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DESIGN CALCULATION FOR THE PROPOSED CONSTRUCTION
OF RESIDENTIAL BUILDING STILT AND FIVE UPPER FLOORS
AT No.12/14, DOOR No.2,TVH EDEN APARTMENT FOURTH
CROSS STREET, UNITED INDIA COLONY KODAMBAKKAM,
CHENNAI-600024,COMPRISED IN SURVEY .No. 87/1,87/2 & 87/3,
GREATER CHENNAI CORPORATION.
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1.1 General Proiect formution

Project Title
RESIDEN TTALBUILDING CONSISHOF ST & S UPER FLOOR®

Location of Project
No.12/14, DOOR No. 2, TVH EDEN APARTMENT FOURTH CROSS STREET,
UNITED INDIA COLONY KODAMBAKKAM, CHENNAL60002

Description of Project
RCC Framed Building consisting OF STILT & 5 UPPER FLOORS

1.2 Purpose of Basis of Design Document

This document details the input data, principles, methods and pertormance criteria
to be used in the structural engineering design of the Project

The document serves as a plan for the basis of justitication and calculations
associated with the design and are a repository tor all relevant structural intormation
including references and computer programs pertaining to the project.

The contents of this brief is based on the drawings available at time of design and
actual structural working drawings may change to suit latest architectural design at
time of construction,

1.3, Structural Design
The main considerations followed for the design of structure are:

(a) Structural safety and stability,

(b) Demands of aesthetics conceived by the architect.
(¢) Availability of material, equipment and expertise,
(d) Constructability and ease of maintenance,

(e) Durability,

(f) Economy.

(1n) Recyclability,
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20 STRUCTURALSYSITEM

This section provides an overview of the selected structural system and the structural
concepl employed for the Project. The stability of each building against imposed lateral
loads, namely seismic loads /wind load is provided by RCC columns.

RCC RESIDNETIAL BUILDING - REINFORCED CONCRETE STRUCTURE

2.1.1 Foundalions

The design options for Foundation shall be worked out based on the Soil test report
shared by client. The foundations are to comprise of Pile foundation.

2.1.2° Superstructure - Gravity System

The load resisting system is to be framed utilising RCC slabs and beams with
columns. Frames are classified as Ordinary Moment-Resisting Frames (OMRF).

2.1.3  Expansion joint

As the total length of the building is found to be not more than normal condition
it is found that expansion joint is not necessary.

214

Seismic loads and earthquake resistant design shall be as per IS 1893(Part-1).
Earthquake forces shall not be considered to act at the same time as wind forces.
Direction of earthquake loading and combination thereof shall be as per clause
6.3.2 of IS 1893 (Part-1).

Zone : 1T (For Chennai)
Zone factor :0.16
Importance factor (I) 41D
Response reduction factor (R) :5.0

Avg. response acceleration coefficients (Sa/g) : As per soil condition
The building is designed by static analysis
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3.0 DESIGN CODES, STANDARDS AND REFERENCE DOCUMENT

3.1 Codes, Standards and Commentaries
a) 15456 - 2000 Plain and Reinforced Concrete structures
b) 1S875-1987 Design Loads
c) 153370 Part I, Part Il and Part IV Concrete Structures for storage of liquids
d)  SP 16 Design aids for Reinforced Concrete structures
e)  SP 34 Concrete Reinforced & Delailing
f) 151786 Specification for high strength deformed bars
g)  National Building Code of India 1983
h) 1513920 -2016 for Seismic detailing

3.2 Design References and Guides

a) Reinforced Concrete Design -SP 16 BIS handbook
b) Reinforced Concrete Designers Handbook

3.3 Specification used

All the buildings have been designed as framed structures in accordance with the
relevant Indian Codes of Practice for civil works i.e. IS: 456-2000. Seismic
detailing is followed for the entire building wherever found to be necessary.

4.0 LOADSCRITERIA

The structure is analyzed for all possible combinations of loads i.e. gravity loads(dead
and live loads). It should be noted that no extra provision has been made in the design
of foundation and vertical structural elements for additional floors.

4.1 MATERIAL DEAD LOADS

Item Density (kN/m3)
Dense Concrete 25

Steelwork 78.5

Soil 18.0

Water 10.0

225 thk AAC Block with 8§ mm 7.5

plaster internal walls
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4.2 MINIMUM IMPOSED LOADS

RESIDENTIAL BUILDINGS (KN)

a) All rooms and Kitchen 20
b) Toilets and bathrooms 2.0
¢) Corridors, passages, lobbies and
staircases including fire escapes - as

per the floor serviced but not less
than 3.0

IMPOSED LOADS ON ROOFS

Roofs of buildings used for promenade or incidental to assembly purposes shall be
designed for the appropriate imposed floor loads given in Table for the occupancy.

4.3 WIND LOADING

The building structure is of normal high so wind load does not dominate the result of

the analysis.

4.4 FIRE RESISTANCE:

Cover to main rebars will be provided as per Table 16 in BIS 456 for fire rating of 1.0

hours.

4.5 EXPOSURE:

The Building will be exposed to Moderate environment as per Table 5 in BIS456.
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5.0 REINFORCED CONCRETE STRENGTHS.

5.1 Concrete design grades are specified cube strengths to BIS

Elements Concrete Grade Fck (N/sqmm)
Columns/Shear 25

Walls

Foundations 30

Beams / Slabs 25/25

Lean Concrete 10

5.2 REINFORCEMENT

Reinforcement Yield Strengths used in the design of concrete elements:

I Deformed Bars | 500 MPa (D) ]

FOUNDATION

Safe vertical load capacity of bored cast insitu concrete piles for pile diameters,
without considering negative drag

Diameter Safe capacity of bored cast insitu
concrete piles

600 mm 93 tonnes

Since bored cast insitu concrete piles are adopted, the pile bore can be terminated at
a depth of up to Weathered Rock by Socketing it inside the Rock where an
equivalent SPT value of at least 150 is obtained. Correlations developed between
dropping of the chisel and the SPT value show that “chiseling may be terminated at
a depth where 100 blows of drop of 1 tonne chisel with 1.2 m height of fall does not
cause a penetration of more than 150 mm”. If the chisel weight or height of drop is
different, an equivalent energy criterion may be adopted
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At Teast M 30 grade of concrete shall be used for concrete in the piles. All other
requirements given in Indian Standard, 15:2911 (Part-1 / Section 1) or 15:2911 (Part-
1 / Section 2), as the case may be, shall be complied with.

For installing the bored cast-insitu concrete piles, “DMC method (Direct Mud
Circulation method)” shall be followed. Tremie pipe shall be used for concreting.

Specifications for the “basic properties of drilling mud (bentonite) given in
Appendix-A of 1S:2911 (Part-1 / Section 2)-1979, as amended in Amendment No.1,
August 1982 or any other latest Amendment (if any) shall be followed. Prior to
beginning of concreting using tremie-pipe, the pile bore shall be flushed clean, until
no soil particles come out of the pile bore from the drilling mud being circulated”.

It is desirable to use a pile group (a group of at least two piles) under each column,
so that any inadvertent eccentricity between the piles and the column will be taken
care by the pile group as axial compression or axial upward force.

In case a single pile is adopted for a column, the column shall be grown over the
pile, in order to avoid any eccentric loading on the pile.

It is necessary that the piling work is executed by an experienced contractor with
proven ability in installing driven cast insitu concrete piles or bored cast-insitu
concrete piles, as the case may be.

It is recommended that at least one initial test pile is installed and tested for the
purpose of evaluating the ability of the contractor and workmanship to install
proper driven cast insitu or bored cast-insitu concrete piles and also to determine
the capacity of the pile for vertical load.

After the initial test pile is load-tested, and the results analysed, regular piles
(working piles) may be installed. At least one working pile shall be load-tested
(routine pile load test).

The initial pile load test and the routine pile load test shall be carried out as per
guidelines given in Indian Standard, 1S: 2911(Part4)-1985 “Code of practice for
design and construction of pile foundations, Part4: Load test on piles”.

The initial pile load test shall be carried out up to a “test load” of at least two times
the estimated safe load, preferably up to two and a half times the estimated safe
load. The routine pile load test on working pile shall be carried out up to cither a
“test load” of one and a half times the design safe load or up to a settlement of 12
mm whichever occurs first.
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DESIGN OF PHLE
OO0 diameter cireular Pile
Asthe Pile has the careying capacity of 930KN the pile is designed for the same load,

Ultimate Toad = 1.5x930 = 1305KN - Length of Pile = Socketed inside the Weathered
Rock

fek = 30N/ sqmam,
ty = 500 N/sqmm,

Lonpitudinal Reinforcement

Pu = 0.4fcKAp+(0.67(y-0.41ck) Ase,

E3O5XTO00 = 0.4 X 30x 3,14 /4x600x600 + (0.67 x 500 - 0.4 x 30)Asc.
1395000 = 1507200 + 323 Asc,

Asc = 2371 sqmm, Use 8nos of 20 Tor with cover of 40mm, (2512 sqmm)

DESIGN OF PILE CAP(TWO PILE GROUI)

A column 300mmx600mm has to carry a Axial load of 1680 KN to be supported on 2

Piles cach of 600 mm diameter and spaced at 1800 mm centers. fck =25N/sqmm and
fy=500N/sqmm.

Pile diameter = 450mm Spacing of Pile = 1800mm
Column size = 300mm x 600mm

Service Load = 1680KN

Factored Load = 2520KN

Safe Load on Single Pile = 840 KN

Concrete Grade = M30 Steel Grade = FeS00
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Pile cap dimension
Length of Pile cap = 1800+600+300 = 2700
Width of Pile cap = 600+300 = 900

Depth of pile cap

Empirical formula = 1/3(8xdia of pile +600) = 1066mm (too high)

Adopting over all depth as 900mm.
Effective depth of pile cap = 900-10-75 = 815mm
Pile cap size 1950mmx750mmx750mm.
Self wt of Pile cap = 1.5(2.7 x 0.9 x 0.9 x 25) = 82KN
Check for truss action
av =345, d =915mm
ratio of av/d = 0.37 < 2
Truss action exists.
Total Factored Load = 2520 + 82 = 2602 KN
Tension steel:
Tx =P/12Ld x (3LxL - axa)
=[2602/(12 x 1800 x 915)] (3 x 1800x 1800 - 900x900)
=1356KN

As = 1356 x 750/0.87x500 = 1520 sgqmm

Percentage of steel p = 3117 x 100 /900 x 1115 = 0.31% > 0.2%

Provide 9nos of 16 Tor rod 1600sqmm. @ TOP & BOTTOM.
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Check for shear (fck = 25) using enhanced shear theory,

Spacing of Piles 400dia = 1800mm(3 times Pile diameter)

Hence enhanced shear is allowed in the section

=0.36 x 2 x 915/345 = 1.9N /sqmm but < 3.1N/sqmm(Enhanced shear)
Shear = 2927 x 1000/2(900x915) = 1.77 N/sqmm < 1.9 N/sqmm.

And Design of other Pile Foundation is calculated in similar way

Design of TYP Column C1

From Analysis the Column Axial load is found to be 980 KN.
The size of the column is taken as

230mmx600mm. Grade of Concrete M25 and

Grade of steel Fe500 Cover = 40mm. Ht of

Column = 3mt. Fy = 500N /sqmm & Fck = 25

Effective Length ratio 0.65 as per IS 456:2000 (both end fixed)
Leffl =0.65x3=1.95, Leff2=0.65x3=1.95

Check for Slenderness

Leffl/D = 6.5 Leffl1 /b = 6.5 Leff2/D = 6.5 Leff2/b = 4.3

All Columns are short about both axis Size of Column

and check emin

emin = Leff/500+D/30 = 1950/500+300/30 = 13.9

Find Mmin = 0.031x980 = 30.38KNm.

Design Axial Load Pu = 890KN.

Design Moment Mx = Mmin = 30.38KNm.

Designing the column as an axially loaded column

with uni-axial moment

Calculation of Area of Steel.

Design Axial Load Pu =980KN.

—
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Design Moment Mx = Pux emin 30.38KNm.
d" =40420/2 = 50mm
d'/D=50/300=0.217

Mu/ FekbD? =30.38x1.5x10¢ /25x230x600x600 =

0.03 Pu/Fekbd = 980x1.5x103/25x230x600 = 0.43
From SP 16 Chart 44, p/Fck = 0.089
Ast = 0.089x25x230x600/100 = 1408sgmm.

Required 8 Nos of 16 tor rods.
For Distributing even arrangement of rod on all 4 sides of column
Also Lateral ties 8 tor rods @ 150c/c are to be Provided. And

Design of other Column calculated in similar way.

Design of TYP Beam

Beam size is taken as 230mm x 450mm.

Simply supported beam Effective span is 2.06mt
From analysis the Beam moment are as follows
Moment Top near support (left) is -4 KNm.
Moment Top near support (right) is -18 KNm.
Moment Bottom @ Mid span is +60 KNm.

Area of steel @ Top near support (left)

Mu = 0.87Ast fy d[1-(Ast fy/b d fck)]

-4000000 = 0.87 x Ast x 500 x 410[1-(Ast x 500 / 230 x 410 x 25)]

4000000 = 178350Ast - 37.82 Ast?

Ast = 197 sqmm.

Providing 3-12# @ Top near Left Support
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Area of steel @ Top near support (right)

Mu = 087Ast fy d|1-(Ast fy/b d fck)]

-180000 = 0.87 x Ast x 500 x 410 [1-(Ast x 500 / 230 x 410 x 25)]
-1800000 = 178350Ast - 37.82 Ast?

Ast = 278 sqmm.

Providing 3-12# @ Top near Left Support

Area of steel @ Bottom near mid span

Mu = 0.87Ast fy d[1-(Ast fy/b d fck)]

600000 = 0.87 x Ast x 500 x 410 [1-(Ast x 500 / 230 x 410 x 25)]
600000 = 178350Ast -37.82 Ast?

Ast = 212 sqmm.

Providing 3-12# & 3-12# @ Bottom of Mid span

Also Stirrups 8 tor rods @ 150¢/ ¢ are to be Provided.

And Design of other Beam calculated in similar way.

Design of TYP Slab

Effective span of Slab is 3.46mt x 7.96mt with beam support of 230mm
Taking M25 Grade Concrete and Fe500 Grade steel.

Thickness of slab = 3460/30 = 115mm.

Slab thickness is taken as 150mm

Effective depth = d =150 - 20 - 6 = 124mm.

S—
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Self wt of slab = 0.15 x 25 = 375KN/sqm Finish = 1.5KN/sqm
Fotal Dead Load = 525KN/sqm.

Live load for Office building Lobby Corridor ete = 4KN/sqm.
Partition Load on slab is taken as 4KN/sqm.

lotal Load = 4+4+45.25 = 13.25KN /sqm.

Factored Load W= 1.5 x 13.25 = 19.875KN/sqm.

Coefficient in Shorter direction = 0.1149.

Shorter Span Positive moment = 0.1149 x 19.875 x 3.46 x 3.46 = 46.24
KNm. Mu limit = 0.138 fck bdd = 0.138 x 25 x 1000 x 124 x 124 = 53
KNm Since Mu is less than Mu limit the section is under reinforced. Mu
= 0.87Ast fy d[1-(Ast fy/b d fck)]

46240000 = 0.87 x Ast x 500 x 124 [1-(Ast x 500/1000 x 124 x 25)|

43240000 = 53940 Ast - 8.7 Ast2

Ast = 645 sqmm.

Provide 10 Tor @ 150mm ¢/c.

Coefficient in Longer direction = 0.034.

Longer Span Positive moment = 0.034 x 19.875 x 3.46 x 3.46 = 13.68
KN.m Mu limit = 0.138 fck bdd = 0.138 x 25 x 1000 x 124 x 124 = 53
KNm Since Mu is less than Mulimit the section is under reinforced.
Mu = 0.87Ast fy d[1-(Ast fy /b d fck)|

13680000 = 0.87 x Ast x 500 x 124 [1-(Ast x 500/1000 x 124 x 25)]

13680000 = 53940 Ast - 8.7 Ast?

c&““"
. , %’ AMAE B
Ast = 264 sqmm. /!’ e Gy ‘003}\52
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Check for Shear.
Span load = 19.875 x 4.5 = 89 KN V =89/2 = 44.7KN.
Actual Shear stress V = 44700/1000 x 124 = 0.36N/sqmm < Tc(min).
From IS 456 Table 19 (Using Pt = 0.65%) Design shear strength = 0.574N /sqmin.
Max Allowable shear stress = 3.95 N/sqmm.
Check for Deflection.
Actual Span to depth ratio = 4500/124 = 36.2
Calculation of Allowable Span to depth ratio.
fs = 0.58 fy (Area of c.s of steel required/ Area of c.s of steel provided)
= 0.58 x 500(945/1120) = 244 N/sqmm. K
=1/10.225+0.003fs-0.625log(1/ pt)].
=1/[0.225+0.003x265-0.625log(1/0.65)].
=13
Allowable Span to depth ratio = 30 x K = 30 x 1.3 = 39 < Actual ratio.

And Design of other Beam calculated in similar way.
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PILE LENGTH > 24000 up to Weathered Rock (Socketed inside the Rock) + BASEMENT

PILE CUT OFF LEVEL

IOO”OI OF PILECAP

NOTES:

1. ALL DIMENSIONS ARE IN MM

2. REFER THE RELEVANT PILE LAYOUT DRAWING FOR PILE CUT OFF LEVEL.

3. THE BORED CAST INSUIT PILE SHALL BE TERMINATED @ HARD ROCK
FROM PILE CUT OFF LEVEL AND AT N > 100,

4. CLEAR COVER TO MAIN REINFORCEMENT SHALL BE SOmm.

5. GRADE OF CONCRETE SHALL BE M30 - Fe500

6. MAIN REINFORCEMENT SHALL BE HYSD BARS CONFORMING TO 15:1786,
HELICAL TIE SHALL BE MILD STEEL BARS CONFORMING TO 15:432,

7. 12§ INNER RINGS SHALL BE PROVIDED IN 600# PILE @ 2Zm SPACING
ALONG THE LENGTH OF THE PILE FOR CAGE STABILITY. THESE BARS SHALL
BE HYSD BARS CONFIRMING TO IS:1786.

B. ALL LAPS & INNER RINGS SHALL BE STITCH WELDED

@600

-20
84 HELICAL TIE
© 150mm PITCH

SECTION /D
(SCALE 1:20) \_— /

'»J“"@U“é
D

PILE DETAILS

TAILS 0

IMPORTANT NOTE:

LOCATION OF PILE TO BE CHECK WITH DWG BEFORE EXECUTION

DMC METHOD (DIRECT MUD CIRCULATION METHOD) SHALL BE FOLLOWED

TREMIE PIPE SHALL BE USED FOR POURING CONCRETING

[T IS BEEN ADVISED TO USE CASING PIPE FOR CASTING PILE

PRIOR TO BEGINNING OF CONCRETING USING TREMIE-PIPE, THE PILE BORE
SHALL BE FLUSHED CLEAN, UNTIL NO SOIL PARTICLES COME OUT OF THE PILE
BORE FROM THE DRILLING MUD BEING CIRCULATED

THE PILE BORE CAN BE TERMINATED AT A DEPTH OF UP TO WEATHERED ROCK

BY SOCKETING IT INSIDE THE ROCK WHERE AN EQUIVALENT SPT VALUE OF
AT LEAST 150 IS OBTAINED. CORRELATIONS DEVELOPED BETWEEN DROPPING
OF THE CHISEL AND THE SPT VALUE SHOW THAT ?CHISELING MAY BE
TERMINATED AT A DEPTH WHERE 100 BLOWS OF DROP OF 1 TONNE CHISEL
WITH 1.2 M HEIGHT OF FALL DOES NOT CAUSE A PENETRATION OF MORE
THAN 150 MM. IF THE CHISEL WEIGHT OR HEIGHT OF DROP IS  DIFFERENT,
AN EQUNALENT ENERGY CRITERION MAY BE ADOPTED

0¢ PILE

GA DRAWING NTS
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THE LANDLENS SUITE

Eight ways to know a piece of land
before you pay forit.

This report covers one part of the picture. These cover the rest, drawn from the same government
records, for any property in Tamil Nadu.

LandLens One EE Verify My Land ESinsE
Ask anything about a property and get  “zg el Every record check run on one Pl -1
an answer grounded in _Ilve o T property and returned as a single Bl T,
government records, with the sources ~ JMrs s Cillr t ER LR

i i e report. . AT ¥
shown. ImldSr L0t /landlens/verify-my-land | T iy

/landlens/one

Legal Opinion EXisE One Map - EEEEE
An advocate's written opinion on the g e Every layer on one map: the parcel, its  HEEld- sl
title, built on the records we pull for it. Pracl ot -1 boundary, zoning, water bodies and iﬁ%ﬂ%
e e - i i T g B

/landlens L what sits around it. L Y |
Iml 2 g /landlens/one/map CIE ] ra

PriceMap EXisiE Build Scope EEEE
What land actually changed hands for ~ piaTeatn.. What you are allowed to build here: P =
around this plot, taken from the i by floor space, height, coverage and e A
registered deeds. L L e setbacks. - .
/landlens/pricemap ImlFeahd e /landlens/build-scope ICT Ry 1)

Property Tracker EREIE Deal Room EifsSE
Watch a property and hear about it T T, Run the transaction in one place: ?T%"m
when something new is registered s b T documents, stamping, signatures and Plop A e
against it. [l o the parties. [Brs ) et
/landlens/property-tracker Iml L ety /landlens/deal-room | ] e T el

verified.realestate

hello@verified.realestate -

+919996 12 9996
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FREE TOOLS - NO ACCOUNT NEEDED

Twenty-four checks youcanrun

yourself, at no cost.

Records and verification

The registers themselves, read for you.
Encumbrance Certificate

Patta and Chitta

Field Measurement Sketch

EC Analyzer

Bank charge check

Court case search

Seller background check

Approval check by survey

Value and duty

What it is worth and what it costs to register.

Guideline value by street
Guideline value by survey
Stamp duty and registration fees
Capital gains

Floor space index

Area unit converter

Zoning and land use
What the plan says can happen on this land.

Land use zone finder
CMDA land use check
Coastal regulation zone
Master plan check
Water bodies finder

Airport height clearance

Every free tool
/tools

verified.realestate

Registers and directories

Who holds it, and which office keeps the record.

Find your registering office
Temple property check
Wagf property check

RERA register

hello@verified.realestate -

Services we run The LandLens
for you suite
/services /landlens/one

+919996 12 9996
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Verified 7 RealEstate

Every claimin thisdocument tracesbacktoa
governmentrecord.

Legal opinions, due diligence and title verification
Building plan, layout and sub-division approvals
Completion and occupancy certificates, regularisation
Escrow, negotiation and NRI property management

Land survey, soil testing, architecture and construction

Verified RealEstate Prepared from the registers named on the page each finding sits on. Where a register
could not be read, this document says so in its place rather than leaving the gap to be

3/350/2 Mettukuppam Id not be read, this d ys so inits pl her than leaving the gap to b

OMR Thoraipakkam ’ read as a clean result.

Chennai 600 097, India
hello@verified.realestate
+91 9996 12 9996
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