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Our company has 30+ years of expertise in Teakwood, importing from around 15 countries across the World. We
operate from Chennai offering excellent quality, pest-free Teakwood at competitive prices to our customers.
We supply PAN India to Builders, Saw millers, Traders, Furniture Manufacturers, etc.
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Strength of Concrete

A.R.Santhakumar
Former Emeritus Professor,
Department of

Civil Engineering IIT Madras

Performance and Maintenance
of Concrete Structures

The whole-life performance of a concrete structure will be satisfactory only if all
the processes of concreting—planning, analysis, design, and execution, involving
fabrication and construction, regular inspection and maintenance, and repair when
necessary, including the aspects of final demolition and disposal of debris and
salvage or waste disposal—are earnestly considered. If any of these aspects is
ignored the structural integrity of the concrete mass will be weakened; this may
lead to a premature failure of the structure or may render it unsafe even before
completing its service life. The service life of a structure can be broadly defined as
‘the time period for which a structure in a specific environment under the accepted
code prescribed load conditions will retain its desirable properties of service and
provide security against collapse in addition to exhibiting an acceptable aesthetic
appearance’.

This chapter deals with the various aspects of the maintenance of concrete
structures. It is a common belief that concrete once made will last for ever. However,
time and again we have seen that concrete structures deteriorate even immediately
after their construction. This may happen due to the several factors we have
discussed in earlier chapters. So, at the time of design, due consideration must be
given to ensure that the structure is serviceable and strong.

The concern for maintainability of concrete structures stems from the need to
achieve durability through measures taken for preventing or slowing down the
process of deterioration of concrete. The factors that are responsible for deterioration
of concrete are the following:

Presence of water or moisture in and around concrete

Severity of the environment surrounding concrete

Ineffective compactness (minimization of pores) of concrete

Inadequate thickness of concrete cover

Defective grouting compactness in case of prestressing

Width of crack(s), if any, in concrete

During the service life of the structure, protection against overloading due to actions
that were not anticipated in the design should be ensured. A regular follow-up of
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Fig. 29.10 Design chart for cover protection against corrosion
(Source: Ryall 2001)

Arrival of contaminants at the surface of concrete

Contaminant ingress
Onset of corrosion
Active corrosion
Delamination

Spalling

Reduction in steel area
Failure

Figure 29.11 shows these eight levels of deterioration. The damage can be assessed

by the area loss of steel. The area loss per year, i, can be expressed as

[ =‘leoss/(zﬁn_ TO)

where 7, is the age at which assessment is made and 7, is age at the initiation of

deterioration. On the basis of this deterioration model the maintenance routine of
the structure is planned.
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Fig. 29.11 Deterioration model
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29.4 Inspection

The durability of the concrete structure depends on its rational operation and

maintenance. Regular and systematic inspection is necessary in order to quantify

the existing deterioration level of the structure. The way structures behave with

time depends on the severity of the environment and the repair interventions

undertaken. The following elements of investigation are necessary as a part of the

overall maintenance while periodic inspection and reporting:

1. Visual inspection

2. Checking original designs, drawings, and calculations with respect to the current
use of the structure

3. Checking execution data including technical, non-technical, quality, and
inspection reports.

4. In situ testing: destructive and semi-destructive based on sampling

Laboratory testing involving mechanical, chemical, and physical tests

6. Performing recalculation based on all the above data for assessing the current

)]

status of the structure

29.5 Tests and Monitoring

The whole-life performance of the concrete structure can be effectively monitored
by periodic testing. Periodic testing is much more involved than a simple cube
compression test conducted at the time of construction. These tests conducted at
periodic intervals on the actual structure should concentrate on the environmental
severity, structural detailing, loading conditions, existing cracks and their sizes,
and the overall condition of the structure or member being investigated. The
evaluation based on tests should include the condition of both concrete and
reinforcing steel. The investigation procedure on concrete is shown in Fig. 29.12.

In situ load testing is required to assess the performance of the structural element
under loading greater than the working load. A load test is undertaken either to
clear a doubt regarding the acceptability of an element or to establish the behaviour
of an existing structure for serviceability criteria. Where tests are undertaken to
demonstrate the satisfactory behaviour under load, these are generally based on
deflection measurements. The obtained results can be corroborated with the results
of a computer analysis after accounting for the realistic properties of the structure
under test. The results should show that at service load the deflections and strains
are within acceptable limits. The deformations are almost completely recovered
when the load is released.

Various non-destructive tests that can be used to monitor the behavior of concrete
structures have been discussed already in Chapter 25 (see Tables A29.1 to A29.5
in Appendix 29.1)




Initial data
on concrete
structure

1. Strength data
2. Mix used Influence of
3. Quality of environment

construction
4. Age

1. Temperature
2. Humidity
Influence of Concrete 3. Pressure
loading __under 4. Permeability
Inspection 5. Sea water ingress
6. Type of contact with
1. Design load environment
2. Actual load 7. Frequency of exposure
3. Load history 8. Special environmental

4. Overload history influences

Visual signs
of
deterioratoin

Laboratory
examination

1. Chemical analysis 1. Erosion

2. Physical test 2. Spalling

3. Mechanical test 3. Exfaliation

4. Void assessment 4. Dusting

5. Water penetration test 5. Cracking
6. Softening
7. Crumbling
8. Sharing
9. Pop-out

10. Misalignment

Fig. 29.12 Concrete investigation method

Long-term monitoring of a structure can be used to evaluate deterioration with
load and response under service conditions. When a structure is continuously
deteriorating, monitoring can be used to decide on either retrofitting or replacement
of the deteriorating component of the structure at a particular instant of time. Since
the measurements are made over a long period of time, the instruments used should
have long-term stability. Allowance for daily variation in temperature and seasonal
changes should be made while interpreting long-term test results.

29.6 Repair Materials and Techniques

After the structural evaluation is over, appropriate repair materials and techniques
must be carefully chosen to suit the behaviour, field condition, and future whole-
life performance of the evaluated structure. Various repair materials and techniques
have been discussed already in Chapters 21 and 22. Table 29.1 shows various
types of repair techniques involving different repair materials applicable to the
different types of defects mentioned.

';iﬂf: |' 09 'I Southern Builder———



Table 29.1 Repair materials and techniques

Repair technique

Material

Application

Injection

Pressure grouting

Epoxy resin
Polymer-modified
Portland cement mortar

Fine cracks

Large cracks

Polymer mortar Small holes
Putties and caulks Cavities
Cement paste with filler Joints
Normal grouting Portland cement mortar Large holes
Latex-modified mortar Cavities

Patching

Placing

Overlaying

Coating

Polymer mortar

Rapid setting mortar
Polymer resin

Portland cement mortar
Portland cement concrete
Polymer concrete
Expansive cement concrete
Latex concrete

Epoxy concrete

Asphaltic concrete
Polymer concrete
Expansive cement concrete
Latex concrete

Epoxy concrete

Polymer modified paints
Mastic felt

Localized area
Shallow

Replacement

Thin surface layer

Surface coating

Prior to repair, all damaged and disintegrated portions should be removed until
the undamaged parent material is exposed. This ensures good bonding of repair
material with the parent material. Before finalizing the repair option, the whole-
life cost model can be worked out with different alternatives. Figure 29.13 shows
alternative costs over expected life using a particular discount rate. The whole-life
cost is the sum of the first cost plus the discounted replacement cost in the future.

1.0
o eplace /
® 0.8 ’ — ~
o
(b
£ 4% /
® 0.6 L
K ( 2%
o
e / Discount rate
S 0.4 7 v
= /// Rehabilitate
o]
T 0.2 /
(&)
S %

0

0 10 20 30 40 50 60 70

Extended service life (years)
Fig. 29.13 Life cycle cost comparisons
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Rehabilitation is less costly than replacement. It is important to reduce its cost.
It is well known that one unit of maintenance cost will result in a reduction of four
to five units of rehabilitation cost. This advantage results from the extension of the
service life, leading to tangible benefits such as life extension and reduction in
repair costs.

29.7 Maintenance Requirement

The purpose of the maintenance of a concrete structure is to ensure its safety and
serviceability at acceptable performance levels. Structural safety and serviceability
are essential. The performance level shows the level of satisfaction by the user
with respect to the functional utility of the structure. This is illustrated with the
help of a performance model in Fig. 29.14. As can be observed from the figure, the
performance (A) of the structure deteriorates from the day the structure is opened
for use and becomes unserviceable at stage B after, say, 100 years. However, the
useful life of the structure may get terminated at stage C owing to the performance
level going below the functionally acceptable limit. Hence the realized service life
is less than that for which the structure was designed. In the absence of any regular
maintenance this reduction can range from10 to 80 years depending on the severity
of environment. To achieve the full designed service life, periodical maintenance
thus becomes inevitable.

A

@ 100% efficient performance

(Theoretical limit if no
deterioration occurs)

Performance
level

Acceptable limit @ Real performance

|
!
!
Limit of serviceability [
|
|
|

L
>

— Realised life T Time
Whole life (without
in years maintenance) Design life

(say 100 years)
Fig. 29.14 Performance Model

29.8 Critical Stages of A Structure

There are six critical stages in the life of any structure. These are

1. conception
2. analysis
3. design
4. construction
() @ Southern Builder————
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5. service
6. failure/demolition

Generally, the issue of maintenance gets its due attention only during service.
To enable good and proper performance, the planning for maintenance should
start at the concept stage itself. For instance, if a structure is to be constructed in an
aggressive environment, suitable material for the structure can be fixed even at the
conception stage so that during service the structure is maintainable.
The consideration of maintenance at different stages is pictorially represented in
Fig. 29.15.

Conception

> Analysis
> Design
° S
A | E
R
Construction = \I/
C
Choice of
material to [, | FAILURE
aid easy

\
(

maintainability |« .
Identification of weak Regular maintenance

elements with and repair
respect to maintenance

|
1

A

Fig. 29.15 Stages of structure evaluation and maintenance

29.9 Maintenance Planning

Maintenance work can be classified into the following five categories.

Cyclic This is preventive maintenance intended to take care of general deterioration,
such as flushing down concrete faces to remove surface carbonation, application
of protective coat(s) to concrete, etc.

Equipment replacement This includes replacement of bearings, expansion joints,
etc.

Minor structural repair The repairs to spalled concrete, minor cracking, and
staining.
Major structural repair This is undertaken when the structural stability or integrity

is at stake. This includes major concrete repairs, stitching cracks, welding rebars,
etc.

Replacement of components This entails replacement of a defective member such
as a beam or a column with a new member.

These five maintenance options could be judiciously undertaken during the
lifespan of the structure. The effect of continuous maintenance on the lifespan is
illustrated in Fig. 29.16. Note that due to material degradation, loading, and
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Fig. 29.16 Deterioration—Repair model

foundation settlement the performance of the structure deteriorates progressively
and becomes considerably less than that at the initial condition. Thus at a time
interval 7| repair becomes necessary. At intervals 7 and 7,, repairs 1 and 2 are
performed to improve the serviceability condition either to the initial condition or
even above that. At 7, deterioration reaches such a level that it may not be
worthwhile to repair the structure.

Generally, various parts of a structure are of varying quality and subject to different
exposure conditions. So each element must be considered separately and its repair
cost built into the life cycle cost, which includes costs of all the repairs at 7, 75,
T;, etc. Each element must be assigned a life after which it must be either repaired
or replaced.

29.10 Whole-life Assessment

Whole-life assessment is a method of obtaining data for the whole-life performance
of a structure. Both the whole-life assessment and whole-life performance profile
of a structure are computed with a view to minimize or optimize the total expenditure
on the whole and not in one segment alone.

The method of whole-life costing is considered for comparing different alternative
designs initially so that the maintenance expenditure is the least during the lifespan.
The service life and maintenance strategy are closely related to the whole-life cost.
Many countries of the world are now adopting some form of performance profiling
for assessing the whole-life cost.

The whole-life assessment deals with specific structural elements and establishes
their performance levels based on performance indicators. The indicators are then
used to determine the type of maintenance action to be taken, together with the
cost considerations.

(13)
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Though some deterioration models for structures have been proposed, we still
do not have a model with acceptable detail. Various techniques used have been
either statistical or stochastic. These models are highly theoretical. They use
mathematical techniques such as Markov chain or Monte Carlo simulation. What
is really needed is an expert system for assessment, choice between different
technical solutions, products, and intervention frequencies, etc.

Some maintenance needs to be carried out as a routine to achieve the desired
economic life for the structure. Principles of quality assurance and certification
should also be considered while constructing structures to ensure their enhanced
life and serviceability. The maintenance cost should be included as a sustenance
fund in addition to allocating repair/rehabilitation/ reconstruction costs.

The whole-life cost, sometimes referred to as the life cycle cost, is a way of
determining the total cost of a structure from initial conception to the end of its
service life, dismantling, and final clearance. In this chapter we described the
importance of maintenance in terms of the whole-life performance and cost. The
lowering of the performance level with age has been described using a damage
model. The level of performance based on the extent of deterioration has been
described pictorially. The repair strategy and its influence on increasing the
performance level have also been described. There are six critical stages in the
evolution and life of a structure. Finally, the whole-life assessment and its
relationship to the whole-life performance profile of a structure were discussed. A
reinforced concrete structural system such as a bridge or a multi-storey building
should be considered and operated as a system that requires continuous monitoring
and repair. The challenge and major rewards for the community which use the
system lie in following the correct methodology for maintenance, repair, and
rehabilitation of the facility. Structural construction or optimization are only
theoretical and do not include the whole-life assessment and cost.
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Tax Corner
GSTN Advisory: Date extension for reporting

opening balance of ITC reversal in Electronic

Credit Reversal and Reclaimed Statement

(ECRRS)

. In order to facilitate the taxpayers in correct and
accurate reporting of ITC reversal and reclaim
thereof and to avoid clerical mistakes, a new
ledger namely Electronic Credit and Re-claimed
Statement was introduced on the GST portal.
This statement was made available to help the
taxpayers in tracking their ITC that has been
reversed in Table 4B(2) and thereafter re-claimed
in Table 4D(1) and 4A(5).

2. Now to facilitate taxpayers further, opportunity to
declare opening balance for ITC reversal in the
statement has been extended till 31st January,
2024.

3. Kindly note that after declaring the opening
balance for ITC reversal, only three amendment
opportunities post the declaration will be provided
to correct declared opening balance in case of
any mistakes or inaccuracies in reporting.

4. Facility to amend declared opening balance for
ITC reversal will be available till 29th February,
2024.

Introducing Electronic Credit Reversal and Re-

claimed statement on GSTN
The Government has notified certain changes in

Table 4 of Form GSTR-3B to enable taxpayers in

reporting correct information regarding ITC availed,

ITC reversal, ITC re-claimed and ineligible ITC vide

Notification No. 14/2022 — Central Tax dated 05th

July, 2022 (read with circular 170/02/2022-GST,

Dated 6th July,2022). Accordingly, the reclaimable

in Table (B)2 may be

subsequently claimed in Table 4(A)5 on fulfiiment of

ITC earlier reversed
necessary conditions. Such reclaimed ITC in Table
4(A)5 also needs to be explicitly reported in Table
4D(1).

Bm. S.D. & 6virevoredt
Taxation Committee |

1) In order to facilitate the taxpayers in correct and
accurate reporting of ITC reversal and reclaim
thereof and to avoid clerical mistakes, a new
ledger namely Electronic Credit and Re-claimed
Statement is being introduced on the GST portal.
This statement will help the taxpayers in tracking
of their ITC that has been reversed in Table
4B(2) and thereafter re-claimed in Table 4D(1)
and 4A(5) for each return period, starting from
August return period.

2) This statement shall facilitate that while re-
claiming ITC in GSTR-3B, the amount aligns
appropriately with the corresponding reversed
ITC. This aims to improve the overall consistency
and correctness of ITC reversal and re-claims
related transactions. For Monthly taxpayers, the
specified return period pertains to August 2023.
For those filing quarterly returns, the specified
return period corresponds to Q2 of the financial
year 2023-24, encompassing the months of July-
September 2023.

3) Taxpayers are being provided a facility to report
their cumulative ITC reversal (ITC that has been
reversed earlier and has not yet been reclaimed)
as opening balance for “Electronic Credit
Reversal and Re-claimed Statement”, if any. The
navigation to report ITC reversal balance: Login
>> Report ITC Reversal Opening Balance.

or
Services >> Ledger >> Electronic Credit
Reversal and Re-claimed Statement >> Report
ITC Reversal Opening Balance
a. Taxpayers having monthly filing frequency
are required to report their opening balance

nsidering the ITC reversal done till the return

(1% )
()
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period of July 2023.

b. In contrast, quarterly taxpayers shall report
their opening balance up to Q1 of the financial
year 2023-24, considering the ITC reversal
made till the April-dune 2023 return period.

c. The taxpayers have the opportunity to declare
their opening balance for ITC reversal Until
30th November 2023.

d. The taxpayers shall also be provided 3 (three)
amendment opportunities to correct their
opening balance in case of any mistakes or
inaccuracies in reporting. Importantly, until
30th November 2023, both reporting and
amendment facilities are accessible.

after 30th November till 31st

December 2023, only amendments will be

e. However,

permitted and the option for fresh reporting
will not be available. This amendment facility
shall be discontinued after 31st December
2023.

4) With the provision for taxpayers to report their

accumulated ITC reversal balance, the portal
will ubsequently maintain a record of reversal

and re-claimed amounts on a return period basis

in statement. Hence, a validation mechanism
is incorporated into the GSTR-3B form. This
validation will trigger a warning message if a
taxpayer attempts to re-claim excess ITC in table
4D(1) than the available ITC reversal balance in
the statement along with ITC reversal made in
current return period in Table 4B(2). This warning
message would facilitate accurate reporting but
the taxpayers will still have the option to proceed
with filing. However, the taxpayers are advised
not to reclaim ITC exceeding the closing balance
of “Electronic Credit Reversal and Re-claimed
Statement” and may report their pending
reversed ITC, if any, as ITC reversal opening
balance.

5) For monthly taxpayers, the warning message

will commence appearing from the GSTR-3B
filing for the August 2023 return period. Similarly,
for quarterly taxpayers this warning message
would start from the filing period covering July to
September 2023.
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aadhiki 0000

INDUSTRIES
HI TENSILE MESH

WELD MESH
SHEETS

Get your weld mesh sheets as per your required sizes

Construction Fence

Concrete Reinforcement
Temporary retaining wall

Temporary barricade

+91-9940425556

AADHITIINDUSTRIES.IN

SALES@AADHITIINDUSTRIES.IN
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“BENDS,

MINING = STEEL * POWER

BREAKS.”

AN AT A A

TURBOSTEEL
L[S TMT Bars

WHY TURBOSTEEL LPS TMT BARS ARE

Highlighting Primary Plants Local Plants Turbosteel LPS TMT Bars

Technology Tempcore (CRM, Belgium) Thermax/Others Tempcaore (CRM, Belgium)

Elongation High Low High 18-25%

Strength High Inconsistent High

Weldability Better & High Strength Weak Better and High Strength

Formability Excellent Manual Excellent - Due to uniform Elongation
Ribs CNC Notched & Uniform Manual CNC Notched & Uniform

Availability 3-4 Days Irreqular Same Day

Chemical Properties As per BIS Standard Inconsistent As per BIS Standard

Physical Characteristics As per BIS Standard Inconsistent As per BIS Standard

Saving No Saving due to high price i 15% Compared to every other option

Very High Very Cheap due to lack of Standard ~ Much lower than primary plant for same quality

/;,/ uuah—hh =" i—h—h

IS 1786 : 2008

PURE STEEL MADE BY LRF TECHNOLOGY \ () e

TURBOSTEEL MART chennai - 600122 | CALL: 95000 53234

B turbosteelmart E3 Turbosteel Mart Tmt & www.turbosteelmart.in
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New Patron Members

Mr. R. Rajasekar

M/s. JRS Enterprises

Civil Construction/
Manufacturer & Supplier
No. 655-A, Agaram Main Road
Thiruvanchery,

Chennai - 600 126

Mobile No. 9994477677

Mr. M. Rahul

No. 8, Nallappa Street
Nehru Nagar, Chrompet
Chennai - 600 044
Mobile No. 9150943330

Mr. Anto Prabhu

M/s. U-Sonix Inspection
Solutions Private Limited
Inspection Service

Ground Floor, No. 2A 2, Annai
Complex

Rajendran Nagar, Club Road
East Tambaram,

Chennai - 600 059

Mobile No. 9850786687

Mr. R. Ganesh Kumar

M/s. Jaya Foundatione

Civil Construction/Architect,
Engineer

No. 75 A, Station Road,
Venkatraman Nagar

Korattur , Chennai - 600 080
Mobile No. 9500066888

Mrs. A. Deepalakshmi
Manufacturer

No. 104 (Old No. 82/1), Perambur
High Road,

Perambur, Chennai - 600 011
Mobile No. 9840444406

Mrs. M. Kayalvizhi

M/s. ESV Connect
Electrical/Manufacturer/
Supplier

S1, Plot No. 30,

Rajeshwari Apartment

8th Street, Madha Nagar,
Mugalivakkam

Chennai - 600 125

Mobile No. 9445686406

Mr. Praveen Kumar Darda
M/s. Hi Living Projects LLP
Real Estate

No. 7, Ponmari Towers, Montieth
Road

Egmore, Chennai - 600 008
Mobile No. 9884111399

Mr. K. Manikandan

M/s. Impact Homes
Civil/lnterior/Real Estate

No. 52, F1, Tejaneelu Towers
Oragadam Road, Venkatapuram
Ambattur , Chennai - 600 053
Mobile No. 9789923682
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THUMBRULES AND QUICK
DECISION TIPS IN RCC
STRUCTURES FOR CIVIL
ENGINEERS

Introduction

« All Civil Engineers are Structural Engineers.

* All Doctors are Surgeons.

« Structural Engineering is a specialized subject based
on Civil Engineering which deals elaborately all type
of advanced structures.

* In Civil engineering majority of subjects deals with
Structural Engineering.

» Common man called client approach a Civil Engineer
or an Architect or a Contractor to construct a building
for his own use.

Civil Engineer is a competent person to plan the
schemes, prepare t, make detailed estimate, schedule
etc.,

* Due to time availability and expertize in professional
approach mostly Civil Engineers, Architects and
Contractors appoint Structural Engineers.

However the basic thumb rules are essential for a
Civil Engineer to approach a Structural Engineering
problem or to make some quick decisions.

Common RCC Structures

« RCC- Reinforced Cement Concrete structures viz.,

» Foundation 0.12% t0 0.3 % 60 to 65 kg per cum

e Column 0.8% to 2% 100 to 140 kg per cum
» Grade beam 0.3% to 1% 75 to 100 kg per cum
* Plinth beam 0.3% to 1% 75 to 100 kg per cum
* Lintel 0.3%to1%  75to 100 kg per cum
» Sun shade 0.12 % t0 0.35 60 to 65 kg per cum
* Loft 0.12%1t00.35 60 to 65 kg per cum
* Roof slab 0.15%1t00.35% 65 to 85 kg percum
* Roof beam 04% to2 % 80 to 120 kg per cum
« Staircase 0.15t00.35% 65 to 85 kg percum

*Overhead Tank 0.2t00.5% 75 kg to 100 kg per cum
* Underground Sump 0.2 t0 0.5 % 75 kg to 100 kg per
cum

Components

[SUPER STRUCTURE| |
E)
—

[SUB STRUCTURE|

Ds-SIGNIFICANT
—— DEPTH

Er.A.KARTHIKEYAN,M.E,M.L.E,MIGS,
FIV. CHARTERED ENGINEER (INDIA)
PROFESSIONAL ENGINEER (ECI)

Importance of Soil Test

* All loads comes to foundation

* Foundation transfer load to soil

« Structure is Artificial, Soil is Natural.

* Soil below foundation (up to significant Depth)take the
load from structure.

* S0, Understanding the property soil below foundation is
very important.

* Design without Soil Test is as blind as Treatment without
Blood Report.

Do Soil test properly
Don’t expect only soil report

How to do Bumi Pooja

* Excavate a pit of size 1m- Length, 1Tm-Width, 1m-Depth.

» Observe the soil and ensure it is not a filled up soil.

* Pour water, if water penetrates quickly then the soil may
be coarse grained — Gravel or Sand.

» If water does not penetrate and stand still for long time
then soil may be clay.

* Insert sharpened stick on the water soaked pit, if it
penetrates the soil may be soft or loose, if it don’t
penetrate the soil may be hard.

* How much depth the sharpened stick penetrates their
may be hard soil.

Approximate SBC Values

* Hard Rock - 350+kN/sq.m

* Boulders - 300+ kN/sgq.m

» Weathered rock or Soft rock- 250 kN/sq.m

* Hard Gravel - 200 kN/sg.m

* Loose Gravel- 175 kN/sq.m

* Dense Sand - 150 kN/sq.m

* Loose silty sand- 100 kN/sq.m

* Clay — 100 kN/sgq.m

Choice of Foundation

* Avoid Foundation on Clay soil.

« If clay soil found excavate deeper depth or fill the pit
with sand gravel mix for a depth of 2 feet and well
compacted with Earth rammers.

» Up to Ground + 2 floors isolated footing can be adapted.

* From Ground + 3 to Ground + 5 Strip Raft foundation
can be adapted if soil SBC greater than 100 kN/sq.m,
if less then go for pile foundation.

Size of Foundation

* A=Pw/SBC

@
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* A- Area of foundation (Required)

* Pw-Working load on Column-(kN)

» SBC-Safe Bearing Capacity of soil (kN/Sgm)
* 10kN=1Ton

Various Types of Foundations

N R |
2 IIIH

~
1, 'I |,';"J j
gt g g\ e

Minimum size of Isolated Footing

* Minimum width of foundation

* Not less than 1.2m(4 Feet)

* Normally every floor addition 0.15 to 0.3m(6-12")
addition of width of foundation.

* Minimum thickness of foundationnot less than
380mm(1°'3”).

» Thickness of foundation mostly depends onWorking
load(Pw).

» For 1kN working load 1mm thickness of Footing size
required. If Pw is 450kN then

* Thickness of foundation shall be 450mm.

* Normally thickness of foundation not less than maximum
size of column.

* For example if column size is 230x380mm(9”x1°3”) then
thickness of foundation shall

* Not be less than 380mm(1°3”).

* Mostly Footing slab Reinforcement shall be 0.12% of
cross section,

2
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Combined Foundation

* When two column footings merges then combined
foundation to be designed.

» Size of combined foundation shall be arrived by as
follows

* Total working load = Pw1+Pw2

* Area of foundation required = Total Working load / SBC

» Width of foundation= Area required/ length available.

» Thickness of Raft slab not less than 300mm for 1m
cantilever span

* Thickness of Raft beam shall be maximum of Pw1 or
Pw2 with thumb rule of 1kN ,1mm

» Width of Raft beam not less than 450mm or maximum
size of column+75mm

e

= COLUMN = COLUMN

Euﬁ [

b
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COMBINED FOOT\NG FOUNDATION
(SCALE 172)

Eccentric Foundation
* When the columns rest on edge of the boundary then
eccentric foundations are inevitable.
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e . CommE Tributary area for Columns

€TT

A LT . .
_ | s | Tributary area shall be calculated based on distance
T e, (M S e, s between the columns.
A~ —@ In this figure the shaded portion tributary area=
.| & e ot ueroe,
iy EEE reo ot 128 (3.7/2 + 3.7/2) (6.0/2+ 6.0/2)=22.2m?
e lliscenesn i i PLAN
oFT) of w e e —— 3 S ©
" secrionon CovERBLOCK SECTION-EE
re—1{=-q §
® g@ I |
5 | |
j@‘ [ E BOTHIAYS s : 1 | 4
SlE Lae® [T S i :
[a ! Li_rooms SECTION-FF
LG, : PEDESTAL-P3 (GRIDNO AB) @
- L ol macce | 3700 | 3700 | 3700 |
@ ®© ® 0 0
FULLY ECCENTRIC FOOTING PLAN(Fe-1
Lift Raft Load on Column

* All buildings more than
Ground+2 floors, lifts are
mandatory which  bears
not only static load also
dynamic load.

* Normally lift well surrounded
by minimum 4 columns.

+ Size of Lift well arrived as

follows:

* (Pw1+Pw2+Pw3+Pw4)= Total
load

« Total load / SBC = Area of Lift
mat.

« Size of lift mat not less than
minimum 1 feet offset
around all four columns

e Minimum thickness of Raft
slab for Lift well shall not be
less than 380mm(1°3”)

Example Plan

‘

Example Frame Plan

*Actual Workingload on Column approximately = Tributary
area x No. of floors x Load intensity(assumed).

« If tributary area is 22.2 sq.m ,

* If Ground+ 2 floors (totally three floors) load intensity
for residential building assumed as 15 kN/sq.m for
commercial — 20 kN/sg.m .

» Now the working load on column may be = 22.2x3x15 =
999 kN (Residential).

* If commercial then 22.2x3x20 =1332 kN.

Working load and ultimate load

* Pw is working load ( actual load)

* Pw x F.O.S = Pu (Ultimate load)

* F.O.S is Factor of Safety = 1.5

* If Pw is 999kN then Pu= 999x1.5= 1498.5 kN

* If Pw is 1332 kN then Pu= 1332x1.5= 1998 kN.

Where to use Pw and Pu ?

* For Foundation design Pw shall be used because
already F.O.S taken while calculating SBC.

* For Column design Pu shall be used.

Load carrying capacity of column

* Area of C/S of column in Sgm x per centage of
Reinforcement

» Example if column size is 23 cm x 38 cm

And reinforcement provided 2%

Then load carrying capacity approximately

Pu= 23x38x2=1748 kN(if M25 grade Concrete & Fe 550

steel)

| — Slab Thickness

Thickness of slab (Thumb-Rule)

For Cantilevers Slab
if, 1, =5m (Shorter Span)

Thick: : S 10
Slab Thick = I, x 3(coef.) = 15 cm. RS =
Hence thickness to be provided ) .
= Spanin metre Thickness
o Tscm- i i ”
e ___L n "mm

Two-Way Slab

Courtesy : Er. C.Kalyanasundaram
(Retd SE-PWD )
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Slab Reinforcement » Columns Should Be Stronger than Beams

* Ly/Lx <=2, are Two way slab * Ac>Ab, Ic>Ib, Kc>Kb,
* Lx up to 3.5 m span 8mm @ 8” c/c So Before fix the size of column first fix Size of Beam.
e Lx up to 4.5m span 8 mm @ 6” c/C (130 mm thk slab)  Orientation of Columns
* Lx up to 5 m span 8mm @ 4”c/c( 150 mmthk) *  Maximum moment of Inertia of Column should face
*Lxupto 5.5m 10 mm @ 6”cl/c Maijor Axis. (longer span)
*Lx upto 6 mspan 10 mm @ 4’c/c SE—
Beam Size : :
* Beam size based on Span il ever
 Universal thumb rule for Beam depth is for 1 feet span
1 inch depth.
» The depth of beam means inclusive of slab thickness.
* The depth to width ratio D/B normally less than 4. n
* The minimum beam width normally 230mm(9”). i =
* However minimum depth of beam normally taken as %

380mm (1°3”) inclusive of 5” thick slab. )
« Why 380mm is minimum? Sometimes sunken slab for | #%e

toilets may be required in this condition if beam depth m,,

is 380mm(15”) then 5” thickness for slab, balance 10”

A

shall be there for filling. Dtapiity Or dtructure
Beam load * ABC
* Beam load mostly UDL * A-Anchorage

* When beam Rest on other beam Then Point load Acts < B-Bracing
* Load on beam consist of Load from slab , Wall load , + C-Continuity

Beam self-weight More Steel does not guarantee more Strength

* Normally beam load depends on span as a thumb rule < Over reinforced sections leads to brittle failure i.e. If
of 1 m span 10 kn per m it is over loaded then the section fail without warning

* Example if a beam is 4.5 m span then 45kN per m may because concrete reaches the strength first before
be the load steel fails.

Moment on beam * RCC mostly 1% steel & 99% concrete

* Cantilever Beam moment (wl*2)/2

* One span beam ( Beam rest two columns) then BM =
(wWln2)/12

* If two span then moment = (wl*2)/14

* If three+ spans then Moment =( wi*2)/16

* After find out moment refer SP 16

Beam Reinforcement

* Minimum Two rods on top and bottom

* Other than cantilevers, up to 12 feet span 12 mm rods
to be used.

* Up to 16 feet span 16 mm rods to be used

* Up to 20 feet span 20mm rods to be used

» Up to 25 feet span 25 mm rods to be used.

More than 30 feet span 30 mm rods to be used. onclusion _
Lintel, Loft & Sunshade * Next to water, concrete is one among the most used
o s PRPRPAC g ma_terlal in the world. o
aew | S RENFORGENENT ?47- Rza ) * Reinforcement cement concrete is inevitable modern
| [ D |BoTTOM TOP | STRRUPS | s CLEARSEAN - /M‘"BW"G material
9" WALL i’ .
e | | e | e | B | wgme 2 [/ + Even in steel structures foundation requires RCC.
il e A L 1 uew |7 *  Thumb rules are empirical formula based on repeated
wior | ws | ov | sw | om |weree 1 ‘/i.’ trials and experience .
orin - ] ‘ * Thumb rules discussed here are have limitations Viz,
i ] TYPICAL LONGITUDINAL SECTION DETAILS . . . . . .
HET oy e e Applicable for DL+LL , for low rise buildings with in 15
LINTEL BEAM DETAILS _:t A BOTH WAYS 4 m helght .
i m‘“‘mj [ 7‘ * Thumb rules direct Civil Engineers to take quick
(SCALE 126) ] .
A decision and avoid errors.

HOOK DETAILS

Size of Column
* Legs are Stronger than Arms

(&)
@;
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Chennai Metro Rail Policy for issuing No Objection Certificate for
any evelopment/Construction inside ‘Metro Protection Zone’

Preface:

Currently, for any development proposal or planning permission

within 50m rom the center of the metro alignment, NOC is to be

obtained from CMRL. CMRL will issue ‘No Objection Certificate’

to any Development/ construction proposal within the Metro

Protection Zone on receipt of application from Development

authorities.

The purpose of issuing NOC is to ensure that,

» the proposed development does not affect the existing CMRL
structures.

« the proposed development does not infringe with the proposed
CMRL alignment.

Now, the NOC policy have been framed separately for (I)

completed corridors nd (Il) proposed/ under implementation

corridors of CMRL as below.

NOC Policy guidelines:

(I) For completed Corridors of CMRL:

A. Underground (UG) section:

In case of Underground section, the Metro Protection Zone will

be 11 m on either side from end of UG structures. Figure 1

to 3 indicates the cross section of Metro Protection Zone for

Tunnels, Cut & Cover/ ramps and UG stations.

This Metro Protection Zone for CMRL operational corridors are

available in CMRL website in KML format.

* Any developments inside this ZONE requires NOC from
CMRL.

* The area above UG structures as well as 3.5 m on either side
from edge of UG structure is defined as ZONE-I.

* The balance area of 7.5m on either side of ZONE-I is defined
as ZONE-II.

1.1 Prohibited activities in the ZONE-I:

1. Deep foundation/ pile foundation works/ Anchoring works
(Ground anchors/ Rock anchors).

2. Bore wells, bore holes, dredging or any similar works.

3. Use of explosives for controlled blasting.

1.2 Restricted activities in the ZONE-I:

1. Deep excavation and trenches for basement works.

2. Installation/replacement of Utilities, conduits, or any similar
works.

3. Construction of underground passageways.

If any development or part falls within ZONE I, following criteria
is to be considered:
1. Allowable Pressure on Tunnel top level should not exceed
60 KPa.

1.3 Restricted activities in the ZONE-II:

1. If pile foundations are proposed inside ZONE-Il, then
debonding is to be done as shown in figure 4.

2. Excavations/bore wells/ bore holes.

B. At-Grade/ Elevated Section:

In case of At-Grade/ Elevated sections (above ground

structures), the Metrorotection Zone will be 5m on either side

from edge of the CMRL structures.

Figure 5 & 7 indicates the Metro Protection Zone for Viaduct,

Ramps and

Elevated stations including entry and exit structures.

* Any developments inside this ZONE require NOC from CMRL.

» The area within 2m on either side from edge of CMRL At-
Grade/levated structure is defined as ZONE-I.

» The balance area of 3m on either side of ZONE-| is defined
as ZONE-II.

2.1 Prohibited activities in the ZONE-I:

1. Any type of excavation/construction works.

2. Movement or operation of cranes, hoists and other lifting
equipments.

3. Installation/replacement of Utilities, conduits, or any similar
works.

4. Erection of scaffolding and other temporary structures.

5. Storage of goods.

6. Use of explosives.

2.2 Restricted activities in the ZONE-II:

1. Installation or replacement of utilities, conduits, or any similar
works.

2. Drilling of Anchors.

3. Vibration/explosives for controlled blasting.

The prohibited activities listed above are not allowed inside the

Metro Protection Zone whereas the restricted activities listed

above will be permitted by CMRL only after detailed analysis

and safety considerations.

C. Regularization/Re-Classification of lands:

No NOC is required from CMRL even-though the property falls

within Metro Protection Zone.

() For Proposed/under implementation corridors (both

Elevated andUnderground sections) of CMRL.:

In case of proposed/under implementation corridors, the Metro

Protection Zone for CMRL will be 50m on the either side of

centre line of CMRLalignment (both above ground and below

ground sections).

(1) Mandatory Documents to be enclosed with application.

1. Land Plan of the subjected area.

2. Design report of proposed structures including foundation
along with base pressure calculations.

3. Structural details and drawings of the proposed structures.

4. Any other statutory documents to substantiate the above.

(IV) Procedure:

a. Joint General Manager (Architecture), CMRL is in-charge
for receiving theapplications sent by Approval Authority
(CMDA/ GCC/ Municipal Corporation/Panchayat Union etc)
either directly or on Single Window Portal (SWP).

b. The application shall be verified at site by CMRL with respect
to CMRL Alignment.

c. If land acquisition is proposed on the subjected property/land
then Land section of CMRL shall verify the land take issues
associated with the subject property and provide clearance/
remarks.

d. After Land clearance, the application shall be reviewed by
Structural team based on the development proposal given
and its proximity to the alignment.

e. In case any additional details/document required, same shall
be communicated in Online portal / directly to approval
authority (CMDA/ GCC/Municipal Corporation/ Panchayat
Union etc).

f. On technical clearance, the application shall be sent to CMRL
Authority for approval. On approval by Director (Projects)
through Chief General Manager-PP&D, NOC letters will be
issued through single window portal/ directly to approval
authority (CMDA/ GCC/ Municipal Corporation/ Panchayat
Union etc). On rejection of application, same will be
communicated to Development Authority.

(V) Timeline:

The reply to NOC application shall be sent through single

window portal/directly to approval authority (CMDA/ GCC/

Municipal Corporation/ Panchayat Union etc) within 30 days

from the receipt of all necessary documents.
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CHARAN TILES

40, | CROSS STREET , SAI NAGAR ANNEX ,CHINMAYA NAGAR CHENNAI TAMILNADU 600092
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NO.2/21, KALAIVANAR STREET, ORAGADAM AMBATTUR, CHENNAI -600053 .
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Fenesta

Better by Design

Special-Price for
BAI MEMBERS

,/\'\ 20 years care & countless memories X{)
FENESTA SHOW ROOM =
(Sri Kannan Ventures Pvt. Ltd.)

First Floor, No.154, Mount Poonamallee Road, Porur, Chennai - 600116
Office: 98840 71950 / 97898 71019 / srikannan@fenestadealers.com



UMA BLUE METALS

ufacturing 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
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Ky o“

WE DO
Bridges | Flyovers
Civil Engineering
High Raised Buildings
Industrial Construction
Concrete Re-Enforcement

SSI TMT BARS One of India's best
steel producing companies
with plant facility in Chittor District,
Andhra Pradesh. The Sakthi Ferro
alloys Group produces Fe 500 - 500
D & 550 D TMT Bars
which are resistant to tremors.
ISI: 1786 grade steel bars within
India.

CALL US FOR INFORMATION MAIL US AT VISIT OUR WEBSITE AT FOLLOW US AT
+9195662 40404 mktg5@sakthigroup.co www.ssitmt.in fOYWInNP




