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RETROFITTING OF
NON-ENGINEERED BUILDINGS A.R.Santhakumar

Former Emeritus Professor,
Department of Civil
Engineering IIT Madras

1.INTRODUCTION
Many buildings are informally constructed in a traditional manner without formal design by qualified Engineers
or Architects, Such buildings involve stone, brick, concrete blocks, rammed earth, wood posts and thatch
roof or combination of some or all the above materials. They are built with mud, lime or cement mortar.
Some times combination of mortars having a mix is also used. The safety of these non-engineered buildings
against earthquakes is of great concern especially because most losses of lives during past-earthquake
have occurred in such buildings. The term non-enginecred building is defined rather vaguely to include
those which are not specifically designed against seismic forces. In fact such buildings are built mostly
with load bearing masonry wall, stud wall and wooden and other construction using combination of load
bearing walls, piers in masonry, and columns in RC, steel or wood.

As per the 1991 Census of India, the country has preponderance of non-engineered housing
stock in all seismic zones. Out of a total 195.0 million dwelling units, the various wall types used are given
in Table 1.

Table 1: Various Wall Types used in India

Wall Type Total Numbers Percentage
_ of Total
Earthen walls (mud, unburmt brick/block) 74.7 million 38.3%
Stones walls 21.7 million 11.1%
Burnt Brick walls ' 68.9 million 35.3%
__ Concrete walls 3.96 million 2.0%
_Wood walls __ ] 3.12 million 16%

Gl and other metal sheets 1.02 million 0.5%

* Bamboo thatch, leaves etc. . 21.6 million 11.0%

The earthen and stone which account for 49 4% and burnt brick 35.3% - that is a total of 84.7% are
viulnerable, if shaken by an earthquake of moderate to severe intensity. The collapse of masonry and
Adobe dwellings gets oceurs initiated in earthquakes of intensity V and large scale destruction take place
when carthquakes of intensity VIL This was seen in Uttarkashi Earthquake in 1991, Killari earthquake of
1993 and Jabalpur earthquake of 1997, resulting in a large loss of lives. For safety of human lives and
property, it is therefore essential that all new buildings are built with earthquake resisting features and
existing vulnerable buildings in Zones V, IV and 111 without such features should be retrofitted in order to
achieve at least the minimum life safety in future events.

This document describes guidelines and retrofit schemes for non-engincered traditional buildings with a
view to ensure prevention of collapse of such buildings due to future possible earthquakes.




2. REPAIR RESTORATION AND STRENGTHENING CONCEPTS

Buildings decay due to weather, load effects and foundation settlement etc. The building, if it has to resist!
an earthquake shock it should be safe under normal load and resist the lateral load without collapse. The:
types ofiintervention necessary to enhance the performance of the building can be broadly grouped unden
the following three categories - Repair, Restoration and Strengthening.

21 Repairs

The purpose of repairs is to rectify the observed defects and bring the building to reasonable architecturall
shape so that all services start functioning. This enables the use of building for its intended purpose..
Repairs do not improve structural strength or stability. In fact a repaired building may be deceptive. It

may hide the structural defects. Outwardly it may appear good. It may suffer from structural weakness..
Such weakness may cause collapse during future earthquakes.

Repairs include following interventions

i) Patching cracks and plastering.

v)  Fixing doors, windows, broken glass panes.

iif)  Setting right clectrical installation, wiring etc.

iv)  Fixing services such as gas lime, plumbing services including water pipes, sewerage line etc..
v)  Rebuilding non-structural walls, partition walls, plastering etc.

vi)  Re-fixing roof'tiles

vii) Repair to flooring and correcting slope for drainage etc

viii) Providing decorative finishes, white washing.

ix) Painting wood work.

x)  Attending to root leakage during rain etc.

In fact, repairs will hide the existing structural defects and hence donot guarantee for good performance:
when the structure is shaken by an earthquake.

2.2 Restoration

The main purpn:lnse: is to structurally treat the building with an aim to restore its original strength. This:
intervention is undertaken for a damaged building if one is sure that the original strength provides ani
adequatc lcvel of safety for futurc carthquake disasters.

The action will involve cutting portions of wall and rebuilding them, inserting support, underpinning foundation, ,
strengthening a weak component elc.

Some of the common restoration techniques are:

i) Removal of a partition or defective wall and rebuilding it with richer mortar

i)  Crack sealing using epoxy to regain the strength ofia structural component.

u).  Adding wire mesh on either side of a cracked component, crack stitching etc. with a view tor
strengthen it.

2.3 Strengthening of buildings against earthquake loads

Seismic forces are the most serious dynamic forces. Although various approaches to make the building
safe by minimizing natural period, increasing damping etc, are practiced most common intervention for
non-engineered building is strengthening it by various measures.

@ Southern Builder®7



The seismic resistance of old existing non-engineecred buildings is lowered with passage of time due to
material property degradation and structural strength loss. This deterioration may occur due to climatic,
biological or chemical causes. Strengthening is undertaken to enhance the original strength to the current
requirement so that the desired protection of lives can be guaranteed as per the current codes of practice
against possible future earthquakes. The level of strengthening should also consider the remaining life of
the structure being strengthened.

Strengthening of a building will involve either component strength enhancement or structural system
modification or both. It is expected to improve the overall strength in the following ways:

i) Increasing the lateral load resistance by reinforeing or by introducing new walls and columns.

i}  Introducing the continuity between the components of the structure to achieve ductile
performance. This will include connection of wall with roof, including bands and ties between
walls and introducing connections between roof and walls and wall to wall.

i)  Eliminating existing weakness in an existing building by introducing symmetry in plan, changing
location of mass, reducing large openings etc.

iv)  Avoiding brittle modes of failure. This will include improving anchorage and providing bracings
inwalls.

The extent of modification has to be determined based on the principle of introducing sufficient anchorage
of all elements, providing bracing to vertical load carrying members in order to avoid premature mode of
failure and to ensure continuity of all structural components in a building.

3. REPAIR MATERIALS

Cement and steel are common materials that are used for repair work. Various types of cement
with properties such as shrinkage compensating, low heat and sulphate resistance are preferred for
specific repair applications. Steel in the form of bolts, threaded rods, angles, channels and high
strength pre-stressed steel can also be used. Wood, bamboo, casuarinas are ofien used for temporary
supports, A brief summary of a few materials generally used in repair of non- engineered structures are
given below:

3.1 Shotcrete

Shotcrete is a process in which compressed air forces mortar through a nozzlc to be sprayed on a surface
of a building at a high velocity. The materials used in shotcrete are generally same as those used for
conventional mortar. The reinforcement provided is generally welded wire fabric and deformed bars tacked
onto the surface.

Shotcrete is applied using either wet or dry process. The wet mix consists of cement and aggregate
premixed with water and the pump pushes the mixture through the hose and nozzle. Compressed air is
introduced at the nozzle to increase the velocity of application.

In the dry mix process, compressed air propels premixed mortar and damp aggregate and at the nozzle end
water is added through a separate hose. The dry mix and water through the second hose are projected on
to a prepared surface.

Generally Shoterete-gun nozzle is held at 0.6 to 1.8 meter from the surface. In most cases Shotcrete can
be applied in a single application for the required thickness. It is versatile as it can also be applied on
curved or irregular surface. Its strength after application and its good physical charactenistics make it
ideal for strengthening weak members
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3.2 Epoxy resins
These are used for the following:

to bond plastic concrete to hardened concrete

to bond rigid materials to one another

for patch work

for painting over concrete to give colour, resistance to chemicals, water and to give abrasion
resistance.

Ll S

They are excellent binding agents. The low viscosity resins can be injected into small cracks. The higher
viscosily material is used as binding agent and for filling larger holes and cracks.

3.3 Epoxy mortar

The Epoxy mortar is made using epoxy resins and suitable sized aggregate (sand). They have high
compressive strength, high tensile strength and low modulus of clasticity. In cement mortar or concrete,

the inclusion of-epoxy can be considered as an incorporation of a second binder into the mix. The polymer
mortars are two phase systems which forms co-matrix with cement. In cementations water phase, fine
polymer particles of size 0.1 1o 0.2 microns are dispersed. In cement polymer system, the polymer particles
join and chain link reinforcing and there by increasing tensile and flexural strength. They achieve greater
plasticity and tend to reduce the shrinkage stress. Ience they vastly improve the property of plain cement
moriar.

3.4 Gypsum cement mortar

Based on hydraulic binder these readymade formulations are tailor made to give repair mortar material
which is flowable and shrinkage free. Hence they can be applied in complicated locations and only addition
of water is required at site. Cementicious mortars such as gypsum cement mortar have limited use for
structural applications and are intended for hand/trowel applications.

3.5 Quick-setting cement mortar

These are patented mortars generally having two components. They come in pre-packed condition.
They can be classified as

L)
¥

Unmeodified cementicious

Polyester or Epoxy resin based
Polymer modified and cementicious
Cement/ pozzolanic -modified
Unmeodified cementicious

Polyester or Epoxy resin based
Polymer modified and cementicious
Cement/ pozzolanic -modified

- »
A

-
v

L)
e

- L)
1‘+‘ L) ..

-

]
-

Various surface treatments used are shown in Table-2 indicating their properties and the defects they are
intended to treat.
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Table 2 : Different types of hand applied mortars

SI. No.|  Defect Repair mortar type Properties ]
1 Minor surface A two pack polymers Gives a fair face finish. Good water
defect modified cementicious proffing properties. Resist acids
screed. and gases.

2, Surface cavities Highly adhesive, Water proof and anti-carbonation finish.
and honeycombed | thixo-tropic mortar Good resistance to pollution. .
concrete

3. Powdery surfaces | A two components Binds powdery surfaces and evens out

surface stabilizer - absorption characteristic.

4. Surface protection | Resin rich water based Highly resistant to CO2 diffusion and self

' elastic co-polymer cleaning. '

5. | Surface barrier A water based co-polymer | Resistant to fungal attack.

- Non-structural Non shrinking polyol filler | Easily applied elastic compound
cracks and cures at low temperature

7. Minor voids of - Rapid curing polymer High Strength when compacted in layers
approximate size | modified cemebticious :

50 x 50 x 50 mm co-polymem

8. Major voids Heavy duty thixotripic fiber | Can be applied up to | 00mm thick. Easy
approximate size reinforced polymer modified | to mould.
100x100x100mm cementicious mortar.

9. Bonding agent Polymer modified High penetration into porous concrete

cementicious surface creating enhanced adhesion
impregnant. :

10. | Protection of steel | Ahighly alkaline two High penetration and enhanced adhesion
reinforcement component system of to protect steel.

cementicious powder and
polymer dispersion which
react chemically to
passivate steel

3.6 Micro-concrete

Based on hydraulic binders these readymade formulations are tailor made to give concrete which is flow
able and free of shrinkage. They are applied in complicated location and in thin sections such as those met
with in jacketing Table-3 gives important properties of the micro-concrete. They can be made either as
type A (normal strength) or type B (high strength) depending on requirement.

Table 3 : Properties of micre concrete

Sl. No. Properties Type A Type B
1 Comprehensive strength N/mm?
24 hours 20 10
3 days 30 15
7 days 40 30
28 days 50 40
2 Flexural strength N/mm?
28days 5 3.5
3 Tensile strength N/mm?
28 days 2 1.5




4 Young’s modulus kN/mm?® 25 25

5 Un restrained expansion in % lio 4 I to 4
6 Fresh concrete density kN/m* 21-22 21-22

3.7 Fiber-reinforced concrete

Fiber reinforced concrete has better tensile strength and toughness compared to conventional concrete.
They have also improved energy absorption capacity. These compositions offer high tensile strength,
durability, ductility and enhanced energy absorption capacity. They are being increasingly used for structural
strengthening,.

3.8 Mechanicai anchors

Mechanical type of anchors employs wedging action to provide anchorage. These can provide resistance
against shear and tension. Some of these anchorages are specialized patented products which can be
designed for a required tension or shear force.

3.9 Fiber or reinforced polymer (FRP and CFRP materials)

Carbon fiber reinforced plastic(CFRP) material consists of strong and stiff carbon fibers (approx. 7
micrometer diameter) embedded in an epoxy resin matrix. It has high strength to weight ratios and corrosion
resistance thus helps reduce maintenance cost. They are manufactured in long lengths by pultrusion process,
with unidirectional fibers ranging from 50-150mm wide and 1.2 1.4 mm thick having fiber volume content
greater than 65%. They are black incolor and are about 10 times as strong as mild steel but one fifth of its

weight. )

They have low density, high fatigue strength, and high wear resistance, vibration absorption and dimensional
stability, high thermal and chemical stability. They are suitable to be used as a protective and strengthening
“jacket”. CFRP wraps can be used to strengthen masonry piers and walls especially for seismic loading.

3.10 Metal plates, steel and aluminum ete.

Application of bonded steel plate can increase the flexural and load carrying capacity, improve stilTness-
thus reducing deflection and cracking and enhance shear capacity. The process of strengthening is usually
bonding additional reinforcement to the external faces of the structure, The steel plate is attached to the
structure either by anchor bolt or by chemical or epoxy bonding. Bolts are often used in conjunction with
adhesive to provide mechanical anchor for the plate at the ends to prevent premature de-bonding due to
peeling. The bolting also help support the plates whilst the adhesive cures. Sometimes instead of steel
plates for strengthening brickwork aluminum plates have also been used.

3.11  Ferro cement

Ferro cement is a type of reinforced cement mortar commonly made of hydfaulic cernent mortar reinforced
with closely spaced layers of small diameter wire mesh”. The mesh may be made of metallic or other
suitable materials. Fineness of mortar matrix and its composition should be compatible with opening and
tightness of the reinforcing system, it is meant to encapsulate. The matrix may contain discontinuous
fibers.

Well designed Ferro cement wraps can be an economical alternative to CFRP wraps especially for non
enginecercd construction.
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Tax Corner

SECTION 17 : Blocked Credit under GST

Since the Inception of GST, there has been a lot of
talk regarding mechanism of Credit Input Tax paid on
Inter-state & intra-state Purchase of Goods/Service vis-
a-vis flow of Input Tax Credit.

In this Article we are basically covering Sec 17 & no
other Section related to Input Tax Credit.

INPUT TAX - Sec 2(62)

"input tax" in relation to a registered person, means
the central tax, State tax, integrated tax or Union territory
tax charged on any supply of goods or services or both
made to him and includes—

the integrated goods and services tax charged on
import of goods;

the tax payable under the provisions of sub-sections
(3) and (4) of section 9; the tax payable under the
provisions of sub-sections (3) and (4) of section 5 of the
Integrated Goods and Services Tax Act;

the tax payable under the provisions of sub-sections
(3) and (4) of section 9 of the respective State Goods and
Services Tax Act; or

the tax payable under the provisions of sub-sections
(3) and (4) of section 7 of the Union Territory Goods and
Services Tax Act,

but does notinclude the tax paid under the composition
levy;

So will try to decode the Section for better
understanding.

Input Tax is Tax (CGST/SGST/IGST/UTGST) Paid by
Registered Person on Purchase of Goods & Services

Bm. S.D. & 6vomevores
Taxation Committee

made by the Registered Person.

An Input Tax Includes —

e IGST Paid on Import of Goods

e Tax Paid under Reverse Charge Mechanism under

CGST Act (Advocate Fees, GTA Etc.)

e Tax Paid under Reverse Charge Mechanism under

SGST Act (Advocate Fees, GTA Etc.)

e Tax Paid under Reverse Charge Mechanism under

ISGT Act (Import of Service, GTA Etc)

e Tax Paid under Reverse Charge Mechanism under

UTGST Act (Advocate Fees, GTA Etc.)

*BUT TAX PAID ON PURCHASES FROM
COMPOSITION SUPPLIER IS NOT ELIGIBLE INPUT
TAX*

NOTE - from the Section, we can interpret that only
REGISTERED PERSON can Claim Input Tax.
INPUT TAX CREDIT - Sec 2(63)

So definition of Input Tax Credit (ITC) is simple &
section reads as —

"input tax credit" means the credit of input tax;

So in simple terms, credit can be construed as Set-off
of Tax Paid on Purchases as defined under Sec 2(62)
which can be adjusted against GST output liability.

So we have understood 2 important terms to deal
with Section 17, now will go through the Main Section i.e.
Sec 17generally termed as Blocked Credit or Ineligible
ITC of this article clause by clause.

Will directly jump to the Clause by Clause Analysis
of Section 17.

Sec 17(1) :

PURCHASES OF
GOODS/SERVICES
WHICH ARE USED FOR
PERSONAL & BUSINESS
USE

Registered Person is allowed to Claimed ITC only to the Extend the Goods/
Services are used for the Purpose of Business.

NOTE - Rule 42 & 43 of the Act deals with the calculation of Eligible &
Ineligible ITC as per Sec 17(1)

Example- If Computer/Laptop is purchased and same is being used by
Registered Person for Business as well as it is being used by some other
person of his family or even himself for personal use, then is such cases
Sec 17(1) will come into play

Sec 17 (2):

PURCHASES OF
GOODS/SERVICES
WHICH ARE USED FOR
MAKING TAXABLE &

Registered Person is allowed to Claimed ITC only to the Extend the Goods/
Services are used for making Taxable Supply (including Zero-rate supply).
NOTE - Rule 42 & 43 of the Act deals with the calculation of Eligible &
Ineligible ITC as per Sec 17(2)

Example - If Registered Person is Builder & he does have Properties that

EXEMPT SUPPLY are sold after completion (Exempt Supply) & before completion (Taxable
Supply). In such cases Sec. 17(2) will come into play.
[l. Sec 17 (3): Although Exempt supply is defined u/s 2(47), Sec 17(3) should be read
TRANSACTIONS TO | with Explanation (2) of Rule 45 for the Purpose ITC Reversal following
CONSIDERED FOR [ transactions are also to be considered .

EXEMPT SUPPLY U/S 17
()

 Tax Paid under RCM
« Transaction in securities
« Sale of Land & Building subject to clause (b) of Para 5 of Schedule Il

—@ Southern Builder




NOTE -

» Exempt supply to include Supplies on which recipient is liable to pay Tax
under RCM i.e. for example if Goods Transport Agency has 2 business i.e.
of GTA & other one being Leasing of Vehicles in such cases supplies done
under GTA is to be considered as Exempt supply for the purpose of Sec
17(3) even though tax on same is being payable by recipient under RCM.
* Items mentioned under Schedule IIl are not be considered as Exempt
Supply since they are NOT SUPPLIES under the Act so they do not fit into
the Category of Exempt or Non Taxable Supply.

Sec 17 (4):

INELIGIBLE ITC IN
CASE OF BANKING &
FINANCIAL INSTITUTION
INCLUDING NBFC

» Above mentioned Registered Person i.e. Banking & Financial Institution
have 2 options to avail ITC i.e.

« Either Apportion ITC as per Rule 42 & 43 OR

 Avail 50% of eligible ITC every month

Sec 17(5)(a):

ITC ON MOTOR VEHICLE
(Not having a seating
capacity of more than 13
people including driver) for
transportation of persons

Sec 17(5) (aa):
ITC ON VESSELS AND
AIRCRAFT

* Further Supply of Vehicle
* Transportation of Passenger
 Imparting Training of driving such vehicle

* Further Supply of such vessels or aircraft

* Transportation of Passenger

 Imparting Training of navigating such vessels
 Imparting Training of flying such

* aircrafts

Sec 17(5) (ab):

ITC ON SERVICES OF
GENERAL INSURANCE
, SERVICING , REPAIR
& MAINTENANCE OF
MOTOR  VEHICLE
VESSELS & AIRCRAFT
MENTIONED IN Sec 17(5)
(@) & (aa)

Sec 17 (5) (b):

ITC ON SUPPLY OF
GOODS & SERVICES
BOTH AS MENTIONED
BELOW

EXCEPT when such services are used for

Allowable Supply of Goods & Services specified u/s 17(5) (a) & aa)

Where received by Taxable Person engaged in-

« in the manufacture of such motor vehicles, vessels or aircraft;

* in the supply of general insurance services in respect of such motor

vehicles, vessels or aircraft insured by him;

» Foods & Beverages

e Outdoor Catering

* Beauty Treatment

* Health Services

» Cosmetic & Plastic Surgery

 Leasing, Renting or Hiring of motor vehicle, vessels or aircraft referred to
(a) & (aa) except when used for purpose specified under the clause

* Life Insurance

 Health Insurance

(ITC on above supply of Goods & Services shall be available if such goods/

services used by registered person for outward taxable supply of the same

category of goods/services or as an element of mixed or composite supply)

* Membership of club, health & fitness centre

» Travel benefits extended to employees on vacation such leave or home

travel concession

(ITC on such goods/services shall be where it is obligatory for the employer

to provide to its employees under any law for the time being in force
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Sec 17 (5) (¢): (ITC on such goods/services shall be where it is obligatory for the employer
ITC ON WORKS | to provide to its employees under any law for the time being in force
CONTRACT SERVICE OF
IMMOVABLE PROPERTY
(OTHER THAN PLANT &
MACHINERY)

EXCEPT where such Works Contract service is a Input service for further
supply of works contract service

Sec 17 (5) (d):

ITC ON GOODS/
SERVICES OR BOTH
FOR CONSTRUCTION
SERVICE OF
IMMOVABLE PROPERTY
(OTHER THAN PLANT
& MACHINERY) FOR
PERSONAL USE OR
EVEN FOR IN COURSE
OF BUSINESS OR
FURTHERANCE OF
BUSINESS

Sec 17 (6):
GOVERNMENT MAY
PRESCRIBE =~ MANNER
IN WHICH ITC MAY BE
ATTRIBUTED U/S 17 (1)
& (2)

Compiled by Sakthi Services / KSDK and Company LLP
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Health check of the buildin

NECESSITY AND PROCEDURE
FOR STRUCTURAL AUDITING

OF BUILDINGS

Introduction.

In India, many old buildings 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 need to be implemented to improve the
performance of structures and restore the desired
function of structures. Thus, it is of utmost importance
to perform a structural audit of existing buildings and
to implement maintenance/ repair work time which will
lead to prolonged life of the building and safety of the
occupant. The structural audit should highlight and
investigate all critical areas and recommend immediate
remedial and preventive measures. It should cover
the structural analysis of the 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 an appropriate maintenance program.

Structural health
monitoring

Structural audit

Necessity of Structural Audit. With every passing
year, the building combats a series of natural upheavals,
facing the apathy of every season that undergoes. Many
buildings built during the last 25 to 30 years are in severe
structural distress. Leakages are a common sight during
monsoons. To add to this, we keep hearing of sporadic
incidents of building collapse, which has resulted in
irreparable losses at times, both of men and material. The
concept of 'structural audit' to be made aware and it has
to be soon become mandatory to be followed. A structural
Audit is an overall health and performance check-up of
a building like a doctor examines a patient. It ensures
that the building and its premises are safe and have no
risk. It analyses and suggests appropriate repairs and
retrofitting measures required for the buildings to perform
better in their service life. The structural audit is done by
an experienced and licensed structural consultant.
There is no secret that several structurally unsound
buildings collapse during monsoons or due to ill-

DR. Colonel.

P Nallathambi

Ph.D (Structural Engg),
ME, MBA, FIE, FIV)

maintenance. Buildings more than 30 years are often
found lacking in integrity as per modern standards. If the
repairs are not done carefully, the loss of human lives in
addition to property can be devastating. The only way to
avoid such mishaps is to conduct the structural audit with
utmost sincerity. The structural audit should highlight and
investigate all critical areas and recommend immediate
remedial and preventive measures. It should cover
the structural analysis of the 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 an appropriate maintenance program. The
structural auditing will help to implement maintenance
and repair work time which leads to prolonged life of the
building and safety of the occupants and apply remedial
actions immediately.

Purpose of Structural Audit. (a) To save human
life and buildings. (b) To understand the condition of the
building. (c) To find critical areas to repair immediately. (d)
To comply with statutory requirements. (e) To enhance
the life cycle of the building by suggesting preventive and
corrective measures like repairs and retrofitting.
Inspection Processes. It involves: Visual Inspection,
Non-Destructive (NDT) and Destructive Testing (DT),
Concrete strength tests, Chemical attacks, Corrosion
potential assessment, Homogeneity and integrity
assessment, Core testing and Overload testing.

Visual Inspection. The first stage of a structural
audit consists of a visual inspection that should lead
to the identification of defects, material degradation,
deformation of any sections or interior components. If
alterations, additions or replacements are needed, they
should be identified during the visual inspection too. All
the elements of the building are examined, including
columns, beams, slabs, balconies, false ceilings, roofs,
parapets, railings, rooms, bathrooms, kitchens, lofts,
mezzanine floors, stairways, water tanks, storage,
plumbing lines, drainage lines. These inspections are
carried out to ascertain cracks/deflections in retaining
walls, leakages, and concrete durability. Dampness in
the walls is also inspected along with varying loads on
the structure that may have occurred. If required, soil
bearing capacity can be determined through pit trials or
from soil data of the vicinity. Corrosion cracks developed
in columns, beams and the members such as chajja and
fins.

Visual Inspection of Structural System of the
building. Substructure: Settlement of columns or
foundations, settlement of walls and floors, deflection and
cracks in retaining wall, soil bearing capacity through trial
pits or from adjacent soil data. Superstructure: Materials
used and framing system of structure, identification of the
critical structural members like floating columns, transfer
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beams, slender members, rusting of exposed steel and
its extent. Mention the status of all building elements like
beams, slabs, columns, balconies, canopy, false ceiling,
chajja, parapet and railings concerning parameters
deflection, cracks, leakages and spalling of concrete.
Likewise, verify the status of the water tank, staircase,
lift and lift machine room. Detect the dampness in walls,
identify the leakages in the terrace, toilets, plumbing lines,
drainage lines and overhead tanks.

Non-Destructive Testing. The strength and durability
of concrete is essential factor that decides its longevity
and safety. For this purpose, Non-Destructive Testing
(NDT) should be carried out to check concrete strength,
chemical attack resistance, corrosion assessment,
among other things. The common techniques to assess
whether the building’s concrete will stand the test of time.
Rebound Hammer Test on beams, slabs, etc. to check the
compressive strength of the concrete. Ultrasonic Pulse
Velocity Test to inspect cracks and to test the quality of
concrete and natural rocks in the building. Core Testing
consists of a method in which samples are tested in a
laboratory to determine strength. Core Sampling and
Testing measure the strength, permeability, the density of
concrete. Rebar locators and Cover Meter measure the
cover of reinforcement, the diameter of reinforcement and
spacing of reinforcement. Chemical Tests are performed
to check carbonation and pH, water/acid-soluble chloride
and sulphate contents of the concrete. Awater permeability
Test is carried out to check the resistance of concrete
underwater pressure. Half-cell Potential Test is done to
check corrosion or the possibility of it in the steel. Some
other popular tests in current practice are Leak Testing,
Electromagnetic Testing, Laser Testing, Magnetic particle
testing, etc. Earthquake resistance (seismic diagnosis
test) and fire readiness (fire fighting system analysis)
are measured and analysed by the structural auditors in
addition to the above-mentioned tests. Carbonation Test
for carbonation depth measurement for Steel. Integrity
Tests for pile foundations and various testing techniques.
Destructive Testing. To verify the integrity of a structural
component, it is always possible to cut or section through
the components and examine the exposed surfaces.
Components can be pulled or stressed and pressurized
until failure to determine their properties of strength
and toughness. Materials can be chemically treated to
determine their composition. These are some forms
of destructive testing. Unfortunately, this approach of
destructive testing renders the component useless for its
intended use as against non-destructive testing which can
be performed on the components and machines without
affecting their service performance.

Procedure to Carryout Structural Audit.

Step 1. It is imperative that architectural and structural
plans of the building will be helpful in detailed structural
calculations including assumptions for the structural
design. The assumptions include the allowable live
loads; whether the building is designed for residential,
commercial, light industry or heavy industry and whether
any future provision for adding new floors is considered?.

What type of earthquake loads are considered?. Which
IS code requirements have been met?.

Step 2. If the Architectural plans and Structural plans
are not available, the same can be prepared by any
Engineer by measuring the size of the building and
locating the position of the columns, beams and size of
all such structural elements.

Step 3: Inspection of the building. Adetailed inspection of
the building canreveal the following: 1.Any settlements
in the foundations. 2. Visual cracks in columns, beams
and slabs. 3. Concrete disintegration and exposed
steel reinforcements - photographs can be helpful. 4.
Slight tapping with a hammer can reveal deterioration
in concrete. 5. Extent of corrosion in reinforcement.6.
Status of Balconies - sagging, deflection, cracks?.
7. Status of Architectural features viz. chhajjas, fins,
canopies etc. 8. Cracks in walls indicate swelling in
R.C.C. members or distress or deflection or corrosion.
9. Leakages from terrace & Toilet blocks. 10. Leakages
& dampness in walls resulting in cracks and corrosion.
11. Changes carried out affect structure. Toilet blocks
- Added or changes made?. Change of user - from
Residential to Commercial to Industrial? Change of
partition walls?. 12. Status of lift and lift machine room
- Type of maintenance contract, renewal of license. 13.
Status of electrical wiring from meter room to all the
flats. Substation status. An explosion in the meter room,
substation?. 14. Status of overhead and underground
water tanks - capacity. Leakages, cracks and frequency
of cleaning, the status of pumps. 15. Plinth protection
in the compound includes the status of drainage,
water pipes and pumps. How much the Ground was
flooded during recent monsoons?. 16. External paint
- When last painted and type of paint. 17. Status of
repairs and last repaired. What was repaired?. Who
was the Agency?. How much was spent on repairs?.
18. Building plans available?. When approved?. Is an
occupation Certificate available? Are structural plans
available? Is a structural stability certificate available?.
Structural calculations available?. 19. Last structural
audit prepared?.

Step 4: Tests recommended: It is important that various
tests are carried out in the old buildings. This will give
an idea about the extent of corrosion, distress and
loss of strength in concrete & steel. Tests may include:
(a) Concrete core cutting & compression testing for
columns, beams and slabs for strength assessment
of concrete. (b) Half Cell Potential test for determining
the probability of corrosion in the embedded steel. (c)
Carbonation test for carbonation depth measurement
for steel. (d) Ultrasonic Pulse Velocity Test (UPV) for
strength assessment of concrete. This can be useful
for simple foundations. (e) Integrity tests for pile
foundations.

Step 5: Highlight the critical areas and how to go for
repairs. E.g. (a) No. of columns requiring immediate
attention including treating rusted steel, adding new
steel, jacketing of columns etc. Repairing foundations,
repairing balconies, chhajjas. (b) Attending of beams




and slabs wherever required. (c) Attending waterproofing
of terrace, toilet blocks. (d) Attending cracks in external
walls and providing good quality of paint. The critical areas
highlighted need to be attended to immediately.

Step 6: Earthquake Criteriaz Chennai is located in
Earthquake Zone lll as per Indian Standard Codes. The
Earthquake Code IS 1893-2016 provides rigorous analysis
and designs of the building. Structures have to withstand
earthquake forces. It may be possible to retrofit the old
buildings so that they do not collapse during earthquakes
but may develop some cracks and allow enough time for
people to escape. Thus saving precious lives.

Step 7: Compliance with audit requirements. The audit
is a good thing, but in itself, an audit is not sufficient.
The findings and/or recommendations of audits must be
implemented satisfactorily, within a stipulated time limit
and are certified by structural engineers; Otherwise, the
audit findings will remain on paper. Is it a costly process?.
Of course, this is going to be costly; but human lives are
important and they need to be saved at any cost.

Step 8: ETABS/ STAAD Pro modelling. This step involves
the preparation of a model of the building to find the
response of the structure to gravity, wind and earthquake
loading. The analysis and reduction of materials strength
will give the demand of the building to the desired loading.
Step 9: Findingtheactual capacityofthemembersandfinding
the demand to the capacity ratio for structural members.
Determination of capacity of beams. (a) Determine the size
of the structural members, actual reinforcement present in
the members. (b) Determine the actual load and moment
carrying capacity of the members using 1S:456:2000. To get
the actual capacity of the members. (c) The capacity of the
structural members is determined using software analysis
of the members carried out as in the previous step. (d)
Compute demand and capacity ratio for the members. (e)
Recommend the remedial measure.

Step 10: Arrive the required information based on the
inspection, analysis and make recommendations with
remedial or retrofitting methods for the suitable structural
members.

Structural Audit Techniques. An experienced and
competent structural engineer would conduct several
Non-destructive tests after removal of plaster from the
surface to determine the extent of corrosion, distress and
loss of strength in concrete and steel.

Inspection of Fire Equipment. The building
structural auditor has to inspect the fire fighting systems
(as applicable) with the relevant approved vendor and
prepare recommendatory reports, highlighting the
repairs and restorations required, for due compliance
of the building owner /society. Failure to install the
mandatory fire fighting systems, and to keep maintaining
them in working condition is mandatory, failing which
the fire department is within its jurisdiction to disconnect

electricity and water connections, besides revoking the
fire NOC for occupancy certificate granted to the building.

Non-Availability of Building Plans and OC: In the
event, that the building's sanctioned /approved plans
and/or Occupancy Certificate (OC) are not available,
then the building owner (society) has to conduct the
necessary documentation and arrange /make the
buildings plans etc. The buildings occupancy certificate
can be procured, using various compliance parameters,
but only after repairing and restoring all illegal alterations
/amalgamations.

lllegal Alterations - Building Collapses. Reduction
of the girth of the buildings column and pillars resulted
in the loss of life and property of the buildings residents
and other people in the vicinity. Today due to courtesy
of human apathy, everything is back to normal and the
losses of human lives are apathetically and conveniently
forgotten by all concerned.

Recommendations in the Report. A structural audit
report is presented to the society by the consultant which
entails the following: Recommendations for repairs based
on the assessment of deterioration, breakage, and faulty
materials. Retrofitting, and restoration measures to bring
the damaged components up to the required standard.
Strengthening the current components of the building to
make it more resistant to collapse and increase its load-
bearing capacity. The consultant provides the cost of
labour, materials, equipment and overall services to the
society in the audit report, and offers expertise on future
maintenance and cost-effective measures to slow down
future deterioration.

Contents of Structural Audit Report. A “prudent”
structural engineer would highlight the relevant violations
under the Municipal Laws, while keeping upfront the
approved plans of the building: (a) Any changes and
contraventions of the approved plans /availability of
sanctioned plans. Whether the building has been built
in conformity to the sanctioned building plans. (b)
Availability of approved and sanctioned building plans,
IOD, CC, OC. (c) Changes made to the buildings
columns, beams, pillars. (d) Changes made in place of
WC, bathroom, kitchen, installation of loft water tanks. (e)
Extension or covering of balcony. (f) Removal of internal
walls between rooms. (g) Internally amalgamating
(joining) of two flats, by removing partition walls /doors.
(h) Installing over-protruding grills, sheds, chajjas. (i)
Conversions of basements or stilt /podium parking for
any other usage (e.g. offices, shops). (j) Existence of
unauthorized lofts and mezzanine floors in the building.
(k) Any other encroachment of common areas, refuge
areas and society premises. (I) Installation of illegal
mobile towers and hoardings, and adverse effect of same
on the building. (m) Whether the building has appropriate
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drainage /sewage lines connected to the mains. (n)
Existence of open-well, bore-well and other clandestinely
built sub-ground level storage water tanks. (0) Common
electrical wiring system. (p) Changes in internal /external
drainage /sewage lines. (q) Ground and Overhead
water tanks, water meters and supply pipelines. (r)
Waterlogging around the periphery of the building and
reverse incline level of grounds) Detailed report on the
repairs and restorations, that is required in the building,
in terms of the approved plans of the building. Note:
Structural Engineer /Auditor shall clearly outline each
alteration with graphic images and photographs and the
repairs /rectifications /restorations that needs to be done
in the building.

Post Structural Audit.

Repairs to Improve the Strength of the Building. Based
on the audit findings and recommendations different
measures of repairs and strengthening are carried out.
Repair is carried out to replace or correct deteriorated,
damaged, or faulty materials, components, or elements
of a structural system. From this point of view, repair may
be divided into structural repair and serviceability repair.
The former refers to the restoration of lost sectional or
monolithic properties of damaged members, while the
latter refers to the restoration of structural surfaces to a
satisfactory operational standard. Obviously, poor design,
poor construction, poor maintenance, incorrect usage,
new environmental influences or an intended increase
of the loading or extension of the structure's lifespan
can repair and/or strengthening necessary. Excluding
technical considerations, the ultimate choice of method
of repair and strengthening of a concrete structure may
also be influenced by factors like the overall quality of
repairs and the size of individual repairs, access for repair,
relative cost, ease of application, available labour skills
and equipment and client requirements including future
maintenance and economic considerations. Repairs can
be carried out using polymer modified mortar treatment,
jacketing to columns using micro-concrete, recasting of
slabs/ chajjas and waterproofing treatment.
Strengthening and Retrofitting of Structures.
Strengthening is the process of restoring the capacity of
damaged components of structural concrete to its original
design capacity or increasing the strength of structural
concrete. Strengthening of a concrete structure may be
required due to several reasons: (a) Change of usage
which may cause over-stress in the structural member.
(b) Serious materials and structural deteriorations
cause structural members to be no longer able to carry
the imposed loads with an adequate factor of safety.
(c) To increase the capacity for seismic resistance if
the building is not designed for it or the structure does
not fulfil current design requirement corresponding
to seismic zones, R factor or so. (d) Strengthening of

structural members can be achieved by replacing poor
quality or defective material with better quality material,
by attaching additional load-bearing material, such as
high-quality concrete, additional steel, thin steel plates.
(e) Strengthening by various types of fibre-reinforced
polymer sheets and by the redistribution of the load
such as by adding a steel supporting system. (f) The
purpose of strengthening is to increase the load-carrying
capacity or stability of a structure concerning its previous
condition.

Remedial Measures to Improve the Structural
Safety. Many buildings collapsed in the recent past
across the Country. Investigating the cause of these
collapses to ascertain the technical reasons for such
failures indicate necessary action required. The forensic
and technical investigations, observations and analysis
have thrown up startling facts which makes structural
engineer sit and introspect of the response to the
inferences drawn through these investigations. It has
been revealed that a substantial nhumber of buildings
collapsed due to almost no reference to structural
engineering inputs, be it design, structural detailing or
supervision. Appraised of the importance of having a
structural engineer's involvement at various stages of
building construction has to be made compulsory. It is
necessary to create awareness of adhering to NBC-2016
provisions mandatory in every building construction. As
per clause No.77 of revised Bye-Laws of Cooperative
Housing Societies: The society shall cause the 'Structural
Audit' of the building as follows: For building ageing
between 15 to 30 years once in 5 years. For building
ageing above 30 years Once in 3 years.

Conclusion.

The structural audit is a preliminary technical survey
of a building to assess the general health of a civil
engineering structure. Itis usually initiated as the first step
for repair. This is similar to the periodic health check-up
recommended for older people. The structural diagnosis
is a vast, important and highly responsible job that is
connected with the lives of human beings. It is mandatory
and advisable to carry out the periodical structural audit of
the buildings by professional experts and act immediately
through recommendations provided in the audit report.
The success of repairs and restoration is always based
on thorough knowledge, correct diagnosis and in-depth
studies of problems in building, proper repair practices
and finally socio-economic considerations. The effective
implementation of auditing enhances the life span of the
structure, prevents deterioration of buildings leading to
sustainability.
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SOUTHERN CENTRE ACTIVITIES

03.01.2022

ety L&T Bmeusnsdlenr  Goeoresst QuE@&GH@GD SHemevenw  Bireurdujoresn  Hm. S.N. s&Lwesiub  Siairssiis
Sempldes BGulsv 306ug SiHev GBI SLOBT Fhis WIBTLHS HMEVUHD Hev SBHU (LPETETTET HEHEVE(THLOTEDT
Goaumgsenm  Leom (. R. @urgra(migewer, ga‘i\) @A SLHBT  Fhis  WOIBILG  Q(HhEm6TLILTETT
Sm. Mu. Gorser, Oseies LWESESmeAT S L. Erbs@wrr, wrpri® Gur@menment & L. GQeukisGLeaer
A HCWIT Seuewy CBIv FpHBg BewLGUDEsTET WIBTLH FOUTHST GPES elerssuGsTH GnGsTsTen Goussigus

BLOIGEMSEET GBS 2 GeOTHBH60.

10.01.2022

ST OHETENS  DILWSHT DSTFMUBFLLLID LSO LTELT A. GImod(Hagssm ohes  wrensy  4.00
wel  Semeley  BOLOUDDG.  BILLBHD Opeitenrs b ertutes  Gurliigulstd  CaThOSHESLILLL
2022-231b CIYDETT  Sjgvleuevs  Hiteurdlsst, GFwuD@Gw WwHMID  CUTHEEGW 2 mpidamsmer  GsTHev
asriurs HubssiniL Hm. J. s1edHar  SaitseT JPEISSTT. SleuBHEE HwewTwTe S S. Ceauirmiosst
SUTHEHD  QFweoulLIT.  EEFLLHH0 o Leng (peremmst dev  SbHusbsemevair Hm. Mu. Guorses, b
BBHUS FlWEIHHMevaUT  HH. S. WGBTS, LOTHeVSHEmEVeUT Hh. R. Feusb@GLomt, GOBeTossiLey  GiFueomsHiT
S, K. QeutusBLasir , wrplevsd Geweoment . S. @ymoindyy, wrheol Qummertert &m. T.V. &pSyGssT whmid
QFwhE L, CUTEIBE W 2 NILIRTTET H6vEg CSTesTL 6.

12.01.202

Qaesienet QU(HBST eusTFES @GUpsHHer (CMDA) &mTums mewsy 3 ewl Diemeley gl Ld oL QUDDE. GEBanl L HH60
OFH6iTens OWIWID FTTUTS LOWWSSHMeVAIT S, L. FThSEGONT, genanissamevalt Sm. R.R. 1fsT, wrHeosGeEweorsir
Sm. S. @ymoiniyy EGwrT BevEg Gsmesih ;I'_I_LIS]I_G'\) Simid (Planning permission)  eupriigeudlev  giLBID
sMos LpH o GoTHEsLILLLg).

26.01.2022

Republic day 73sug @Quwigs Her elpr Bog Opeiens WwLwWHHsr FrTle SneaslLensTulst ausmTasHe  Hmenev
9.005@ Geamysesm Lagor S, R, Gursrd(pligemmer oeirssisr QamgGubpESHILET BOLOUDDS.  BHv
BOG 2 L6vg (peiteuimel  Sdbev  @bH  HewmeveuT Hp. Mu. Gomser, WIHGHmevaIT Hm. R. Heus@Lon,
LLWGSHEMeV6UT . L. FThSHEHWNT, SenabsHemevaul Sm. R.R. ufar, Geweorent gm. AN. umeorsd, Guirpermeni
Hm.N.G. Goonaprse, GenessrFGawevrenit Hb. R. HIDGFTL, womHleois QummerTemt Sm. T.V. FbEHTGFEIT, (Lp6eSTEoTTaT STLILIT6HTT
LT&LIT. D. &IB&TymD, aliplyd FrEarbsHemevadT Sh. S. STUs, SLeug oLWSSMEAIT W8 &SI, CFwDE
WwhmId CUTEEELW 2 MILIETTEET H6VbHECSTERT(H é%u.ﬁ]gg,mn. SMETEUHBGD BTeHev FpMIesTg CBesTen s oIS ST
2 LFfindev euprislLlL g







UMA BLUE METALS

Manufacturing of High Standard “M” Sand & Plastering Sand,
ater Washing Process) using VSI Machine.

* B.G. Metals 20mm, 12mm & 6mm using by VSI Machine.

* 40mm, GSB, WMM Quarry Dust.

Crushing Unit Address:
Vettakara Kuppam Village, Kodur Post, Cheyyur Taluk,
Kancheepuram District-603 305.

Chennai Address:
No. 14/1, V.o.c Nagar 2nd Street, Anna Nagar East,
Chennai-600 102

Email: umabluemetals066@gmail.com

CONTACT:
97868 66768 / 94449 09746 | 78670 10036
94443 80781 /| 99625 87979






