section of Beam
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Table 1.6 Ast Required For Column Strengthening

Discussion
The purpose of this project was to assess the analysis of an existing RC structure and to provide for retrofit in
case the members fail. Consider building is 60 years old, G+3 R.C.C. Structure. Structural Audit is done on
the building. In audit Slabs and footings are Safe, but beams and columns are unsafe. The plan and
reinforcement details of the building were provided. Analyzed the building in STAAD. Pro V8i software,
Present Building Strength is calculated, it is found that building is unsafe, for that Extra moment jacketing is
design by various method.

Conclusion

 It is advisable to monitor the building health periodically by taking a professional opinion. Non-
destructive testing should be carried out if buildings found deteriorated and damaged over time.

 R.C.C. retrofitting technique is significant improvement in Moment resisting capacity, shear strength
capacity in Beam and Axial load carrying capacity in column, But dead load is increased and carpet area
is reduces.
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