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Abstract-Structures are assemblies of load carrying
members capable of safely transferring the superimposed
loads to the foundations. Their main and most looked
after property is the strength of the material that they are
made of. Concrete, as we all know, is an integral
material used for construction purposes. Thus, strength
of concrete used, is required to be ‘known’ before
starting with any kind of analysis. In the recent past,
various methods and techniques, called as Non-
Destructive Evaluation (NDE) techniques, are being
used for Structural Health Monitoring (SHM). The
concept of nondestructive testing (NDT) is to obtain
material properties of in place specimens without the
destruction of the specimen nor the structure from which
it is taken. However, one problem that has been
prevalent within the concrete industry for years is that
the true properties of an in-place specimen have never
been tested without leaving a certain degree of damage
on the structure. For most cast-in-place concrete
structures, construction specifications require that test
cylinders be cast for 28-day strength determination.
Usually, representative test specimens are cast from the
same concrete mix as the larger structural elements.
Unfortunately, test specimens are not an exact
representation of in-situ concrete, and may be affected
by variations in specimen type, size, and curing
procedures. The rebound hammer test is classified as a
hardness test and is based on the principle that the
rebound of an elastic mass depends on the hardness of
the surface against which the mass impinges. The energy
absorbed by the concrete is related to its strength. There
is no unique relation between hardness and strength of
concrete but experimental data relationships can be
obtained from a given concrete. However, the term
“nondestructive” is given to any test that does not
damage or affect the structural behavior of the elements
and also leaves the structure in an acceptable condition
for the client. The use of the ultrasonic pulse velocity
tester is introduced as a tool to monitor basic initial
cracking of concrete structures and hence to introduce a
threshold limit for possible failure of the structures.
Apart from requiring regular maintenance, many

structures require extensive Repair, Rehabilitation
&Retrofitting. Over a period of time, as these structures
become older, we find in them certain degradation or
deterioration with resultant distress manifested in the
form of cracking, splitting, delaminating, corrosion etc.
Such deteriorated structures can be rehabilitated and
retrofitted by using various types of admixtures &
modern repair materials. The paper brings out the
present state of concrete structures & the major areas
where improvement is needed during its service life stage
for sustainable development & also the method of
carrying out Repair, Rehabilitation &Retrofitting. This
has been brought in details in the paper along with Case
studies, where the Author of the paper was directly
involved in planning and execution of the jobs.
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Monitoring, Structural Health Monitoring in
Construction Management, Technical Challenges,
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1. INTRODUCTION
In the most general terms, damage can be defined as
changes introduced into a system that adversely
affects its current or future performance. Implicit in
this definition is the concept that damage is not
meaningful without a comparison between two
different states of the system, one of which is
assumed to represent the initial, and often
undamaged, state.This theme issue is focused on the
study of damage identification in structural and
mechanical systems. Therefore, the definition of
damage will be limited to changes to the material
and/or geometric properties of these systems,
including changes to the boundary conditions and
system connectivity, which adversely affect the
current or future performance of these systems.[1]
In terms of length-scales, all damage begins at the
material level. Although not necessarily a
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universally accepted terminology, such damage is
referred to as a defect or flaw and is present to some
degree in all materials. Under appropriate loading
scenarios, the defects or flaws grow and coalesce at
various rates to cause component and then system-
level damage. The term damage does not
necessarily imply a total loss of system
functionality, but rather that the system is no longer
operating in its optimal manner. As the damage
grows, it will reach a point where it affects the
system operation to a point that is no longer
acceptable to the user. This point is referred to as
failure. [2] In terms of time-scales, damage can
accumulate incrementally over long periods of time
such as that associated with fatigue or corrosion
damage accumulation. On relatively shorter time-
scales, damage can also result from scheduled
discrete events such as aircraft landings and from
unscheduled discrete events such as enemy fire on a
military vehicle or natural phenomena hazards such
as earthquakes.[3] The process of implementing a
damage identification strategy for aerospace, civil
and mechanical engineering infrastructure is
referred to as structural health monitoring (SHM).
This process involves the observation of a structure
or mechanical system over time using periodically
spaced measurements, the extraction of damage-
sensitive features the current state of system health.
For long-term SHM, the output of this process is
periodically updated information regarding the
ability of the structure to continue to perform its
intended function in light of the inevitable aging
and damage accumulation resulting from the
operational environments. Under an extreme event,
such as an earthquake or unanticipated blast
loading, SHM is used for rapid condition screening.
This screening is intended to provide, in near real-
time, reliable information about system
performance during such extreme events and the
subsequent integrity of the system.

Damage identification is carried out in conjunction
with five closely related disciplines that include
SHM, condition monitoring, non-destructive
evaluation statistical process control and damage
prognosis. Typically, SHM is associated with
online–global damage identification in structural
systems such as aircraft and buildings. CM is
analogous to SHM, but addresses damage
identification in rotating and reciprocating

machinery, such as those used in manufacturing and
power generation. NDE is usually carried out off-
line in a local manner after the damage has been
located. There are exceptions to this rule, as NDE is
also used as a monitoring tool for in situ structures
such as pressure vessels and rails. NDE is therefore
primarily used for damage characterization and as a
severity check when there is a priori knowledge of
the damage location. SPC is process-based rather
than structure-based and uses a variety of sensors to
monitor changes in a process, one cause of which
can result from structural damage. Once damage
has been detected, DP is used to predict the
remaining useful life of a system.[4]

If, further use of such deteriorated structure is
continued it may endanger the lives of occupants
and surrounding habitation. There is demand of
appropriate actions and measures for all such
building structures to improve its performance and
restore the desired functions of structures which
may leads to increase its functional life. The
periodical structural auditing and diagnosis for
health of existing buildings is thus utmost important
for finding the present serviceability and structural
viability of structures. [5] The structural audit must
be carried out following auditing norms, methods of
non-destructive testing and code provisions. The
structural auditing will help to implement
maintenance and repair work timely which leads to
prolonged life of the building and safety of the
occupants. In India there are many old buildings
which have reduced strength in due course of time.
If further use of such deteriorated structure is
continued it may endanger the lives of the
occupants and surrounding habitation. Appropriate
actions should then be implemented to improve the
performance of structures and restore the desired
function of structures. Thus, it is utmost important
to perform structural audit of existing buildings and
to implement maintenance/ repair work timely
which will lead to prolonged life of the building and
safety of the occupant. To act more responsible and
pre-emptive towards the dilapidated buildings, the
municipal corporation must issue notices to the
buildings and co-operative societies which are more
than 30 years old to carry out mandatory structural
audit and submit the audit report. Structural audit
should highlight and investigate all critical areas
and recommend immediate remedial and preventive
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measures. It should cover the structural analysis of
existing frame and find critical elements for all
types of loadings. It also helps in delivering a strong
building structure with cost effective solutions and
appropriate maintenance program. This paper deals
with study of different parameter of structural audit
including visual inspection, non-destructive testing,
core sampling and testing. It also emphasizes on
different repairs and retrofitting measures to be used
for buildings after structural audit.

2. LITERATURE REVIEW
2.1 METHODS OF STRUCTURAL HEALTH
MONITORING

Qualitative and non-continuous methods have long
been used to evaluate structures for their capacity to
serve their intended purpose. Since the beginning of
the 19th century, railroad wheel-tappers have used
the sound of a hammer striking the train wheel to
evaluate if damage was present. In rotating
machinery, vibration monitoring has been used for
decades as a performance evaluation technique. In
the last ten to fifteen years, SHM technologies have
emerged creating an exciting new field within
various branches of engineering. These
technologies are currently becoming increasingly
common.

2.2 STATISTICAL PATTERN RECOGNITION
PARADIGM APPROACH

The SHM problem can be addressed in the context
of a statistical pattern appreciation model.

This model can be broken down into four parts:

(1) Operational Evaluation

(2) Data Acquisition and Cleansing

(3) Feature Extraction and Data Compression

(4) Statistical Model Development for Feature
Discrimination.

When one attempts to apply this paradigm to data
from real world structures, it quickly becomes
apparent that the ability to cleanse, compress,
normalize and fuse data to account for operational
and environmental variability is a key
implementation issue when addressing Parts 2-4 of
this paradigm. These processes can be implemented
through hardware or software and, in general, some
combination of these two approaches will be
used.[6]

2.3 OPERATIONAL EVALUATION

Operational evaluation attempts to answer four
questions regarding the implementation of a
damage identification capability:

i) What are the life-safety and/or economic
justification for performing the SHM?

ii) How is damage defined for the system
being investigated and, for multiple damage
possibilities, which cases are of the most concern?

iii) What are the conditions, both operational
and environmental, under which the system to be
monitored functions?

iv) What are the limitations on acquiring data
in the operational environment?

2.4 ECONOMIC AND/OR LIFE-SAFETY ISSUES

Economic and life-safety issues are the primary
driving force behind the development of structural
health-monitoring technology. Garibaldi and
Gorman (1999) state the need for accurate
numerical models for bridge applications in which
some modal frequencies are closely spaced. [7] The
authors note that the closely spaced frequencies can
get obscured during the modal analysis of
measurement data from limited measurements on
the bridge-span sides and can lead to poor analysis
results. Furthermore, because of the inaccessibility
of the bridges under deck or the cost of closing the
bridge to instrument measurements on the roadway,
it is difficult to take dynamic measurements under
the bridge or in the middle of a lane traversing the
bridge.

Sikorsky and Stubbs (1997) discuss the goals of
bridge management systems including SHM that
the American Association of State Highway and
Transportation Officials (AASHTO) intend to
implement. In particular, the authors advocate a
quality-management initiative directed toward the
construction stage of bridge structures coupled with
modal-based nondestructive damage evaluation
(NDE) throughout the lifespan of the bridges. These
goals are to help engineers and decision makers
determine when and where to spend funds so that
structural safety is enhanced, the existing
infrastructure is preserved, and the needs of
commerce and the motoring public are satisfied.[8]
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2.5 DEFINITION OF DAMAGE

Doebling and Farrar (1997), damage has been
intentionally introduced into a structure in an effort
to simulate damage without having to wait for such
a damage to occur. In other cases, the authors
postulate a damage-sensitive feature and then
develop an experiment to demonstrate the
effectiveness of this feature. In these cases, there is
no need to formally define damage. Most laboratory
investigations fall into this category. When a SHM
system is deployed on an in situ structure, it is
imperative that the investigators first clearly define
and quantify the damage that they are looking for;
then, that they can increase the likelihood that the
damage will be detected with sufficient warning,
and to make optimal use of their sensing resources.

Rytter and Kirkegaard (1997), define damage
simply as reduction in a bending stiffness, EI. Here,
I am the moment of inertia of the beam‘s cross
section, and E is the elastic modulus. They analyze
the time history data from a four-story structure
subjected to earthquake loading in the laboratory.
The stiffness reduction of beams and columns are
investigated in this study.

2.6 ENVIRONMENTAL AND/OR
OPERATIONAL CONSTRAINTS

Using an analytical model of a cantilever beam,
Cawley (1997) compares the effect of crack
formation on the resonant frequency to that of the
beam‘s length. In this study, the crack is introduced
at the fixed end of the cantilever beam, and the
length of the beam is varied. This study is part of a
general discussion on the limitations of using modal
properties for damage diagnosis. His results
demonstrate that the resonance-frequency change
caused by a crack, which is 2% cut through the
depth of the beam, is 40 times smaller than caused
by a 2% increase in the beam‘s length. The
implication here is that changes in the structure‘s
surroundings or boundary conditions such as
thermal expansion can produce more significant
changes in resonant frequencies than damage. Then,
the authors propose to use the Lamb waves instead
of vibration measurements to discern damage from
a change in the boundary condition. In Lamb wave
testing, the measurements are limited to the short
time period between the generation of the wave and
the onset of the first reflection signal at the
boundaries. For an example of a beam, a wave is

generated at one end of the beam, and the first
echoes from the other end of the beam are
monitored. Therefore, the sensitivity to the
boundary conditions is reduced by excluding
multiple reflections signals from the boundaries.
Any additional reflection signals arriving before
theboundary reflection would indicate the presence
of damage. This Lamb wave testing is applied to
detect delamination in a composite plate.

Pirner and Fischer (1997) separate mechanically
induced loadings from thermally induced ones in a
TV tower in Prague, Czechoslovakia. The
researchers note that it is impossible to directly
distinguish these loadings using time histories
alone. They note, however, that temperature
changes produce major and slowly changing
stresses, while wind loads produce faster changes.
The authors are then able to infer the temperature-
induced loadings from a curve relating the number
of stress cycles to the stress magnitude.

2.7 DATA MANAGEMENT

Seeing a deficiency in modern management
methods in the bridge and highway infrastructure,
Aktan et al. (2000) set out to present and discuss the
issues prerequisite to creating a meaningful and
successful health-monitoring system. His proposal
entailed the implementation of an integrated-asset
management that would facilitate a cost-effective
optimization of operational performance and life-
cycle preservation with an encompassing data
network. The data components would include
event-based, intermittent and on-line monitoring,
and would combine temporal data collection and
spatial-position-based data. A management system
would diagnose the useful life only in collaboration
with sensing damaged and undamaged states of
systems.

The author adds that inventories of existing
structure and infrastructure safety-related
information are limited in detail. For example,
critical welds may be monitored and determined to
be damaged, but with accurate information
regarding the bridge safety values, the bearing load
of a bridge is found to be within safety values. As
such, the authors suggest that the infrastructures be
reevaluated with appropriate system identification
allowing for effective health monitoring
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Operational evaluation begins to set the limitations
on what will be monitored and how the monitoring
will be accomplished. This evaluation starts to tailor
the damage identification process to features that
are unique to the system being monitored and tries
to take advantage of unique features of the damage
that is to be detected.

2.8 DATA ACQUISITION AND SIGNAL
PROCESSING

The data acquisition portion of the SHM process
involves selecting the excitation methods, the
sensor types, number and locations, and the data
acquisition/storage/transmittal hardware. Again, this
process will be application specific. Economic
considerations will play a major role in making
these decisions. The intervals at which data should
be collected are another consideration that must be
addressed. Because data can be measured under
varying conditions, the ability to normalize the data
becomes very important to the damage
identification process. For instance, the measured
fundamental frequency of the Alamosa Canyon
Bridge in New Mexico varied approximately 5%
during a 24-hour test period. Because the bridge is
approximately aligned in the north and south
direction, there was a large temperature gradient
between the west and east sides of the bridge deck
throughout the day.

2.9 EXCITATION METHODS

The excitation methods fall into the two general
categories of ambient and forced excitation
methods. During ambient excitation, the input to a
system is not generally measured. In contrast,
excitation forces are usually applied in a controlled
manner and measured when the forced excitation
method is employed. In this review, local
excitations such as an excitation using a
piezoelectric actuator is addressed in an
independent section separated from the
conventional forced excitation.

2.10 FORCED EXCITATION

In the forced-excitation testing of structures, a wide
variety of forcing techniques is used, including
actuators, shakers, step relaxation, and various
methods of measured impact (see Figure). For most
of the forced-vibration tests, the input-forcing

function is well characterized and system-
identification techniques for determining the modal
characteristics (resonant frequencies, mode shapes,
and modal-damping ratios) of the structures
subjected to measured inputs are well established.
One advantage of the forced-vibration test is that
the input force is typically strong enough to
dominate other noise disturbance, resulting in a
strong signal to noise ratio.

Civil Engineering Industry is one of the oldest
industries which provide a basic infrastructure to all
the human beings. Structures can be any kind it can
be Historical, Heritage Structure, Residential
building, Commercial building or an Industrial
building. Every structure has its own service life,
and within this service life it should stand firmly on
its position. Ex- A Taj Mahal in Agra in India
which is one of the oldest structure and a Wonders
of the World, and still stand on its position very
efficiently. But this not a condition about the
today’s Structures. A collapsed mechanism has
increased and today’s Structures are getting
collapsed before there service life is completed.
Therefore, it is advisable to monitor it periodically
by taking a professional opinion. Structural Audit is
a preliminary technical survey of a building to
assess its general health as a civil engineering
structure. It is usually initiated as the first step for
repair. In this Project a Root Cause of a faulty
mechanism of structure and a preventive measures
to overcome a failure of this structures.

Many parts of the country have suffered earthquake
in last three decades. In costal part of South India
faced Tsunami. In first three earthquakes it was
found that many of damaged structures were build
in non-engineered masonry techniques.
Unreinforced masonry structures are the most
vulnerable during an earthquake. Normally they are
designed for vertical loads and since masonry has
adequate compressive strength, the structures
behave well as long as the loads are vertical. When
such a masonry structure is subjected to lateral
inertial loads during an earthquake, the walls
develop shear and flexural stresses. The strength of
masonry under these conditions often depends on
the bond between brick and mortar (or stone and
mortar), which is quite poor. This bond is also often
very poor when lime mortars or mud mortars are
used. A masonry wall can also undergo failure in-
plane shear, if the inertial forces are in the plane of
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the wall. Shear failure in the form of diagonal
cracks is observed due to this. However,
catastrophic collapses take place when the wall
experiences out-of-plane flexure. This can bring
down a roof and cause more damage. Masonry
buildings with light roofs such as tiled roofs are
more vulnerable to out-of-plane vibrations since the
top edge can undergo large deformations. It is
always useful to investigate the behavior of
masonry buildings after an earthquake, so as to
identify any inadequacies in earthquake resistant
design. Studying types of masonry construction,
their performance and failure patterns helps in
improving the design and detailing aspects.

As the world move towards the implementation of
Performance Based Engineering philosophies in
seismic design of Civil Engineering structures, new
seismic design provisions require Structural
Engineers to perform both linear and nonlinear
analysis for the design of structures. In the present
work three storey and six storey building models
with plus shape Shear wall have been considered.
Equivalent static and response spectrum methods
are carried out as per IS:1893 (Part 1) -2002 using
finite element analysis software ETABS v9.1.1.
Seismic performance is assessed by pushover
analysis as per ATC-40 guidelines for earthquake
zone V in India. The paper also deals with the effect
of the variation of the building height on the
structural response of the shear wall. This paper
highlights the accuracy of Push over analysis in
comparison with the most commonly adopted
Response Spectrum Analysis and Equivalent Static
Analysis.

Urbanization is the rapid influx of people migrating
to cities. The UN has predicted that by 2050, 64.1%
and 85.9% of the developing and developed world
respectively will be urbanized. With limited
resources of labour, time and finance, slums around
the world continue to grow in size in uninhabitable
conditions for humans. Prefabrication of houses, an
innovation that has potential to address
environmental and sustainability concerns at a rapid
pace, mechanizes the construction process, enabling
mass manufacture of affordable houses. This paper
discusses the case of Mumbai, the city of maximum
slum population density in the world, where
prefabrication can be a promising solution to
housing scarcity.

3. AUDIT AND REPAIR
DEVELOPMENT MODEL

A Norm According to the model bye-law no. 77 for
co-operative housing societies, it is mandatory that
if the age of a building is 15 to 30 years, a structural
audit must be carried out once in five years and for
buildings older than 30 years it should be carried
out once in three years. One may, however, go for it
even earlier if one suspects the condition of the
building to be bad. Perhaps monsoon/ post monsoon
is the best time to commission a structural audit
since the seepage is more evident at that time. The
certificate, issued by a structural engineer registered
with BMC, will have to be submitted within a year
after a building completes 30 years. For any
corrective repairs suggested by the commissioner,
the owner or occupants will be asked to submit the
structural stability certificates again after a specific
period suggested by him. If found unsafe, he has
been given the authority to issue a notice to the
owner to submit a structural stability certificate
within 30 days from the date of notice. It will be
binding on owners to carry out corrective repairs to
the satisfaction of the commissioner. The
certificate, issued by a structural engineer registered
with BMC, will have to be submitted within a year
after a building completes 30 years. For any
corrective repairs suggested by the commissioner,
the owner or occupants will be asked to submit the
structural stability certificates again after a specific
period suggested by him. If found unsafe, he has
been given the authority to issue a notice to the
owner to submit a structural stability certificate
within 30 days from the date of notice. It will be
binding on owners to carry out corrective repairs to
the satisfaction of the commissioner.

Phases of Model development-
a. Methodology and Investigation
1. Condition survey-

Conditional survey is an examination of concrete
for the purpose of identifying and defining area of
distress. The objective of condition surveys of a
building structure is:

A) To identify:-
1. Causes of distress

2. Their sources.

B) To assess: -

1. The extent of distress occurred due to
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corrosion, fire, earthquake or any other reason.

2. The residual strength of the structure.

C) To priorities the distressed elements
according to seriousness of repairs

D) To select and plan the effective remedy.

2.  Stages for Condition Survey: -The condition
survey has following stages.

1. Preliminary inspection.

2. Planning

3. Visual inspection

4. Field and laboratory testing.

b. Structural Audit Report

A] Case Study of R.C.C. Building

Basic
Information
Type of
Structure -

RCC Building of G+22
floors

Address - Mumbai
Type of
Structure –

RCC

No of wings & stories - 22 storied (4 flats from 1st

to 22th floor each) No & type of apartments - 88
flats

Description of Building

Year of construction-Aug 2002

Age- 16 years

Effects of monsoon - Yes

1.Visual observations
The building was investigated flat by flat for
observation and external area of the building. Some
of the column, beams & slab within the section
were observed for a range of defects such as cracks,
spells, crazing, seepage etc. All the defects were
marked on the observation sheets with approximate
repair area which formed the total data of the
structure.

2.Tapping observations
Some of the column & beams inside the flat were
subjected to tapping by hammer. The hollow sound
was recorded in the observation sheets as follow,
which was evaluated for remedial measures.

3.Non-Destructive Observations
Some of the column & beams inside the rooms and
the passage areas were subjected to Tests by
Ultrasonic Pulse Velocity. The readings were
recorded which were evaluated further for remedial
measures.

c. Report on Non Destructive Testing Of
R.C.C. Members
1] Inspection & testing: - The aim of testing was
to arrive at the general quality of concrete, rather
thanevaluating each RCC Members in detail.
Hence, a few RCC members at random were tested.
Ultra Sonic Pulse Velocity (UPV) measurements
were taken for Columns, Beams.

2] Corrosion: - Rusting of Iron and steel is the
most commonly process of corrosion.

Any corrosion of reinforcement results in the
formation of rust, which occupies a volume of about
2.2 times that of iron from which it is formed. This
corrosion product has literally no place to go so that
it produces large internal pressure as high as 1 ton
/square inch around the concrete resulting in
longitudinal cracks parallel to reinforcement and
cracks in the concrete.

Fig No -3. Corrosion of Reinforcement

Fig.No-4 Spalled cover concrete & exposed cover

Reinforcement

d. Observations
1.External
Structurally the building appears to be unsound and
few structural members show major distress signs at
external face & internal area of the building,

 The Building is of RCC frame and
brickwork / block masonry. RCC Columns and
Beams show corrosion based cracks at many places.

 The exterior face of the building shows
cracks, crazing, and delamination in plaster.

I. Beam & column adjoining to wall
delamination is noticed at various places on the
facade of the
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building.

II. All these defects propagate to seepage and
leakages. Seepage near any R.C.C. members leads
to further propagation of defects like rebars
corrosion, etc.

III. Other important problem in the building
appears to be the seepages from the dead walls &
entire exteriors, more prominent on the south &
west sides of the building. The level of damage is
more on the account of the south west sides due to
atmospheric direction of monsoon.

IV. Due to these problems, the condition of the
building appears to be quite leaky and

structural distress  is observed in most of the corner
columns & beams.

2.Plaster
1. External plaster acts as a skin on the RCC

frame and the brick / block work, the most
vulnerable part is the joints between the RCC
and brick work

2. Major cracks observed accelerating the passage
of water through the wall resulting in seepages
inside flats.

3. The building is crack filled but not painted;
which has to be attended periodically to avoid
further distress in the building.

4. At many places joints between RCC members
and brick / block work have separated and
water is found to be seeping inside.

5. Most of the plaster in the building sides which
are not exposed to monsoons directly, the extent
of seepage is lesser than the side’s facing
monsoon.

6. Due to forces of weather and carbonation in
some places, plaster has deteriorated.

e. Recommendations
1. Looking into all aspects of the building

maintenance and as per our detailed survey, we
suggest that the building needs to be thoroughly
repaired and painted in a planned manner.

2. For any RCC framed structure the RCC
components are like the bones in a body and
hold the entire load of the body and any damage
to the same has to be rectified immediately and
cannot be left unattended for long period of

time.

3. To bring the RCC components to their near
original strength the same have to be repaired
by polymer modified mortar method.

4. The RCC members originally deteriorated due
to ingress of water and to prevent it happening
again all sources of leakages must be stopped
completely.

5. Plaster acts like a skin to the bones in a RCC
structure, but the skin also needs to have a
raincoat and the same is provided by a good
quality resin based coating.

6. To stop the ingress of water the following steps
have to be taken.

7. Structural Repairs (Wherever Necessary).

8. External Plaster( Patch)

9. Crack Filling/Joint Filling.

10. External Drain down take Plumbing (Wherever
Necessary).

11. Terrace waterproofing by using nondestructive
method.

12. Dead wall / Internal Terrace parapet wall
plaster repairs.

4. STRUCTURAL HEALTH
MONITORINGAPPLICATIONS
1. Multimodal sensor systems
2. Robust, precision signal conditioning
3. Distributed measurement systems
4. Software technologies

CONCLUSIONS
From the consideration of all the above points we
conclude that the defects of structural members are
due to combined effects of carbonation, corrosion &
effect of continuous drying and wetting. The result
of visual survey prompt us to conclude the distress
is wide spread and is an ongoing process and so
needs to be stopped at this stage so as to avoid
complete collapse of the structure. The results
obtained in the form of graphical representation
confirms that the capacitance based sensor
effectively detect the micro cracks in the structure.
This sensing device is new era technology, which is
relatively cheaper but accurate. By employing this
technique, we can effectively forecast the
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development of the cracks in the structure and will
be in the state to provide remedies well before
collapse of the structure. Such technology plays
vital role in the rehabilitation of the structures and
makes structural health monitoring easier.Another
important feature of this sensor is, as this
technology help us to know the development of
crack in anticipation, this will certainly minimize
the role of F.O.S, which will ultimately make the
structure much cheaper by using the ultimate
strengths of the materials.Significant future
developments of this technology will, in all
likelihood, come by way of multi-disciplinary
research efforts encompassing fields such as
structural dynamics, signal processing, motion and
environmental sensing hardware, computational
hardware, data telemetry, smart materials and
statistical pattern recognition, as well as other fields
yet to be defined. These topics are the focus of
significant discipline-specific research efforts, and
to date not all technologies from these fields that are
relevant to the SHM problem have been explored
by the SHM research community. Furthermore,
there are few efforts that try to advance and
integrate these technologies with the specific focus
of developing SHM solutions. Without such a focus
in mind, these technologies may not evolve in a
manner that is not necessarily optimal for solving
the SHM problem. Finally, the problem of global
SHM is significantly complex and diverse that it
will not be solved in the immediate future. Like so
many other technology fields, advancements in
SHM will most likely come in small increments
requiring diligent, focused and coordinated research
efforts over long periods of time.
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