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& PREFACE TO THE PROJECT WORK ‘é’
* %
* x
o In urban areas, multi-storeyed apartments are now 53
N )
% . : . . L &
&, In vogue due to increase in population and growth in different %
5 activities, vaccant land has also become scarce within the city x”
;/.\ r._.,’_‘i‘;
ool limit to construct independent houses. This has driven many to o
% seek refuge in flat system. Es
s

2
»

The object of this project work is to develop
independent and éreative thinking correlating fundamental, theoretical

knowledge obtained in the course of the practial application in

@-""_y)g’;(;g;fgj%r’: )%;cgv%@gzc%ég@cxoc

‘ the field.
&
X o
- Analysis and synthesis are higher level of learning ‘;z’
e ’u\*a
X according to blooms texanomy of education evaluation. Project :UZ
x >
R work of learning incorporates mainly the above two methods. ‘%@
s . e
C\f\‘"‘ CL
% o
X In this project work attempts have been made to 95
‘?: comprehend analysis and syathesis of what we have learnt during Q
% our course extended over last four years. ?j
ES 54
¥ &
% o
;13 The design deals with a variety of structural z}g
-, ¢
z;f elements like slabs beams, frames, foundations, staircases etc., %é
% . 3
%ﬁ’ The procedure followed here in generally is in accordance ;§
& &
& &
&% %
&% &
g‘ (' A Fan &
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with Indian Standard specification and National Building code.
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ABSTRACT

This project work deals with planning, analysis,

and design of a multistoreyed apartment building. It is a

2 N N, Qr Y Al NN
)P%vc, ')3@(;&36{)*,33" %\ prela ’\*}*
« X‘K S S R s

)*;c%)igg(‘y;%*cﬁ’k)@xy;(u%

;&

typical reinforced concrete frained structure for appartments
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with total no. of 20 flats i.e two separate five storeyed

buildings with 2 flats in each storey.

Each flat of the left side building havéing 2 bed-
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2
4

rooms, one drawing cum dining room, one kitchen, one bathroo m

and one water closet.

Each flat of the right side building having one
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e
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bed room, one living room, one store room, one kitchen room

o)

oo ook oo
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and one toilet.

Water tank is provided above the roof level of the

left side building. = Car parking is provided in the ground level

o

&5

O
N

of the right side building. Ducts are provided for service lines
and for wastes. Lift and a staircase are provided from the

easy passage of inmates.

The slabs are analysed by yield line theory and
designed by limit state design procedure. Moment distribution

me thod is used for the analysis of frames. Single cycle moment
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%1 distribution is done for dead load whereas three cycle moment ééé
X distribution is done for live load using suitable substitute frames. /f
O V@
x 2
N The members have been designed using limit state design %
. N
& procedure. High strength deformed bars have been used as ;;v
e 6
% reinforcement. Necessary architectural and structural drawings 2’3
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X PLANNING OF APARTMENT BUILDING o
W Introduction ¥
%; S
-, ::‘Jg;
;i A building should be planned to make it comfortable, ;.é
t\_ﬁ» . ;}:@
f economical and to meet all the requirements. The effort of the &
- e
;‘i planner should be to attain maximum comfort with limited money e
ey e
Zﬂ“}f available. Functional utility, cost, habits, taste requirements etc., %g
v should also be considered in planning a building. o
?é) Orientation of Building c\:)d
® ~ The orientation of the building should be such that ove
* :;8:4
> it attains maximum benefit from the nature and at the same time e
x it is protected from harmful effects. e
& j;(:)
gf Ventilation o
P The object of ventilation is to maintain air circulation :ﬁ
ol T
% in the rooms and in the building. For proper ventilation windows C’x,
'f\;;‘: should have minimum area of 1/8 of floor area of the room and the iﬁf
[ DS
jé area of doors and windows should not be less than 1/4 of the floor “
& area of the room. S
% | %
%E Room sizes and their location ;{f
% For the same area of the building, the bigger the sizes %@
§ of the rooms the lesser the cost and vice versa. But the size of i
i the rooms will depend on the requirements and purpose for which ‘ii
;i. they are meant. %
%
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Drawing room

Drawing room, the main aspect of a residential
building is that, that it is well lighted and ventilated and located
in the heart of the building having access from all the rooms. This

room serves as a recreation room, study room, entertaining room etc.

Dining room

It should be close to the drawing room by its side

and provided with a cup-board and a wash basin.
Bed room

Bed rooms should be so located that they are well
ventilated and at the same time provide privacy. If space, good
water supply and drainage is available, a bed room should have

attached bath and w.c
Kitchen

It should be provided in rear corner of the building.
It should be. connected with dining room and well ventilated. Sink
should be provided for washing and sufficient no. of shelves should

also be provided.

Bath and w.c

Bath and w.c should be provided in rear of the building

- separately so that the two can be used at a time. Good ventilation
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should be provided forrest room and should be fitted with shower,

wash basin, shelves, brackets etc.

Staircases and Lifts

Staircases and lifts should be constructed for easy
passage of the inmates. The staircases are well ventilated and
lighted. The minimum width of staircase should be 0.9m clear of
railings and may range upto 1.5m. The stairs should be in two
flights having a laading in the middle. As in this project, the number

of stories are five, Lifts are also provided.

Water supply and Drainage

A common water tank is provided above the roof level

9*%%%%%***%%*%*%%%***%%%%***%%*%

of building. Water supply is given to each flat by proper network of

Q
)

pipelines. To receive the water from the corporation water supply

a under ground water tank has been provided.

Adequatge arrangements shall be made for satisfactory
drainage of sewage and waste water from each flat. Harmful waste
water such as kitchen waters can be satisfactorily disposed. Thé
drinage system should be met that no stagnation at the maximum

discharge rate for which different units are designédc

Electrical Wiring and Distribution _

The exact positions of all mains, plug points etc. should

BRBBofockofodofof SRRl Dk BBk
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be determined in advance so that necessary holes, Silts etc, can be

1o ok

left in structural units. Recessed conduct type is suggested for wiring.

F looring.

Rk

o

>

N

Nowadays it is advisable to use Mosaic tile tloorings

\'\A
X
)

(!

for better performance and appearance. The type, dimension and

e
ole

.
)

laying may be according to IS 809 - 1957,

Drawi.ng

The detailed drawings showing, floor plans, section,

elevation, structural drawings are also attached.
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{JOINERY DETAILS

Bed room
Drawing/Djnjng room
Bed room
w.C
Bathroom
Kitchen room
Bed room
Living room
Toilet

Store room
Kitchen room
Landing

Landing

Door
Door
Door
Window
Window
Window
Window
Window
Ventilator

Opening

()

|
:

- 272 CM x 400 CM

- 272 CM x 455 CM

- 300 CM x 280 CM

~ 150 CM x 90 CM

- 190 CM x 110 CM

- 300 CM x 200 CM

«« 272 CM x 317 CM

-+ 272 CM x 317 CM

< 220 CM x 150 CM
- 232 CM x 272 CM
- 232 CM x 190 CM

- 120 CM x 245 CM

< 210 CM x 245 CM

. 100 CM x 200 CM

- 90 CM x 200 CM

<75 CM x 200 CM

- 150 CM x 130 CM
. 115 CM x 130 CM
- 90 CM x 130 CM
- 60 CM x 130 CM
- 120 CM x 75 CM
. 90CM x 60 CM

- 100 CM x 206 CM
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* DESIGN OF SLABS

X

*

13 Introduction

r%.

i In our project the slab has been analysed by yield line

?ﬁ theory and designed by Limit State Method. This méthod of analysis

s

H and design is more economical compared with the elastic methods

(8

G

of analysis and design.

Yield Moments

In this method the cellapse moment is found by virtual
work method. Then the required reinforcement Ast is found by moment
of resistance of the section which is considered as under reinforced
section.

Mu = 0.87 fy Ast d (1 - Ast fy)

RG BB hoo PR BT PR oo T
R A S AP S ACAC AT S AOAP PP

bdfck
Notation for analysis

?:;; fy = Characteri;tic strength of reinforcement

Zi;; fck =  Characteristic compressive strength of concrete 3
§ b = Width of compressive face %
g D =  total depth of slab §
i d =  effective depth of slab §
§ ] =  angle defining the direction of yield line §
?; % - Ratio of length and width of slab ‘%
§ m = Collapse moment of positive yield line / unit length %
% %
& &
t Z

FaBRon
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m' =  Collapse moment of negative yield line / unit length

yr = Ratio of moments in X and Y direction

Mu =  Moment of resistance of a section without compression
reinforcement

X = Depth of neutral axis.

Roof slab

(Continuous on two sides)

Size of slab .= 3.40m x 2.9 m
Longer dimension Lx = 34 m
Shorter dimension Ly = 29 m

Thickness of slab continuous and spanning in two direction.

_L_ = 3.20%100 = & cm
40 40

Assume thickness of slab as 10 cm

Design data

Mix used _ : . = Myqqg

Steel = TOR Steel

fck ‘ = 200 kg/cm?

fy | = 4150 kg/cm?

Unit weight of concrete = 2400 kg/m?®

Loads

Live load = 150 kg/m?

Self weight = 0.1 x 2400

= 240 kg/m?

Weathering course = 100 kg/m?

Toa loa o . = 9 kg/m?

&%**%%****‘%%***********%*%**%%@****@8@@8@%%******** Kook Rokod Bkl
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&
*
’f Limit load = 1.5 (D.L + L.L)
;3; - 1.5 x 490
* = 735 kg/m?
&
Design
Assume m = m'
oL = 1.76
n - 0.919
tan § = [3U +,(£ - AU
oL ? x
:/3 X 0919+ @919 ), porg,
1.176 1.176
= 1.099
M = W tanzl)
u lu?
U x 48

= 152,94 kg-m

0.87 fy Ast d (1 - Ast fy )= Mu
bd fck

Ast x 4150

100x8x200

0.87 x 4150 x Ast x 8 (1 - )

Ast = 152.94Kg.m

BB oo oo R R Rt WK Rk Sk Koo oo Rt TRt X o
RS BBEBERRBRRERERTRRPREIEPRERREBRRFRBPPRPGRR RS LR FoSoko § ok hfet

28384 Ast - 749.179Ast - - 15294 x 102 - 0O
Ast? - 38.55 A t + 20.41 = 0
Ast = 0.54 e¢m?
Minimum % of steel = 2%
% = .12 x 100 x 10
i 100
§ = 1.2 cm?
SRRk BB R
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Reinforcement in shorter direction

Ast = 1.2 cm?
Provide 8mm @ bars
Spacing = 100 xT x ..82
4 x 1.2
= 41.8 cm

Maximum spacing 3d or 450mm whichever ' less (ie) 3 x 8 = 24
or 45cm whichever Is less.

Provide 8mm fbarsat 20 cm C/C.

Reinforcement in longer direction

Moment in longer direction = 0.919x152.94x100 kg-cm
= 14055.186

d = 8-08 = 7.2cm kg.cm

Now,

-87x4150xAstx7.2 (1 - Ast x 4150 )
100x7.2x200

= 14055.186

25995.6 Ast - 749.179 Ast? - 14055.186 =o

Ast? - 34.69 Ast + 18.76 -0
Ast = 34.69 +/34.69% - 4 x 18.76

2
Ast = 0.549 cm?

P***%%***********%%&%%%%**%%*%%%%*****%****%%*%*%%%%&%%%%
k*%%******%*%*****%%**%%%*%%%%*%*%***%%****%%%%**%**%%*

%

§



1o

FoR AR Kook FoFoR Rt R doRoorie Fodot RS oot KSR

R

Minimum area of steel = 1.2 cm?

Provide 8mm bars,

(%3(?{::(%):%-;, F“@P*"?@‘.Xijj(*j*g

Spacing = T x 0.8 x 100
4 1.2
= 41.8 cm

& Maximum spacing = 24 cm

ot

¢ Provide 8mm § bars at 20cm C/C

%

e The reinforcement details are given in fig.
Floor slab
Size of slab = 3.4 m x 2.9m

Thickness of slab continuous and spanning in two direction

L = 3.4 x 1000 = 8 cm
40 40

~.:Assume thickness of slab as 10 cm

Socociodod ek oo oo

& ~

o

* Mix used .. = Moo

o Steel . = TOR steel
e

i fck = 200 kg/cm?
% .
g fy = 4150 kg/cm
% Unit weight of concrete = 2400 kg/m?
i Load

&

§ Live load = 300 kg/m?
i Self weight = 0.1x1x2400
§ = 240 kg/m?
%

T

%k**********%***%*%*****%*%**************%%****%%%%*%%*%
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*
Total load = 540 kg/m?
Limit load = 1.5 x 540
= 810 kg/m?
Design
Assume m = m
o = 1.176
y2 = 0.919
tan ¢ = 1.099
M = Wu tan?@ llaz
48 x 1y
M = 810x1.099x2.92
0.919 x 48
= 168.55 kg-m

Reinforcement in shorter direction

i

0.87 fy Ast d (I - Ast fy/bd fck) = Mu

0.87=24150xAstx8(1-Astx4150/1 00x8x2090)

= 168.55 x 100
28884 Ast - 749.149 Ast? - 168.55x100 = 0
Ast? - 38.55 Ast + 22.49 = 0
Ast = 0.59 cm?
Minimum steel = 0.12 x 100 x 10 = 1.2 cm?
100

Provide 8mm ¢ bars at 20cm C/C.

%ﬁ**%********%**%%&%%%?%X@*?%cﬁé&**@%dﬂ@%’**%%%*%%?%%#%%%%%YX%**
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Reinforcement in longer direction

Moment = 0.919x168.55x100
= 15489.745 kg cm

d = 7.2 cm

0.87xAstx7.2 (1 - Agtx4150 ) 15489.745 kg-cm

100x8.2x200
25995.6 Agt - 749.149 Ast? - 15489.745 = O

Ast? - 34.69 Ast + 20.67 0

234,69 + V/34.69% - & x 20.67
2 =

Ast

0.61 cm?
Minimum area of steel = 1.2 cm?

Hence provide 8mm f bars at 20 cm C/C

SRR FE RSB BB R Fofooo oot o foco - Fofocdosfooloookfo oo Koo g foosi Socfocfoc oo focdp
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X Reinforcement at edge strips
;f; —F ly/gf— ‘
I 1 [
H | ! T EDGE S&TRiP 1x/8
‘ —- e 2.
' MiopLe oTwiel MIDDLE STRIP ]
I [ 1x
| : ’L— ““““““““
! i _
1
For span Ix for larger span ly 1y = 3.4m
Ix = 2.89m

As per code IS - 456 -1983

Min. reinforcement required is 0.12% of total cross sectional area

Min. steel area required :0.12 (3.4) x 1000 x 100
100 8

in longer span

Ky)
Ki

= 51mm?
Provide 2 numbers of 8 mm § bars

Min. steel area required in

,:( ')Rr“%;)c}?’x%,(:}?b(:\a‘;,‘(f .

KRR R BBt R oA R ok ARSI H o Fo o Hock

shorter span = 0.12 x (2890) 4 100
¥ 100 8
N3 $
o
= 43.35mm? 3-4n —t N
43 06784 34 r,;’f
Provide 2 nos of 8 mm @ bars. Ig o o/;?
b,
Torsion reinforcement at corners i, 1 -
a0 P~
A -
Al 43 Ix - 289 - (.578m o
5 5 )
4+ AN AR IR 40

Torsion reinforcement at corners= 3/4 x 1.2 = 0.9 Cm?

Provide 8mm § bars at a spacing of 50mm C/C in both directions

R o FofoRoRocfoo oo Rock

at top and bottom.

EEEBRBER PR R R RS

:}; At 39 Half the reinforcement as for corner A is to be provided
?@é provide 8 mfbars @ 100 mm C/C
%**%*%%%%*%%********%%*%%%*********%*%*****%
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Reinforcement in edge strip

-

Reinforcement at corners

S.No Longer Span Shorter span

1 2 Nos of 8 mm @/ 2Nosof 8mm P & mmp@ 50mm C/C
at 43 & 100 mm C/C at
39 and 44

2 2 Nos of 8 mm § .2 Nosof 8mm @ 8 mm f 50 mm C/C at

' 45 & 100 mm C/C at

42 & 44

3 2 Nos of 8 mm § 2 Nosof 8mmf 8 mmp @ 100mm C/C
at 42 & 38

4 2 Nos of 8 mm § 2Nosof 8mm@® 8 mm P @ 100 mm C/C
at 38 & 26

5 2 Nos of 8 mm § 2Nosof 8mm P 8 mm P @ 100 mm C/C

‘ at 30 & 12

6 2 Nos of 8 mm § 2Nosof 8mm¢@® 8 mm P @ 5 mm C/C
at 36 & 100 mm
at 35 & 33

7 2 Nos of 8 mm § 2Nosof 8mm® & mm P @ 100 mm C/C

: at 33 & 29

8 2 Nos of 8 mm ¢ 2Nosof 8mm@® & mmpP@ 100 mm

at 29 & 27

BoBoBoRooRogoco Rk B BoRfoRocko oo oo oo oRo oo oo ook bbb Koo
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- ANALYSIS OF FRAMES:

Introduction:

Analysis of frames can be carried out by elastic and
limit load analysis. Elastic analysis namely moment distribution
method is used for the analysis by taking little: portion of the frame
calledSUBSTITUTING FRAME the moments can be calculated.

The analysis is carried out by the following steps.

(i)  Preliminary dimension of beams

(i) Preliminary dimension of columns.

(iii) Design moments for beams and columns by moment

distribution method using substitute frame method.

Preliminary dimensions of beams;

To carry out the analysis of frame, the dimension of
beams and columns are required, so that ;M.l, stiffness and distributio
factors are calculated. So it is necessary to determine the size of

the member first in analysis.

In building fra'mes, beam size is usually governed by
negative moments and shear, where the effective section is
rectangular.

The total load on the beam is
(i)  Self weight of beam
(ii) Load from slab

(iii) Load from walls supported by beam.

i

&

n

:
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The following should kept in mind to get preliminary dimensions.
(i) Depth of beam is assumed as L ¢, L of span
15 70
(b) Breadth of beam is assumed as 23 CM

(c) For loads, fixed end moment is calculated.

The M.R is calculated as fixed end moment divided
by 1.5. From this moment the depth of beam is and can be
compared to the assumed dimensions and beam depth is finalised.
Preliminary dimensions of Main Beams.
Roof beam (Rg- 12) Support section
Assume 1 m (brick wall) height and thickness of parapet wall as 20CM
'D.L of brick wall = 2000 x 1 x 0.2

= 400 Kg/m

Assume size of beam as 25 CM x 40 CM

Self weight of beam = 240 Kg/m

Total load = 640 Kg/m

Fixed end moment due to D.L = 640 x 4.77% _ {213.48 Kg-m
©

F.E.M due to Ll _ s
e e Mo i -a

121

= 490 x 147 (4.772-1.472(2x4.77-1.47)

12 x 4.77
= 1146.3 Kg. m
Total fixed end moment | = 2359.78 Kg. m
1.5 x 9.11 x 25d? = 235978
d = 26.28 CM

PRFBRRRRRR R R R BB b R Rofo bk B R R RSPk BRI RRRR HRE R DR PR R R RS IoTR AR
PR Bk Boho BBk Roctob R BBk BB B R oo B R BB B R R R R R FoRoR Rock
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Take size of beam as 23 x 30 CM

S.F =

Floor beam
R,-12 (Support section)

D.L of brick wall =

2714.89 Kg.

2000 x 2.8 x 0.2

= 1128 Kg/m
Assume beam size as £ 25 x 30 CM
D.\. of beam = 0.25 x 0.3 x 2400
= 180 Kg/m
Total D.L = 1308 Kg/m
F.E.M due to D.L = 1308 x 4.77% - 2480 Kg m

F.E.M due to L.L =

12

640 x 1.47 (4.773-1.472(2x4.77-1.47)

12 x 4.77
1497.19 Kg-m

Total F.E.M = 3977.29 Kg-m
15 x 9.11 x 25 x d? = 397729
d = 34.12CM

Take beam size as 23 CM x 40 CM

Shear force =

3981 Kg

The other main beams are similarly analysed and preliminary

dimensions are tabulated.

‘ #kékd%é%ébd%4@9@4?4%4%4%4?4#4@%?@%4%4#%#ékébéﬁéﬁé@dﬁéﬁQPééébéééédkéké?épébékékék

o

e s N N s
EHoK o

{
q

<le

%%%%******%****%*%%**%%*%*%*%*****%*J***%%%***%*%h



29

oh X €7 ¢*g¢ 6°6£0¢ 28°£891 049 6°96¢ -- 0f X €7 g9 nz¥ly
¢h X €7 6°ch 7°0199 99°1 /9% 019 6'96¢ - oh X €7 e 0y
oh X €2 ¢°g¢ 6°€L0S 28°/391 0h9 6°96¢ - oh X ¢z g9 9z4ly
0f X €2 867 8°6£2¢ ARIVz 01z £°0zL 6652 ¢€ X €z ¢ne 01-%%
0€ X €7 8°67 8°6£2¢ z1°8142 01z €0z, 6°6¢L ¢¢ x €2 4w ¢-%y
0f X €7 91'hz c0°se8l he'€cz) 08! I*heg - 0c x €z ¢z¢ 11-Oy
o€ X €7 3¢°87 0°069¢ z1'81.2 08¢ chlg - o xez <o 11-Yuy
0z X €2 ¢l n6€L -- n0l¢ - 6°66L 0 x ez zoe  Fu
0z X €7 81 c0°16¢ - 0z¢ 6°65L - 0z x €z <z¢ ¢y
0z X €2 80°¢ 1 2°8L1 -- 081 - 9°0h4 | 0¢ X €2 w6z <7y
0z X €2 nLt £0°ZhL -- 08¢ -- €02, o€ X €2 w6z z'u
0f X €2 8/'92 R°65€7 -- 09 €022 - oh X €2 10 z1- Ty

0f X €2 8°92 81°65€7 -- 019 €0zL - 0h X €2 hzh 44
WVIY NIVW TIAT1 400

o1 6 8 L 9 ¢ n ¢ z _

+ Jw»:m.m w/3y w/3y E@fﬁo_ww

WO X WD WD WZ 83 peop ____1 1AN [oprozadell | IMBURLL  ipeaig omis “oN

weaq Jo IZIg y1daq e10] pa[eJ1usduo)d) Joj Ay1susiur peor pawnssy ueds  weag

4149vL



26

0z X €z 03] 79°2£01 - 293 129 - €z x ¢z w9z LMy
0€ X €7 €1z 6 LZh! ghze 96519 -- - gz x gz 49z "0y
09 X €z 29 2°286€2 82167 3891 9°£69 - 09 X ¢z z¢ Iy
0§ X €7 Al £9°21801 98769 2841 816 - ¢¢ X €7 g9 18y
¢ X €2 ¢*he £°36.21 79811 3zh! 816 - ¢¢ X €2 zg LSy
¢ X’ ¢z 92°2¢ £9°Z1801 98°Z€9% 3841 °81¢ - 66 X ¢z g9 Wlly
¢h X €7 29°zh hz°4029 n1°9Zhe 89¢ 1 7°996 8°0%6 on x gz wzn Oy
ch X €2 29°zh hZ°h0Z9 n1°9zhe 89¢1 1996 8:016 oh X €z wzh S %y
0¢ X €2 1792 €L°0nZZ nergsz 9€6z1 9°269 - 0 x ez cze Oy
ch X €z 9¢°0t 8C*€96¢ n1°9Zhe 20€1 249 - 0c x gz ¢on HVhy
0z X €2 29°07 €z Echl - 30¢ -- 996 oc x gz  zoe Lty
¢z X ¢z ez 86°61.1 - 80¢ 1 7°996 - oc x €7 ¢z €%y
<z X €2 clzz 9¢°£9/1 - 8.7 -- 91331 czxez  wez My
0z X €2 0°0Z 69°39¢ | - 30¢ 1 - 8°0h6 oc x ¢z wez Ty
¢ X €7 AR 62°LL6€ -- 30¢1 $°06 - oc x ez n Gy
¢e X ¢z Zivhg 62°LL6€ - 30¢1 8°0h6 - 0 X €2 wzh 4
| d

Wvad NIVW T3A31 90014

0z X €2 g1 9616/ 0°zzz! o1h - - ce x gz 4oz 0y
¢ X €z ¢Ig ¢8° /101 0"4E6 9.2 28901 - 06 X €2 zg ¢y

0l 6 3 L 9 1 b ¢ z |




%*%&%%%%*******%**%%**%*@%%****&f%

P%’%M*%******%f&****%*%%

4,

«
A

:

——

¥

%

'$

Preliminary Dimensions for Columns: e
%

Columns are mostly subjected to axial loads and biaxial i

moments. Initially the B.M is unknown. So that axial load coming §
on the column at a particular section is multiplied by a factor §

depending upon its position. The factor is selected from the table
given below.. The equivalent direct load obtained after multiplying
the axial load by a suitable factor is divided by allowable direct
compressive stress to obtain the C.S area from which size of the

column can be fixed.

TABLE:

Type of column Top Top but one Lower

1.0 1.0 1.0

4.5 2.0 1.4
|

6.6 2.3 1.8

Column C] (A level)

Load from the beam Rl—# = 2715 Kg
R]_2 = 1382 Kg
Total Load = 4097 Kg

Self weight of column (Assume 10%)=  409.7 Kg
4506.7 Kg

6 x 4506.7

Equivalent axial load

= 27040.2 Kg.

&%*%******%%%****ﬁ@%@@&’*¢8©***ﬁ**%&%ﬁ**%@k**%****@&%
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X
x
Allowable compressive stress for M200 = 50 Kg/Cm? Zgi
Area of column required = 27040.2 - 540.8 Cm? §

50
Adopt column size as 23 x 25 CM ;}i
| *
B level g:
Load from beam R, = 3981 Kg §
%
i
R, , = 2615 Kg %
Total load = 6596 + 4097 3332
= 10693 Kg ggz
Self wt. of column = 1069.3 Kg. g‘gé
Total axial load = 11762.3 Kg §
Equivalent axial load = 11762.3 x 2.3 zg:
= 27053.29 Kg &
‘ %
Area of column required = 27053.29 Kg = 541.12 Cm? %
50 ;«E
Adopt column size as 23 x 25 CM %
%
C Level %
- %
Load from beam R = 3981 Kg &
1 -4 o
R,, = 2615 Kg @’
Total load = (3981 + 2615) x 2 + 4097 - 17289 Kg §§
Self weight of column - 1728.9 Kg. i
19017.9 Kg i
Area of column required = 190179 - 68464 CM? ;%)’
Adopt size of column as 23 cm X 32 cm >0 §
%
&
3
&

|
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D Level

Load from beam R|_q 3981 Kg

1

R, , 2615 Kg

Total load = (3981 + 2615 ) 3 + 4097 - 23885 Kg

2388.5 Kg.
26273.5 Kg

Self weight of column

Area of column required = 26273.5 x 1.8 - 94584 Cm?
50

Adopt size of column 23 x 45 Cm

E Level
Load from bram R]-4 = 3981 Kg
R'_2 = 2615 Kg

Total load = (3981 + 2615) 4 + 4097 - 30481 Kg

%
&%
%%***%*********%**********%%%&ggl

Self weight of column = 3048.1 Kg
40125.1 Kg

Area of column required = 40125.1 x 1.8 _ 1444.5 CM?
50

Adopt size of column as 30 x 50 CM
Similarly all other columns are analyse and priliminary dimension

are tabulated.
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Calculation of moment of Intertia for the section:

Introduction:
The moment of inertia is calculated for intermediate

beams and end beams cast monolithically with the slab as T and

L section respectively. In the case of lintal and plinth beam the

M.I is calculated treating as rectangular sections.
For T and L beam the M.] is calculated using the

table :given in "Reinforced concrete Designs Hand book" by

Chas; E.REYNOLDS.

rectangular sections. Only gross section is considered for both

beams and columns.

4
&
g
3
:
.
:
4
%
%
For columns the M.] is calculated treating them as §
4
:
&
:
%
:
%
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&
% Calculation of moment of inertia for sections:
% Beam A, A, (L Section)
17
% Span = 4.24 m
¥
e Cross  section = 23 x 30 Cm?
&
3 Flange width = lo + 6w + 3 Df
12

i = 0.7 x 424 , 23 + 3 x 10= 77.73Cm
* 2

ds = 10 = 0.25 br = 23 = 0.295

d 0 bs 77.73

C = 0.138
.2 ‘ .
§ MiIxx = Cbrd® = 0.138 x 23 x 40 > = 203136 CM
% Beam Ayy A2 (T section)

Cross section 23 cm x 55 cm

Flange width

_l_c_:__+bw+6Df

6
0.7 x 520 + 23 + 6 x 10 =143.7Cm

6

ﬁ = 10 = 0.154 EL = 23 = 0.16
d 65 bs 143.7

0.165

MIxx 0.165 x 23 x 65°

tl

1042201.8 cm#

2
:
%
2
3
£,
.
e,
X
3
.
3
¥
¥
%
;
X
X
%
i
%
:
*
%
%
&
Span , = 5.2 m %
&
%
3
g
%
&
%

%

:

:

:

% c :
:

3

3

s
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€olumn A, B

1 By (Rectangular section)

A O 2 D 2 Qe

Cross section = 23 cm x 40 ¢cm

v = 23 x 40 = 122666.67 cm”
XX 12

Similarly for all the beams and columns the moment of intertia

is calculated.
Calculation of distribution factors

The distribution factors are calculated in two

perpendicular directions seperately as the moments are caiculated.

The calculation of distribution factor is as follows.
The M.I of the beam is divided by its length or span L to get
the value of K (Relative stiffness). Similarly for all the section
meeting at a joint is calculated. Then the distribution factor
for a member is K/2K. Similarly all the distribution factors

are calculated.

Dead load Analysis

As the magnitude and position for dead loads such
as the self weight of the slab beam etc. are almost permanent
and not varying, the analysis of the entire frame is done keeping

all the loads using moment distribution with single cycle.

Calculation of FEM and simply supported bending moment at . the

mid span

:f***%*****%%*****%****%**********%%*%%#%%%*%***%****%*%%%%
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Frame 1

Beam Al Aq

(i) Fixed end moment

Trapezoidal load from the slab = 340 x 2.94 - 499.8 Kg/m
2

- FEM = WL? (1 -2a? + a%
12

= 499.8 x 4.247 (1.2x0.5742+0.574)
12

= 396.68 Kg m

a. = Al? / 3

1.6642 x 0.678 x +1 -1
1.678 x 1. 66‘&2

[V}
fl

a = 0.574
Self weight of beam = 165.6 Kg/m
Parapet weight = 400. Kg/m
565.6 Kg/m
FEM = WL? . 565.6 x 4.242 = 847.344 Kg -m
12 12
Total FEM = 396.683 + 847.344

= 1244.027 Kg-m

(ii) Simply supported at the mid span

WL? (3.4a2)
24

B.M at the mid span

due to traperiodal load

= 499.8 x.24% (3-4 x 0.574?)

24
= 629.23 Kg. m
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B.M at the mid span due to

1

self weight + parapet weight WL? = 565.6 x 4.242

8 .8

1271.02 Kg - M

Total simply supported BM at the

I VEEN o TR S VU PHEEN © HEETY VY TN e VRN Y & NG VRN & RN o

mid span 1900.25 Kg M

E!»eam.‘\I Az

(i) Fixed end moment

Triangular load from slab = 340 x 2.94
2
FEM =5  WL® = 5 x 499.8 x 2.942
96 96
- 225.004 Kg.m
Self weight of beam = 110.4 Kg/m
Parapet wt = 400 Kg/m
510.4 Kg/m
- -FEM = WL? = 510.4 x 2.94
12 12

= 367.64 Kg. m

Total FEM

592.645 Kg. m

(ii) Simply supported B.M at the mid span

B.M at the mid span due to = WL,Z - 499.8 x 2.942

12 12

triangular load

360.006 Kg.m

It

B.M at the mid span due to 510.4 x 2,947

8

self wt + parapet wt.

= 551.46 Kg.m

P**%***********%ﬂ%*%@?Pfﬂbcﬂé%Dc%@ﬂ?CX**cﬁ)@?@**%*%*@&%%%@85*@%3****ﬂ%ﬁ%**%%*ﬁ*x
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%

ol Total B.M at the Mid span = 911.47 Kg. m

Similarly other fixed end moments and B.M at the centre
for simply supported conditions are calculated and given in the

table.
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FRAME: 1 TABLE:
Joint Member D.F F.E.M Distribution Final moment
Kg.m Kg.m
A] A] Ay, 0.52 1244.027 -646.89 597.132
Al; Aq A] 0.36 -1244.027 -119.176 -1363.203
A, A'2 0.32 1575.073 -105.934 1469.139
Ao Ayr Ay 0.29 -1575.073 0 -1575.073
Ay Agg 0.29 1575.073 0 157.673
ABO A30 A12 0.32 -1575.073 105.934 -1469.139
ABO AB#‘ 0.36 1244.027 119.176 1363.203
A34 A3q Aszg 0.52 -1244.027 64:6.89 -597.132
Bl | B‘ Bq 0.44 2376.017 -1045.447 1130.569
B# Bq Bl 0.31 -2376.017 -195.87 -2571.89
Bu B]2 0.28 3007.88 -176.92 2830.95
B] 2 B12 Bq 0.25 .-3007.88 0 -3007.88
B‘2 BBO 0.25 3007.88 0 3007.88
BBO B30 B] 2 0.28 -3007.88 176.92 -2830.95
B30 BB# 0.31 2376.017 195.87 2571.89
B34 834 830 0.44 -2376.017 10459#77 -1130.569
1 Dl D, 0.48 2376.017 -1140.49 1235.53
4 Dq D‘ 0.33 -2376.017 -208.51 -2584.531
D,D,, 0.30 3007.88 -189.558 2818.321
D,, Dl 2Dy 0.27 -3007.88 0 -3007.88
D12 D30 0.27 3007.88 0 3007.88
D30 D, D12 0.30 -3007.88 189.558 -2896.321
D,y D3y 0:33 2376.017 208.51 2584.531
D 0.48 -2376.017 110.49 -1235.53

33 D3y D3g
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=3

*

?; FRAME 2

;% A, Ay A, 0.71

:[: A, A A, 0.24

;“i AyA, 0.63

;Z A, AA, 0.82

: By  B,B, 0.66

(5

E B, B,B,. 0.43

gi B, B, 0.29

* B, BB, 0.50

% D, D,D, 0.70
D D, D 0.44

2 273

3

g D, D, 0.30

g D D, D, 0.54

& Frame 3

*

& A A, A 0.57

2 273

% .

i As  AgA, 0.31

Z‘i AsA, 0.36

%‘; Ao Al As 0.36

& Ao Aty 0.20

*

g Ay BBy 0.20

* Ay Ay 0.36

2

t§ Az Az A, 0.36

i A3y Ags 0.3

g Ays AjsAy  0.57

%

%

¢
)§
!

|

(

:
;%
%

723.917
-723.917
592.645
-592.645
1389.007
-1389.007
1117.014
-1117.014
1389.007
-1389.007
1117.014

-1117.014

2426.25
-2426.25
1810.85
-1810.85
432.715
-432.715
1810.85
-181 0.85‘
2426.25

-2426.25

<

-513.98
31 505
82.70
485.968
-196.74
116.95
78.876
558.507
-972.30
119.764
81.596

603.1875

-1382.96
190.77
221.540
496.728
275.627
-275.627
-496.128
221.540
-190.77

1382.96

L
Do

209.935
-692.142
675.346
-106.676
472.26
-1272.05
1195.890
-558.507
416.70
-1269.326
1198.61

-513.826

1043.287

-2235.479

2032.390

-1318.7274
708.342
-708.342
1318.7274

-2032.390

2235.479

-1043.287
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&
£.3
i 2
Z °s
2 |
-3 Blo
:
% By
¥
B3y
Bss
z °2
3 %
*
&
i Do
*
X
‘g Diy
*
% D,
&
%
§ Ds3s
5
*
%

B, B

BsB,

BsByo

BioBs

Bio By

BiyBio

By By

B3y By

B3y Bss

B35 B3,

5710

Do Ds

Do Dy

Dy Do

D4 D31

31 P14

D3y D35

D D

33 731

0.62
0.33
0.39
0.43
0.10
0.10
0.46
0.39
0.33
0.62
0.66
0.34
O..lH

0.40
0.10
0.10
0.49
0.41

0.34

0.66

4378.43
-4378.43
3125.53
-3125.53
1297.096
-1297.096
3125.53
-3125.53
4378.43
_4378.43
4378.43
_4378.43
3125.53
-3125.53
1297.096
£1297.096
3125.53
-3125.53
4378.43

-4378.43

-2714.63
413.457
488.631
786.226
182.84
-182.84
-841.079
-486.631
-413.45
2714.63
-2889.76
425.986
513.689
731.373
182.843
-182.843
—895.83
-513.689
-425.986

2889.76

1663.803
-3964.973
3614.161
-2339.30
1479.94
-1479.939
2284.45
-3614.161
3964.973
-1663.803
1488.67
-1352.444
3639.219
-2394.157
1480.374
-1479.924
2229.646
-3639.219
3953.24

-1488.67
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FRAME &
Az Mz Bs
As Ashyy
Bi7 Bi7Bis
Bis BysByz
Bz Eifis
FRAME 5
Ars A5 Ay
A By Bys
Ay Ays
Ayz  Byz Ay
Bis BysByy
Bos By Bys
Boy By
Bys  By3 By
FRAME: 6
Aze BBy
Agy  Apy By
B BgBay
Bou  Bay By
B EaxE2y

0.46

0.46

0.42

0.42

0.40

0.34
0.205
0.205
0.34
0.30
0.19
0.19

0.30

0.38
0.30
0.27

0.27

0.26

3398.36

-23266.8

5480.88
-5338.24

5480.88

4249.839
-4249.839
4249.839
-4249.839
8687.136

-8687.136

48687136

-8687.136

5922.284
4509.98
13351.609
12538.47

13351.609

-1563.24

1502.73

-2301.96

2242.06

-2192.352

1444945
0
0
1444945
-2606.140
0
0

2606.1408

-2250.467
-1713.77
-3604.934
-3385.38

3471.41

1835.115

-1764.072

3178.910

-3096.18

3288.528

2804.894
-4249.839
4249.839
-2804.894
6080.995
-8687.136
8687.136 ¢
-6080.995

3671.816
2796.19
9746.675
9153.08

9880.190
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Live load analysis:

-Using Substitute Frames

The live loads are of different magnitude and >f
different position for computing the bending moments at critical
sections. The structure being indeferminate and exact analysis
becomes tedious. In fact, the assumptions involved even in exact
analysis leads to considerable error and this approximate method.of

analysis are reasonably accurate for practical purpose.

Theortically, a load applied at any point of the
structure should cause forces and moments at all sections of frame,
but a close study of this aspect has shown that the moment in any
beam or columns are mainly due to the loads on span véry close
to it. The effect of loads on distant pannel is small. To facilitate
the determination of moments in any member of a frame, it is
usual to analyse only a small portion of frame consisting of the
adjacent member only. Such small portion aretermed as "substitute
frames".Their form and the end conditions of their member are so

adopted that the forces in question works out to be the greatest.

Fixed end moments and bending moment at the centre
for simply supported conditions are calculated. The substitute frames
for the critical beam and column section are choosen other substitute

frames are analysed and the final moments are given in the table.
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s
% . ¢
& G
* 3
K Substitute frame method j
* 7
3; Case 1 3
% !, 7
& A 34 30 v S
% ;
% :
* B g
X T T 4
* ;
& . ) g
§ Joint A34 A30 3
& N 3
% Member Az, By, Az A3g  A3p Azy A3pBsg A3p A2 3
*
;%Z D.F 0.48 0.52 0.36 0.32 0.32 ;5
i F.E.M - -264.69 264.69 —- - 3
i Bal 127.051 137.639 -95.288 -84.701  -84.701 3‘
§ Clo - ~47.644 68.82 - - 3
§- Bal 22.869 24.775 24775 222,022 -22.022 3
?; Clo - -12.388 ~12.388 - - ‘;
i Bal 5.946 6.442 ~4.460 23.964  -3.964 g
§ C/o - -2.230 3,221 - - 3
& $

3
§ T.M 155.27 -157.866  221.375 -110.687 -110.687 g
] 3
% ;
* %
& 4
& 3
& J
® g
& 9
3 §
§ J
3 3
& 3
FEB% »
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i‘*’*@ WK B FHORE OO RO K HIOFN A K Mook K oot T S Ho Mo Kook
- €
* :
%E TABLE
K e
§ Substitute  Joint Member F.E.M D.F. Final o
@.”Jé frame No Kg.m. moment :
* kg.m. :
& T
& 1 2 3 4 5 6
'jg{, ————————————————————————————————————————————————————————————— 3
’2;: r:
e Frame :1. ¢
?f 1. Ay, AyaRgg -264.69 0.52 -157.87 e
o AysBsay 264.69 0.48 155.27 :
& S
& S
x S
o2 AB_‘ A A 3
3 U 3075, 264.69 0.36 221.37 ;
% S
o A30B30 0.32 -110.685 ;
A - K
& AsoPy, 0.32 110.685 ;
oy _ $
& 2. Ay, Ay B30 264.69 0.52 -121.15 s
‘i Ay4Ba, 0.48 121.15 3
S ' S
5 Aso A30B30 0.32 23.78 g
5 ABO.Alz -350.91 0.32 -380.0 j

E
CXo
%, A. A 264.69 0.36 356.22 Z
<§)@ 30734 ;
& .
¥ A A__A 350.91 0.29 256.86 d‘
2%: 12 12730 : : <20 3
& AlzBlz 0.42 151.97 $
& J
& AlL,A 0.29 -104.92 3
e 14 g
& S
K 3
3. ‘
Z@Zi Aso AioPay 0.36 .126.33 3
§ A3OB30 0.32 112.29 j
0‘ - . 3, { ; Ny i, - Y J iz ! -4 A é
1B B R PRER BB REE BB R BRI PR PR PRRP R R PR R RR
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12

34

30

12

A34B34

B34P30

B3oP34
A30B30

B3oR12

Aghio
BaBy

BaPy

-350.91

350.91

-350.91

+350.91

-264.69

264.69

-350.91

350.91

0.32

0.29

0.42

0.29

0.32
0.32

~238.62

407.06
0

-407.06

238.62

-112.29

-126.33

163.09

-163.09

201.9
-133.58

-68.31

76.02

200.64

-276.66

283.01
-133.05

-149.84
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1

%ﬁ**%*************

30 B30P34
B30%30

A30P1s

12° R12230

By2B1o

34 B34P3a
B34C34

B34B30

30 B2oB34
B30230

B30%30

B3OB12

-350.91

350.91

~264.69

264.69

-529.38

529.38

0.52

0.48

0.31

0.205
0.205

0.28

149.78
134.14

-281.92

276.94
-200.25

-76.69

66.37
131.53

-261.73

160.27

-160.25

176.25
176.25

-352.50

458.11
-136.08
-136.08

-185.88

:
:
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7 Bas B34C3a

BygPyg

B34B30

30 30°,,
B30®30
B30C30

B3oP12

12 B12B30
B12212
B12C10

B12By

30 B30B34
B30%30
B30®30
30P12
12 B12B30
B12%12
B12212

B12Bs

-529.38

529.38

-701.82

701.82

-701.82

701.82

-701.82

0.28

0.28

0.31

0.205

0.205

0.28

0.31

0.205

0.205

0.25

0.25

0.25

141.99
142.0

-283.97

687.29
31.28
31.28

-745.85

541.42
-180.5
-180Q.5

-180.5

217.56

143.57

143.87
-505.31

800.08

0

0

-800.08
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")

&

*

;g} By BaB1s
‘;%i BaCa
i B,A,
*

;%Z By By
&

12

§ 2. Big BiaP3g
§ B34C34
i B34B30
*

*

§ B30 B30B3s
‘§ BioP30
i; B30C30
i B3oB12
&

gz By By12B30
§ B12%1o
i B12C12
i B12B4
=3

3

% By BaB1o
i ByRy
g BsCa
§ ByBy
&

&

&

%
:
:
z
:

SRR B RRHPRF
701.82 0.28 505.31
0.205 -143.87
0.205 -143.87
0.31 -217.86
0.28 180.08
0.28 180.08
-529.38 0.44 -360.15
529.38 0.31 429.26
0.205 154.7
0.205 -154.7
0.28 -120.55
0.25 237.25
0.25 191.72
0.25 191.72
-701.82 0.25 -620.64
701.82 0.28 570.65
0.205 -162.47
0.205 -162.47
0.31 -245.7

&

*
;
%
:
3
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" B B1s 701.82
B14Pa

B,Cq

B4By

30 B3p®34
ByoP30
B30C30
B,oB1 2 -701.82

" BB 701.82

BioP12

Byf12

B1oBy

4 BB1o
Byhy

B4Cs

B,B

4P1 -529.38

529.28

1M

B1Cy

0.28

0.205

0.205

0.31

0.31
0.205
0.205
0.28
0.25
0.25
0.25

0.25

0.28
0.28
0.205

0.31

0.44
0.28

0.28

53

570.65 :

-162.47 <

-162.47

-245.7

251.42
+166.36
166.36

-583.98
583.6
-228.75
-228.75

-126.05

107.22
158.5
158.5

-424.24

360.16
-180.07

-180.07
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&

*:

T, . 268.69 0.48 191.06

%{. 11. n34 ] A34B34 - - - -

f% 30, 0.52 ~191.07

%

jg}i Ay Ayt 264.69 0.36 231.25

* Ty 0.32 -146.48

£ 034

Z; Ayhl, 0.32 -847.18

*

H

§ Bay ByBay 0.28 215.55

i B3,Cay 0.28 158.39

% B34B30  -529.38 0.44 -373.99

‘i B B. B

¥ 30 30°34 529.38 0.31 462.32

i ByoPag 0.205  -168.8"

* _

i BaoCao 0.205 124.05

% BaoB1s 0.28 ~169.45

X

¥ 12. A A. A 0.36 115.94

i 30 30734 . .

§ AyBao 0.32 178.23
AL A -350.91 0.32 -204.16

% 30”12

E

&

i =) B12%30 350.91 0.29 312.96

i A1oB1o 0.42 —222.22

&

i_ AR, 0.29 -90.73

&
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13.

30

12

30

30

-701.82

701.82

-529.38

529.38

~-529.38

529.38

0.31

0.205

0.205

0.28

0.31

0.205

0.205

0.28

0.31

0.205

0.205

228.55!

204 .44

151.66

-587.47

620.14
-251.42

-184.36

-184.36

152.83
228.06

-380.91

465.64

-120.32

-180.95

-166.93

152.83

228.06

-380.91

465.64

~=120.32

-180.95
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o B
% C14C1 5 0.20 -166.93 ;
& i
3 :
X Ex
¥ 14. B.g B,oBss 0.31 222.36 k
\ >
‘ji% BaoRs30 0.205 147.01 3
% 3
¥ B.oCap 0.205  220.6 :
o _ _ &
: B.oBy, 701.82 0.28 590.02 ;
% ‘
<
2 By, By,Bag 701.82 0.25 623.99 2%
& ~178.3
& _ =:
§ B.,C1z 0.25 267.34 3
_ 3
3 By,B, 0.25 178.3 3
% .
3 :
§ 30 C30%34 0.31 222.36 ;ﬁ
& e
§ C30B30 0.205  147.01 ;
?i C10D30 0.205  220.6 3
% CyoCy,  -701.32 0.28  -590.02 3
* E
i z;
i cy C15Ca0 701.82 0.25 623.99 g
g C1B1s 0.25  -178.3 3
A C1,01, 0.25  -267.34 3
*» .
& €158, 0.25  -178.3 3
* 9
* E
* 9
% 4
& g
& 4
§ e
4
4
. g
, s
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}?i FRAME 2 :
% ! A A1y - 0.18 25.80 f
* <
& AA, -99.26 0.82 -25.81 :
£ &
o A, A, 99.26 0.63 56.53 <
& 1 (
%; A,B, 0.13 -17.86 i
%é AR, 0.24 -36.66 |
3§ 2. Ay AR, -99.26 0.82 15.57 :
* A.B 0.18 -15.56
c%‘_ 11
&
%
3 A, ARy 99.26 0.63 164.88
£ A,B, 0.13 6.05
* A_A -133.29 0.24 -170.94
cﬂ(: 23
]
gi .
% A, A,B, + 133.29 0.71 40.08
é% A,B, 0.29 -40.07
3. A, A,Ay 0.63 117.35
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4091.38
-1638.46

-2452.86

1548.15
2323.25

-3871.37

4091.38
-1638.46

-2452.86



3
%
%

%ﬂ#ﬁ%***%******r B B Ao R Rodo R oo o Moo Mo FoRo o R Ro Foo e FO Koo oo ok oo Moo o R
E

73

’ ;»x*%*%*%**%%%%****%%*%%%%&*****&&%%

[}

DESIGN OF BEAMS ’

Introduction: §

The beams constructed at the lintal levels are designed §
as rectangular sections whereas other beams are designed as 'T' r’%’
section or 'L' section at the centre and rectangular section at the %

support section using limit state design procedure, as per IS 456-1978.

The assumptions in the design of beam are intended to
ensure ductile failure, that is the tensile reinforcement had to
undergo a certain degree of inelastic deformation before concrete

fails in compréésidn. | B 3
The limiting moment and the area of steel are

calculated for the beam A‘ - Aq in the support section and at the

mid section as model calculation. For other beams the limiting

the area of steels are callculated and are found in the tables.

Typical design calculations are given for each type of

%

*

*

%

*

%

&

| *
moments are calculated using the design aids to IS 456-1978 and §
§

&

x

*®

%

®

beam in the following pages.
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DESIGN OF BEAMS %
: A %
Beam Ay- A, ‘ *
From f{irst principles at the support section i
%
Mix used = M200 z%;
Steel = = Tor steel §
Size of the beam = 23 cm x 30 cm
Factored moment at A] = 1.5 x 755.002 = 1132.5 Kg - m

" " S qu 1.5 (1363 - 203 + 356.23)
= 2579.15 Kg-m

Assuming 12 mm @ bars with 30 mm clear cover

effective depth d = 30 -3-1 2/2 = 26.4 cm
Mulim = 2.76 N/mm?
bd?
= 27.6 Kg/cm?
Mulim = 27.6 x 23 x 26.4? = 442430.21 Kg/cm
= 4424.3 Kg-m
Mulim = Mu

Therefore the section is to be designed as a single reinforced

rectangular section

From IS 456 - 1978

Mu = 0.87 fy Ast d(]- Ast fy )
bd fck

257915 = 0.87 x 41‘50‘x Ast x 26 A (1-Ast 4150m )

23 x 26.4 x 200

Ast = 3.016 Cm?

As per IS 456 - 1978 code minimum reinforcement

BB B BB BRI R IR R HKHH KA IR I KK o RR SISt SRR oA oo RoRodoren R

e O e R e S S SIS S S S S RS o S S o S

¢

*
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Ast - 0.85 Xx 23 x 26.4
- tl2f cm?
No. of rods = 3.016 x & = 2.67
II x 1.22

Provide 3 rods of 12mm §

From Design Aids

Beamﬂ A‘ A#
Factored moment Mu = 257915 Kg cm
MU = 257915 - 16.09 Kg/cm?
bd? 23 x 2642 =
= 1.6 N/mm?
Pt ' = 0.494%
Ast = 0.494 x 230 x 264 - 2.99.96 mm?
100
= 2.99 Cm?

This is nearly the same as that computed from first principles.

Fofl FododoFododpk oo oo oo oo ?‘X%%&%ﬁ%*&%&%%

Design of L - Beam A, A, at the mid section

* 1%
§ D.L B.M at the centre - 920.08 Kg - m
i L.L. B.M at the centre _ 235.04 Kgm
; Factored moment : - 1.5 (920.08 + 235.04)
*

- 1732.68 Kg-m
c%; g
%- Assume xu < Df
% For L beam bf = 10 + bw + 3 Df

12
i = 0.7 x 424% 423 + 3 x 10 = 77.73 cm
12

% Mu = 0.87 fy Ast d (I- Ast fy )
% ' bd fck

{

%

%%%%W%%*W%%%w**%%**%**%%*%********W**** ke

%
:
:
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%
. . . ,
From this Ast = 1.33 cm
Xu - - 0.87 fu Ast
d 0.36 fck bd

= 0.87 x 4150 x 1.33
0.36 x 200 x77.73 x36.4

+ 0.024 < Xumax
d

Minimum reinforcement

Ast - = 0.85

bd - fy

Ast = 0.85 _ 2
—lT]'—S-G- V 1348.5 = 0.28 cm

Provide 2 bars of 12 mm§

Beam AIAL;
—Pu = 173288
bd? e = 5.69
: 2
23 x 36.4
From design aids rto is 456 - 1978
Pt = 0.163'%
Ast - 1.36 cm?

It is nearly equal to the area of reinforce ment calculated from the

first principles.

****%*&%%%%@%%*x*%*x&*******&®%*%****%*&*@%@*&i
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DISIGN OF T-beam A24 Z26 From first Principles

Net B.M. 2t the centre 7232 . 515 kg.m.

B

Factored moment = 19848.77 kg.,m"’
Assume Xu < Df
For T - beam, bf = lo-+ bw + 6 Df

6

= 0.7 x 550 + 23 +6x10 =147.17 cm

6
Mu = 0.87fy Ast d (1 -_Ast fy )
bf d fck

1084877 = 0.87 x 4150 Ast x 61.4 (1 - Ast x 4150 )

147.17 x 61.4 x 200

Ast = 495 cm?

Xu_ = 0.87 x 4150 x 4.95 . 0.027 < Xumax
d 0.36 x 200 x 147.17 x 61.4 —d

Provide 2 bars of 20 mm. ¢

For beam Azq A26

m = 1084877 12.5
bd? 23 x 61.47

From design aids to IS 456 - 1978
Pt | - 0.376%
- Ast : = 5.3 Cm?

This is nearly same as the area of reinforcement calculated from

the first principles.

%P#*%***%’*‘%‘%’***%@K%’”%ﬂ?f«%é@Xﬂ%ﬂ%#'%ﬁﬂ" oo oo oo oot Soco oo Koo oo B

§&
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Check for support section.

Frame 3 Joint AI#

D.L B.M a,, due to beam A ,, A

14 14

10 -

(o1 4

U

-708.342 Kg -m

D.L.B.M at A , due to beam A , A, , = 131472 74 Kg m

14 1473

L.L.B.M at A

L.L B.Mat A 4due to beam A

1

Factored moment

Mu limit
bd?
Mulim = 276 x 23 x 21.42
Mulim » Mu
Mu
bd?
Pt
ast
Provide 12mmp of 2 Nos
Design for Shear reinforcement
to find the shearforce a}t B

shear force due to BI BZ

Area of the triangle

Live load

Mdue to beam AMAIO:

14731

606.385 Kg-m

-348.79 Kg-m

A, = 433.51 Kg-m

84.72 Kg-m
= 1.5 (84.72 + 606.385)
= 1036.66 Kg-m

=..2.76 .

= 290713.2 Kg-cm

= 9.84 Kg/cm?

= 0.295%

= 1.46 cm?

= 294 x 2.9% x & - 2.16m?
— ,

2.16 x 300 = 648 Kg

1

e R

SH

&

£,

)

G

b @)
®)

X%

0
(%)

(%)
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&
% »
x
% B
¥ Self wt. of the slab = 2.16 x 10 x 2400
= 518.%4 Kg
Self wt. of the beam = 0.23 x 0.35 x 1 x 2400
= 193.2 Kg
Wall weight = 0.20 x 2.8 x 2.94 x 2000
= 3316.32 Kg
Total load = 467592 Kg
Shear force at B1 = 2337.96 Kg
Shearforce due to beam B] Bl;
Area of trapozoidal = 524 + 1.3 x 147
2
= 4.0719m?
Live load = 4.0719 x 300 = 1221.57 Kg

Seif wt. of the slab = 4.5119 x 1| X 2400 = 977.256 Kg
Self wt. of beam = 0.23 x 0.35 x 2400 = 193.2 Kg

Wall weight 0.2x 2.82 x 4.24-x 2000

= U4782.72 Kg
Total load = 7174.746 Kg
S.F at B] = 3587.373 Kg
Total shear force at B] = 5925.33 Kg
Shear stress = V = 5925.33
bd 23 x 31.4
= 8.2 Kg/cm?
bﬁd§1 x 100 =3 x 1.13 x 100 = 0.469 %
23 x 31.4

BB R R R RoRo R BB R R Kok WL KRR N RoSoSofofodofor Tooo Rk oot Rk
B e e T s e 2 2 ST S O R D Sy e e S S e e Ao

e
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w%%**#*%********%******%%%***%%@******%**%*%
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From IS 456 - 1978

Permissible shear stress in concrete = 0.28 N/mm?
= 2.8 Kg/cm?

Shear force to be provi;ied by the stirrups

5925.33 - 2.8 x 23 x 31.4

1l

3903.17 Kg

€3]
1"

2 x T x (0.6)2 x 1400 x 31.6
4 x 3903.17

6.4 Cm

Provide 6 mm @ 2 legged stirrups at 6 mm C/C

Control of Deflection

Eor beam A26 Azq

Span = 5.2 m

Depth 56.4 cm

HI

Span = 520 - 9.22
Depth 56.4

H

100 Ast = 100 x (2> x T x 5 1.21%'

bd 4 x 23 x 56.4

From chart 22 of design aids to IS code 456 - 1978
Max. span /eff. depth = 19.8 » 9.22

Hence safe.

FoRBBEREEFIERERBIRRAEE FLERPETRKE S RIREEEAIER ARG TR RRR TR
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&

0 i i i e i i S e e i e i



87

1 h ZU €9°C  LEL°0  hSTT ST X €T 18°€L57 talq
1 ¢ Zl 95T 8.9°0 660 ST X €7 L011TT qlg
1 ¢ 7l 967 890 €607 0T X €2 291621 ty Sy
1 ¢ 2l 0T €90 L£0T 0T X €2 hE'09Z1 Cyly
Z swel]
1 ¢ ZI 90°¢ 1040 9$'1Z € X €2 £1°888% heg Otq
1 9 ZL ZI'9 8h8'0 61T SE X €2 06" 1148 Otgllg
1 9 21 Z1'9 €hg'0 61°ST € X €2 LS tlg g
1 ¢ ZL 90°¢ 1020 961 €€ X €2 £1°88¢H g lg
1 ¢ Zl 66T  hen0 6091 0€ X €2 1 LUt ey 0ty
1 n Zl S¢'f H80 SS8L 0€ X €2 2€L62 Oty ey
1 n Zl ¢¢'e 4860 668l 0E X €2 €167 Chy iy
1 ¢ Zl 66T  hen'0 6091  0f X €2 16467 iy by
| swel]
6 g L s < 0 z T
TTTas ey T -
‘ueds pruf 1e spod :mwhh LW g WO X wo w- Y|
uond3s $s0IH Jjo 'oON  jo ®IQ sy id N 3ZIS  juswow PpaJoidel wesg




88

1 ¢ 0z €89 €S0 681 €S X €2 1680111 tgslg
1 z 0z €€°¢ €960 %'/l Ch X €2 €60°€689 Ly sly
T sweld
1 ¢ ZL LIS K60 6Tl St X €2 £9°£189 Stq leg:
1 9 ZI ¢ 409°0  80°Ll  Sh X €2 826251 legflg
1 9 z1 8¢ 6660 86Z 0F X €7 0264t lgOlg
1 9 ZL <S¢ 409°0  80°61  Sh X €2 8226/ Olg<g
1 ¢ ZL LI W60 6Ll Sh X €7 19°2189 ‘a‘a
1 f Zl €9’ 209°0  98°'81 Of X €2 h"420€ Sty Ity
1 ¢ Zl €L1°¢ 7680 €€°6T  0€ X €2 996501 ey ly
1 ¢ 2l T 9980 €967 0T X €2 L6861 ity Oly
1 ¢ ZL €L1°C €80 €€°6T  0€ X €2 99°6504 Oly Sy
1 y Zl €69'¢ 7090 99'81 0f X €7 n'€z0¢ fy by
¢ owel]

6 g L 9 ¢ o z |




83

0z 6h'gl  €88°0 9002 09 X €7 €TH"hZH9Z 9g ntg

0z €C 9.0 ¢zl €6 X €2 LL°84801 Ty Mty

9 owelg

+ 40z 6l 96711 810 €1'1 8TEE 0 X €2 6986191 thg itg

thoo0Z 61 9Ll g9 g1t 8z°€E 0 X €7 69'36191 eg Slg
54 1d.

. : . . ¢h 4
0z 19/ 6160 089z 0Oh X €2 Z21°066. v ey
0z . . . . hz,, <1

19/ 6160 0897 Oh X €2 Z1°066L vly
) ¢ awel]
L 9 ¢ b ¢ z |




Koot

Koofos.

)-jx;
5

90

BRI AR R KN SRR RRA A R AR B A TR BB R BB B K

ANALYSIS AND DESIGN OF SECONDARY BEAMS

Depending upon the planning of the apartmental‘
building secondary beams are also provided as shown in fig. In this
project the secondary beams are analysed by elastic method and
designed by working stress method using high strength steel (Fe 415)

and concrete mix M200

Notations for analysis:

Rtk Bocfo oo Fock Rk Koo Bk

Design data

Ast
b
d
D
i bf
kA )
*
% .
%
3 y
o c
, > t
&
:
§ Steel
% M.R
% .
* id
%
* st
%
*
%
¥
&
&

Mix used

Area of c.s of steel in tension
breadth of slab

eff. depth of slab

total depth of slab

flange width of T beam

depth of neutral. axis
Maximum shear force

lever arm

stress in concrete

stress in steel

= Moo

= Feyys

94 T bd?

H

0.904d

2300 Kg/cm?

R S S e

&

BoFooBocg e BoRocgeR
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* *
* Design of SB, (Floor level) ii’
& o
* Assume size of beam as 23 c¢cm x 45 cm §

Total load from the slab = 640 Kg/m?

Dead weight of beam = 248.4 Kg/m

1]

-Ve F.E.M due to L.L 2327 x 1.15 x 2.1 + 1.51 x 640 (3252-1.512)

3,252 12 x 3.25

(2 x 3.21 - 1.51) + 5 x 1.05 x 640 x 3.252

FRRERIBEEBRT PR ¥ D RR

96
= 1117.29 + 568.65 + 1144.2 = 2830.14 Kg-m
-Ve F.E.M due to DL = 248.4 x 3.257 _ 218,64 Kg-m
12 - ‘
¥ Total F.E.M = 3048.78 Kg-m
1.5 x 9.11 x 23 d? = 304878 Kg-cm
d, = 31.2 cm
provide 23 cm x 45 cm size
Ast reqd = 304878 :
—_— = 3.5 cm?
2300 x 0.904 x 42
Provide &4 nos of 12 mmp bars
Actual area = 4.52 cm?

Check for shear

Shear force = ( 1.51 (0.23 + 3.25) + 1.24 (0.78 + 3.25)
2 2

+ 248.4 x 3.25
B 2 )

e S o o e R I L e

Fp BB R R BB RBRRR LK KRR BB
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X
- 2005.38 Kg
Shear stress © = 2005.383 - 2,07 Kg/cm?
23 x 42
Zebd = 3 x 23 x 42 - 2898 Kg
Vs - 528.14 Kg
Spacing of vertical = gst.xAsv x d = 2300 x 0.56 x 42
Stirrups Vs 52814
= 103 cm

Provide 6 mm § 2 legged vertical stirrups @ 20 cm C/C

Section at mid span

Net B.M at centre 3160.15 - 3934.74

[

. -774.59 Kg - m

1l

Provide 2 nos of 12 mm §

Design of SB, (Roof level)

Assume size of beam as 23 cm x 23 cm

Total load from the slab 490 Kg/m?

1

Dead wt. of beam 0.23 x 0.23 x 2400

127 Kg/m

-Vé FEM due to L.L = W‘
— (L? - a? (2L - a)

12L

il

490 x 1.51 (3,257 -1.51% (2x3.25-1.51)
12 x 3.25

+490 x 1.24 (3.252.1,25%(2x3.25-1.24)

48492 Kg-m

=435.41 + 408.3

e T S S S S S S S R

P BB B RREERREEEEE PEE SRR IR R IRAIKA K KA RRHIB R I KRR HIL R AW
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) o
-ve F.E.M due to DAL = WI® - 111.79 Kg-m %
12
Total - ve F.EM = 844.22 + 111.79 + 956 Kg-m
1.5 m = F.F.M
1.5 x 9.11 x 23 x d? = 95600 Kgcm
d = 17.44 Cm
Provide D = 23 cm eff. depth d = 20cm
Ast = M = 95600 - 2.29cm?
tjd 2300 x 0904 x 20

Provide 3 12 mm ¢ bars

Actual area provided = 3.39 cm?
SFo= 151 (0.23 + 3.25) + 124 (0.78 + 3.25) 490 + 127 x 3.25
2 2 2
= 2718.12 Kg

Check for shear

Tv. = V- 271812 = 5.9 Kg/cm?
bd 23 x 20
Allowable shear stress = 3.5 Kg/cm?

Shear reinforcement is necessary

O,
(O

SRR IR RRBBRRERR R RAT KA BRERERIHE KRR IR TR LK RRRR KRR

_ ®
Vs = &sv_Asvd - 1108.12 Kg §

Sv
. _ *
Provide 6 mm @ of 2 legged stirrups %
Spacing = 2300 x 2 TI x 0.62 %

p x 20

l.[. = 23 47cm *
&
1108.12 &
Z

adopt 20cm C/C
P &
% i
R L S SN SN AP
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N

)

ok

.

A
w

At mid section T - beam

Net B.M = -956 + 8667 = -89.3Kg -M

PNy KA K K HI

Provide 2 bars of 12 mm

1

Span/3 = 108 Cm, C/C 275 Cm, 12 ds + dbr = 143 cm

»x

XD KoK (‘?@ e s

o

Adopt bf 108cm

~

05 CRAN TU D SRS NS Oh S ¢ 45 €0 A0 OF o) O

M Ast (d-xP = bx?
2

108 x 2 - 13 x 226 (30 - x)
2

X = 3.78 cm

Check for stresses

M.R

C/2 bx (d-xH

3930

oK Hoog Foe A FoFoKoBockoord

C/2 (108) 3.78 (30 - 1.26)

f\f
cz\)(

P
(%)

0O
I

1.52 Kg /cm?

CX-.

C/x = tim o,
d-x

t = 150.24 Kg/cm? < 2300 Kg/cm?

s

¢ Hence safe. B
[ )6
R The other secondary beems are also designed similarly and design ‘%
Ix‘ 9\’3
X perametors are tabulated as given in the table. The reinforcement o
o ¥
x details are given in the figure. e
C‘*, Céf’
X E o3
o w
o o
x: o

. o

[s %)
]

B RRREREGBEBBR BB R AR BRI LR KRR BRI R R G BH

¥ ¥ p
g H = Xim: ES k4 > b > > x > x * > =
88 = ! A N N ™ S T ) o N
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DESIGN OF COLUMN

All compression members are to be designed for a
minimum excentricity of load in two principle directions

Cmin = | + D

— subjected to a minimum of 2 cm
550 36 ubj i u

In our case the columns are su bjected to axial
load and bi-axial bending. Exact design of members subject to
axial load and biaxial bending is extremely laborious. Therefore

the code permits the design of such members by the following

equation
¥n on
Mux
f‘) ,+(%1 < 1.0
Muxl Muy

where Mux, Muy are the moments about x and y axes respectively

due to design loads.

Mux, Muy, are the maximum uniaxial moments
capacities with an axial load Pw, bending about X and Y axes

respectively and n is an exponent whose value depends on Pw/Puz

Where Puz = 0.45 fck Ac + 0.75 fya
Pu/puz _n
0.2 1.0
0.8 2.0

For intermediate values linear inter polation may

be done

J*%*%**%***%%%****%%%%**%%*****%***%*%**%g
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In this project limit state design method has been g

used to design the columns subjected to biaxial bending and axial X

Fookogo

thrust. Only rectangular sections with equal moments of %

reinforcement on each side have been considered. X

Assumptions in the design: Ee

1. The maximum compressive strain in concrete in
. . . C%J
axial compression is taken as 0.002. 2

2. The maximum compressive strain at the lightly 0’5‘3
compressed extreme fibres in concrete subjected e

O
. . . js. @]
to axial compression and bending and where 5

o)

oo oo S oot B L ook Bk

there is no tension on the section shall be °x

Oy

(0.0035 - 0.75 ) times the strain at the least

compressed extreme fibre.

Design of columns

Column CI (AI B? %

Size of column 23 cm x 45 cm £

%
Axial load = = 4096.89 Kg

%

Factored load = 1.5 x 4096.89 = 6145.335 Kg

From Al Az

D.L B.M about xx axis = -106.676 Kg-m

L.L B.M about xx axis = -47.4

A

&K oosgcfoofodocfoBococoosodoct

X

B T T S e SO S
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From I\l At;

597.132 Kg-m

D.L BM about Y Y axis

L.L B.M about Y-Y axis 191.070 Kg-m

Factored moment Mux = 154.076 x 1.5 = 231.114 Kg-m

Factored moment Muy = 788.202.15 = 1182.303 Kg-m
First_trial

A ssume the reinforcement percentage P = 0.8
P_ = 0.8 = 0.04

fck | 20

Uniaxial moment capacity of the section about xx axis

d'" = 40 mm + 10mm (Using 20mm § bars)

d . = 5 cm

d' = 5 = 002]7

D 23

P .

;Xl-: bbb ° 6145.335 = 0.03 (refer chart 32)
e b 200 x 23 x 40

Mu - 0.06

fck b D?

MngI = 0.06 x 200 x 23% x 40

i

= 2539.20 Kg-m

Uniaxial moment capacity of the section about yy axis
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d - 5 = 0.125

D 40

Mu = 0.0675 A

fck b d? 6
%

Muy, - = 0.0675 x 200 x 23 x 402 §

= 4968 Kg-m o

Eod

Calculation of Puz

Referring to chart 63 in design aid to I.S code

456 - 1978 for P = 0.8; fy - 4150; ick = 200

Puz = 11.5 N/mm? = 115 Kg/em?

Ag

Puz = 115 x 40 x 23
= 105800

Pu = 6145.335 = 0.058

Puz 105800

Mux = 231.114 = 0.091

Mux] 2439.20

Muy = 1182.303 = 0.238

Muyl 4968

Referring to chart 64

Mux = 0.77 corresponding the Pu and Muy
Mux] Pue Muy,

This is greater than 0.091
provide minimum reinforcement of 0.8%

Ast 0.8 X 23 x 40 = 7.36 CM?
100
Using 16mm @ bars
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%

no. of bars = 7.36 -4

O
-+~

Provide 4 nos of 16mm 0 bars

DR RO
PPERRER P SRt

Column CI (E:I FI)

S

3, R

Size of column = 23 x 40 cm Es
2 Axial load = 33527.93 k ko
% 8 g
g Factored load = = 1.5 x 33527.93 §
% ] &
2 = 50291.895 Kg 4
(:UL c’}:;:ﬂ
& From E] E2 %
2 ' f5 ")
? D.L B.M about xx axis = -558.50 Kg-m ®
e ]
% L.L B.M about xx axis = -128.900 Kg-m &
X %
3 -687.407 Kg-m ii
S8
c:";i’: c}v(a
% From EI Eq ky
o o3
K D.L B.M about yy axis =+ 1130.569 Kg-m ;é
es D.L B.M about yy axis - 380.910 Kg-m o
% ; %
£ &%
;%“ 1511.479 Kg-m i
2 o ween o :
ﬁ Mux = 687.407 x 1.5 = 1031.11 Kg-m %
zi’ Muy = 1511.479 x 1.5 = 2267.22 Kg-m zgz
;?é ' Assume P = 0.8%
5z P =08 - o0
K fck 20 &
g
i Uniaxial moment capacity of the section about xx axis
¥ z
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& 3
% %
c%, e
%) \ d = 5cm i
% . %
& d_=- 5/23 = 0.217
K D

P -
i u = 50291.895 - 0.27
fck b D 200 x 23 x 40 *
r):gv *3
= %
§ Mu = 0.082
o fck b D?
)
:% Mux, = 0.082 x 200 x 23* x 40 = 34702.4 Kg - cm
;li = 3470.24 Kg-m
?i: Uniaxial bending moment about yy axis
o £ - 5> = 0.125 S
o b 40 %
;L: Mu . = 0.093 %
X fck bd?
& %
ele Muy1 = 0.093 x 200 x 23 x 402 &
&
X = 6844.80 Kg-m
:;g* Puz = 115 Kg/sz i
& Puz = 115 x 40 x 23 = 105800 Kg i
* Pu_ - 50291.895 = 0.475 %
:* Puz 103800 §
j‘g Mux = 1031.11 = 0.297 i :
oy Mux, 3470.24
§ Muy = 2267.22 = 0.33
& Muy] 6844.80
* .
i Corresponding to Pu = and Mu x Mux = 0.85
% Puz Muy] Mux1 %
ﬁ &

e
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§ ’O‘A
'S s
e . - : o e
& Provide minimum reinforcement of 0.8% :
%)

6 bars of 16mm ¢

Provide 6 mm @ lateral ties at 24 cm C/C

B H ek

Column C2 (E2 F}

R N0 2NN PN 0 PCe PR Qe A0
Boog Koo Rockoogocs

e Size of column = 23 cm x 40 cm <
o Axial load = 49552.5]1 %
¥ %
e Factored load = 1.5 x 49552.51 = 74328 « 23 Mg
e . o
From E. E %
¥ 2™ o
;85 D.L B.M about xx axis = 1198.61 Kg-m §
‘;}% L.L B.M about xx axis = 181.66 Kg-m @i’
& 7380.27 Kg-m &
* I En %
xR : B -
3 <
% : From E2 E3 6
£ @gs
P D.L B.M about xx axis = -1269.33 Kg-m 3§
& L.L. B.M about xx axis = -100.08 Kg-m jg,j
) ¥
& - 1369.41 Kg-m %
oo e e

:i From E, Eg %
& D.L B.M about yy axis = 1488.67 Kg-m o
%) L.L. B.M about yy axis = 606.82 Kg-m i
& S T %
& 2095.49 Kg-m *®
e - X
& %
% Mux = 1.5 (1380.27 - 1369.41) = 16.29 Kg-m o
% %
Zgz Muy = 1.5 (2095.49) = 3143.24 Kg-m i
3? Assume b = 0.8% §
S &
& &
& ')
BBk %%*WW%W%%%&M*% FRopdoos s
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X
5 :
d %
Z %
& b - 0.8 - 0.04 &
s fck 20 ®
S, . Uniaxial moment capacity of the section about a xx axis 3:;
d - 52 _ (9
% 5 2 = 0.217 %
% *
* Pu = 5 = 0.217 Fe
. fck bD 23 K
;f” Pu o 7432823 - 0.404 %
% fck bD 200 x 23 x 40 : %
* o
X Mu 06 e
% fok bar = O o
% 2 %
2 Mux] = 0.06 x 200 x 40 x 23% = 2539.20 Kg-m o
; Uni axial moment capacity of the section about yy axis i%
¥ . |
T = = 2 = 0.125 %°
Q\ D 40 %)
one Muy, = 0.061 x 200 x 402 x 23 X
X = 14489.6 Kg-m %
b Puz = 115 Puz = 105800 Kg
,: cg)
* Pu = 7432823 - 07 3
o 3) T o5
% uz 105800
3 Mux - 16.29 = 0.0064
& Mux, 2539.20
3; Muy = 3143.24 = 0.7
oA Muy, 4489.60
;ff Mux = 0.67 (Corresponding to above Pu & Muy )

Mux . Puz Muy]
Provide minimum reinforcement

Provide 6 bars of 16mm ¢

S 2 S e S e e o e e

&
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Adopt 6 mm @ lateral ties at 24 cm C/C

Column C_,‘l (Ey Fy )

Size of column = 23 x 40 cm

Axial load = 51649.78 Kg

Factored load = 51649.78 x 1.5
p = 77474.67 Kg

From EI; EI

D.L. Moment about xx axis , = 2584.53

L.L Moment about xx axis = 222.36

S S SRR 6 R A O S 0 P A0 N AT G D Qe Qe O ADs AT O G O O e

sodksfofosfocodb oo fofododofodo g

From E4 E12

D.L moment about xx axis = -2896.32
L.L moment about xx axis = - 590.-2 oK
-3486.34 Kg-m §
3 From E.# E5 | §
. D.L moment about yy axis = 1027.64 %
w e
e L.L moment about yy axis = 3353 %
______ T r‘o
1362.9% Kg-m ol
%
"""""" %

Y.
ol

Mux = 1.5 (2806.89 - 3486.34) = 1019.175 Kg
Muy = 1.5 x 1362.94 = 2044.41 Kg-m

Assume P = 0.8%

i

Uniaxial moment capacity of the section about xx axis

* BB RRD HRE Y RGP
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% 0.8
§, fp - = - 0.04 3
% ck ;
% | i
i a4 - 3 _ o125 ;
¥ D 40 2
‘f\) é
g,, P g
5 v _ 77474.67 - 0.42 g
§ t, bD 200 x 23 x 4B 3
% %
% <
: " :
— M . 0.054 3
i fck b D? | ;
& Mux; = 0.054 x 200 x 23 x 407 = 3974.4Kg.m -,
H Uniaxial moment capacity of the section about Y Y - axis £\
* z
* d' 5 g
%:_, ——]D— = 2—3 = 257 ('J
Mo L o0s x
?%\A fck b D 2 oK
> Muy = 0.05 x 200 x 40 x 232 i
%@ 1 = 0.05 x X X = 2116Kg.m 2
* Puz = 105800Kg L’g
g6 o
% P .
i Pu_ | 177467 - 073 2
& Puz 105800 I
%
&% s
& Mux _ 1019.175 - o oK
z Mux, 39744 - i
& Muy 204441 %
& M—Lu = == = 0.97 %
£ y, 2116 g
A %
3 %
S o | e e . %
%W*%%*WWW%*%W%W%*%&%M%&* :

&
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% | | C%
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385;

% Mux - 0.27

* Mux]

Provide reinforcement of 0.8%
Provide §-bar$ of t6mmf

Adopt 6mm§ lateral ties at 24cm c/c

Column Cg (E 5F 5)

Size of column = 23 x 45
Axial load = 83114.71Kg
Factoéred load = 1.5 x 83114.71

= 124672.07Kg

N
(%)

oo e Rododooodfo 3o FocgocfotoRoogofood

(%

: £

From E _E S

5 2 R

D.L. B.M. about xx axis = 395248 %

L.L. B.M. about xx axis = -382.63 @C%

o -4335.07 kg.m %

T &

x x

% From E5EIO K

% %

% 13 *

i D.L. B.M. about xx axis - 3639.22 ‘f;gz

|

gg L.L. B.M. about xx axis - 784.49 §

% | %

& ; w2371 kem g

; ; S— S

&

%

i &

< £
PR RoBogogs

X

e e e
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: E
% From E5 4 3
¥
% D.L. B.M. about yy axis = 1027.64
o) L.L. B.M. about yy axis - 3353
®
z 1362.94Kg.m
Z Mux = 1.5 (4423.71 - 4335.07) - 1329 Kg.m
Muy = 1.5 x 1362.94 = 2044.41Kg.m

Assume P = 2%

% P .2 _ o
% fck 20
&
3 Uniaxial moment capacity of the section about xx axis
*
L 2 o
D -~ 45 -
o
g Pu 124672.07 = 0.60
e fck b D 200 x 23 x 45
%
J
M
— - — = 0,07
3 fck b D?
Mux] = 0.07 x 200 x 23 x 452 = 6520.5Kg.m

Uniaxial moment capacity of the section about yy axis.
d' 5
= = 0.217
D 23

%%%*%%%%%**%*%****************%*******%%******%***
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3
.

M
- - 0.06 g
fck b D? 3
Muy, = 0.06 x 200 x 40 x 237 = 2539.2Kg.m g
Puz , *
—= = 115 &%
Ag X
Puz = 115 x 23 x 45 =% 119025K g %
PU 7 124672.07 s §
Puz © 119025 - &
Mux i} 132.96 - 0.02 i
Mux 6520.5 ®
! %
Mu 2044.41 &
Muy, = =l = 0.8 &
1 2539.2 C*
2 x 23 x 45 &
Ast ST — = 20.7cm? %
100 i
Provide 8 bars of 20mm ¢ c;gj
o
Adopt émm § lateral ties at 24cm c/c %
§:
F aal
Column C,, (EI 0 IO) L Column i
: &%
Size of column = 30cm x 50cm x 23cm - s
Axial load = ThhuoKg §
Factored load = 111673.5Kg =3
From E'5 E’I7 i(«
%
D.L. B.M. about xx axis = -3096.18 :*g
L L. B.M. about xx axis = -1624.41 %
-4720.59Kg.m %
%
***%*%**W%W%W*%w** FBRd R
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From EI 5 Ezu

Koo

-

;;gx;%@cg(x}%ﬂ;u_ :

(

D.L. B.M. about yy axis = 6080.995

L.L. B.M. about yy axis 1496,320

¥

~
w
N
N
W
N
A

o

3

Y

O Y. L VAR
NI AN A AN

Mux

It

1.5 (4720.59) = 7080.89Kg.m

“
O
o

o

oo

Muy

1.5 (7577.32) = 11365.98Kg.m

Qu.
&

Assume P= 2%

Uniaxial moment capacity of the section about xx axis

S 2 = 0.1
fck 20

e d'

D 50

\Q{, ' P — B y
oo ick b D 200 x 23 x 50

' 0.11
fck b D?

Mux'] = 0.11 x 200 x 23 x 502 12650Kg.m

Y
N

Tk fododocfedof ok

Uniaxial moment capacity of the section about yy axis

d = 2 = 0.1
D 50

'3
1
]
O
R K- ROKE R RO R P ROR O T I FERE B RS R S RO R S oo T R B e At e st el e

Muyl 12650.Kg.m

Puz = 150 x 50 x 23 = 172500Kg

PR

%
R R A PR
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o~

Pu _ 111673.5 - 0.5
Puz ) 172500

Mux . 7080.89 - 0.5
Mux] 12650

Muy - - 11365.98 - 0.898
Muy] 12650

It is Unsafe.

2

Second tria]

Assume P = 3%

Uniaxial moment capacity of the section about xx axis

o

* P 3
%
5 = _— = .15
g fck 20 0.1
& d' 5
P — - — = 0.
& D 20
& Pu 111673.5 v
% fck b® 200 x 23 x 50 = 0
Mu - 0.175
fck b D?
Mux, = 0.175 x 200 x 23 x 50? = 20125Kg.m

Uniaxial moment capacity about yy axis is same as that of XX axis.

Muy] = 20125Kg.m

Puz = 180 x 23 x 50 = 207000Kg.
Pu } 111673.5 - 054

Puz . 207000

BB R R RRoRo Rt LRRP ARSI R TR R SRR R s T e G e e e e a r e

R BRRRRRRRRRRR R G oL

p

%:
%
%
%
*
P
%
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§
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Mux _ 7080.89

Mux] 20125

Muy B 11365.98

Muy 20125

(Corresponding to Pu and Muy , Mux
Puz Muyl

Provide reinforcement - E 23 x 50

100

Provide 12 bars of 20mm ¢

Adopt émm f lateral ties at 24cm c/c

Column CIZ : T-Column

Size of column
Axial load

Factored load

From EZ# EIS

D.L. B.M. about xx axis

L.L. B.M. about xx axis

From E2 4 E43

D.L. B.M. about xx axis’

L.L. B.M. about xx axis

112
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0.35

0.56

0.74)

34.5cm?

>5cm x 35cm x 30¢m
166252Kg

249393Kg

6080.995Kg.m

1496.32Kg.m

-6080.995
-1498.32

=7577.32Kg.m

‘ &K’%%'f&ocf&x&f%*WWW*&WW%**%***%W%*% %
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e

From Ezu E26

Vg

e

&+

D.L. B.M. about yy axis

9153.08

SO
2

L.L. B.M. about yy axis

it

N
[0}
~
W
~

Koo

c;‘g’jy%x%»'

MUX:O

A,
O

Muy

1.5 (13024.45) = 19536.68Kg.m

Assume P = 2%

Sfoctosgedfofockd
KRB R R RO R IR PR RIS R R TR R oo e 2 G e

P - 2 = 0.1
fck 20
: Uniaxial moment capacity of the section about yy axis
cjg\(;
* <. — 0.08 ;
D 65 ' %
¥ o
% *®
o —_Pu = 0.639° o
R fck b D
%
= Mu Z
";% _ = 0.055 f::
Rt fck b D? \7%‘.‘
s o
Mu -
% Y, = 13942.5Kg.m %
R %
% Assume P = 3% g3
&
§ P 3 - 0.15 :
& fck 20
§ Uniaxial moment of the section about Xy axis
3 3
4 s
(%)

¢
&

A

g WA PPy

o
~
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e = — 0.08

= 0.639

Fodo ook B

.
X

Bocgok

= 0.12

C
=h
0
x
o
O

N

Muy = 0.12 x 200 x 30 x 652 30420Kg.m

I 5
() Y AN

R ‘ Puz = 180 x 30 x 65 351000

"

8 = 0.7105
RS Puz

i
Ngt
CJ\J

o
o Mux

O
i SR

BRERRBRRRRRBR PR X BT DR

19536.68
= — == = 0.64
Muy, 30420

G B
€
[
|

.,
TS
ES

Pu g Muy ; Mux = 0.72

\ Correspondmg to Puz Muy] Mux'
Provide reinforcement - 1—36 x 30 x 65 = 58.5cm?

Provide 18Nos of 20mm ¢ bars.

The reinforcement details are given in figure.

Fog
w®

N3 o
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%
'%*f 3
K DESIGN OF FOUNDATION 3
: :
* f
X INTRODUCTTION: 3
: 3
% | | | | :
5 R.C.C. footings are provided to transmit the  load of &
;é; the structure supported by colums to the soil. The design is j
g
if based on the assumption that the foundation is rigid so that 4
4
2;; the variation of pressure under the foundation will be linear. 4
‘jﬁf’ The pressure on the soil should not exceed the bearing capacity 2
% 5
) of soil. g
z k
< 3
f§> The isolated rectangular footings are designed 3
' § using elastic design procedure foundation is 1laid 3
ii at a depth of 1.38M below the plinth beam. g
DATA:
* 3
o 3
Z .
§ Bearing capacity of the soil =15 + 1 'M2 3
% Mix used : ’ = M 200 3
§ Steel = Tor Steel j
i 6 cbc = 70 kg/cm2 c;

e
E G st = 2300 kg/cm2 j
§ Modular ratio = 13 Z
& - = j= 0.903 and ¢ = 9.11 30cm )
Design contents K = 0.282, ] . 7N ‘
% thici of levelling course is provided {for all the foo- 8
i tings keeping the bottom of the levelling 2.38m below 3
&% ground level. Z
2

4

¥

(o)
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i DESIGN:
&
%

*\

pfo R Ro R R BB RR PR BBt dodtoRo RoRodhoofofoocgfofofodhbFocdocs

FOOTING 1:

FOOTING FOR COLUMN ql

Size of the column

i

23 cm x 40 cm

Total load from the column

33527.95 kg.

Assume self wt. of footing

10% = 3352.79 kg.

Total axial load 36880.72 kg

MOMENT OF FOOTING:

From the design of column Cl

Moment about xx axis - Mux

687.41 kg m

Moment about yy axis Muy 1511.48 kg m

Eccentricity in yy axis = Muy  687.41 = 1.8 em
W 36880.72 *

Eccentricity in xx axis

]

Muy _ 1511.48

W " 368807z - *-lem.

Area of footing required = 36880.72 _ > .46 M2
15 x 1000 “°

Size of footing = 1.6M x 1.6 M

e e e o o S o S S B e S R S S S S e e e e S S S R S

*

pofocgock hocoskocfoa oo oo oo docfodb et R B B BB BB B B BB B R
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@}% %
%' Net upward pressure aéting on the footing gi
& X
j% | = %%%%%;%%6 = 13096.85 kq/M? gi
%

@
Eod

= 1.31 kg/cm?

The footing will project 70.3 cm from xx -axis

and 64.1 cm from yy axis

l. BM at X_ XX, M

1.309 x 160 x 70.3%

C e S R i R

KofoBofofoofeRofodofofocfoofoRofococfoctoctogocfecloc

n
2
_ 4
= 51.75 x 10 kg - cm
Effective depth required = /51.75 x 10%
9.11 x 40 = 37.68 cm
ii. BM at the X ¥y, M =1.309 x 160 x 64.1%
24
5
= 4.3 x 107 kg cm.
. . _ 5 :
% Effective depth required 3§ = /é.3 x 10 = 45.32 cm
9.11 x 23
iii. Depth required for punching shear
= 1.31 (160 x 160 - 23 x 40)
= 32084 kg.
Area of resisting = 2(23x40)dp x 10 = 126 dp

10 x 126 dp = 32084

Therefore dp = 25.66 cm.

ook fofofocfodoefocfocfoocfoRoctood <

%

%*****%%**%**%**%%*%%***********%%*%%é%%*%#
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X

'

Take overall depth = 55 cm with effective depth of

55 - 8 = 47 cm.

Area of steel parallel to XX axis = 4.3 x’lO5

2300 x 0.903 x 47

]

4.4 cm?
Provide l2mm dia. bars

No. of rods = 4.4 x 4

Provide 4 rods of 12mm dia.

51.75 x 10°
2300 x 903 x 45.8

Area of steel parallel to Yy axis

éb&mkébif%éb*ﬁ%é@%éb%ﬁb%ﬁ%é%%x%éb%ﬁ%é@%ﬁ%#x%éé
4
»
-
N
Nll
w
@
]
4Anm@“&ﬂ&&&&&&&&&*&%&*********%%*******V%%*

; = 5.44 cm”

éé provide 12mm dia. bars

S

2 No. of bars = 5.44 _

éz v =% 1.2 7/&4 4.81

o . 0.12

e Adopt 5 bars of 12 mm dia. Min Ast = 73 x 1600 x 470
&

2 = 902 .4mm?

%

& CHECK FOR BOND:

*

%

*

ji sufficient anchor length should be provided.

*

*

%g CHECK FOR SHEAR:

% | |

gi Critical section is taken at a distance eugal to
3§ the effective depth from the face of the column.

z .

¥ Bt
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¥ :

X Shear force at the critical X, = 1.31 x 17.1 x 160
;s = 3584.16 kg.

«%~ Let the depth of footing at the end be 20 cm.

&

& Depth of the footing at the critical section

* .

gg =20% 2 x17.1 = 29.34 cnm.

%; Breadth of footing at the critical section

3% = 23 + 2 x 50.225

;i = 123.45 cm

*

Shear stress 3584.156

123.45 x 29.34 x 0.903

1.09 < 5 kg|em?

Hence safe.

The arrangement of column on the footing is as shown

in the figure.

FOOTING 2

FOR COLUMN Cj

Size of the column = 23 x 40 cm?
Total load from column = 49552.51 kg
Assume self wt. of footing as = 10%

Total axial load = 54507.76 kg.

%&&****%*%*%*&#%*%%*%%**%%*******%%%%%%*%**%%****%**%%%%%& .

e BB BB B TR TRRRRRR TR T oot R
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MOMENT OF FOOTING:

From the design of column C

2
Moment about xx axis =_Mux = 10.86 kg.m.
=211 kg. m

Moment about yy axis = Muy = 2095.5 kg.m.

Eccentricity in xx axis = Muy

= 2095.5 _ 3.84 cm
54507.76
Eccentricity in yy axis = Mu, . 11 = 0.02 cm.

B

W 54507.76
(0.02) 8t is neglected

Area of footing required 54507.76
15 x 1000

2

i

3.64 cm

Size of footing = 2 m x 2 m

Net upward pressure acting on the footing

= 49552.51
2 X 2

= 1.24 kg/cm®

= 12388.13 kg/m?

The footing will project 88.5 cm from xx axis

and 83.4 cm‘from vy axis

1. BM at the section xx = 1.24 x 200.88.52

= 971199 kg.cm.

2. Effective depth required = d =/97.12 x 10
9.11 x 40

4

= 51.63 cm.
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(ii) BM at the section yy

M= 1.24 x 200 x 83.42

2

Effective depth reqgd. 4

(iii) Depth required for punching shear

= 86.25 x 10% kg.m

121

N

:/é6.25 x 104

= 64.16 cm.

9.11 x 23

= 1.24 (200 x 200 - 23.40)

= 48459.2

Area of resisting = 2(23 + 40)dp =

10 x 126 dp = 48459.2

dp = 48459.2
1260

Take overall depth = 75 cm with effective depth on

75 - 8 = 67 cm.

Area of steel parallel to xx axis

Provide 12mm dia. bars
No. of rods = 6.19 = 5.48

Tx 1.22
4

Adopt 6 bars of 12mm dia.

= 38.46 cm.

Il

?Area of steel parallel to yy axis

126 dp

86.25 x 102
3300 % 0.903 X &7

6.19 cm?

= 97.119 x 104
>300%0.903%x65.8

= 7\ em>

%&%&%&%&%&*&***%*&*&%%*****%%**%***%*****%******&**&%&%
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o

Provide 12mm dia. bars

&
No. of rods = 7.1 - 6.28 ¥

x 1.22 . i

72
7% 'l

C

——

4

Minimum reinforcement = 0.12
100

x 2000 x 670

oot

NS
,u)(\Jc

1608 mm2

*

&
%E
%

Adopt 8 bars of 12mm dia.

CHEKC FOR BOND:

sufficient anchor length should be provided.

*
§§
%
?
g
3
8
[
é
<

]

. Qe Qe Nl

O,
¥

s

CHECK FOR SHEAR:

Critical section is taken at a distance equal

to the effective depth from the face of the column.

SF at critical section

i

1.24 x 200 x 21.5

5332 kg.
Let the depth of the footing at the end be 20 cm.
Depth of the footing at the

critical section

!

20 +-g—g—3-x 21.5

]

]

33.36 cm

%P%%W**%%‘%’%%’%&%’Cﬂ@%’*% S oo Fofofoecode
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§ Breadth of footing at
& the critical section = 23 + 2 x 88.5 x 33.36
i = 130.36
Shear stresses = 5332 _ 2
ﬁ 130.36 % 33.36 - 1-23 kg/cm
& a < 5 kg/cm?
®
* Hence safe.
T The reinforcement and other details on the footing
¥ is as shown in figure
%E
* FOOTING 3 FOR COLUMN C4
&
%
* Size of column = 23 cm x 40 cm
§ Load from column = 51649.78 kg
’.'75(3
35 Assume self wt. of footing as 10 % of axial load
f% Total axial load = 51649.78 + 5164.978
f%j = 56814.758
Q)
gi Moment about xx axis = Mux = 679.45 kg-m
3% " Moment about yy axis = Muy = 1362.94 kg-m
Eccentricity in xx axis = 1362.94 x 100
§ 56814.758 = 2.39 cm
&
Eccentricity in yy axis = 679.45 x 100
56814.758 =~ 1-195 cm
3
& Area of footing required = 56814.758
% 15 x 1000
% = 3.787 m?
$hPiR
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Size of footing 2M x 2M

Net upward pressure

i

acting on the footing 51649.78

200 x 200

= 1.29 kg cm?

The footing will project 81.195 cm from xx axis and

90.89 cm from yy axis

(i) BM at the section XX = 1.29 x 200 x 81.195%
2

= 850449.02 kg.cm.

Effective depth required =/850449.02
| /9_11 < 23 ° 63.71 cm

(ii) BM at the section yy

(9}
P
.

BB RSP Ro o ook FoFoof R m oy

<
G

1

1.29 -x 200 x 90.892
2

1

1065668 kg-cm

Jﬁ065668
9.11 x 40

50.078 cm

Effective depth required

(iii) Depth required for punching shear

1.29 (200 x 200 - 40 x 23)

50413.2 kg
Area of resisting = 2(23+40)dp = 126 dp

10.126 x dp = 50413.2

o e Gl R oo R R P R BB R R R B R BB R R R RPRBPR R PRI PBBR

o B PR R PR R R P RRR PRFH T Rocfosodorbr
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&
%
¥*
g; Therefore dp = 40.0lcm
3% Take overall depth = 75 cm with effective depth
'-‘38@ = 75 - 8 = 67 cm.
K
2 Reinforcement parallel to XX axis = 1065665
2300 x 0.903x67
4
L = 7.65 cm2
provide 8 bars of 12mm dia.
5? Area of steel parallel to vy axis
zi = 850449.02
, 5300 X 0.903x65.8
= 6.223 cm?
j% provide 7 bars of 12mm dia. '
% Minimum reinforcement = 0.12 x 2000 x 670

o
X

1000

Provide 8 bars of 16 mm dia. = 1608 mm?

2

CHEKC FOR BOND:

sufficient anchor length should

be provided.

CHECK FOR SHEAR:

critical section is taken at a
distance equal to the effective depth from the face

of the column.

&***%*%***%******%*%%%&%%%%%%

:
z
:
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SF at the critical section 1.29 x 200 x 23.89

1

Let the depth of footing at the end be 20 cm.

Depth of footing at the critical section

:
6163.62 kg §
&%
:
5

= 200 + 55
mgx 23.89 g;
¥ = 34.456 cm : , %
gi Breadth of footing at the critical section
% = 40 + 78.805
% 50.85 * 7
Gi 81.195
% 5089 * &7
&
& = 157.94 cm.

Shear stresses = 6163.62
157.94 x 34.456 x 0.903

= 1.254 kg/cm? < 5 kg/cm?

Hence safe.

figure.

FOOTING 4 FOR COLUMN C5

Size of the column = 23 cm X 45 cm

Axial load from the column = 83114.71 kg

Assume self wt. of the footing as 10 % of the axial

load.

%

%%

X

\ *

The arrangement of column on footing is shwon in :3
g

o
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83114.71 + 8311.471 §

= 91426.18 kg

Total load

*%*%f‘**i

Moment about xx axis = 88.64 kg-m

Moment about yy axis

1362.94 kg-m

1362.94 x 100

Eccentricity in the xx axis

91426.181 = 1.49 cm.
Eccentricity in the yy axis = 88.64 x 100 0.09 cm
91426.181
. _ _ !
Area of the footing reqd. glézé;léf = 6.09 m?
15 x 1000

Size of footing = 2.5M x 2.5M

Net upward pressure on the footing 83114.71

250 x 250

]

1.38 kg/cm?
The footing will project 102.59 cm from xx axis

and 114.99 cm from yy axis.

(1) BM at the section xx axis = 1.33 x 250 x 102.592

1749732.7 kg.cm

Effective depth required = [1749732.7 _
[SIT x 33 = 91-38 cm

(ii) BM at the section YY axis = 1.33 x 114,992
' 2

x 250

= 219873.9 g cm.

Effective depth required = [219873.9 _ ’
JoIT x 45 = 73-22 cm

BEEBERBRE FRBRBRERER BB R R BB BB R BB R R TR RS
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(iii) Depth required for punching shear

Punching shear = 1.33 (250 x 250 - 45 x 23)

]

'81748.45 kg

Area of resisting = 2(23 + 45) dp

136 dp x 10 = 81748.45

dp 60.11 cm

Take overall depth = 100 cm

FocfocofogpfocefooRoododoR

L With effective depth = 92 cm
Area of steel parallel to xx axis = 2198273.9
V 2300x903x92
= 11.5 cm?

]

Provide 12 nos. of 12mm dia. bars

Area of steel parallel to yy -axis =

\

Fofockefod

C

1749732.7
2300 x 0.903 x 90.8

Min Ast = 922y 2500 x 920 = 2760 mm?

Provide 10 nos. of 20mm dia. bars
CHECK FOR BOND:

Sufficient anchor length should

be provided.
CHECK FOR SHEAR:

The critical section is taken

pffefodo oo odoRofodotoo R ok fotocfociFo

at a distance eugal to the effective depth from the 35

i e o =

&
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face of the column.

S.F. at the critical section

22.99 x.250 x 1.33

7644.175 kg
Let the depth of footing at the end be 20 cm.
Depth of footing at the critical section

20 + 80

114.59 X 22.99 = 35.99 cm

Breadth of footing at the critical section

45 + 102,59 102.41

114.90 X 22 * 17700 * 92
= 209 cm.
Shear stresses = 7644.175

209 x 0.903 x 35.94

I

1.13 kg/cm? < 5 kg/cm?

Hence safe.

befofodocfoSok oo docfofoofooocfofofococfecocockefoofocofoRockd
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The arrangement of column on footing is as shown in

figure .
FOOTING § FOR COLUMN 10:

Size of column =,50 cem x 50 cm x 23 cm

Size equivalent sguare column 42 cm x 42 cm
Axial load from column = 74449 kg

Assume self wt. of footing as 10 % of axial load

Total axial load

74449 + 7444.9

I

81893.9 kg
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%
4720.59 kg.m Eg

Moment about YY axis= 7577.32 kg.m

Moment sabout XX axis

]

Eccentricity in the xx axis

7577.32 x 100

a 51893.9 = 5.76 cm
Area of footing required = 81893.9 - 2
T5 x 1000 = 3.46 cm

Size of footing = 2.4 x 2.4 M

Net upward pressure acting on the footing

' = 74449 _ ,
240 x 240 = 1-29 kg/cm

The footing will project 104.76 cm from XX axis and

108.25 c¢m from YY axis.

1. BM about XX axis 1.29 x 210 x 104.762

5 = 2973034.7Kg.cm
emirea T C[gma0ans Lo,
2. BM about yy axis = 1.29 x 2102x 108.252
= 1587211.6 kg.cm.
Effective depth required =/g?§Z2ilig - 64.4 cm

3. Depth required for punching

Punching shear 1.29 (240 x 240 -~ 42 x 42)

72028.44 kg

*****%****%****%*%%%***%*w*%****%%***%%%%*****%%***%**%%ﬁ
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Area of resisting

1680 dp

il

72028.44 kg

4 x 42 x dp = 168 dp %

dp 42.87 cm
Take overall depth of footing = 100 cm with effective

depth = 92 cm.
Area of steel parallel to XX axis

= 1587211.6 2
= 8.3 cm
2300 x 0.903 x 92

Provide 8 bars of 12mm dia.

Area of steel parallel to yy axis = 297034.72
2300x0.903x92
= 15.7 cm2
Min. Ast =.0.12 o 5400 x 920 = 2649.6 mm2

Provide 14 bars of 12mm dia.

Provide 10 nos. of 20mm dia.
CHECK FOR BOND:

Provide sufficient anchor length.

CHECK FOR SHEAR:

Critical section is taken at a distance

equal to the effective depth from the face of the

column.
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Rk

Shear force at the critical section = 16.25 x 1.2 x 210

4402.13 kg.

Let the depth of footing at the end be 20 cm. §

Depth at critical section = 20 + 80

108.25 * 16-25
= 32 cm. }
Breadth at the critical section : ‘ :%
S B, e :
= 210.27 cm.

Shear_stresses = 4402.13
210.27 x 32 x 0.903

= 0.72 kg/cm?

£ 5 kg/cm?
Hence safe.

The arrangement of column on footing is as shown in

figure
FOOTING 6: FOR COLUMN Cl2

Size of footing =:55cm X 35 cm x 30 cm

Size of equivalent square column 52 cm x 52 cm.
Axial load = 166262 kg.

Assume self wt. of footing as 10 %

Total load = 166262 + 16626.2 = 182888.2 kg.

BM about XX axis 0

BM about YY axis

13536.68 kg.m.

BrhPBhdBRBPdoBdod Rl Rododdo SRR R oo fofRo oo dofoRododoore
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Eccentricity in the YY direction = 0

¥

!
B

o)

Area required for footing = 182888.2
15 x 1000

= 12.29 p?

)
)

:{; f\‘z’gc &

5 Size of footing = 3.5 m x 3.5 M
& Net upward pressure acting

5 on the footing = 166262 _ 2
o 3E0X350 - 1.35 kg/cm

ﬁé The footing will project 156.4 cm in XX direction and

" 149 cm in YY direction.

oot

o,
R

1. BM about XX axis= 1492x350x1.35
2

e el

= 5244986.3 kg cm

,5244986.3
9.11 x 52

105.22 cm

5

Effective depth required

(o)

%

~(~
e G X Qe
00 -f?c.ugf;“g&bj

(9 . .
e fa = 2
ié 2. BM about YY axis 1.35 x 156.4 % 350

2

i

5778901.8 kg.m.

Effective depth required = [5778901.8
9.1]1 x 52

110.45 cm.

3. Depth required for punching

FooRocosfookecgoBockooKocootr

Punching shear 1.35 (350 x 350 - 52 x 52)

>

ik%*%*%%%%****%**%%%%****%***%*%*%*%*%*%%%*%******%**%%%

¥
) = 161724+6 kg.

2§ Area of resisting = 4X52 dp

‘Q“/, YN ., L SV . { . D N R ( N R .
Bogecfofoocododo B Rododecfo oo oot oo oot s bk R ok oo o
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il

208 dp

2080 dp

161724.6

o : dp

]

77.75 cm

o Take overall depth of footing = 120 c¢m with
&
2.3 effective depth = 112 cm.

Area of steel parallel to XX direction

5778901.8
7 2300x0.903x112

QoD
S A S

24.84 cm.

g A
\,}(\'()L

(%\:)

Provide 8 nos. of 20mm dia.

{,
¥

Ve N e WY
G E el
S S B eSS,

o,

Area of steel parallel to YY direction

= 5244986.3
A = 23 cm?

{
Iy @)
(9

Je 2300x0.903x110 X
§ %
e *
Q; Provide 8 nos. of 20mm dia. gi
ke : = : n‘.‘J
i~ Min ASt = 222 x 3500 x 1120 e
5 _ o
o = 4704 gi
%g Provide 16 nos. of 20 mm dia. &

I

22 ’ CHEKC FOR BOND:

zg Sufficient anchor length should be ’

& provided.
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%

% %

r% C;g~l

o CHECK FOR SHEAR: . o

3

s Critical section is taken at a distance i

S ®

& equal to the effective depth from the face of the 2%

% :

e column. S

ci,'\j\'ﬁ c:gg)

r%’; @%9

& S.F. at the critical section = 1.35 x 44.4 x 350 §

% = 20979 kg &

o Let the depth of footing at the end be 25 cm. i

% Depth at the critical section 2%

cC: = 25 + (120 - 25)

* ‘ %

& = 51.96 cm &%

& %

c)gd *

% . : &

&5 Breadth at the critical section ﬁ

¥ 52 + 149

3 = +

N ] ===

L:Sf(‘a 156.4 ¥ 112 x 2

fs@ R

eV = 265.40 cm :

& Shear stress = 20979 = 1.52 kg/cm? 23

% 265.40 x 51.96 — %

X < 5 kg/cm?

: - :
Hence safe.

X

§ The arrangement of column on the footing and rein- %

§ forcement details are shown in figure. 23

& g

s %

&

z %

S &

o

x

| ‘ £
R e i o o e e e S S i i S S S e e
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STAIRCASE DESIGN

FoooRood kR

A doglegged stair case is planned and provided as

shown in the figure.

0,

Let the rise and tread be taken as 160mm and 250mm

respectively. The width of each flight be 1.12 M.

ocfoctocococockecpocfectocfocd oo oo Roc

Height of the stair = 2.82 + 0.10 = 2.92 M

Height of each flight = 2.92

5 = 1.46 M
No. of rise required = 1.46 _
0.160 =9.12
Provide 9 rises in each flight
Actual rise of the stgp = 1.46 _ 16.22 cm

9
No. of treads in each flight = (9-1) = 8

Space for the treads = 8 x 250 = 2000 mm = 2 M

EAPEVIgN
B AR

Space left for passage = 3.00 - 2 M = 1.00 ,M

Loads on each flight:

The effective horizontal span = 2 + 0.23 = 2,23 M

Let the thickness of waist slab = 120 mm.

Weight of the slab (W) on the slope 0.12x2400

]

288 kg/m?

%

&

#

&

%

X

%

gi Dead wt. of horizontal area W, = W x /EE + T2
EE T
%

&

O
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ﬁ; - 288 (0.1622)% + (0.25)° 5 , o
'%7 0.25 = 343.305 kg/m %%
v Dead weight of stress is given by ol
% =
o : o
= W, = R x 2400 0.1622 x 2400 2 .
% 2 e =2 = 194.64 kg/m ~ ﬁi
5 | %
K Total dead weight = W, + W, = 537.945 kg/m? &
%‘ < (:‘ >
b Live load = 300kg/m? S
7% Weight of finishing = 10 kg/m? ?f
j% Total load per metre run = 847.945 kg/m é%
% %
X b
X DESIGN OF WAIST SLAB: : S
& | *
CX: *
%‘ 2 2
ol M= WL g47.045 x (2.23)2 4
* s : e )” - 527.093 kg.m. %%
Seb c)&)
(Y]

¥ B ' %
%o d==ﬁkmga %
25 5.11 x 100 =~ /-61 cm. &
Q; Provide 12 cm overall thick

ok

e Effective depth = 12 - 2 = 10 cm

Ko

REINFORCEMENT DETAILS:

) Mu = 0.87 fy. Ast 4 (1 - Ast fy)
bd fck

5270 9.3 X 1.5 = 0.87 x 4150 x Ast x 10

(1-Astx4150)
100 x 10 x 200

£ S S S S 2 2

Therefore Ast = 2.3 cm2

pRofofockodofoockdo B cfoRock ok
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Use 10mm dia. bars spacing = 34.15 cm.

Provide 10 mm dia. bars @ 30 cm c¢/c

DISTRIBUTION STEEL:

o
)

oo oifon R

Ast

1}
(@]
-
(9}

Provide 6 mm dia. bars @ 13 cm c/c¢
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