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ABSTRACT

The report presents the analysis and design of a hostel building located in the
Kathmandu valley, at Kirtipur undertaken as a partial fulfillment of Bachelor in Civil
Engineering (BCE) 8™ semester of course requirement. In the view of seismic vulnerability
of the country, seismic load on the building was given due consideration, in addition to the
wind load. Load calculation was done as according to IS: 875 — 1987 (Code of practice for
Design Loads for building & structure) and IS 1893 — 2002 (Criteria for Earthquake resistant
— Design and Structure). Modeling & Analysis was done with the help of ETABS structural
analysis software. Design is based on Limit State of Method. Detailing has been carried out
as according to SP 34 (S & T) — 1987 (Handbook on concrete Reinforced & Detailing) and
IS 13920 — 1993 (Ductile Detailing of RC Structure subjected to seismic forces).
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Area of steel

Breadth of slab/compression face/flange
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Overall depth of beam or slab
Thickness of flange

Dead Load

Effective depth of beam or slab

Depth of compression reinforcement
Modulus of elasticity of concrete
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Moment of inertia

Constant or coefficient or factor
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Live Load or imposed load
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Bending moment Coefficients

Distance between points of zero moments in a beam

Bending moment
Axial load on a compression member

Calculated maximum bearing pressure of soil

Total cross-sectional area of stirrup legs or bent-up bars within a distance sy

Area of concrete
Area of longitudinal reinforcement for columns
Spacing of stirrups

Strength of shear reinforcement

‘Torsional moment
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WL

Wy
M,
1\"1Iim

Xlim
Thd

Tc
Te,max

T

Thickness of wall

Shear force

Total Load

Wind Load

Uniformly distributed load
Ultimate load

Ultimate bending moment
Limiting bending moment
Depth of neutral axis
limiting neutral axis depth
Design bond stress

Shear stress in concrete
Maximum shear stress in concrete with shear reinforcement
Nominal shear stress

Diameter of bar
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Introduction

CHAPTER-1
INTRODUCTION

1.1 GENERAL

Nowadays, for the development of any nation, it is essential to construct the
infrastructures regarding various constructions works. To carry out such works engineers
and various technicians play an important role entirely through the governmental or private
immensely

sector. Government having inadequate resources, nowadays, private sectors are

activated towards the construction works on the contract basis.

In this scenario, regarding several projects which were offered to us, we have chosen
the project entitled “Analysis and Design of Office Building of Earthquake Resistance”.
Comparing various models of building structures, we found public building as the most
challenging project. Thus, we have given preference to the construction of the frame
structured municipal building which is a frame structure of six-stories with basement. There
are total 34 frames. These frames are analyzed for various vertical (Live, Dead) and
horizontal (Earthquake, wind) loads. The site is located in Biratnagar Metropolitan.
According to IS 1893-2002 (Criteria for Earthquake Resistant design of structures),
Biratnagar lying on V™ Zzone, earthquake load was found to be pre-dominant in case of

lateral load.

Earthquake is a natural phenomenon as old as the history of the earth itself. It occurs
rarely at any particular location. However the effects of these events are very destructive.
Amongst the other natural disasters, earthquake is the most unpredictable one with
maximum risk. Massive loss of lives and properties occurs. Now a days, designers and
engineers are giving more emphasis towards the earthquake resistance while analyzing and

designing any structure to minimize the seismic impact.

Various types of loads during the design phase are considered. While analyzing the
structure, internal forces in various structural members are discussed. Structural design deals
with the designing various members of the structure to resist these internal forces to which

they might be subjected during the life period of the structure.

1
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Introduction

While analysis, frames are analyzed for earthquake as lateral or horizontal load. During
the earthquake, structural and non-structural damages occur in which both of them are
hazardous to occupants. When earthquake shaking occurs, a building gets thrown from side
to side or up and down. i.e. ground moves violently side by side and building stay at rest.
Thus the building gets thrown back and forth by the motion of the ground with some part of
building lagging behind and then moving in the opposite direction. The level of damage

depends upon how well the building has been designed and constructed.

In our context, the analysis of earthquake is based on seismic coefficient design
method as described in IS 1893: 2002. The lumped masses are calculated in floor level and
with the help of horizontal base shear, the lateral load (earthquake load) is calculated as well

as distributed.

The project report has been prepared in complete conformity with various provisions in
Indian Standards as Code of practice for plain & reinforced concrete IS 456-2000; Code of
practice for Design loads IS 875 (Part 2)-1987: Design Aids for Reinforcement Concrete (SP
16) IS 456-1978; Handbook on Concrete Reinforcement and Detailing SP 34 (1987) are
thoroughly referred for proper analysis, design and detailing of structural elements viz.
beam, slab, column, staircase, foundation, basement wall with respect to safety, strength,
stability, ductility & economy in addition to adequate serviceability requirements of cracking

and deflection in concrete structures. All the codes are based on the principles of limit state

of design.

The project report posse modeling output (ETABS 2018), analysis results, load
calculations, architectural drawings, structural drawings and sample calculations of various

structural elements and their detailing as well.
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Introduction

12 OBJECTIVES

The main objective is to achieve a practical knowledge on structural analysis,

design and detailing of a building
. To estimate the various loads on the building
- To determine the dimensions of the structural elements of the building
- To design the structural elements of the building
- To make detailing of the structure system
To design the structure on the basis of allowable material stresses, the section sizes,
concrete strengths & amounts, reinforcements
To estimate the load effects that can be exerted to each critical section in the structure
under design loads (BM, SF, thrust)
To know the methodology for carrying out the structural analysis and detailing in a

real practice

1.3 SALIENT FEATURES

Building type
Structural system

No. of Storey

Office/Public building
RCC Frame structure

6 (excluding staircase covering) + Basement

Floor Height Floor—3.3m (117)
Basement — 3.3m (11°)

Length 25.576 m

Breadth 10.566 m

Plinth area 270.4896 sq. m

Type of staircase Open — well staircase

Type of foundation Mat foundation

Type of sub-soil

Medium Sub-soil (Bearing Capacity = 130 KN/m?)

FRAME SYSTEM
Direction Frame Naming
Transverse 77 3.3,4-4,5-5, 6-6, 7-7, 8-8, 9-9, 10-10
Longitudinal A-A, B-B, C-C, D-D, E-E, F-F, G-G, - 8
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1.4 METHODOLOGY

a) Study of the Architectural Drawing

Initially, the architectural drawing of the building was studied. Rooms within this
office building were allocated to various purposes such as staff room, administration,

seminar hall, storage etc.

b) Preliminary Design

Estimation of various structural elements such as beam and slab were designed and
checks were done with the help of deflection criteria and moment criteria. For the column,

vertical axial capacity was taken for the design and percentage of steel was checked.

¢) Load Calculation

After the study architectural drawing and preliminary design, load calculation was
done. In vertical, dead load was obtained by the sized determined in preliminary design
and live load was determined by using code for design loads (IS 875 part 2) for various
types and purposes of rooms. In horizontal load, earthquake load was determined by
calculating lumped mass at floor level and horizontal base shear (IS 1893). It was done by
Seismic Coefficient Method. Wind load (IS 875 Part 3) was obtained by design wind speed
and design wind pressure. Earthquake load being the pre-dominant one between the two

lateral loads, hence its effect was only considered.

d) Modeling & Analysis

For the purpose of Seismic analysis of our building we have used the structural
analysis program ETABS. It has a special option for modeling horizontal rigid floor
diaphragm system. A floor diaphragm is modeled as a rigid horizontal plane parallel to
global X-Y plane, so that all points on any floor diaphragm cannot displace relative to each
other in X-Y plane. Initially, the characteristics of the materials used were defined such as
concrete — M20 and M25 for colume reinforcement — Fe500. Then, the load cases as well
as their combinations with load factors were introduced. Next, structures were analyzed for
different load combinations and the final output was determined in the form of SF, BM and

AF etc.
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¢) Design

Design was done on the basis of limit state of design for collapse and serviceability. The

sample calculations of various structural elements were done with numerous checks and

with the help of MS-excel, the formulation was done for each and every structural member

in the building.

f) Detailing
Detailing was to done by determining number, size, layout and location of reinforcement,

given the element dimensions and areas of steel required. Certain details such as lap and

development lengths, hook requirements, cut-off points etc. were covered by the code.
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Analysis of building
CHAPTER-2
ANALYSIS OF BUILDING

The analysis of the building was done by the estimation of dimensions of various
structural members such as slab, beam, column, staircase, foundation, and basement wall with
the help of preliminary design. And different types of loads such as vertical load (Dead +
finishes, and Live) and Lateral Load (earthquake and wind load) were calculated. Earthquake
being pre-dominant, only its effect was taken for lateral loads. Also combinations of such loads
were taken into consideration. With the help of Etabs 2018, element stresses in beams and

column were calculated in the provision of rigid diaphragm with.

2.1 PRELIMINARY DESIGN

Preliminary design is carried out to estimate approximate size of the structural members.
Grid diagram is taken as basic guideline for analysis. Preliminary design of flexural members of
the structural system i.e. for beam and slab are done as per the limit state of serviceability. Work
out is done from deflection criteria and moment criteria. And for column, it was done from net

vertical axial load capacity assuming suitable percentage of steel.
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SLAB DESIGN
Reference Step I Calculation Remarks
Slab (big Hall) __ dimension 13’4” *13'7”
From deflection criteria, we have,
l
d2 —— ], =13"4" =4,064
a }//15 X 064m
IS 456-2000 where,

“lause 23.2 (fig. 4)

yde 1S456: 2000

o= 26 (for continuous slab two way)

8 = 1 (for compression steel)

B =1 (for span less than 10m)

A =1 (for no web flange)

Fs=0.58*500*1 =290

Assumed 0.4% of tensile

Steel and fy = 500 grade

7 = 1.33 from graph page no 38
~.d=4.064*1000/26*1*1*1*1.33 = 177.5mm ~ 120 mm
Adopt overall depth (D) = 130 mm

. Effective depth (d) = 130-10-5 mm =115mm

Check by Moment Criteria
Calculation of Load

For slab (floor)
1. Dead load

? R.C.CSlab=y*t=25*%0.13 = 3.25 KN/m?
ii) 15 mm marble = y,*t =27*0.015 = 0.405 KN/m?
iii) 25 mm screed = yg*t = 21*0.025 = 0.525 KN/m?
. Total dead load =4.18 KN/m?
Live load = 3 KN/m?
. Total load (W) = 7.18 KN/m® per m ~ 7.18 KN/m
- Ultimate load (W,) = 1.5*7.18 = 10.77 KN/m

For roof slab

1. Dead Load
I. R.C.C Slab = y*t=25%0.13 =3.25 KN/m?
II. 25 mm plaster = y*t = 22*0.025

=0.55 KN/m?
Total dead load (W) = 3.6 KN/m?
Ultimate load (W) = 3.6*%1.5
= 5.4 KN/m?

27
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IS 456-2000
Annex D Table 26

IS 456-2000
Clause 23.2 (fig. 4)

BS 8110-1985

Let us take

Maximum Moment (Fig.)

Mx= a x Wu ],(2
=0.039*10.77*4.064>
=6.9 KN-m

My=a,w, P
=0.032*10.77*4.064°
=35.7 KN-m

~M=6.9 KN-m

" My=0.133 f bd?

or, 6.9¥10° = 0.133*25%1000*d>

= d=46 mm < 115 mm (OK)

Next Slab:

Effective length (It) = 11°7’=3.5 m.

From deflection criteria

i Ix
afyrd

Where,

o = 26 (for continuous slab two way)

8 =1 (for compression steel)
B =1 (for span less than 10m)
A =1 (for no web flange)
477 - o,

120, 0.9 + &)
bd?2

Os= Gy (A""d J (LJ
Alaken ﬂb
=(500/1.8) *1
=277.77 N/mm?
For Tension side:
M; =0.87 fy Ag (d — 0.42x,,)
= 0.87*500*(P/100)*bd (d-0.42*0.46d)
=(.87*500*(0.4/100)*bd (d-0.42*0.46d)
= 1.4 bd®
For Compression side:
M. = Kfybd’

y=0.55+ <2.0

28
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Clause 3.4.5.6

(AK. Jain Pg. 187)

IS 456-2000
Annex G

IS 456-2000
Annex G

IS 456-2000
Annex D Table 26

Equating both, we get,
Kfck =14
M, = Kfybd?
My/bd’= 1.4
+ 477 -277.17
120(0.9 +1.4)
y=1272<2.0 (OK)
0 IS
26*1272
~.Overall depth (D) = 110+10 +10 = 130 mm.
Effective depth (d) = 130-10-5=115 n mm

v =0.55

=105>d20.110 m.

Check by Moment Criteria
Calculation of load:

For Slab
1. Dead load
1. R.C.C Slab = y*t = 25%0.125 = 3.125 KN/m’
II. 15 mm Marble = y*t = 27*0.015 = 0.405
KN/m?
Total dead load = 3.53 KN/m?
Live load = 3 KN/m®
Total load (W) = 6.53 KN/m” per m
Ultimate load (W,) = 1.5*6.53 = 9.8 KN/m
Max. Moment
M=« xwul,(2
=0.032%9.85*3.5
=3.84 KN-m.
Now,
M, = 0.133 fy bd’
Or, 3.84*10°= 0.133*20*1000*d’
d =38 mm < 115 mm (OK)

29
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BEAM DESIGN
Reference Step Calculation Remarks
1 Beam: Seminar Hall
! 0.7*4.140*10°
b= L = :
IS 456-2000 ¥ g, e 6 TR
23.1.2.
AR = 1663 mm
(I, =1,%0.7) & (I, = 4.140%0.7 m)
el sold
affAdy
IS 456-2000

Clause 23.2 (fig. 4)

BS 8110-1985
Clause 3.4.5.6

Where, a = 26 (for continuous)
B=1 (span<10m)
477 - o,

120(0.9 + M,
bd?

v = 0.82 for 2% tensile steel
o =1.08 for Pc = 0.25%

y=0.55+ <2

A =0.8 for —lz“i = 3—00- =0.18039
b, 1663
4.140*10°

d> ————— =179.79 mm
26*(0.82*1.08

~.Adopt D =180 mm
Check by Moment Criteria:

Total area of trapezoid = Y2(a+b)*h
=0.5(1.43 +4.14)*1.39

~A =4m A, =428 m’

Total Area=8.28 m?

Slab:

Live Load = 3 KN/m’

Dead Load = y*A*t = 25%8.28 *0.13 =26.91 KN

- Live Load = 3*8.28 = 24.84KN
Total Load = 51.75 KN
-+ UDL = (51.75/4.14) = 12.5 KN/m

Floor Finish:

1. Screed (25mm) = 8.28%21*0.025 = 4.347 KN

30
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2. Marble (15mm) = 27*8.28*0.015 = 3.35 KN

Total floor finish load = 7.7 KN

- UDL =1.86 KN/m

Self wt. of beam = 25*0.4*(0.3-0.13)*4.14= 7.038KN

~UDL =7.3038/4.14 = 1.7 KN/m

Wall load on beam = 19*0.4*4.14*0.7*(3.302-0.3)
=66.07 KN

. UDL =15.96 KN/m

Hence, total UDL = 30.32 KN/m

And Ultimate UDL (W,) = 30.32 *1.5 = 45.48 KN/m

2 * 2
Ultimate Moment (M,) = Wit 4 = Eﬁsll_l@_
=97.43 KN-m

Also, we have M, = 0.133f,xbd’

Pty _Mu__z\/ 97.43*10°
o 0.138/,6  V0.133*20*300

IS 456-2000
Annex G =349 mm ~ 350mm
Beam No. 2
Forl.=13’4”=4.06m
*
B¢= % +by + 6D¢ = 0274, +300+6*130
=1080.47 mm =1.08 m
IS 456-2000 5 ! ! e
=—1to— = mm
Clause 23.1.2 10 T
d= %6 =15.61 mm
According to deflection criteria;
%1 < afydi
IS 456-2000 where; o = 26 (for continuous)
Clause 23.2.1 p=1 (span<10m)
y = 0.82 for 2% tensile steel
o =1.08 for Pc = 0.25%
b 300
=(0.8 for = = =0.277
4 "5, 108047
* 3
a2 Al = 220,40 mm
26*0.82*1.08%0.8
~ 232 mm
31
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A&Bl D= (23272457 Rfﬁwm =265 mm

Check by Moment Criteria;
Total area of trapezoid = Vi(a+b)*h
S A= 44(4.06) * (1/2)*(4.06) = 4.12 m? (triangular) &
Az = Yi(atb)*H m? (trapezoidal)
= Y%4(4.06+ 0.68)*1.76
Total Area = 8.44m’
Slab:
Live Load = 3 KN/m?*8.44 m2 = 25.32 KN
Dead Load =25*8.44*0,130 = 27.43 KN
Total Load = 58.08 KN
-.UDL = 58.08/4.06 KN/m = 14.3 KN/m
Floor Finish:
Marble (15 mm) = 27*8.44*0.015 = 3.402 KN
Screed (25 mm) = 21*8.44*0.025 =4.431 KN
Total floor finish load = 7.832 KN
-~ UDL = 7.832/4.06 = 1.929 KN/m
Self wt. of Beam = 25*0.3*(0.265-0.13)*4.06
=4.11 KN
~.UDL =1.01 KN/m
Wall load on beam  reduced 30% =
19*0.3*0.7*4.06*(3.302-0.265)
=49.16 KN
- UDL =49.16/4.06 = 12.1 KN/m

Hence, total UDL =29.33 KN/m
And Ultimate UDL (W,) =29.33*1.5 = 44 KN/m

2
Ultimate Moment (M,) = ! 4 =90.95 KN-m
Also, we have M, = 0.1331};;bd2

d= —M"— = 336,46 mm ~ 340 mm
0.1%21,b

Hence, Adopt D = 350 mm

32
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COLUMN DESIGN

Analysis of building

Step

Calculation

Remarks

@e’m’ng
/""‘-_—_f

IS 456-2000
Clause 39.3

1

Column Design
Here,

Area = 28.084 m?
Load Calculation
Slab

Live Load = 3 KN/m? * 28.084 m” = 84.252 KN
Dead Load = 28.084*25*0.13 = 105.32 KN
Dead Load of Beam = (2.0735+2+1.75+0.95)*25%(0.4-
0.13)*0.3 = 13.74KN
Wall Load = 19.6*(2.0735+2+1.75+0.95)*0.25*3
=99.57 KN
After deducting 30% = 0.7*¥99.57 = 69.699 KN
Floor Finish
15 mm Marble = 27*¥19.509*0.015 = 7.901 KN
25 mm Screed = 21¥19.509*0.025 = 10.242 KN
Hence, Total Load (P) =291.15 KN
Total load including self wt. = 1.1¥291.15 = 320.265KN
And Ultimate load (P,) = 1.5*320.265 = 480.397 KN
For six storey (P,) = 6*480.397 =2882.385KN
Then,

We have,
P, = 0.4f A, + 0.67f,Aq (for Fe500)

=0.4%25*(Ag-Aq) + 0.67*500* Ag
3868.16*10° = 0.4%25*(A,- %00 Ag) +0.67*500%2/100%A,
. Ag = 174690 mm’

=418*418
Hence, Adopt = 450 mm*450 mm

Check for % of Steel
2882.385%10° = 0.4*25 (450*450 — Ay) + 0.67*500* Ay

. Ay =2638.1 mm’

2638.1
202500

+.0.8% < 1.3027% < 4% So, OK

* 100 % = 1.3027 %

% of steel =

33
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STAIRCASE DESIGN
STAIRC

Reference

Step

Calculation

Remarks

1

Staircase Design

General considerations:
For office buildings:
Width of Stairs (b) = 1800 to 2400 mm
Trade (T) = 270 to 300 mm
Then, we have,
2*R + T =600 to 640 mm
And  R*T =40000 to 42000 mm’
Now, [
We have,
Floor height = 106" =3.2 m
No. of Riser = 17
~.Riser (R) = Floor ht./No. of Riser =3.2/17 = 188mm
Trade (T) = 10” = 254 mm
For span AB (L) = 11" = 33m
Let,
Waist slab thickness (D) = Span/20 = 3.3/20 = 165 mm
Hence, Adopt D =165 mm

Also VR* +T? = 188% + 254> =316 mm

For Inclined portion
1) Self wt. of slab =(D*0.316)*25
=(0.165%0.316)*25

= 13035 KNm =
1.3035/0.254 = 5.13 KN/m’
2) Self wt. of steps = %2 %(,188*0.254*25 = 0.6KN/m
— 0.6/0.254 = 2.35 KN/m’
3) Finishes = 1 KN/m?
4) Live Load =3.0 KN/m? (for hall building)
Hence, Total load = 11.48 KN/m?
Taking 1 m width of flight
W =1#11.48 =11.48 KN/m
W, = 1.5%11.48 = 17.22 KN/m (Per m width)
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e
3 For Landing zone

1) Self wt. = 0.165%1%25 = 4,125 KN/m’
2) Finishes = 1 KN/m?
3) Live load = 3.0 KN/m?
Total load = 8.125 KN/m?
W = 8.125 KN/m (per m width)
Ultimate load (W,) = 1.5%8.125 = 12.19 KN/m

Now,
Ra +Rp =12.19*1.524 +17.22*1.183
Ro+Rp=47.53 KN ....c..oeve ¢))

Taking Moment about B (clockwise positive)
Ra (1.524+1.183)-15.56*1.524(1.183+1.524/2) -

20.13*1.183*1.183/2=0
~Ra=2224KN
Rs+Rp=47.53
. Rp=47.53-22.24= 25.288 KN
For the point of Maximum Bending Moment,
Rx—15.56%1:524 20.13(x=1.524)=0 =
(x>1.524m)
22.24 — 15.56*1.524 - 20.13(x - 1.524)=0 ~

~x=145m

Moment at (X = 1.45)

M, = 22.24*1.45 - 15.56%1.45%1.45/2
- M, = 15.89 KN-m

M, = 0.133 fu bd’

15.89%10° = 0.133*25*1000*d2
| . g=70mm<légmm 5% OK
: // /// b
OUTPUTS

Slab (long hall) thickness = 130 mm

Slab (Others) thickness = 130 mm

B = 300 mm X 400 mm
eam

Col = 450 mm X 450 mm
olumn "

= 1 69 mm

Staircase (waist slab)
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2.2 VERTICAL LOADS —— Ly
W
DEAD LOAD AD
Ly -
Dead load from slab is trapezoidal acts on beams 1113 v

>

»  Dead load from walls are UDL also acts on beams
»  Self wi. of beam is UDL and acts on the same beam
>
»

Self wt. of columns are considered point loads action on joints
Dead load intensity of floor slab

= Unit wt. of concrete*thickness [RCC + floor finishes (Marble +screed)]
=4.68 KN/m* (Seminar hall)
=4.305 KN/m? (Others)
»  Dead load intensity of roof slab
= Unit wt. of concrete*thickness [RCC + floor finishes (Plaster)]
=43 KN/m2
e Unit wt. of different materials (y)

®  YReinforced Concrete = 25 KN/m®
*  Ymarble = 27 KN/m?
" Yscreed = 21KNm’
" Yplaster =  22KN/m’
® Yorick = 20 KN/m®
" YCement Concrete =  24KNm’

LIVE LOAD

> Live load is acted directly on slab

> In structural modeling it is considered trapezoidal loads in beams supporting the

slab
> Intensity of Live load in slab differ with type of room
Fore.g. Room = 2 KN/m?
Passage = 3.0 KN/m?
Staircase - 3.0 KN/m?
Storage room = 5.0 KN/m?
Toilet i 2.0 KN/m

IS 875 (Part 2) — 1987 (Code of practice for Design Loads for building & structure)
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2.3 B_ORIZONTAL LOADS

While analyzing, we are concemed with various types of vertical and horizontal/lateral loads.
Earthquake load as a lateral load should be considered during design in order to meet the
acceptable level of responses. The main objective of design is to emphasize the probable
deformation or response to their considerable limit within their lifetime. The structural elements
should sustain entire possible loads within the suitable degree of safety, upgrade the durability of

structure, and be resistive towards misuse and fire.

(A) EARTHQUAKE LOAD

For the lateral load calculation, the lumped weight of each floor (including basement) is

determined. Due to the moderate building (<40 m), Seismic Coefficient method is followed for

an ease (Referring IS: 1893 — 1975)

LUMPED WEIGHT CALCULATION (F loor-wise)

A) First FLOOR:

1) BEAM:
Grid No. Length (m) Grid No. Length (m)
A-A 25.29 1-1 10.14
B-B 25.29 2-2 10.14
C-C 2529 33 10.14
D-D 25.29 4-4 10.14
5-5 10.14
6-6 10.14
7-7 10.14
8-8 10.14
Total ﬂ'— S1.12
Total length of beam: 101.16+81.12= 182.8
Dead Load of Beam: 0.3*0.4*182.28*25 =548.4 KN

(Unit wt. of concrete = 25 KN/m® )
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2) COLUMN:
Dead Load of Column: 32*0.4*0.4*3 2*25 = 409.6 KN
No of column = 32Nos
3) WALL:
a) Height of the wall 3.2-0.4=2,8m
b) Wall having opening (10* wall)= 71 m
Reducing 30% opening = 71 *0.7=49.7 m
Example
i) 5> wall=68.18 m
i) 10’ wall =49.7 m
Dead Load (DL):
Load of 10” wall = 49.7*0.254*2.8*20=706.9 KN ‘
Load of 5 wall = 68.2*0.127*2.8*20 =484.9 KN

Hence, total wall load = 706.9+484.9 = 1191.79. KN ‘

1) SLAB:

a) Dead Load = Total area*Depth*Unit wt.
=258.06*0.130*25
=838.7 KN

b) Live Load = X (Intensity of individual room as per code * Internal area of slab excluding
area of beam & column) [Take 50% of Live Load for value >3 KN/m? and 25%
of Live  Load for the value < 3KN/m’]
=258.7*0.5*3 KN -
=281.6 KN

6) FLOOR FINISH:
a) Marble = Total area*thickness*Unit wt. of marble (Y marbie = 27 KN/m3)

=48.07*0.015*27
=19.5KN
b) Screed = Total area*thickness*Unit wt. of screed (¥ screed = 21 KN/m®)
=209.5%0.025*21
=109.98 KN
Total Floor finish (DL) = 19.5+109.98 = 129.5KN
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HENCE, TOTAL LOAD ON GROUND FLOOR/First floor (Wo) = 3399.6 KN

e et

B) Second Floor :

1) BEAM:
Grid No. Length (m) Grid No. Length (m)

—  AA 25.29 1-1 10.14
B-B 25.29 22 10.14
c-C 25.29 33 10.14
D-D 25.29 4-4 10.14
5.5 10.14
— 66 10.14
T 10.14
i 8-8 10.14
Total 101.16 81.12

Total length of beam: 101.16+81.12 = 182.8
Dead Load of Beam: 0.3%0.4*182.28*25 = 548.4 KN
(Unit wt. of concrete = 25 KN/m® )

2) COLUMN:

Dead Load of Column: 32*0.4*0.4*3.2*25 = 409.6 KN

No of column = 32Nos

3) WALL:

¢) Height of the wall 3.2-0.4=2.8m

d) Wall having opening (10’ wall) =71 m
Reducing 30% opening = 71 *0.7 = 49.7m

Example

i) 5’ wall=68.18 m
ii) 10’ wall=49.7 m

Dead Load (DL):

Load of 10” wall = 49.7%0.254*2.8*20=706.9 KN
Load of 5” wall = 68.2*0.127*2.8*20 =484.9 KN

Hence, total wall load = 706.9+484.9 = 1191.79. KN
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4) SLAB:
2) Dead Load = Total area*Depth* Uniy -
=258.06%0.130*25
=838.7 KN

b) Live Load = X (Intensity of individual room as per code * Internal area of slab excluding

area of beam & column) [Take 50% of Live Load for value >3 KN/m” and 25%
of Live Load for the value < 3KN/m2]
=258.7*0.5*3 KN

=281.6 KN
6) FLOOR FINISH:

a) Marble = Total area*thickness*Unit wt. of marble (Y maric = 27 KN/m’)
=48.07*0.015*27

=19.5 KN
b) Screed = Total area*thickness*Unit wt. of screed (Y screed = 21 KN/m3)
=209.5*%0.025*21
=109.98 KN
Total Floor finish (DL) = 19.5+109.98 = 129.5KN

HENCE, TOTAL LOAD ON SECOND FLOOR (W) =3399.6 KN

C) Third Floor :

1) BEAM:

Grid No. Length (m) Grid No. Length (m)
A-A 25.29 1-1 10.14
B-B 25.29 2-2 10.14
C-C 25.29 3-3 10.14
D-D 25.29 4-4 10.14

5-5 10.14
6-6 10.14
7-7 10.14
8-8 10.14
Total 101.16 81.12

Total length of beam: 101.16+81.12 = 182.8
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pead Load of Beam: 0.3*0.4*182.28%25 = 5484 KN

(Unit wt. of concrete = 25 KN/m?)
2) COLUMN:
Dead Load of Column: 32*0.4*0.4*3 2%25 = 409.6 KN
No of column = 32Nos
3) WALL:
e) Height of the wall 3.2-0.4=2.8m
f) Wall having opening (10’ wall) =71 m
Reducing 30% opening = 71 *0.7 = 49.7 m
Example
i) 5> wall=68.18 m
ii) 10’ wall =49.7 m
Dead Load (DL):
Load of 10” wall = 49.7*0.254*2.8*20=706.9 KN

Load of 57 wall = 68.2*0.127*2.8*20 =484.9 KN
Hence, total wall load = 706.9+484.9 = 1191.79. KN

1) SLAB:

a) Dead Load = Total area*Depth*Unit wt.
=258.06%0.130*25
=838.7 KN

b) Live Load = ¥ (Intensity of individual room as per code * Internal area of slab excluding
area of beam & column) [Take 50% of Live Load for value >3 KN/m® and 25%
of Live  Load for the value < 3KN/m’]
=258.7%0.5*3 KN
=281.6 KN

6) FLOOR FINISH:
a) Marble = Total area*thickness*Unit wt. of marble (Y marble = 27 KN/m3)

=48.07*0.015*27

=19.5 KN
b) Screed = Total area*thickness*Unit wt. of screed (¥ screed = 21 KN/m?)

=209.5*0.025*21
=109.98 KN

#1
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Total Floor finish (DL) = 19.5+109.98 = 129.5KN

e
HENCE, TOTAL LOAD ON THIRD FLOOR (W,) = 3399.6 KN

a—

D)
D) Egl'th FLOOR:
1) BEAM:
Grid No. Length (m) Grid No. Length (m)
A-A 25.29 1-1 10.14
— BB 25.29 22 10.14
[ 0% 2529 33 10.14
D-D 25.29 4-4 10.14
[ 5-5 10.14
6-6 10.14
77 10.14
8-8 10.14
Total 101.16 81.12

Total length of beam: 101.16+81.12 = 182.8
Dead Load of Beam: 0.3*0.4*182.28*25 = 548.4 KN
(Unit wt. of concrete = 25 KN/m?®)
2) COLUMN:
Dead Load of Column: 32*0.4*0.4*3.2*25 = 409.6 KN
No of column = 32Nos
3) WALL:
g) Height of the wall 3.2-0.4=2.8m
h) Wall having opening (10’ wall) =71 m
Reducing 30% opening = 71 *0.7=49.7m
Example
i) 5’ wall =68.18 m
ii) 10’ wall =49.7 m
Dead Load (DL):
Load of 10” wall = 49.7*0.254*2.8*20=706.9 KN
Load of 5” wall = 68.2*0.127*2.8*20 =484.9 KN
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Hence, total wall load = 706.9+484.9 = 1191,79, KN

4) SLAB:
a) Dead Load = Total area*Depth*Unit w1,
=258.06*0.130*25

= 838.7 KN

b) Live Load = 2 (Intensity of individual room as per code * Internal area of slab excluding
area of beam & column) [Take 50% of Live Load for value >3 KN/m? and 25%
of Live Load for the value < 3KN/m2]
=258.7%0.5*3 KN
=281.6 KN

6) FLOOR FINISH:
a) Marble = Total area*thickness*Unit wt. of marble (Y marble = 27 KN/m? )
=48.07*0.015*27 '
=19.5 KN
b) Screed = Total area*thickness*Unit wt. of screed (¥ screed = 21 KN/m® )
=209.5*%0.025*21
=109.98 KN
Total Floor finish (DL) = 19.5+109.98 = 129.5KN
HENCE, TOTAL LOAD ON FORTH FLOOR (W) =3399.6 KN

E) Fifth FLOOR:

1) BEAM:
" GridNo. Length (m) Grid No. Length (m)
AA 25.29 T-1 10.14
. BB 25.29 22 10.14
T 25.29 33 014
D-D 25.29 4-4 10.14
5-5 10.14
TN 6-6 10.14
7-7 10.14
bt 8-8 10.14
| Total 101.16 81.12
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Total length of beam: 101.16+81.12 = 1828

Dead Load of Beam: 0.3*0.4*182.28*25 = 548.4 KN

(Unit wt. of concrete = 25 KN/m’ )
2) COLUMN:
Dead Load of Column: 32*0.4*0.4*1 6*25 = 204.8 KN
No of column = 32Nos
3) WALL:
i) Height of the wall= 0.8m (parapet wall )
j) Wall having opening (5° wall) = 55 m
Dead Load (DL):
Load of 10” wall = 16*0.254*3*20*0.7=170.688 KN

Load of 57 wall = 55*0.127*0.8*20 =111.76 KN

Hence, total wall load =170.688+111.76= 282.448 KN
4) SLAB:
a) Dead Load = Total area*Depth*Unit wt.
=258.06%0.130%25
=838.7 KN
b) Live Load = X (Intensity of individual room as per code * Internal area of slab excluding
area of beam & column) [Take 50% of Live Load for value >3 KN/m* and 25%
of Live  Load for the value < 3KN/m’]
=258.7*0*3 KN
=0 KN
6) FLOOR FINISH:
a) Screed = Total area*thickness*Unit wt. of screed (Y screed = 21 KN/m3)
=209.5%0.025*21
=109.98 KN

Total Floor finish (DL) = 109.98 KN
HENCE, TOTAL LOAD ON FIFTH FLOOR (W) =1984.32 KN

F) ROOF FLOOR:

Total length of beam: =3.5%2+4.5%2=16m
Dead Load of Beam: 0.3#0.4%16*25 = 48 KN
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(Unit wt. of concrete = 25 KN/m’ )

7) COLUMN:

Dead Load of Column: 4*0.4*0.4*1.6*25 = 25.6 KN

No of column = 4 Nos
3) WALL:

k) Height of the wall =0.8m (parapet wall )
Lengthof wall =16 m

Dead Load (DL):

Load of 5 wall = 16*0.127*0.8*20 =32.5 KN
Hence, total wall load=32.5 KN

1) SLAB:
a) Dead Load = Total area*Depth*Unit wt.
=3.5%4.5*%0.130%25
=51.2 KN
b) Live Load = X, (Intensity of individual room as per code * Internal area of slab excluding
area of beam & column) [Take 50% of Live Load for value >3 KN/m? and 25%
of Live  Load for the value < 3KN/m?]
=258.7*0*3 KN
=0KN
6) FLOOR FINISH:

b) Screed = Total area*thickness*Unit wt. of screed (Y screed = 21 KN/m®)
= 3.5%4,5%0.025*21
=8.26 KN
Total Floor finish (DL) = 8.26 KN

HENCE, TOTAL LOAD ON ROOF FLOOR (W) =165.56 KN
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IA.E——LE’—I- RESULT TABLE
] Slab (KN Floor
Beam | Column | Wall AN s TOTAL
Floor finish
KN KN KN DL LL (KN)
(KN)
First
548.4 409.6 1191.79 838.7 281.6 129.5 3399.6
Floor
| e
Second
548.4 409.6 1191.79 838.7 281.6 129.5 3399.6
Floor
Third
548.4 409.6 1191.79 838.7 281.6 129.5 3399.6
Floor
Fourth
548.4 409.6 1191.79 838.7 281.6 129.5 3399.6
Floor
" Fifth
548 4 204.8 282.448 838.7 0 109.98 1984.32
floor
Six
Floor 48 25.6 32.5 51.2 0 8.26 165.56
(roof)
Total = | 15748.28KN
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HORIZONTAL BASE SHEAR CALCULATION

W6 = 165.56
Then, the horizontal base shear is determined, ——Wi5=1084.32
It is given by S w4=3399.6
= Ap*W i
Vi W}: el 5 W3=3399.6
ere, Vp =
b onizontal Base Shear > W2=3399.6
Ay, = Design horizontal seismic Coefficient > W1=3399.6
W = Total lumped weight of building _  glumped mass=15748.28
. ZI . S
Again, Ap= —* =
2R g

Where, Z = Zone factor (Table 2) = Zone 5 = 0.36 (= very severe)
I = Importance factor (Table 6) = 1.5 (=Community building)
R = Response Reduction factor (Table)
= 5.0 (= special RC moment resisting frame)
S./g = Average Response Acceleration Coefficient
= Depends upon Time period (T)
=T = Fundamental natural period
Also we have, T =0.075h*”  where, h = ht. of building = 19.2 m
=T =0.687 (lies between 0.67 and 4.00)
Hence, S./g = 1.67/T =1.67/0.687=2.43

*
And, Ay = M*2.43=0.13122
2%5

Lastly, Horizontal base shear (Vy) = An*W = 0.13122*15748.28 =2063.025 KN
After determining the Horizontal base shear, the distribution of lateral (earthquake) load on

different floor is determined as follows:

2
Qi= 2wy
2Wh
where, Q, = Horizontal/Lateral force acting at any i"" floor

W, = Lumped weight of i" floor
h; = Ht. of each floor above base

V,, = Horizontal base shear
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Anaiysis gf DUIIGITE

CALCULATION OF SEISMIC LOAD (EQL)

Base Shear Vb = A]-,*W = 013 122* 1574828 = 2063.025 KN and Ql = (Wihiz z

Wih2)*v,
Mass of Sel
Hei
-~ cight
Floor from W;h? Qi (KN) Remarks
floor .
ground
(W5
(hy)
6™ Floor | 165.56 19.2 61032.0384 78.041
5" Floor | 1984.32 16 507985.92 649.562
4™ Floor | 3399.6 12.8 556990.5 712.224
3th
3399.6 9.6 313307.136 400.626
Floor
2I1d
3399.6 6.4 139247.61 178.056
Floor
FIRST
3399.6 3.2 34811.9 44.514
FLOOR
=31613375.098 2063.025

(All values are in KN)
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VE=TE

VET27.603

V=398

L {theg

|

fig :- Base shear for all stores
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SEISMIC LOAD DISTRIBUTION

The lateral seismic load obtained from the caleulation of lumped mass at floor level and
porizontal base shear is then distributed within the building in both X and Y direction. While
distributing in each grid, the lateral load in each column is obtained by dividing total lateral
Joad in a floor to the no. of column in that floor, Then, at the time of distribution grid wise, no.
of column is counted in each grid and it is multiplied by lateral load in each column. The

magnitude of seismic lateral load is same in both positive and negative direction.

Lateral Load on each column = (Qi/No. of column)
=44.51/32=14 KN

Second Floor=178.056/32 = 5.56 KN

Third Floor =400.626/32=12.5KN

First floor

Fourth floor =712.224/32=2225KN
Fifth floor =649.56/32=20.3 KN
Six floor =78.041/4=19.5 KN

TABLE-3 SEISMIC LOAD DISTRIBUTION ON FIRST FLOOR

X-Direction Y-Direction
Load on Load on
. No. of i Lateral | Grid | No.of 2 it Lateral

Column - Load No. | Column s Load

A-A 8 1.4 11.2 1-1 4 1.4 5.6
B-B 8 1.4 112 2-2 4 1.4 5.6
C-C 8 1.4 11.2 3-3 4 1.4 5.6
D-D 38 1.4 11.2 4-4 4 1.4 5.6

5-5 4 1.4 5.6

6-6 4 1.4 5.6

7-7 4 1.4 5.6

T 8-8 4 1.4 5.6
LTO“" 32 448 | 203.11 32 44.8

(For both EQL-Positive and EQL-Negative)
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TABLE-4 SEISMIC LOAD DISTRIBUTION ON SECOND FLOOR

- —

X-Direction Y-Direction

Grid No. No. of L(;:(clhon Lateral | Grid No. of | Load on Lateral
Column Load No. b HEl Load

Column mn Column
A-A 8 5.56 44.5 1-1 4 5.56 22.24
JB 8 5.56 44.5 22 4 5.56 22.24
C-C 8 5.56 44.5 3-3 4 5.56 22.24
" DD 8 5.56 445 44 4 5.56 22.24
5-5 4 5.56 22.24
B 5% | 4 556 | 2224
77 4 5.56 2224
B 3-8 4 556 | 2224
Total 32 178.24 32 178

(For both EQL-Positive and EQL-Negative)

TABLE-5 SEISMIC LOAD DISTRIBUTION ON THIRD FLOOR

X-Direction Y-Direction
Load on No. of | Load on
. No. of Lateral | Grid Lateral
Grid No. each Colu each
Column Load No. Load
Column mn Column
A-A 8 12.5 100 1-1 4 12.5 50
B-B 8 12.5 100 2-2 4 12.5 50
C-C 8 12.5 100 3-3 4 12.5 50
D-D 8 12.5 100 4-4 4 12.5 50
5-5 4 12.5 50
6-6 4 12.5 50
7-7 4 12.5 50
8-8 4 12.5 50
Total 32 400 32 400

(For both EQL-Positive and EQL-Negative)
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TABLE-6  SEISMIC LOAD DISTRIBUTION ON SIX FLOOR
X-Direction Y-Direction
Load o d on
: No. of "1 Lateral | Gria | 00T (M | Lateral
Grid No. each Colu each
Column Load No. Load
Column mn | Column
C-C 2 19.5 39 4-4 2 19.5 39
D-D 2 19.5 39 5-5 19.5 39
Total 4 78 78

(For both EQL-Positive and EQL-Negative)

LOAD CASES AND LOAD COMBINATIONS

LOAD CASES:
1. Dead Load
2. Live Load
3. Earthquake Load

LOAD COMBINATIONS
A. 1.5(DL+LL)
. 0.9DL1.5EQ
. 12(DL+LL)+1.2EQ

B (both +ve and —ve)
C

D. 1.5(DL+ EQ x,y)

E

F.

both +ve and —ve)
(both +ve and —ve)

Envolve (A+B+C+D)

(Total no. of combinations = 13)
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STOREY DRIFT

Analysis of buliding

The maximum displacement value is within the limit as per IS code 1893 (part 1): 2002
cl.7.11.1 i.e should not exceed 0.004 times the storey height. Hence, the building is within

the storey drift limitation.

TABLE-§ STOREY DRIFT

Storey | Permissible limit =
Floor Storey Drift (m) Height | 0.004*storey height Remarks
{1 (2) (m) (m) )
3 )

Ground to First 0.001973-0.000=0.001973 32 | 0.004*3.2=0.0128 | (4)>(2) OK

First to Second 0.00286-0.00197=0.00089 | 3.2 | 0.004*3.2=0.0128 | (4)>(2) OK
Second to Third 0.00286-0.00286=0.000 32 | 0.004*3.2=0.0128 | (4)>(2) OK ‘

Third to fourth 0.00286-0.00286=0.00 32 | 0.004*3.2=0.0128 | (4)>(2) OK

Fourth to fifth 0.00286-0.00286=0.00 32 | 0.004*3.2=0.0128 | (4)>(2) OK

Fifth to six 0.01125-0.00286=0.00839 | 3.2 | 0.004*32=0.0128 | (4>(2) OK

The above values obtained from modeling analysis are less than the permissible limits.

Hence it is further proceeded for the designing of the building structural elements.

TIME PERIOD

The time period we used for the base shear calculation is 0.687 sec calculated as per

IS Code 1893 (part 1): 2002 but as we perform dynamic analysis of the structure the time

period was found to be 0.376 sec, which is lesser than the earlier one, For the more precise

result we can adopt the new time period for the base shear recalculation and this will give

new base shear, which will be less than that we calculated earlier
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3.1

Modeling

CHAPTER-3
MODELING

INTRODUCTION

For the purpose of Seismic analysis of our building we have used the Structural
Analysis Program (ETABS 2018). It has a special option for modeling horizontal rigid
floor diaphragm system. A floor diaphragm is modeled as a rigid horizontal plane
parallel to global X-Y plane, so that all points on any floor diaphragm cannot displace
relative to each other in X-Y plane. Initially, the characteristics of the materials used
were defined such as concrete — M20 and reinforcement — Fe500. Then, the load cases
as well as their combinations with load factors were introduced. Next, structures were
analyzed for different load combinations and the final output was determined in the

form of SF, BM and AF etc.

The concept of Finite Element Method is also used thoroughly. This method
deals with the elementary analysis of any structure. While analyzing the building, it
was divided into no. of structural elements. For example, during calculation of lumped
mass, the whole building mass was calculated as the summation of masses at floor

level. Similarly, various structural elements such as beam, slab, column, and

foundation were analyzed in the elementary basis.

The building was restrained at the basement. During seismic analysis, while
calculating base shear, the time period was dependent upon the height of the building.
In our context, the height of basement storey was included due to presence of
ventilation in the basement wall. If the whole basement storey was of RCC wall

without ventilation, then it was possible to restrain at the ground level.

35

CamScanner

4


https://v3.camscanner.com/user/download

.

Jauuedswed a

3.2

SAMPLE INPUT
Input figures (unreformed shape from ETABS 2018)

[ 3-DView Moment 3-3 Diagram (EXWALLLOAD) (kN-m] |
l ;
h
i
%l
V = SRS
] —= i C 61N S
L — | T e
ra 7 ,) ] , S s T s S e — —_ i e
PR ae—— —"—.‘-—ﬁ—-—w :
S RS ,1 = { \;-ﬁ 4 e
-,_..,/._A‘. —_—— i S S —
—— ; | |
/ % B A
..... +-
/ :,
;; = afias -

FIG 4. FRAME 3-3 (WALL LOAD)
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3.2

SAMPLE OUTPUT

Deformed shape due to load cases

1) Dead Load

|_|. - Elevation View - D Moment 3-3 Diagram . (Dead) [kN-m]. .. | - %

Mfw

A
S of o o
ﬁ’amvgg

FIG 5. SHOWING DEFOMED SHAPE IN FRAME A-A DUE TO DEAD LOAD
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2) Live Load

| Elevation View~ A Axial Force Diagram  (Live) [kN]. |

Story6

StoryS

Story4

Steryd

Story2

Steryt

IG 6. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO LIVE LOAD
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3) EQPy

—

" Elevation View - D Axial Force Disgram  (EQY) Step 173 (kN] |

) (2) (3) {4
{o) (o) (&) ol
i | | I
: ‘ i Story6
| | |
|
StoryS
Story4

Story3

|
| i
; T

4
4

SEaE T s e e (R £ Base
[= =) e [=3] (== 18 =2 cE [

FIG 7. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO EPQX
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3) EQPX

m,hmh@qmmﬁanmua IkN)

|

Story6

StoryS

Story4d

Story3

Story2

Story?

FIG 8. SHOWING DEFORMED SHAPE IN FRAME 4-4 DUE TO EQPY
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Deformed shape due to load combinations

1)

Combination 1 =1.5 (DL + LL)

[ Bevation View=0_AxalForceDagram () (N1 |

4 | |

i

Story§

StoryS

Story4

Storyd

Story

FIG 9. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO COMBINATION 1
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2

Combination 2 =0.9 DL + 1.5 EQPX

] Elevation View - D Axial Force Diagram  (3) Step 1/3 [kN]

Story6

Story5S

Story4

Storyd

Story2

Story V

FIG 10. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO COMBINATION 2
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JauueoSwe) )

3)

Combination 9 =1.2 (DL + LL + EQNY)

(43 (a)
A B) (e)
- § |
. - e I 1L 11 Daryt
i o e
— I Y EEE | ey S

LS )
cie

——gg—>X % e cL* R N : g—_L.' —

FIG 11. SHOWING DEFORMED SHAPE IN FRAME 4-4 DUE TO COMBINATION 9
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Member forces

1) Axial Load

[,v " Elevation View - A Axial Force Diagram _(env) Step 173 [kN)

Story6

StoryS

Storys

Story3

Story2

Storyl

FIG 12. SHOWING AXIAL LOAD ON THE FRAME A-A DUE TO COMBINATION 1
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4

2) Shear force

" Tievation View~ A Shear Force -2 Diagram (em) Step 73 TWT. |

¥ B B Storys
! ! '. : ‘
_J—\n? T 0 | . | | _ StoryS
I

Storyd

Storyd

Story2

Story1

| Base

Modeling ‘ . ‘;
9

[~ BevationView- A Shear Force 3-3 Diagram. (env) Step 13 [N} |

8

Sterys

Storyd

T
=

|

;

FIG 13. SHOWING SHEAR FORCE 2-2 ON THE FRAME 3-3 DUE TO COMBINATION 1
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3) Bending Moment

T X|  |[ BevabonView- A ShesrForce 33 Dagiam o TR .;\\

: N 3 .

A e s _ Storys ' Stons
1- |
i- i

1‘ ‘ Story | o

Storys i hox

; S ‘_] _l —‘ —I ’_Lm

_\ _\ _‘ tory2

] Gy | -

] |
R RERRD PR

FIG 15. SHOWING BENDING MOMENT 2-2 ON THE FRAME 3-3 DUE TO COMBINATION 1

n\/l\/(]\A\//IRA :
o |

| O (N |
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Design of Slab

CHAPTER-4
DESIGN OF STRUCTURAL ELEMENTS

Limit State of Design

Limit state design has originated from ultimate or plastic design. The basic
concept is to achieve an acceptable probability that a structure will not become
unserviceable in its lifetime for the use for which it is intended, i.e. it will not reach a

limit state.

Collapse limit State:

To satisfy this limit state, the strength must be adequate to carry the loads. Account must
also be taken of stability. Violation of collapse limit state implies failure in the sense that a
clearly defined limit state of structural usefulness has been exceeded. However, it does not
mean a complete collapse. This limit state may correspond to:

Flexure, Compression, Shear, and Torsion

Serviceability limit State:

This state corresponds to development of excessive deformation and is used for checking
members in which magnitude of deformations may limit the use of structure or its
components. This limit state may corresponds to:

Deflection, Cracking and Vibration

4.1 DESIGN OF SLAB

Slabs are plate elements forming floors and roofs of buildings and carrying

distributed loads primarily by flexure. They may be supported on the walls, or on beams,

or directly on columns.

One way slab:

These slabs have the length more than twice the breadth. It can be simply supported or

continuous spanning in one direction only.
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Design of Slab i‘

Two way slab:

When slabs ar° supported on four sides two spanning action occurs. These slabs may be
simply supported or continuous on any or all sides. The deflection and bending moment in
those slabs and considerably reduced as compared to one-way slab. Thus, a thinner slab
can carry the same load when supported on all the four edges. It may be considered to
consist of a series of interconnected beams with unit width and will transfer the load to the

respective SUpports. It should also satisfy both serviceability and strength requirements.

A

1. Positive moments at midspan in the long and shott spans
2. Negative moment in the shott span
3. Negative moment in the long span

4 Zero moment at dis continuous edge (Coefficient = 0)

Fig. Direction of positive and negative moment coefficients

For S1 panel (two adjacent edges discontinuous) :

Ground floor (Room no 8)

Sample Calculation

M Step Calculation Output
[ | Type of slab:-
1,(long span) = 4.06 m
1,(short span) = 4.14m
—l!-— =1.01<2
I
\“_‘—\——__’_—‘ I .
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Design of Slab

—— climinary | 2

From P
design

IS 456 table 18

IS 436 table 26

IS 456-2000
Annex G

1S 456-2000
Annex G

Thickness of slab:-
O\fcm}l depth (D) = 130mm
LCJZ(\:; dia.(0) = 10 mm
er =20 mm
. Effective Depth (d) = 130 - 10/2 - 20
=105 mm

Design load:-

Dead load = 25 x 0.13 = 3.375 KN/m’

Live load =3 KN/m?

Floor finish load = 0.025 x 21 +0.015 x 27

=0.93 KN/m?

- Total design load = 7.305 KN/m’

~ Factored load(W,) =1.5 x 7.305 =10.95KN/m’
Considering 1m width of slab, W= 10.95 KN/m? x 1m

=10.95 KN/m

Bending Moment:-

Bending moment coefficients;

oy =0.053 (short span continuous edge0

0xs = 0.040 (short span mid)

a,. =0.047 (Long span continuous edge)
ay+ = 0.035 (Long span mid)
we have,
M= oW b
M, = oty W
Now,
My = 0 Wyl
0053 x 10.95x 406> =9.566 KN-m

Mx+ = 0x+ Wa lx2 ’
=0.040 x 10.95x4.06© = 7.21 KN-m
2

M,. = 0y-Wuy Iy !
=0.047 x 10.95 x 4.06 = 8.48 KN-m

2

My =0 Wy lx
v 035 x 10.95 x 4.06° =6.31 KN-m

=0.035x

Check for effective depth for max. bending moment;-

For f, =500 & fck }20
M = 0.133 fad
9 565=n f’f)% 0.133*20*1000*d2
' 50.94 mm < 105 mm

Hence, safe

f steel Reinforcement:-

a0 )
Atk direction)

(a) For short span (x-
@) Continuous edge
d 1- f yA.u ]
M= 0.87 fy Ast o T
A, *500

* 3 51
7#500* As*105 [} 20*1000*105

54

9.56 *10°=0.8

D=135mm

d=111 mm

W, = 10.95
KN/m

Mi. = 9.566
KN-m

M, =7.21
KN-m
My. =

8.48KN-m

My+ = 631
KN-m

d is enough
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Design of Slab

IS 456-2000
Annex G

o, ————
By solving ,we get
Asl,x- = 220.92 mm2

Check for spacing:
Spacing (S) = 1000*Area of one bar/Agx.

= 1000+ 7110774
220.92
=355.5 mm
Adopt spacing(s) = 350mm > (3*105=315mm or 300 mm
whichever is grater)
so adopt spacing 300 mm

7*101/4
300
=261.79 mm?> 220.92 mm

<. Area provided, A .= 1000*
2

Check for minimum steel area percentage:

p% = A*100/.D = —oi-1_
1000*130

=0.20 %> 0.12%

*

Hence O.K.
~.Use 10 mm @ bar@300 mm c/c.

(a) For short span
(i) For mid span of slab:

f y Asl ]
fabd,

721%10,6 = 0.87*500*Ay*105[ 1-

Mu)x-}- = O. 87 fy As(dx [ 1'

500* 4, |
20%1000*105

By solving,we get
Agxs =164.28 mm’
Check for spacing:

7*10°/4
164.28
Adopt spacing(s) = 270 mm < 300 mm
x*8%/4
270
— 186.168 mm®> 164.28 mm’

Spacing(s)= 1000* =478.085 mm

- Area provided,Astx+ = 1000*

Check for minimum stee] area percentage

p% = —1§6—'1—6—§-*100 =0.143% > 0.12%
1000*130
Hence, O.K.
- Use 10 mm ¢ bar@ 270 mm c/c.

(a) For long span (y-direction):-

(i) For continuous edge:
Use 8 mm @ bar for longer direction

AS(,X- 2
=220.92mm

Agix- provided
=261.79mm’ ‘
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_44*‘

Ann&\' G

1S 456-2000
Annex G

Sody= 105-]%-]02 =95 mm

A
Mu.y-= 0.87 fy Agd, [ ]-__fy 2 ]
f::lr 'b'dy
* A

8.48*1076= 0.87*500* A, *95[ 1. 00 Au

93] 20*1000*95
By solving ,we get

Agy-=217.67 mm?

Check for spacing:

*Q2
Ok /74= 230.92 mm

Spacing(s) =1000*

Adopt spacing(s) = 230 mm < 300 mm
r*8°/4
230
=18.54 mm*> 217.67 mm’

. Area provided, Ayy.= 1000*

Check for minimum steel area percentage
218.54

p% = ————*100=0.168% >0.12%
1000*130
Hence, O.K.
. Use 8 mm @ bar@230 mmc/c.
(b) For long span:-
(i) For mid span of slab:
Sy A
Myye = 0.87 £ Agdy [ 1-—=2— ]
s rhady | fabd,
500* 4
#1016 = 0.87*500* Ay *95[ 1-—————
6.31¥10°6 =0 98] L ]
By solving ,we get
Agye = 159.37 mm’
Check for spacing:
*82/4
Spacing () =1000* = = 315.40mm

Adopt spacing(s) = 270 mm < 300 mm
7*8%/4
270
=186.168 mm? > 159.37 mm>

-, Area provided, Agy+= 1000*

Check for minimum steel area percentage

186168 410004 = 0.143% > 0.12%
1000*130

Hence, O.K.
. Use 8 mm @ bar@270 mmc/c.

p% =

/r——"

Design of Slab

T8 at 270mm,
186.168mm?”
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IS 456-2000
Clause 40.1

IS 456-2000
Table 19

IS 456-2000
Clause 40.2.1.1.

IS 456-2000
Clause 40.1

IS 456-2000
Clause 40.2.1.1

Design of Slab

S

Check for sh
: ear forc
Maximum shear forc; at short edge:-
V=l/2*wu.lx °
=1/2*10.95*4.06
=22.22 KN

Nominal shear stress:
vV _ 22.22*1000

L A ol "
i i e

v

Percent tensile steel = 100-45—=M =(.259%
- bd  1000*105
ear strength of M20 concrete for 0.188% steel,
0.48-0.36
PGl T et ix
=025 (0.259-0.25)
7. = 0.364 N/mm’
Shear strength in slab,
1. =k
forD=130mm, k=13
- T) =1.3%0.364
=0.473 N/mm’
T,=0.154 N/mm?*< t' = 0.473 N/mm®

Hence, safe
*.No shear reinforce

Check for shear force at long edge:-
Maximum shear force:

Tc= 0.36+

ment is required.

V=1/2*Wul
=1/2*10.95*4.06
=22.22 KN
Nominal shear stress:
TV=V/bd=22.22* 1000/(1000*105)=O.21 16 N/mm’
percent tensile steel=100As/bd
=100*261.79/1000* 105
=0.259%
Shear strength of M20 concrete for 0.188% steel,
0.36)*(0.259-0.25)/(0.50-0.25)

'cc=0.36+(0.48-
1,=0.364 N/mm’

Shear strength in slab,

1=k

for p=135mm, k=13

O A 3%0.364 J
=0.473N/mm

1,50.154 N/mm’< Tc=0:473 N/mm?

Hence safe
- No shear

Check for pevelopmen

reinforcement is required.
¢ length: at short edge:-

mm dia bars

e

ort:
M, P jstance offered by 8

Moment of res
@24OmmC/C
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Annex G

1S 456-2000
Clause 26.2.1

IS 456-2000
Clause 26.2.3.3.c

10

Design of Slab
Mix=0.87 £ Aud, | . Jrds ]
fubd,
= 0.87+500%261.7972¢ [ 1.200 20L7/2_ 1 4105

20*1000*105

= 5792302.301 N-mm = 5.8*10° N-mm
Maximum shear force, V = 22,22 KN = 22.22*10°N
Development length of bar,

Lo S, _ 4008745,
4de 4de

For M20, 7T,4=1.2%1.6=1.92
Ly= 0.87*500* @/4*1.2%1.6 =

56.640=57@
Anchorage value of bar bent at 90" including 60mm

straight length, L,=60+8*8 =124 mm

La<1.3* 2l +L,

14

5.8*10"6 +124
22.22*%10°

570 <339.33+124

@ = 8.12 mm > provided @ = 8 mm

Hence, safe in development length.
Dia of bar is $mm which is less than 8.12 mm .. O.K.
Calculation for Torsion Reinforcement
1, = 4060 mm
Length of Torsion reinforcement in both directions = 0.2l
=0.2*4060 = 812 mm

Maximum positive steel Area, Ay = 186.16 mm’
In corner of two edges discontinuous, i.e. corner ID: A-2
Steel Area required = 0.75*As = 0.75*%186.16 =
139.62mm’
Dia. of Bar (¢) = 8 mm

570 < 1.3*

w*8*/4

139.62
Spacing adopted = 280 mm c/c < 3d or 300 mm whichever
is smaller
In corner of one edge discontinuous, i.e. corner ID B-2 and
A-3
Steel Area required = 0.75*Aq/2 = 0.75*186.16/2

So, spacing required (s) = 812* =292.33mm

=69.81 mm’
* Q2
So, spacing required (s) = 812* ”698814 = 584.66 mm

Spacing adopted = 280 mm c/c < 3d or 300 mm whichever
is smaller
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For Ground Floor
For Panel S1,

wo Adjacent edges disconlinuous)

DESIGN OF SI.AB

[ Facto Spac) m.:“ :n‘;"
s red Effec. . |Seacing| ng diamet| 1o efl. | constart
o Design | load Bar| Bar | Dept require | Provi| Actual o sereor
No. | D | Ly Iyt Moment coefficient load | (Wu) | Moment | Dia| ares | h (d) Astreql d 1 ded W | ¥ | e lapysa|
lmm[ m I m Edasf KN/m |KN/im| KN-m |mm| mm*2| mm a b ¢ | 18t value Pnd valud mm*2] mm | mm el ‘ \9746\257547‘ 20|
7 [ 130 4.140] 3.048] 1.36|Shon Neg. at con. edge =ox (ve) | 0.071] _6.55] 983] 65 | 8 | 5027| 106 |0.000236] -1 | 141 |4094.288|145712[145.71| 3a4.07 | 229 [219.60] 017] 15| 01413 0.207| 0.3257) 0.423358| 77| ss2| 9 . ;
3.048 Pos. al mid span =ax (+ve) [0.053] 6.55] 983 4830 | 8 |5027] 106 [0.000238] -1_| 105 |4132.531|107.460]107.47( 467.72| 280 |179.52] 0.14
3.048 Long Neg. at con. edge =ay (-ve) [0.047] 6.55| 983 4.200 | 8 [50.27| 08 [0.000285] -1 | 101 [3816.641]103.359]103.36] 486.32 | 254 [197.90] 0.15
3,048 Pos. a1 mid span =cy (+ve) [0.035] 6.55] 983 3.195 [ 8 [50.27] e8 |0000255] -1 | 75 [3843.570] 76.430 | 76.43 | 657.66 | 254 [197.90| 0.15 i
2 [ 130 4.140] 4.064] 1.019[Short Neg. at con. edge =aux (-ve) [ 0.048] 6.55| 0.83] 7.800 | 8 | 50.27| 108 |0.000236] -1 | 169 |4083.283]176.717|176.72| 284.44 | 127 [30579] 0.30| 20| 0.1883| 0.373] 0.4192| 0.544994| 8699072.11] 6904) 12.19]38.3396| 391
4.064 Pos. at mid span =aux (+ve) | 0.038)| 6.55| 9.83] 6.125 | 8 |50.27| 106 |0.000236| -1 133 14102.712]137.288|137.29] 366.13 | 153 [328.53) 0.25
4.064) Long Neg. at con. edge =ay (-ve) [ 0.047] 6.55] 9.83] 7.627 | 8 [5027] 98 [0.000255] -1 | 179 [3732.087]187.913[167.91] 267.49] 153 |328.53] 0.25
4.064 Pos. at mid span =ay (+ve) [0.03s| 655| 983] s679 | 8 |50.27| 98 [0.000255] -1 | 133 [3781.008]138.002(138.00] 364.00 | 204 [246.40] 0.19
3 | 130 | 3.353] 3.353| 1.000]Short Neg. at con. edge =ax (-ve) | 0.047| 6.805| 10.2| 5393 | 8 [50.27] 106 |0.000196] -1 [ 141 |4963.400]145.033|14503] 346.58 | 280 |179.52] 0.14] 17.1] 0.1614] 0.169] 0.2955] 0.384132| 4051206 01| 431.8] 9.184] 316302  39.1
3.353 Pos. at mid span =ax (+ve) [0.035| 6.805| 102 4016 | 8 |50.27| 106 [0.000196] -1 | 105 [5001.248]107.186]107.19] 468.95 | 280 |179.52] 0.14
3.353) Long Neg. at con. edge =ay (-ve) | 0.047| 6805| 102| 5393 [ 8|5027| 98 [0.000212] -1 | 152 |4565208]157.684|157.68] 318.77 [ 280 [179.52 0.14 | | |
3353 Pos. at mid span =ay (+ve) | 0.035| 6.805] 10.2| 4016 | 8 |5027] 98 [0.000212] -1 [ 114 [4606.521]116.371|116.37] 431.94 [ 280 [179.52] 0.14 ; f ll
4 | 130 | 4.572) 3.353] 1.364)|Shont Neg. at con. edge =ax (-ve) | 0.069] 6.805| 10.2] 7.897 | 8 |50.27| 106 |0.000198] -1 | 206 |4893.019|215.415[215.41] 233.34 | 240 [209.44] 0.16] 17.1] 0.1614] 0.198] 0.3181] 0413488 3925604 52 4222] s0s1]316302] 301
(| 3353 Pos. at mid span =cox (+ve) | 0.052] 6.805| 10.2] 5915 | 8 [ 50.27] 106 [0.000196] -1 [ 155 [4948.008]150.526]159.53] 315.09] 254 [197.90] 0.15] | | |
1 3353 Long Neg. at con. edge =ay (-ve) | 0.047| 6805| 102| 5393 | 8 [5027| 98 [0.000212] -1 | 152 |4565.208]157.684|157.68 318.77 | 280 [179.52] 0.14 | | | |
[ 33853 Pos. at mid span =oy (+ve) | 0.035] 6.805| 10.2| 4016 | 8 [5027] 98 |0000212] -1 | 114 [4606.521]116.371]116.37] 431.94 | 280 [179.52] 0.14 } f ']
|
4 | 1301 4267) 2743} 1.556|Short Neg. at con. edge =ax (-ve) | 0.077] 8.305| 125 7.218 | 8 |50.27] 106 [0.000196 -1 | 189 |4912293|196.140]196 14| 256.27 [ 254 [197.90] 0.15] 17.1] 0.1612] 0.187] 0.3094] 0.402162] 371351134 406.5] 8.647| 258792] 39.1)
2.743 Pos. at mid span =ax (+ve) 0058 8.305| 125] 5396 | 8 [50.27] 106 [0.000196] -1 | 141 |4963.331]145.102]145.10] 346.41 | 230 [179.52] 0.14 ]
2743 Long Neg. at con. edge =y (-ve) | 0.047| 8.305| 125| 4406 | 8 |50.27] 98 [0.000212] -1 | 125 |4594.900]127.992[127.99] 392 72| 280 [179.52] 0.14 ]
2743 Pos. at mid span =ay (+ve) | 0.035| 8.305| 12.5] 3.281 | 8 [50.27] 98 [0.000212] -1 | 93 [4628.265| 94.626 | 94,63 | 53120 280 [179.52] 0.14 |
]
5 | 130 ] 3962) 3.353) 1.182)Short Neg. at con. edge =aux (-ve) | 0.059| 8.305] 12.5| 8.224 | 8 |50.27] 106 |0.000196] -1 | 215 |4883 655|224.779|224.78] 223.62| 204 [246.40] 0.19] 20.6] 0.197| 0.232] 0.346] 04a975| 4601301 52] 4104] 873] 31 6302] 391
3.353] Pos. at mid span =ax (+ve) | 0.044| 8.305] 125| 6.174 | 8 |5027] 108 [0.000196] -1 | 161 [4941.656|166.777[166.78 301 39| 280 [179.52] 0.14
3353 Long Neg. at con. edge =ay (-ve) [ 0.047| 8.305| 125/ 6.582 | 8 [5027| 98 [p.oov212| -1 | 186 |4528.908]193 984|193 08 259.12] 254 [197.50] 0.15
3353 Pos. at mid span =ay (+ve) | 0.035] 8.305| 12.5| 4.901 | 8 |50.27| 98 [0.000212] -1 | 139 [4580.049]142.843[142.84 351.89] 280 [179.52] 0.14
§ | 130 | 4.267| 3.353) 1.273)Short Neg. at con. edge =ax (-ve) | 0.064| 8.305| 12.5| 88912 | 8 | 50.27| 106 |0.000196| -1 | 233 |4863.875]244.559|244.56] 205.54 | 204 [246.40] 0.19] 20.8] 0.197] 0.232] 0.346] 0.44975] 4601301.52] 4104| 8.73] 316302] 391
3.353 Pos. at mid span =ax (¢ve) | 0.048| 8.305| 12.5| 6709 | 8 | 50.27| 106 [0.000196] -1 | 175 [4926.662]181.772]181.77] 276.53 | 280 [179.52 0.14
1.353) Long Neg. at con. edge =cy (-ve) | 0.047| 8.305| 12.5| 6582 | 8 | 5027| 98 [0.000212] -1 | 186 |4528.908[193 984|193 98] 250.12] 254 [157.90] 0.15
3.353) Pos. at mid span =ay (sve) | 0.035| 8.305| 12.5| 4.901 | 8 [50.27] 98 |0.000212| -1 | 130 [4580.049]142.843[142.84] 351.80] 280 [179.52] 0.14
13 | 130} 3.962) 3.353] 1.182| Short Neg. at con. edge =ax (-ve) | 0.059] 6.805| 10.2] 6.739 | 8 | 50.27 106 |0.000196| -1 | 176 |4925.830]182.604|182.60 27527 | 280 [179.52] 0.1 17.1] 0.1614] 0.165] 0.2955] 0.384132] 3374863.87] 330.4| 8.091] 316902 301
3.353 Pos. at mid span =ax (+ve) | 0.044| 6.805) 10.2] 5059 | 8 |50.27| 106 [0.000196] -1 | 132 [4972.630]135.804]135.80] 370.13| 280 [179.52] 0.14
3353 Long Neg. at con. edge =ay (-ve) | 0.047| 6.805| 10.2] 5393 | 8 [50.27]| 98 |0.000212] -1 | 152 [4865.208]157.684|157.68] 318.77| 280 |179.52] 0.14
33853 [Pos. at mid span =ay (+ve) [ 0.035] e80s] 102] 4016 | 8 [s50.27] 8 [0.000212] 1 | 11a |a606.521]116.371]116.37] 431.94 ] 280 [179.52] 0.14
14 | 130 | 4.267] 3353] 1.273|Short|Neg. at con. edge =ax (ve) [ 0.064] 6.805] 10.2] 7.302 | 8 | 50.27] 106 [0.000196] -1 | 191 [4909.925] 158.508] 198.51] 253.23] 254 [197.90] 0.95] 1731 o.181a 0.187| 0.3094] 0.402162| 3713511.34| 406.1| a.639[ 316302 394
3.353] Pos. at mid span =ax (+ve) | 0.048] 6.805] 10.2] 5497 | 85027 106 |0.000196] -1 | 144 |4960.509]147.925]147.92] 339.80 | 280 [179.52| 0.14
3.353] Long Neg. at con. edge =y (-ve) | 0.047| 6.805] 10.2] 5393 | 8 | 50.27| 98 |0.000212] -1 | 152 |4568.208] 157.684]157.68| 318.77 | 280 |179.52] 0 14
3.353) Pos. at mid span =ay (+ve) | 0.035] 6.805] 102 4016 | 8 [50.27] 0a |o.000212] -1 | 114 [4608.521[116.371116.37] 431.94| 280 [179.52] 014
17 1130 | 4267) 3353| 1.273|Short Neg. at con. edge =ax (-ve) [ 0.064| 6.805| 102] 7.302 | & [50.27] 106 [0.000196] -1 | 191 [4909.925 198.505{198.:51] 253.22] 254 [197.90] 0.15] 17| 0.1814] o.187| 03094 0.402162| 371351134 406.1| a.639] 1 63c2] 391
3353 Pos. at mid span =0 (+ve) 0048 6.805| 10.2] 5497 | 8 |50.27] 106 [0.000196] -1 | 144 |4960.508]147.925|147.92] 339.80| 280 [179.52] 0.14 A
3353 Long Neg. at con. edge =ay (-ve) | 0.047) 6.805| 10.2] 5393 | 8 [50.27| 98 [0.000212| -1 | 152 |4565.208]157.684|157.68] 31877 280 [179.52] 0.14
3383 Pos. &t mid span =ay (+ve) | 0.035] 6805] 102 4.016 | 8 [s0.27] 98 Jo.o00212] -1 | 114 [4606:521]116.371 11637 431.4] 280 [179 52| 0.14
For Panel S2L (One long edge discontinuous)
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5 s 2 55 Ll e b, \E BT )\
(=] load Dia| Bar Dept Ast require | Provi | Actuat strangin) forO =
No. D L Lx ly/ix Moment cosfficlent sign lo. w) [ Moment | . | area | h(d) req. d ded | Ast for W20) 135 mm
mm| m ™ Edge, KN/m | KNm]| KN-m |mm| mme2 | mm . b e |istvaiuabndvalud MM | mm | mm{mev2) P | V¥ pumees e Nimm} T (Nimen) Ll \a \wd \apydd
135 | 4.572] 3.353] 1.364]Short Neg. at con, edge =ax (-ve) [ 0.061] 8308 126] 8517 | 8 [ 50.27| 106 |0.000196] -1 223 |4878.251|233.183|233.18 215.50 | 204 (246 40] 018 208 0.197| 0.232] o0.346| 0.44975| 4850130152\ a10.4| 872\ 31 8302) 394}
] | f 133531 i Pos. at mid span =ax (+ve) [ 0.046] 8.305] 125] 6.429 | 8 | 50.27] 108 [c.000198] -1 168 | 4934,528|173.908|173.91| 289.04 | 260 170,52} 0.14| 1 \ \
==l [ 3.3s3] JLong Neg. at con. edge =ay (-ve) [ 0.037] 8.305] 12.5] s.181 | 8 | 50.27| 8 |0.000212] -1 | 148 |4571.607]151.284]151.28] 332&‘&0 [179.52] 0.14] | | \ | \ \ \ \ 1 \
| | [ 3.353 Pos. at mid span =aly (+ve) | 0.028] 8.305] 12.5] 3021 | 8 | 50.27| 98 |0.000212| 1| 111 _|4609.344[113.548]112.56| 442.68 | 260 |179.52| 0.14] 1 I\ 1\ \l % \ \ \1 \‘ “
3 | 135 | 3.962] 3.353] 1.182|Shont Neg. at con. edge =ax (-ve) | 0.051] 8.305| 12.5] 7.078 | 8 | 50.27| 106 |0.000108] -1 | 185 [4016.254]192.180]192.18] 261.55 | 229 |219.50| 0.17) 20.9] 0.197] 0.207] 0.3257 0.423358] 4110034.72| 379.8] 8.08| 31.6302 39.1|
3.353] Pos. at mid span =ax (+ve) [ 0.038] @.305] 12.5] 5300 | 8 [ 50.27] 106 [0.000196] -1 | 139 [4965735|142.699]|142.70] 352.25 | 280 |179.52] 0.14 |
3.353 Long Neg. at con. edge =aiy (-ve) | 0.037 8.305| 12.5] 5181 8 | 50.27| 08 |0.000212] -1 146 |4571.607|151.284|151.268] 332.26 | 280 |179.52]| 0.14
3.353 Pos. al mid span =ay (+ve) | 0.028] a.305] 12.5] 3021 | 8 [5027] 98 [0.000212] -1 | 111 [4809.344]113.548|113.55| 442.68 | 280 |179.52) 0.14
9 | 135 | 5182| 4.267] 1214]Shon Neg. at con. edge =cox (-ve) | 0.053| 8.305] 12.5] 11.958 | 8 | 50.27] 106 [0.000196] -1 _| 312 |4774.110(334.324[334.32] 150.35| 153 [328.53] 0.25 26.6 0.2507] 0.31] 0.3888] 0.5054] 6084530.19] 421.6] 8968 40.2566 391
4.267 Pos. at mid span =ax (+ve) | 0.040] 8.305] 125 9009 | 8 | 5027 106 |0.000196] -1 | 235 |4861.064|247.370/247.37| 203.20 | 204 |246.40] 0.19
4.267 Long Neg. at con. edge =ay (-ve) [ 0.037] 8.305| 125] 8393 | 8 |5027| 98 0.000212] -1 | 237 |4472.400|250.491]|250.49| 200.67 | 204 |246.40| 0.19
4.267 Pos. at mid span =ay (+ve) | 0.028] 8.305] 12| 6351 | 8 |[5027| 98 [0000212] -1 | 180 |4535.988)|186.904|186.90| 268.94 | 254 |197.90] 0.15
10 | 135 | 4.267] 3962] 1.077|Short Neg. atcon edge =ox (-ve) | 0.042] 7.305| 11| 7.202 | 8 [ 50.27] 106 [0.000198] -1 | 191 |4910.212]198.221|196.22] 253,58 | 229 [219.50] 0.17] 21.7| 0.2048] 0.207] 0.3257| 0.423358| 4110034.72| 370.1| 7.873 37.3811 391
{ | | 3962 Pos. at mid span =ax (+ve) | 0.032] 7.305] 11| 5479 | 8 [5027] 106 [0.000196] -1 | 143 |4961.023]147.410|147.41| 340.99 | 280 |179.52] 0.14 | ]
1 | | 3.962 Long Neg. at con. edge =ay (-ve) [ 0.037] 7.305] 11] 6365 | 8 | 50.27| 98 [0.000212] -1 | 180 |4535.559)187.333|187.33] 268.32 | 280 |179.52| 0.14 | i ]
| % %3962 Pos. at mid span =ay (+ve) | 0028 7.305] 11] 4817 | 8 [5027] 98 |0.000212] -1 | 136 [4582.581[140.311[140.31] 358.24 | 280 [179.52 0.14 { !I [J !
1
111 ] 135 [ 4.267] 3962 1.077(Shont Neg. at con. edge =ax (-ve) [0.042] 7.305] 11 7.202 | 8 | 50.27] 106 [0.000196] -1 | 191 [4910.212]198.221/198.22] 253,58 | 229 [219.50] 0.17| 21.7| 0.2048] 0.207| 0.3257| 0.423358 4110034.72] 370.1] 7.873[ 37.3811] 391
L1 [ 3 962] Pos. at mid span =ox (+ve) | 0.032] 7.305] 11| 5479 | 8 | 5027[ 106 [0.000196] -1 | 143 [4961.023]147.410[147.41] 340.99 | 280 [179.52] 0.14 | |
L1 1 3.962 Long Neg. atcon edge =ay (-ve) [0037] 7.30s] 11| 6365 | 8 [5027[ 98 [0000212] -1 | 180 [4535.559]187.333|187.33] 264.32 | 280 [179.52 0.14 | | |
| 3.962 Pos. at mid span =ay (+ve) | 0028] 7.305] 11| 4817 | 8 [5027] 98 [0.000212] -1 | 136 [4582.581|140.311/140.31] 356.24 | 280 [179.52] 0.14 | { |
]
15 | 135 | 4.267| 3.353| 1.273|Short Neg. st con. edge =axx (-ve) | 0.056| 6.805] 10.2] 6.384 | 8 [ 50.27] 106 [0.000196] -1 | 167 [4935.790]172.644]172.64] 291.15 | 280 [179.52] 0.14] 17.1] 0.1614] 0.169] 0.2955] 0.384132| 3374863.87| 380.4) 8.091| 316302 39.1]
3353 Pos. at mid span =cx (+ve) | 0.043| 6.805| 10.2] 4892 | 8 [50.27| 106 [0.000196] -1 | 128 |4977.231]131.202|131.20] 383.11 | 280 |179.52[ 0.14 |
3.353 Long Neg. atcon. edge =ay (-ve) [ 0.037| 6.805| 10.2] 4246 | 8 [ 50.27] 98 [0.000212] -1 | 120 [4599.688|123.203|123.20] 407.99 | 280 |179.52] 0.14 ]
3.353 Pos. at mid span =ay (+ve) | 0.028] 6.805] 102] 3.213 [ 8 | s0.27| 98 [0.000212] -1 91 |4630.272] 92.619 | 92.62| 542.71| 280 [179.52] 0.14 |
]
16 | 135 | 4.267] 3.353| 1.273|Short Neg. at con. edge =ax (-ve) | 0.056| 6.805] 102| 6384 | 8 |50.27] 106 [0.000196] -1 | 167 |4935.790|172.644]172.64] 291.15| 280 [179.52] 0.14] 17.1] 0.1614] 0.169] 0.2955] 0.384132] 3374863.87| 380.4] 8.091] 31.6302 39.1
3.353] Pos. at mid span =ax (+ve) | 0.043] 6.805| 102| 4892 | 8 | 50.27] 106 0.000196] -1 | 128 [4977.231]131.202[131.20] 383.11 | 280 [179.52] 0.14
3353 Long Neg. at con. edge =ay (-ve) | 0.037] 6.805| 10.2] 4246 | 8 [5027| 98 |0.000212] -1 | 120 [4599.688)123.203|123.20| 407.99 | 280 [179.52] 0.14
3353 Pos. at mid span =ay (+ve) | 0.028] 6.605| 10.2| 3.213 | 8 | 50.27| 98 [0.000212] -1 91 |4630.272] 92.619 | 92,62 542.71] 280 [179.52] 0.14
For Panel S2S (One short edge discontinuous)
an Faclo ISpau Shear Obtain | ratio of
el red Bar| Effec. Spacing| ng Max. [Nomina| % Shear | strength ed |eff. span
ID load Dia| Bar | Dept require | Provi | Actual Shear| | Shear | tensile forD= of diamet | to eff. |constant
No D Ly Lx | lyix Moment coefficient esign lod (Wu) | Moment | . | area | h (d) Astreq] d ded | Ast hst Pe| force | Stress | steel |for M20| 135 mm i er depth | valve |
mm| m m Edgg] KN/m [KN/m| KN-m |mm{ mm*2| mm a b c | 1stvaluepnd vaiud mm*2] mm | mm [mm*2| P% | V F oumers T (i T (i) M1 d L Wid |aBysa {
18 | 135 | 4.572] 3.962| 1.154|Short Neg. at con. edge =ax (ve) | 0.046] 6.805] 102] 7.323 | 8 | 50.27] 106 [0.000196] -1 [ 191 [4900.334]199.100]199.10] 252.46 | 229 [219.50] 0.17 20.2] 0.1908] 0.207] 0.3257| 0.423358] 4110034.72| 388.2| 8.258] 37.3811 39.1 |
3.962 Pos. at mid span =ax (+ve) | 0.034] 6.805] 102 5474 | 8 |50.27] 106 [0.000196] -1 | 143 |4961.166|147.267(147.27] 341.32| 280 [179.52| 0.14
3062 Long Neg. at con. edge =y (-ve) [ 0.037] 6.805] 10.2| 5930 | 8 |50.27] 98 [0.000212] -1 | 168 [4548.893|173.999(174.00( 288.88 | 280 [179.52] 0.14
3.962 Pos. at mid span =ay (+ve) | 0.028] 6.805] 102| 4487 | 8 |5027| 98 [0000212] -1 | 127 |4502.466130.426(130.43] 285.40 | 280 |179.52| 0.14
19 | 135 | 4.572| 4.267| 1.071|Short Neg. at con, edge =ax (-ve) | 0.041] 6.805] 10.2] 7.674 | 8 | 50.27 106 [0.000196] -1 | 201 |4899.370|209.064]209.06] 240.43 | 229 [219.50] 0.17| 21.8] 0.2055] 0.207| 0.3257| 0.423358| 4110034.72} 369.3] 7.856| 40.2568 39.1
4.267| Pos. at mid span =ax (+ve) | 0.031] 6805] 102] 5735 | 8 [ 50.27| 106 [0.000196] -1 | 150 [4953.898|154.536|154.54] 325.27 | 280 [179.52] 0.14
4.267 Long Neg. at con. edge =ay (-ve) | 0.037| 6.805| 10.2| 6.877 [ 8 [50.27| 98 [0.000212] -1 | 194 [4519.795|203.097|203.10] 247.50 | 254 [197.90] 0.15|
4.267 Pos. at mid span =ay (+ve) | 0.028] 6.805| 10.2| 5204 | 8 |50.27| 98 [0.000212| -1 | 147 |4570.916]151.976]151.98| 330.75 | 280 [179.52] 0.14
28 | 135 | 4267| 3.353| 1.273|Short Neg. at con. edge =ax (-ve) | 0.050] 8.305] 12.5] 7.027 [ 8 | 50.27| 106 |0.000196] -1 | 184 |4917.692]190.742]190.74] 263.53 | 229 [210.50] 0.17] 20.9] 0.197] 0.207| 0.3257] 0.423358] 4110034.72] 379.8] a.08[ 31 6302 391
3.353 Pos. at mid span =ax (+ve) | 0.038] 8.30s| 12.5] 5347 | 8 |5027[ 106 [0.000196] -1 | 140 |4964.678)143.756|143.76] 349.66 | 280 |179.52] 0.14
3.353 Long Neg. at con. edge =y (-ve) | 0.037] 8.305] 12.5] 5181 | 8 |50.27] 98 [0.000212] -1 | 146 [4571.607[151.284]151.28 332.26 | 280 [179.52] 0.14
3.353 Pos. at mid span =ay (+ve) | 0.028] 8.305 12.5] 3.921 8 | 50.27| 98 |0.000212] -1 111 |4609.344]113.548 113.55[ 442.68 | 280 |179.52] 0.14

Fer Panel S2 (Inlerior Panel}
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Ban Facto Spacl Shaar
/,, / / / / / red Bar Effac Sw-dnu\nq\ \ Wax. |Nomina| *A& \smu\ strangth ‘
D load Dia| Bar | Dapt require | Provi | Actual e g forD =
No. D Ly Lx Iyfhx Moment cosfficient sign lod (Wu) | Moment | . area | h (d) Ast d ded Ast_Ast Pe steel | for M20] 135 mm
[ lmm[ m [ m ] Jedge| KN/m | KN/m| KN-m |mm| mm 2| mm a b ¢ | 18t value Pnd valud mm*2| mm lmm]mm‘!lﬁh v Kk T¢ (Nimer ) L) d ¥ Awd |laBy3n
20 | 135 | 5.182] 4.572] 1.133[Short Neg. at con. edge =ax (-ve) | 0.039] 9.305] 14| 11.378 | 8 | s0.27 | 108 |0.000108] -1 297 |4791.454| 316.080| 318 08| 158.58 | 153 |328.53] 0.25] 31.9] 0301] 031] o.3888] 0.5054| 6084530.19| 371.9| 7.911| 38675| :u\
’ ] l I4572’ J Pos. at mid span =ax (+ve) | 0.020] 9.305] 14| B.558 | 8 | 5027 | 106 |0000196] -1 | 224 |4874.082|234 372(234.37| 214.47 | 204 [246 40] 0.19] |
| o 4.572 Long Neg. at con. edge =cry (-ve) | 0.032] 9.305] 14| 0.336 | 8 | 50.27| 98 [0.000212] -1 | 264 |4442368]260.524|280.52] 179.18| 178 |282.39] 0.22 | | | |
4572 Pos. at mid span =ay (+ve) [0.024] ©.305| 14| 7.002 | 8 [50.27] o8 [0.000212] .1 | 198 |4515.926]206.966|206.07] 24287 254 [197.90] 0.15 ‘l 1 1 II_ ]ll
21| 135 | 5.182 3.962] 1.308]Short Neg. at con. edge =ax (-ve) | 0.047] ©.305] 14| 10.367 | 8 | 50.27] 106 [0.000108] -1 | 271 [4821.425[287.000|287.01] 175.14 | 170 [280.81] 0.22| 27.7| 0.2609] 0.265| 0.3672] 0.477309| 5225841.8| 369.7 7.863| 37.3811 39.1
3.962 Pos. at mid span =ouc(+ve) | 0.036] 9.305] 14| 7.040 | 8 | 60.27]| 106 |0.000196] -1 | 207 |4891.789|216.645|216.65 232.02 | 229 |219.50| 0.17
3.962 Long Neg. at con. edge may (-ve) | 0.032] 9.305] 14| 7.013 | 8 | 5027| 08 |0.000212] -1 | 198 |4515 604]|207.267|207.29| 242.49 | 229 [219.50| 0.17
3.962 Pos. at mid span =ay (+ve) | 0.024] 9.305] 14| 5250 | 8 [5027| 88 |0.000212] .1 | 149 |4569.251|153.640[153.64] 327.16 | 280 |179.52] 0.14
22 | 135 | 5.182| 3.353] 1.545|Short Neg. at con. edge =ax (-ve) | 0.054| 8305] 12.5| 7.600 | 8 | 50.27| 108 [0.000196] -1 | 199 [4901.459]206.075]206.97] 242.66 | 229 |219.50] 0.17] 20| 0.197] 0.207| 0.3257] 0.423358] 4110034 72] 379.8] 8.08) 316302) 391
3353 Pos. at mid span =ax (+ve) (0042] 8.305] 125] 5843 | 8 | 5027 106 [0.000196] -1 | 153 |4050.891|157.542|157.54] 319.06 | 280 [179.52) 0.14
3353 Long Neg. at con. edge =ay (-ve) [ 0.032] 8.305] 125| 4481 | 8 [5027]| 98 [0.000212] -1 | 127 [4592.651]|130.241[130.24| 385.94 | 280 [179.52 0.14
33853 Pos. at mid span =ay (+ve) [ 0024] 8305| 125( 3361 | 8 |5027| 98 |0.000212] -1 | 95 [4625.913] 96.978 | 96.98 | 518.32| 280 |179.52| 0.14
23 | 135 | 3.962] 3862| 1.000|Short Neg. at con. edge =ax (-ve) | 0.032] 6.805| 10.2| 5128 | 8 | 5027 106 [0.000196] -1 [ 134 [4970.719[137.715[137.72] 365.00| 229 |219.50] 0.17] 20.2| 0.1908] 0.207] 0.3257| 0.423358 411003472 3882/ 8.258) 37.3811 391
3.962 Pos. at mid span =ax (+ve) | 0.024] 6805] 102| 3846 | 8 |5027] 106 [0.000186] -1 | 101 |5005.873)102.561|102.56] 490.10 | 260 [17952| 0.14
3.962 Long Neg. at con. edge =ay (-ve) [ 0.032] 6.805] 10.2] 5128 | 8 |5027] 98 [0.000212] -1 [ 145 |4573.206]149.686|149.69| 33581 | 260 |179.52| 0.14
3.962 Pos. at mid span =ay (+ve) | 0.024| 6.805| 102 3846 | 8 [50.27] 98 [0.000212] -1 | 100 [4611.561|111.330|111.33] 451.50 | 280 |179.52 0.14
24 | 135 | 3.962] 3.353] 1.182|Short Neg. at con. edge =ax (-ve) | 0.042| 7.805] 11.7] 5516 | 8 | 5027 106 [0000196] -1 | 144 [4960.004]148.420(148.43] 338.65 | 254 [197.90] 0.15] 19.6] 0.1852) 0.187] 0.3094] 0.402162| 3743511.34] 370] 787|316302] 1391
3353 Pos. at mid span =ax (+ve) |0.031] 7.805] 11.7] 4116 [ & [50.27[ 106 [0.000106] -1 | 108 |4998.529|109.905|109.91| 457.35 | 280 |179.52) 0.14
3.353 Long Neg. at con. edge =ay (-ve) | 0.032] 7.805[ 11.7] 4211 | 8 |5027| 98 |0.000212] -1 | 119 |4600.706)122.185]122.19| 411.39 | 280 |179.52 0.14
3353 Pos. at mid span =ay (+ve) | 0.024] 7.805] 11.7[ 3159 | 8 [50.27[ 98 [0.000212] -1 | 89 |4631.869] 91.023]91.02| 552.23| 280 |179.52] 0.14|
25 | 135 | 4.267] 3.962] 1.077]Short Neg. at con. edge =cex (-ve) | 0.038] 7.305] 11| 6167 | 8 [ 5027 [ 106 [0.000196] -1 | 161 [4941.865]166.569|166.57] 301.77 | 229 [219.50| 0.17| 21.7| 0.2048| 0.207| 0.3257] 0.423358| 4110034.72| 370.1] 7.873 37.3811 39.1
3.962 Pos. at mid span =ax (+ve) | 0027 7.305] 11| 4658 | 8 [50.27( 106 [0.000196] -1 | 122 |4983.669(124.765[124.77| 402.88 | 280 |179.52) 0.14
3.962 Long Neg. at con. edge =ay (-ve) [0032] 7.305] 11| 5505 | 8 | 50.27]| 98 [0.000212] -1 | 156 [4561.806]161.085|161.09] 312.04 | 280 |179.52] 0.14
3.962 Pos. at mid span =ay (+ve) | 0.024] 7.305] 11] 4120 [ 8 [50.27| 98 [0.000212] -1 | 117 [4603.163|119.728|119.73| 410.83 | 280 [179.52] 0.14
26 | 135 | 4.267| 3.962| 1.077|Short Neg. at con. edge =ax (-ve) | 0.036] 8.305] 12.5] 7011 | 8 | 50.27[ 106 [0.000196] -1 | 183 [4918.149]190.284[190.28| 264.16 | 204 |246.40] 0.19] 24.7] 0.2328| 0.232| 0.346] 0.44975| 4601301 52| 366.4] 7.793| 37.3811 39.1
3.962 Pos. 3t mid span =ax (+ve) | 0027] 8305 125] 5206 | 8 | 50.27 106 [0.000196] -1 | 138 [4966.087|142.347|142.35| 353.12| 280 [179.52] 0.14
3962 Long Neg. at con. edge =ay (-ve) [ 0.032| 8.305| 12.5] 6259 | 8 |50.27( 98 |0.000212] -1 | 177 |4538.828)184.064|184.06| 273.09 | 260 |179.52f 0.14
3.962 Pos. at mid span =ay (+ve) | 0.024] 8.305] 12.5| 4694 [ 8[5027]| 98 [0.000212] -1 | 133 |4586.272|136.620|136.62| 367.92 | 280 [179.52| 0.14
27 | 135 | 4.267| 3.952| 1.077|Short Neg. at con. edge =ax (-ve) | 0.036| 8.305| 125] 7.011 [ 8 [ 5027 106 [0.000196] -1 | 183 [4918.149(190.284]190.28| 264.16 | 204 |246.40] 0.19] 24.7| 0.2328] 0.232] 0.346| 0.44975| 4601301.52] 366.4] 7.793) 37.3811 391
3.962 Pos. at mid span =ax (+ve) | 0.027] 8.305| 12.5] 5206 | 8 ]50.27( 106 [0.000196] -1 | 138 |4966.087142.347|142.35| 353.12| 280 |179.52] 0.14
3.962 Long Neg. at con. edge =ay (-ve) (0032 8.305] 125 6259 | 8 |50.27| 98 |0.000212] -1 | 177 |4538.828|184.064|184.06| 273.09 | 280 |179.52| 0.14
3962 Pos. at mid span =ay (+ve) [0.024] 8.305[ 125] 4694 | 8|s0.27| 98 [0.000212] -1 | 133 |4586.272(136.620]|136.62( 367.92 | 280 [179.52 0.14
29| 135 | 4.267| 4.267] 1.000|Short Neg. at con. edge =ax (-ve) | 0.032] 8.305| 125] 7.259 | 8 [50.27] 106 |0.000196] -1 | 190 [4911.147[197.287]197.29] 254.78 | 178 |282.39] 0.22] 26.6| 0.2507| 0.266| 0.3731] 0.485062| 5254366.06| 381] 8.104|402566| 39.1
4.267 Pos. at mid span =ax (+ve) | 0.024] 8305] 12.5] 5444 | 8 ]50.27] 106 [0.000196] -1 | 142 |4961.964]146.449]146.45] 343.23 | 280 |179.52] 0.14
4.267| Long Neg. at con. edge =ay (-ve) | 0.032] 8.305] 125 7.256 | 8 [50.27] 98 [0.000212] -1 | 205 |4507.959]|214.932|214.93| 23367 | 229 |219.50] 0.17
4267 Pos. at mid span =ay (+ve) | 0.024] 8305] 125] 5444 | 8 ]50.27] 98 [0.000212] -1 | 154 |4563.660]159.232|159.23| 315.68 | 280 {179.52] 0.14
30 | 135 | 4.267| 4.267] 1.000|Short Neg. at con. edge =aux (-ve) | 0.032] 8.305] 125 7.250 | 8 [50.27 106 [0.000196] -1 | 190 |4911.147]|197.287[197.29] 254.78 | 178 |262.39) 0.22] 26.6| 0.2507] 0.266 0.3731] 0.485082] 5254366.08| 381} 3.104| 40.2568|  39.1
4.267| Pos. at mid span =ax {¢ve) | 0.024] 8.305] 12.5] 5444 | 8 [5027] 106 [0.000196] -1 | 142 |4061.984[146.449]|146.45] 34323 | 280 |179.52] 0.14
4267 Long Neg. at con. edge =ary (-ve) [ 0.032| 8.305] 125] 7.250 | 8 |50.27| 98 |0.000212] -1 | 205 |4507.959|214.932|214 93} 233.87 | 229 |219.50| 0.17
4267 Pos. at mid span =ay (+ve) [ 0.024] 8.305| 12.5| 5444 | 8|5027]| 98 [0.000212] -1 | 154 |4563.660)159.232|159.23] 31568 | 280 |179.52] 0.14
31 | 135 | 4.267| 4.267| 1.000|Short Neg. at con. edge =ax (-ve) | 0.032] 7.805] 11.7] 6.822 | 8 | 50.27] 106 [0.000196] -1 | 178 [4923.489]184.945/184.94| 271.79 | 178 [282.39| 0.22] 25| 0.2357] 0.266] 0.3731] 0.485062) S254366.06] 397.5| 8.454] 40.2568] 391
4.267 Pos. at mid span =ax (+ve) | 0.024] 7.305] 11.7] 5116 | 8 |50.27] 106 |0.000196] -1 | 134 |4971.052|137.381]137.38( 365.88 | 280 |179.52 0.14 e
4.267 Long Neg. at con. edge =ay (-ve) [ 0.032] 7.805| 11.7] 6822 | 8 [5027| o8 |0.000212] -1 | 193 |4521.504]201.387|201.39| 249.60 | 254 |197.90f 0.15
4.267 Pos. at mid span =ay (+ve) | 0.024] 7.805] 11.7] 5116 | 8 ]|50.27] 98 [0.000212] -1 | 145 |4573.571]149.321]140.32] 336.63 | 260 |179.52] 0.14
32 | 135 | 4267 4.267] 1,000 Short Neg. at con. edge =ax (-ve) | 0.032] 7.805] 11.7] 6.822 | 8 [50.27] 106 [0.000196] -1 | 178 |4923.489|184.945|184.94] 271.79| 178 |282.39| 0.22| 25| 0.2357| 0.266| 0.3731] 0.485062] 5254356.06] 397.5| 8.454] 40.2565 39.1
4267 Pos. at mid span =ax (+ve) | 0.024] 7.805] 11.7] 5116 | 8 | 5027 106 [0.000196] -1 | 134 |4971.052]137.381]137.38( 365.88 | 280 |179.52 0.14
4267 Long Neg. at con. edge =ay (-ve) [ 0.032] 7.805] 11.7] 6822 | 8 [s027] o8 [0.000212] -1 | 193 4521 504)201.387)201 39| 249.60 | 254 |197.90] 0.18)
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¥ i [ s 267] 7 Pos_st mid span =ay (+ve) [0 024] 7 805] |-| 7] 8116 | 8 [s027] o8 Jooocoz12] -1 | 145 Jas7a 5?1[149_.:.-2T[:-435;g_e;_1 ;nn Tire =2} _n-\-\ - \ 1 \ b AY AY N\ \ TS

 SERGESES, |
For Third (Terrace) Floor ‘
For Panel S1(Two Adjacent edges discontinuous) Facis - _EFM.[ TE T of
red Bar Effec. Spacing| ng Max. |Nomina| % | Shear | strength ed |eft. span
load Dia| Bar | Dept require | Provi | Actusl Shear| | Shear | lensile {strength| forD= | Moment of diamet| 1o efl. |constant
No. | D Ly Lx | Ilyix Moment coefficient osign log (Wu) | Moment | . | area | h (d) Astreq] d ded | Ast \stPe|force | Stress | steel |for M20} 135mm | resistance lv value
mm| m m Edgnl KN/m [KN/m| KN-m  |mm| mm*2| mm a b ¢ |1stvalue Pnd valud mm*2| mm | mm | mm*2| P% |V (KNE, Te (umev] T€ (Niwen=2) M1 Ld M Lud 11“’?61\]
5 | 135 | 4.267| 2.743] 1.556/Short Neg. at con. edge =ax (-ve) | 0.077| 6422 963 5582 | 8 | 50.27| 106 {0.000196] -1 146 | 4958 168 150.266]150.27] 334.51 | 254 [197.90] 0.15] 13.2] 0.1246] 0.187] 0.3094] 0.402162| 3713511.34] 489.4] 1044 25.8792 391
2.743 Pos. at mid span =ax (+ve) | 0.058] 6.422] 9.63| 4172 | 8 | 50.27| 106 |0.000196( -1 100 |4996.986|111.447|111.45] 451.02 | 280 {179.52] 0.14
2.743 Long Neg. at con. edge =Gty (-ve) 0,047[ 6.422] 963| 3407 | 8 |5027| 98 |0.000212| -1 06 |4624.554| 98,337 | 98.34 | 511.15] 280 |179.52| 0.14
2.743 Pos. at mid span =ay (*ve) | 0.035] 6.422| 563 2537 | 8 | 50.27| 98 |0.000212] -1 72 |4650.063] 72.8628 | 72.83 | 690.19 | 280 |179.52] 0.14
6 | 135 | 3062] 3.353| 1.182|Short Neg. at con. edge =ax (-ve) | 0.059| 6.422| 9.63] 6.359 | 8 | 50.27| 106 |0.000196] -1 166 |4936.479] 171.955/171.05| 262.32 | 204 |246.40 04191 16.1] 0.1523] 0.232] 0.346| 044975 4601301.52] 494 4] 1052| 316302 391
3353 Pos. at mid span =ax (+ve) | 0.044| 6422| 963| 4.774 | 8 | 50.27 | 106 |0.000186] -1 125 |4980.475|127.959]127.96] 392.83 | 280 |178.52 O.MI
3353 Long Neg. at con. edge =ay (-ve) | 0.047| 6422| 9.63| 5.089 8 | 50.27| 98 |0.000212] -1 144 |4574.381|148.510/148.51| 338.46 | 254 |197.80] 0.15|
3.353 Pos. at mid span =ay (+ve) | 0.035| 6422] 963| 3.790 8 | 50.27 | 98 |0.000212] -1 107 |4613.230{109.662|109.66| 458.37 | 280 |179.52] 0.14
12 | 135 | 4.267] 3.353] 1.273|Short Neg. at con. edge =aix (-ve) | 0.084| 6422| 963| 6.891 8 | 50.27| 106 |0.000196] -1 180 |4921.540]186.894]186.89| 268.95 | 280 [179.52] 0.14] 16.1| 0.1523| 0.169] 0.2955] 0.384132] 3I74863.87) 395.7] 8.417] 31 6302 39.1
3.353 Pos. al mid span =ax (+ve) (0048 6422| 963 5188 | 8 | 50.27| 106 |0.000196] -1 136 |4969.075]139.359]139.36( 360.69 | 280 |179.52] 0.14
li 3.353] Long Neg. st con. edge =ay (-ve) | 0.047| 6422| 963| 5089 8 [ 5027| 98 [0.000212] -1 144 |4574.381|148.510/148.51| 338.46 | 280 [179.52] 0.14]
I l 3.353 Pos. at mid span =ay (+ve) | 0035| 6422 963| 3790 | 8 |5027| 98 |0.000212] -1 107 [4613.230]109.662]109.66| 458.37 | 280 |179.52| 0.14
141135 4.267| 3.353| 1.273(Shont Neg. at con edge =ax (-ve) | 0.064| 6.422| 9.63| 6.801 8 | 50.27 | 106 |0.000196] -1 180 |4921.540]186.894|186.89| 268.95| 280 [179.52| 0.14] 16.1] 0.1523] 0.169] 0.2955| 0.384132] 3374863 87| 3957| 8.417| 316302 391
3.353] Pos. at mid span =ax (+ve) |0.048| 6.422| 063| 5188 | 8 | 50.27| 106 | 0.000196| -1 136 | 4969.075] 139.359] 139.36] 360.69 | 280 |179.52| 0.14
3.353 Long Neg. at con. edge =ay (-ve) | 0.047| 6.422| 9.63| 5.089 8 | 50.27| 98 |0.000212] -1 144 |4574.381]|148.510|148.51) 338.46 | 280 |179.52] 0.14
3.353 Pos. at mid span =ay (+ve) | 0.035] 6.422| 9.63] 3.780 8 | 50.27| 98 |0.000212] -1 107 |4613.230|109.662]109.66| 458.37 | 280 [179.52] 0.14
17 | 135 | 4.267| 3.353] 1.273|Short Neg. at con. edge =ax (-ve) | 0.064] 6.422] 963| 6.891 8 | 50.27 ] 106 | 0.000196| -1 180 |4921.540|186.894]186.89| 268.95 | 280 [179.52] 0.14] 16.1] 0.1523| 0.169| 0.2955| 0.384132] 3374863.87| 3957| 8.417] 316302 391
3.353 Pos_ at mid span =ax (¢+ve) | 0.048] 6422| 963 5188 | 8 | 50.27( 106 | 0.000196] -1 136 | 4969.075]139.359] 139.36| 360.69 | 280 |179.52] 0.14)
3.353 Long Neg. at con. edge =ay (-ve) | 0.047| 6.422| 9.63| 5089 8 | 50.27| 98 |0.000212| -1 144 |4574.381]148.510]148.51| 338.46 | 280 |179.52] 0.14!
3.353 Pos. at mid span =ay (+ve) | 0.035| 6.422| 9.63| 3.790 8 [ 50.27| 98 |0.000212] -1 107 |4613.230]| 109.662| 109.66| 458.37 | 280 |179.52] 0.14
28 | 135 | 4267| 3.353] 1.273|Short Neg. at con. edge =ax (-ve) | 0.064| 6.422| 9.63| 6891 8 | 50.27| 106 |0.000196] -1 180 |4921.540| 186.894]186.89] 268.95 | 280 |179.52| 0.14] 16.1] 0.1523] 0.169| 0.2955| 0.384132| 3I74883.87| ISS.7| 8.417] 31 6302 3981
3.353 Pos. at mid span =ax (+ve) | 0.048| 6.422| 9.63] 5188 | & | 50.27 | 106 |0.000196[ -1 136 |4969.075] 139.359]139.36] 360.69 | 280 |179.52] 0.14
3.353 Long Neg. atcon. edge =ay(-ve) | 0.047| 6.422| 9.63| 5089 | & [5027| 98 |0.000212] -1 144 |4574.381]|148.510]148.51] 338.46 | 280 |179.52] 0. 14
3.353 Pos. at mid span =qy (+ve) | 0.035| 6422| 9.63| 3.790 | 8 (5027 | 98 |0.000212| -1 107 [4613.230] 109.662]109.66| 458.37 | 280 |179.52| 0.14
For Panel S2L (One long ed i 18)
P Facmo SEar Obtaine| 1800 OF
el red Bar Effec. Spaci .Sbnﬂ Max. [Nomina| % | Shear | strength 4 |ef span
D load Dia| Bar |Dept require | Provi | Actual Shear| | Shear | tansile wgth| forD= | M of o eft.
No. | D | Ly Lx | lyfx M t coefficient lesign lod (Wu) | Moment | . | area [ h (d) Astreq| d | ded | Ast hstPe|force | Stress | steel |tor M20| 135 mm | resistance r depth | vae
mm| m m Edg.] KN/m |KN/m| KN-m [mm|mm*2| mm ] b ¢ | istvalue pnd valug mm*2| mm | mm mm*2| PR | V F oowern & e~ T w2y M1 (€] ¢ Ld japysh
| |
9 | 135 | 5182| 4.267| 1.214|Short Neg. at con. edge =ax (-ve) | 0.053| 6.422| 963| 9.246 | 8 | 50.27| 106 |0.000196| -1 242 |4854.176/254.258/254.26| 197.69 | 204 |246.40| 0.19} 206] 0.1939] 0.232| 0.3516] 0.45705| 4601301.52] 415| 8.828| 402568 oA
4.267 Pos. at mid span =ax (+ve) | 0.040| 6422| 9.63] 6.966 | 8 | 50.27| 106 |0.000196 -1 182 [4919.419(189.014]189.01] 265.93 | 254 [197.90[ 0.15
4.267 Long Neg. at con. edge =ay (-ve) | 0.037| 6.422| 9.63] 6490 | 8 ]56027| 98 |0.000212] -1 183 |4531.730] 191.161 1‘”8[ 262,95 ] 254 |197.90] 0.15]
4,267 Pos. at mid span =aty (+ve) | 0.028] 6.422| 063] 4.911 | 8 ]|5027| 88 |0.000212] -1 139 [4570.746]143.146 1411!1] 351.15| 280 [179.52 0.14
10 | 135 | 4.267] 3.962| 1.077|Short Neg. at con. edge =ax (-ve) | 0.042| 6.422| 963| 6410 | 8 | 5027| 106 |0.000196] -1 167 | 4935050 173.384/173.38] 289.91 | 254 |197.90] 0.15] 19.1 0.18] 0.187] 0.3094] 0.402162] 3713511 34| 377| 8.018] 37 311 3%
3.962 Pos. at mid span =ox (+ve) | 0.032| 6422| 0.63] 4.817 [ 8 | 50.27| 106 |0.000196| -1 126 |4979.318/129.116]120.12] 389.30 | 280 {179.52] 0.14
39862 Long Neg. at con. edge =ay (-ve) | 0.037) 6422| 963 5596 | 6 | 5027| 98 |0000212] -1 168 |4550.052|163.840]163.84] 306.80 | 280 |179.52| 0.14
39862 Paos. at mid span =ay (+ve) | 0.028| 6422] 963| 4.235 8 |5027]| 98 |0.000212] -1 120 |4600.008]122.883)122 88| 409.05 | 280 |179.52| 0.14
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[(11 ] 135 ] 4267] 3062] 1077[Short Neg. at con. edge =ax (-ve) [ 0042] 6422] 963] 6410 | 6 | s027] 10a |[ocooies] -1 | 167 |4u3s oso[173.384] 173 38| 280.01| 254 |107.00] 0.15] _18.1] __ 018] 0.187] 03004] 0.402162] 3713511 34| 3717\ 8018\ 373831\ a4
/ 1 3062 | Pos. at mid span = (+ve) [0.032| 6.422| 8.63| 4817 | 8 | 6027 | 108 |oo00198] 1 | 1208 \An?n.ana‘m\m\m\_zeu l\'rnﬁ\ 0.14] 1 \ \ \ \
o = ] 3.962] JLong Neg. at con. edge =ary (-ve) | 0.037] 6.422] ©.63| 5508 | & | 5027 | 68 |0.000212] 1 | 168 |4558.052| 103.640|163.64| 306.80 | 280 |170.52| 0.14| | 1 1 \ Y 1Y Y Y \
Ir_fl II | 3.962] Pos. at mid span =ay (+ve) [0.028| 6.422| 9.63] 4.235 | 8 | 50.27| 98 |0.000212] -1 | 120 |4800.008|122.083|122.88] 409.05 | 280 |179.52| 0.14] | \‘ [ 1 i ]:k ‘l \\ \\ \‘
[ 15 [ 135 | 4.267] 3.353] 1.273[Shon Neg. at con. edge =ax (-ve) | 0.056] 6.422| 8.63| 6025 | B | 50.27| 106 |0.000168] -1 | 157 |4845.838|162.506|162.60| 309,14 | 280 [179.62] 0.14] 1a_|\[ 0.1523] 0.159\\ nzgssll 0.384132| 3074863.87| 395.7] 8.417| 31.6302]  39.1|
3.353 Pos. al mid span =ax (sve) | 0.043| 6.422] 9.63] 4.617 | 8 [50.27[ 108 |0.000108] -1 [ 121 [4984.804]123.030{123.63| 406.50 | 280 [179.52] 0.14] | | | | 1 | | 1 L |
3353 Long Neg. at con. edge =cy (-ve) | 0.037| 6.422| 9.63] 4.007 | 8 | 80.27| 98 |0.000212] -1 | 113 |4806.802|116.000]116.00] 432.99 | 280 |179.62] 0.14] | | | | | 1 | |
3.353 Pos. at mid span =ay (+sve) | 0.028] 6.422| 9.63] 3.032 | 8 [5027| 98 [0000212] -1 | @6 [4635.585| 67.306 | 87.31] 675,74 | 280 [170.52| 0.14 | | |
16 [ 135 | 4.267| 3353] 1.273|Short Neg. at con. edge =ax (-ve) | 0.056] 6.422| 0.63] 6.025 [ 8 ]50.27| 106 |0.000108] -1 | 157 |4045.838]162.508]162.60] 300.14 | 280 |170.52] 0.14] 16.1] 0.1523] 0.169] 0.2055| 0.384132| 3374863 87| 395.7| 8.417|31.6302| 39.1
3.353 Pos. al mid span =ax (+ve) [0.043| 8.422| 0.63] 4617 | 8 |5027] 106 [0.000106] -1 | 121 [4e84.804|123.630]122.63] 406.58 | 280 [179.52] 0.14
3353 Long Neg. at con. edge =ay (-ve) [ 0.037 s.azz' .63 4007 | 8 [s027] e8 [0.000212] -1 | 113 |4606.802]116.090[116.09] 432.99 | 280 |179.52| 0.14
3.353 Pos. at mid span =ay (+ve) [ 0.028] 6422| 9.63] 3.032 | 8 [5027] 98 |oo00212] -1 | 86 [4635.585| 67.306 | 87.31| 575.74 | 280 [179.52] 0.14
22 | 135 | 5.182| 3.353] 1.545{Short Neg. at con. edge =ax (-ve) | 0.069] 6422[ 9.63] 7.452 | & [50.27] 106 [0.000106] -1 | 195 [4905.667]202.767]202.77] 247.90 | 254 |197.90] 0.15] 16.1] 0.1523| 0.187| 0.3094| 0.402162] 3713511.34| 4229| a.997[31.6302] 391
3.353 Pos. at mid span =ax (+ve) | 0.052| 6.422| 9.63| 5680 | B | 50.27| 106 |0.000196| -1 148 | 4856.433] 153.001{153.00| 328.53 | 280 [179.52| 0.14
| 3353 Long Neg. at con. edge =ay (-ve) [ 0.037] 6422] 9.63] 4.007 | 8 [5027] 98 [0.000212] -1 | 113 |4606.802]116.000]116.00] 432.00 [ 280 [179.52] 0.14
tl ll l |I3--“>531 l Pos. at mid span =ay (+ve) | 0.028) 6.422| 9.63| 3.032 | 8 | 50.27| 98 [0.000212] -1 86 |4635.585| 87.306 | 87.31 | 575.74 | 280 [179.52) 0.14
| 24 | 135 | 3.962] 2.353] 1.182]Shont Neg. at con. edge =ax (-ve) [ 0.051] 6.422] 9.63] 5473 | a8 |s0.27] 106 [0.000196] -1 | 143 [4061.172]147.261[147.26] 341.33 | 280 [179.52] 0.14] 16.1] 0.1523] 0.169] 0.2055| 0.384132| 3374863.87] 395.7| 8.41731.6302] 39.1
| " | 3.3s3 | Pos. at mid span =ax (+ve) |0.038] 6.422] 9.63] 4.105 | 8 [5027] 106 [0.000196] -1 | 107 [4098.819[109.614[109.61] 458.57 | 280 [179.52] 0.14
o | [ 3353 |Long Neg. at con. edge =ay (-ve) | 0.037] 6.422] 9.63] 4007 | 8 [5027]| o8 [0000212] -1 | 113 [4606.802]116.000[116.00] 432.99] 280 |179.52] 0.14
L1 | 33s3] | Pos. at mid span =ay (+ve) | 0.028] 6.422] 0.63] 3.032 [ 8 [5027] o8 [0.000212] -1 | 86 [4635.585] 87.306 | 67.31 [ 575.74 | 280 |179.52] 0.14
For Panel S3 (Intenor Panel)
Pam FEO0 Spact Obtane| 1300 OT |
el red Bar Effec. Spacing| ng Max. [Nomina| % d |et. span
D load Dia| Bar | Dept require | Provi| Actual Shear| | Shear | tensile Moment of diameta| to eff. |constant
No. | D Ly Lx lyftx Moment coefficient esign log (Wu) | M - | area | h (d) Ast d ded | Ast \stPe) forca | Stress | steel |for M20 resistancs r depth | value
[ lom| m | m Edga| KNim |KNm| KN-m |mm|mmo2| mm | a b ¢ |1stvaiuepndvaiud mme2| mm | mm [mm2] P% | v kW overe: M1 W | ¢ [ wd [apysa
25 | 135 | 4.267| 3.962| 1.077|Short Neg. at con. edge =ax (-ve) | 0.036] 6.422| 9.63] 5422 | 8 | 50.27] 106 [0.000196] -1 | 142 [4962611]145.823]145.62) 344.70 254 |197.00] 0.15| 19.1] 0.18] 0.187| 0.3094] 0.402162| 3713511.34| 377| 8.018[37.3811] 391
3.962 Pos. at mid span =ax (sve) | 0.027] 6.422] 9.63] 4.005 [ 8 [50.27] 106 [0.000196] -1 | 107 |4999.088]109.346109.35] 459.69 | 280 |179.52] 0.14
3.962 Long Neg. at con. edge =ay (-ve) [ 0.032] 6.422| 9.63] a840 | 8 [5027] 98 [0.000212] -1 | 137 [4581.899]140.993|140.99] 356.51| 280 |179.52] 0.14
3.962 Pos. at mid span =ay (+va) | 0.024] 6.422] 563] 3630 | 85027 98 [0.000212] -1 | 103 [4617.973|104.919]104.52| 475.09 | 280 [179.52] 0.14
26 | 135 | 4.267| 3.962| 1.077|Short Neg. at con. edge =ax (ve) | 0.036] 6.422| 9.63] 5422 | 8 | 50.27] 108 [0.000196] -1 [ 142 [4062.611[145.623[145.82] 344.70 | 254 [197.90] 0.15] 19.1] 0.18] 0.187| 0.3094| 0.402162| 3713511.34] 377| 8.018|37.3811] 304
3962 Pos. at mid span =ax (+ve) | 0.027| 6.422] 5.63| 4.095 | 8 [ 50.27] 106 [0.000196] -1 | 107 |4990.088]109.346[109.35] 459.69 | 280 |179.52] 0.14
3.962 Long Neg. at con. edge =ay (-ve) | 0.032] 6.422] 963 4.840 | 8 |50.27| 98 [0.000212] -1 | 137 |4581.899]140.993[140.99] 356.51 | 280 [179.52] 0.14
3.962 Pos. at mid span =ay (+ve) | 0.024] 6422 9.63] 3630 | 8 |5027] 98 [0.000212] -1 | 103 |4617.973]104.918]104.92] 479.09| 280 [179.52] 0.14
35 | 135 | 4.257| 4.267| 1.000|Short Neg. at con. edge =ax (-ve) | 0.032] 6.422| 9.63] 5613 | B | 50.27| 106 |0.000196] -1 | 147 |4957.208]151.136(151.14] 332.50 | 229 |219.50] 0.17| 20.6] 0.1939] 0.207| 0.3257| 0.423358] 4110034.72| 384| 8.167|40.2568] 391
4.267 Pos. at mid span =ax (+ve) [0.024] 6422| g.63] 4210 [ 8| 5027] 106 [0.000196] -1 | 110 |4995.950]112.475|112.47| 446.91| 280 |179.52] 0.14
4.267] Long Neg. at con. edge =ay (-ve) [ 0.032| 6.422] 9.63] 5613 | 8 [5027] 8 [0.000212] -1 | 158 [4556.535|164.356|164.36] 305.83 | 229 [219.50] 0.17
4.267 Pos. al mid span =ay (+ve) | 0.024] 6.422] 9.63] 4210 [ 8 [5027] 98 [0.000212] -1 | 119 |4600.755]122.136[122.14] 411.55 | 280 |179.52| 0.14
30 | 135 | 4267] 4.267| 1.000|Shont Neg. at con. edge =ox (-ve) | 0.032] 6.422] 9.63| 5613 | 8 | 50.27| 106 [0.000196] -1 | 147 |4957.298]151.136[151.14] 332.59 | 229 [210.50] 0.17| 20| 0.1939] 0.207| 0.3257| 0.423358] 4110034.72] 384| 8.167|402566) 399
4.267 Pos. at mid span=ax (+ve) | 0.024] 6422| 9.63) 4210 | 8 |50.27| 106 [0.000196] -1 | 110 |4995.950(112.475[112.47] 446.01 | 280 |179.52| 0.14
4.267 Long Neg. at con. edge =ay (-ve) | 0.032] 6.422| 9.63] 5613 | 8 [50.27| 96 |0.000212] -1 | 150 |4558.535)|164.356(164.36] 305.83 | 280 |179.52] 0.14 |
4.267 Pos. at mid span =ay (+ve) | 0.024] 6.422| 9.63] 4210 | 8 [s0.27| o8 [0.000212] -1 | 119 |4600.755]122.136]122.14] 411.55 [ 280 [179.52| 0.14 1
37 (135 | 2267 2.267| 1.000|Short Neg. al con. edge =ax (ve) | 0.032] 6.422] 9.63| 5613 | 8 | 50.27] 106 |0.000196] -1 | 147 |4957.208[151.136]151.14] 332.50 | 220 [219.50] 0.17] 206 0.1939] 0.207| 0.3257| 0.423358| 4110034.72| 384| 8.167| 40.2566 391
4.267 Pos. at mid span =ax (¢ve) | 0.024] 6.422] 9.6 4.210 | B | 50.27| 106 |0.000196] -1 | 110 [4895.950]112.475[112.47| 446.91] 260 [179.52| 0.14
4.267 Long Neg. at con. edge =y (-ve) [ 0.032] 6.422] 9.63] 5613 | 8 |50.27| 98 [0.000212] -1 | 159 |4558.535|164.356|164.36] 305.63 | 280 |179.52{ 0.14
4.267 Pos. at mid span =ay (+ve) | 0.024| 6.422] 963 4.210 | 8 5027 96 |0.000212] -1 | 119 [4600.755]122.136]122.14] 411.55 | 280 [179.52] 0.14
32 [ 135 | 2267 2.267| 1,000|Short Neg, at con. edge =ax (-ve) | 0.032] 6.422| 9.63] 5613 | 8 | 50.27| 106 [0.000196] -1 | 147 [4957.208]151.136(151.14] 332.50 | 229 |219.50] 0.17] 20.6| 0.1930] 0.207| 0.3257| 0.423358| 4110034.72] 384| 8.167) 402566 391
4.267 Pos. at mid span =ax (+ve) | 0.024] 6.422] 9.63] 4.210 | 8 | 50.27] 106 [0.000196] -1 | 110 [4995.059|112.475|112.47| 446.91| 260 |179.52 0.14
4267 Long Neg. at con. edge =ay {-ve) | 0.032| 6.422| 9.63] 5613 | 8 [50.27] 94 |0.000212] -1 | 159 |4556.535|164.356]|164.36| 305.83 | 280 |179.52{ 0.14
4.267 Pos. al mid span =ay (sve) | 0.024] 6422 9.63| 4,210 | B | 50.27| 98 |0.000212| -1 | 119 |4600.755] 122.136[122.14] 411.55 | 280 [179.52] 0.14
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For Panel S4s (One short edge continuous i @_three edges

‘an Facio Spa
el red Bar Effec. [ \ \ Fﬂdnn\ ng
=] load Dia| Bar | Dept require | Provi| Actual
No (] Ly Lx yfix Moment coefficient sign lo: u) | Moment | . | area | h (d) Ast req) d ded | Ast
[mm] m m | IE"E'! KN/ | KNim|  KN-m  [mm| mma2| mm [y b c | 1stvalue anv-lu*mm"!l mm ‘mm‘mm"! P%
| 1 1 | 1 1 1 1 1 \ 1 1 \ \ —t
| 3 ] 135] 3.353] 3.353] 1.000]Short Neg. at con. edge =ox (-ve) o] 6422 8.63] 0.000 | 8 ]s5027] 106 [0.000186] -1 0 |5108.434| 0000 [162.00] 310.28 | 280 |179.52] 0.14] 16.1] 0.1523] 0.169| 2955 0.384132| 337486387] 3957 8417|316302] 39|
3.353 Pos. at mid span =ax (+ve) | 0.043] 6.422] 0.63] 4656 | 8 | 50.27| 108 [0.000106] -1 | 122 |4983.722{124.711]124.71| 403.05 | 280 [179.52( 0.14] |
3.353 Long Neg. at con. edge =ay (-ve) | 0.057] 6.422] 9.63] 6172 | 8 [50.27] 88 [0.000212] -1 | 174 [4541.478]181.413[181.41] 277.08] 280 [179.52| 0.14 | 1 | \ | | |
3.353 Pos. at mid span =ay (+ve) [ 0.043] 6.422] 063] 4656 | 8 (5027| 98 |0.000212] -1 | 132 |4587.406| 13548513549 371.00| 280 [179.52] 0.14 '{ 1
4 | 135 | 4.572] 3.353] 1.364] Short Neg. at con. edge =ox (-ve) o] 6.422] 0.63] 0.000 | & [50.27] 106 [0.000196] -1 0 |s108.434] 0.000 [162.00] 310.28| 280 [179.52] 0.14] 16.1] 0.1523 0.169] 0.2055] 0.384132] 3374863.87| 395.7] 8.417| 31.6302] 204
3.353 Pos. at mid span =ax (+ve) | 0.069] 6.422] 0.63] 7452 | 8 [50.27] 108 [0.000196] -1 | 105 [4505.667]202.767|202.77] 247.90] 254 [197 90 0.15
3.353 Long Neg. at con. edge =ay (-ve) [ 0.057| 6.422| 9.63] 6172 | 8 [50.27| 98 [0.000212] -1 | 174 [4541.478]181.413]181.41] 277.08] 280 [179.52] 0.14
3353 Pos. at mid span =ay (+ve) | 0.043] 6.422] 963] 4656 | 8 [5027] o8 [0.000212] -1 [ 132 [4587.406[135.485] 13549 371.00] 280 [179.52] 0.14
13 | 135 | 3.962| 3.353] 1.182[Shont Neg. at con. edge =ax (-ve) of 6422 9.63] 0000 | 8 [5027] 106 [0.000106] -1 0_[5108.434] 0.000 [162.00] 310.28] 280 [179.52] 0.14] 16.1] 0.1523] 0.165] 0.2955] 0.384132] 3374863.87| 395.7] 8.417]31.6302] 391
32353 Pos. at mid span =ax (+ve) | 0.058| 6.422] 963] 6231 [ 8 |50.27[ 106 [0.000196] -1 [ 163 [4940.062]168.372[168.37] 208.54 | 280 [179.52] 0.14
| 3353 Long Neg. st con. edge =ay (-ve) | 0.057] 6.422] 9.63] 6.172 | 8 [50.27] 98 [0.000212] -1 | 174 [4541.478]181.413[181.41] 277.08] 280 [179.52] 0.14
13 3353 Pos. at mid span =ay (+ve) | 0.043| 6.422] 963 4656 | 8 [50.27] 08 [0.000212] .1 | 132 [4587.406]135.485[135.49[ 371.00] 280 [176.52] 0.14
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Design of Beam
42 _ILIESIGN OF BEAM

is a reinforced
Beam 1S concrete flexural member. [t carry load by bending action. The beam

rectangle, Land T : ¢ 1z
e : section consisting of singly and doubly reinforcement. Design of

element requi td
the beam quires the determination of the cross sectional dimensions and

reinforcement details. It should satisfy both serviceability and strength requirements.

G—Bf—bl — s Flange or Slab
—J I _iDtJL A

Steel —=—T 7\ o : "dvD
[‘m FTbi I Fm
Web
Fig. L.-beam, rectangular beam and T- beam
Material characteristics
Concrete Grade = M25 (fx = 25 N/mm?)
Steel Grade = Fe500
(f, = 500 N/mm?)
Beam Section
Width of Beam (by) = 300 mm
Overall depth (D) = 400 mm
Effective cover (d’) =45 mm
Effective depth (d) = 355 mm
Depth of flange (Dg) = 135 mm (Ground floor)
Sample Calculation
Beam No. B15(239)
Reference Step Calculation Remarks
Design of beam at support (Rectangular beam)
by =300 mm
d =355 mm
IS 456-2000 1. | Limiting moment capacity of the Rectangular Beam
Annex G My fim = 0.133f.xbd’ (for Fe500)
Clause 38.1 ' =0'133*25*300*3552
= 100567950 N-mm
=100.56 KN-m
My siven = 122.3 KN-m
e ] M:::m < My given l———’—J
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Design of Beam

15 456-2000
pg. 70 (Clause

IS 456-2000
Annex
Clause 38.1

SP 16
Clause 2.3.2

SP 16
Clause 2.3.2

SP 16
Table F

IS 456-2000

Clause 26,5.1.1.a

IS 456-2000
Clause 26.5.1.1.b

38.1) 3

Hence, doubly reinforced beam
Balanced Depth of Neutral Axis

(Xujim) = 0.456d = 0.456*355 = 161.88mm
Calculation of tension steel reinforcement
Mu,lim
0.87* 1,(d - 0.416x, ,..)

Ag =

100567950=0.87*500* Ast*d(1-Ast*500/300*355*25)

= 651.46mm?
Mu,Z = Mu,given == Mu.lim
=122.23-100.56 = 22.33 KN-m

. M., e e ha Ul
0.87* f,(d—d') 0.87*500(355—45)
=165.6 mm*
Total tension reinforcement Ag = A HAsez
=165.6+654.5
=817.1 mm’

Calculation of compression steel reinforcement
_087*f,*4,,

SC

(g~
Where, from table
For d/d’ = 45/355=0.13
fic =400
And f.= 0.446f = 0.446*25=11.15
_0.87*500, *¥165.6 _ [4d s e

A= T 400-11.15)
Check for Minimum Reinforcement
Astmin= (0.85*by*d)/fy

= (0.85*300*355)/500

_ 181.05 mm? < Ag (817.1 mm*) O.K.
Check for Maximum Reinforcement
— 0.04*by*D = 0.04*230*460
_ 4140 mm? >Ast (= 817.1 mm?) O.K.

Astmax

Now,

Provide tension steel =4 Nos. 12 mm ¢ bars and

2 Nos. 16 mm ¢ bars

Hence, actual steel area provided = 854.4 mm’

60
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1§ 456-2000
Clause 222b

IS 456-2000
Clause 23.1.2

IS 456-2000
Annex G.2.2.1

IS 456-2000
Annex G

Design of Beam

10.

11.

Design of beam at mid section (T-beam design)
Calculation of effective span (l)

We have, c/c span of beam, L = 4140 mm

From code, for continuous beam,

Clear span = 4140 — 400 = 3740 mm

Since, Support width = 400 mm > [1/12*clear span
=1/12*3740 = 311.67 mm or 600 mm whichever is
less]

Then, Effective span (lfy) = clear span = 3740 mm

Hence, Distance between zero moments, lo=0.7*lerr
=0.7*3740

=2618 mm

Calculation of flange width (by)
Depth of flange (Dy) = Overall depth of slab = 130 mm
~.by=1/6 + by + 6D¢

=2618/6 + 300+ 6*130=1516.33 mm

Calculation of Limiting Moment
Dg¢d = 130/355 =0.366 > 0.2
Mylim = 0.36f4* Xy *by*(d-0.416x,)+0.446fci(bs-

bw)yr*(d-yr2)

Where, yf = (0.15xu,1 + 0.65Df) < D¢
=(0.15*161.88 + 0.65*130)
= 108.78 mm < D¢ (=130 mm)

Mu,lim = 0.36*25*161.88*300(355 — 0.416*161.88) +

0.446*25%(1516.33-300)*108.78*

(355-108.78/2)
=569202259.8 N-mm
=569.2 KN-m

Since,
Mugiven= 116.6 KN-m <My im = 569.2 KN-m
Hence, Singly reinforced section
Calculation of Actual Depth of Neutral Axis
M, = 0.36f*x,*bf(d-0.416*xu)
116.6*1076 = 0.36*25*x,*1516.33*(355 - 0.416*x,)
. Xy =841.5 mm > D¢ (= 135 mm)
Hence, Neutral Axis lies in the flange
Calculation of Tension Steel Reinforcement
M, = 0.87f,Aq(d — 0.416x.)
116.6*1076 = 0.87*500%A5(355 — 0.416*841.5)
- Ast = 54304.3 mm’
Check for Minimum Reinforcement

s ————

61

CamScanner


https://v3.camscanner.com/user/download

IS 456-2000
Annex

IS 456-2000
Clausé 26.5.1.1.a

IS 456-2000
Clause 26.5.1.1.a

IS 456-2000
Clause 40.1

IS 456-2000
Table 19

IS 456-2000
Clause 40.4.c

IS 456-2000
Clause 40-4’a
(pg.73)

IS 456-2000

Design of Beam

12.

13.

14.

15.

Ast,min = (0.85*b, *d)/f, = (0.85*300%355)/500
=181.05 mm? < Ag (=54304.3 mmz)
Hence, safe
So, Adopt Minimum steel area, A, = 181.05 mm?
Check for Maximum Reinforcement
Astmax= 0.04*b,*D = 0.04*300*400
= 4800mm?> A (= 181.05mm?)
So, 0.K.
Now, Provide tension steel = 1 Nos. 16 mm ¢ bars
. Actual steel area provided =201.06 mm?
Design of Shear Reinforcement
At support
Shear force, V, =92.7 KN
Nominal shear stress, t, = V/bd
=92.78*10"3/(300*355)
= .87 N/mm’
Ast provided, 201.06 mm’
Percentage of steel = 100A¢/bd
= (100*201.06)/(300*355)
=0.19%
For M25 concrete and % of steel, t.= 0.325 N/mm’
For M20 concrete, Temax = 3.1 N/mm2
Since, Temax = 3.1 N/mm? > 7, (= 0.87N/mm’) > <
(=0.325 N/mm?)
So, Design of Shear reinforcement is required
Providing 8 mm dia. Bars as 2-legged vertical stirrup
Hence, Area of stirrups, Asy = 2*n*8%/4 = 100.53 mm?>
Shear strength, Vys = Vu — 1c*by*d
=(92.7*1000 — 0.325*300*355)
=58087.5 N
And, Spacing of stirrups, Sy = (0.87*fy*Asy*d)/ Vs
(0.87*500* 100.53*355)/58087.5
=267.25mm ~ 270 mm c/c
Check for Maximum spacing
The maximum spacing of shear reinforcement along
the axis of member shall not exceed following
a) 0.75*d=0.75*405=307.75 mm
b) 300 mm
(Whichever smaller)
Since, Sy = 270 mm ¢/c < (300 mm) O.K.

-

62

CamScanner


https://v3.camscanner.com/user/download

26515

Clau

IS 456-2000
Annex G

IS 456-2000
Clause 26.2.1

IS 456-2000
Clause 26.2.33.c

IS 456-2000
Clause 23.2 (fig.
4)

BS 8110-1985
Clause 3.4.5.6

(AK. Jain Pg.
187)

16.

17.

Design of Beam

= 0.87*500*70 06| 355 _ 300*201.06
300*25

=29.87*10°

=29.87 KN-m
Vu=927KN
Condition to be satisfied:
Ld < 1.3M|N + LO

Lo= 99 _087* /¢ 087+500+12
47y, 4z,, 4*12%1.6

L3MI/V, + L, = (1.3%29.87+ 1076)/(92.7*10"3) + d

=679.7 mm

(d=355mm)
=418.88 + 355 = 773.88mm
So, Ly (= 679.7mm) < (1.3My/V, + Lo)(=773.88mm)

So, 0.K.
Check for Deflection

Condition to be satisfied

le/d < aBySA

les/d = 2618/355 =7.37

a = 26 for continuous beam

B =1 for span less than 10 m

477 - f,

120(0.9 + ¥ ]

b, d*

w

y=0.55+

<2

A (required) . |
A, (provided) s
=(0.5*500*181.05/201.06 *..
=260.43

477 -127.224,
So,y=0.55+ ™ 346

404 *10°
120(0.9 1 el J

where, f; = 0.58*f,*

230 %4057
Hence, Adopt Max. y =2
=1
A =0.83
- oyBL = 26¥1%2*1%0.83=43.16
Since, legrd =7.37 < 43.16 (= apydi) So, O.K.
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Design of Column

i pESIGN OF COMPRESSION MEMBER

colum? may be defined as a structyry element yseq primari] ._b—_l
: _ arily
o support axial compressive loads anq With a height of at least

(hree imes 118 dimension. A compressjon member subject

o pure axial load rarely occurs ip Practice. All colump,
. s are

qbjected to same moment which may be dye 1o accidental
i

ccentricity Of due to end restraint imposed by monolithically
beams or slabs.

Fig. Square Column

placed The strength of columns depends on

he strength of materials, shape and size of the cross-section
length and the degree of positional and directional restraints

at its ends.

SUBJECTED TO BIAXIAL BENDING:

Exact design of members subject to axial load and biaxial bending is extremely
laborious. Therefore, the IS Code 456: 2000 permits the design of such members by the

following equation:

Where,

Mux, Myy are the moments about x and y axes respectively due to design loads My,
M,y1 are the maximum uniaxial moment capacities with an axial load P,, bending about x
and y axes respectively and a,, is an exponent whose value depends on P,/P,, (see table
below) where,

P, = 0.45*fy *Ac + 0.75*f;*Aq

Where,

A, = Gross X-section area of column

Ay = Area of reinforcement bars.

foa = Characteristics strength of Concrete.

f, = Characteristics strength of reinforcement bar (rebar).
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TABLE

PU/PUZ u
<0.2 1 (';
>0.8 20

g Py For different values of Py/p

E\fﬂlualin ‘
r the equation

urves fo

uy

uxl
uyl

Matcrial Characteristics:

Concrete Grade: M20

steel Grade Fe: 415

Section Characteristics:

gize of column = 450%450 fiind

Effective Cover (d') = 40 mm

gffective Depth (d) =450 -40 =410 mm

4 _.089=0.1 for all Column
D

Sample Calculation

Mo, (M)
M M*‘J = 1.0 has been plotted in Chart 64

ot imermedlatc values, linear imerpolation may be done. Chart 63 can be used for

uz the appropriate values of « has been taken and

L, 3200 _
IS 456:2000 o A0 8<12
(12512 Hence, the Column is Short Column
3. Eccentricity Consideration:

Minimum Eccentricity:

18 456:2000 €min = i - L or 2.0 cm whichever is less

CL25.4 500 30

Reference Step Calculation Remarks
1. Design Parameters: All the
Factored load, P,= 174.5 KN Design
Parameters
Factored moment , M ;x=116.16 KN-m are taken
Myy= 3.5 KN-m from the
output of
Reinforcement is distributed equally on four sides. Structural
Analysis
2. Slenderness Ratio Consideration: Program.

65
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IS 456:2000
C1.39.3

IS 456:1978
(SP - 16)
CHART 44

IS 456: 2000
CL39.6

Design of Column

500 39 T 19.7 mm or 20mm
» Cmin = 19.7mm

Eccentricit :
Mt Pul Y due to design moment, ¢
3.5*10°

- h—*_ﬁ—-
174.5%10}
=20.05mm

Eccentricity dye
minimum eccentrj
dimension,

Hence the colum
biaxial moments.
Calculation of %, Reinforcement:

Assume percentage reinforcement (p,) = 2%
Then,

to design moment is greater than the
city and 0.05 times the lateral

n is design for given axial load and

i
fck
el _174.5*%10°
Iis =0.043
Sa*¥b*¥D  25*%400%*400
M, =0.875
ke il B
Muxi =Myy1 = 174.5 KN-m
Calculations:

Py = 0.45* {4 *AAH0.75* * Ay
=0.45*25*400*400+0.75*500*(2/100*400%)
=3000 KN

Lo 113 _h0ss

P 3000

uz

For this «, is interpolated from Table - 1

M, J ” M—] 18
Muxl Muyl
0.058 0,05
35, (ﬁl) = 1.788 <1.0 O.K.
174.5 174.5

Hence 2% reinforcement is provided for the given

column.’
Ay =2% of bD

= 2/100*400?
= 3200mm’
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1S 456: 2000
(1.26.5.3.2C

Provide 4-25,1

Design of Column

! 10 +4-20mmao b
Provided A, = 3199.45 mm? "

Check for Y steel:
P = 3199 45
1T ———— %100
400* 400
=1.999,

0.8 %< 1.99 o< 4% 0.K

Dt:sign for Transverse Reinforcement:
Dia. of Transverse reinforcement -
@ < 6mm ,
< 1/4 times larger longitudinal bar
=28/4="7m
Provided dia. of transverse reinforcement = 8mm @ bars.

Spacing of Transverse reinforcement:
Spacing is minimum of:
Sv> minimum dimension of column i.e.400mm
> 16 times smaller dia. of longitudinal bar i.e.
16*25 = 400mm
>300mm whichever is less.
Provided 8mm® bars @ 300mm c/c. 0.K.

IS 456: 2000
Table 19

BS 8110

Shear Check in column

Mix (Moment at top of the column) = 3.45 KN-m

M;x (Moment at bottom of the column) =3.45 KN-m

P,=174.5 KN

Column height h=3.2 m

= V=Mp+My)h=(3.5+3.5)3.2=2.18 KN

Shear stress V or T, = V/bd = 2.18*10°/400°
=0.014 N/mm’

— Find 1.’ value: b =400 mm, d =400 mm

P, = 2% (assumed)

t. for fix (= 25 N/mm’) = 0.82 N/mm?

— Increased shear due to compression

2
t’ = 1o+ 0.75(PIANVA/M) < 0.8/f, or S N/mm

So,
1’ =0.82+0 75(1356*10’/4002)(2.98*103*400/7.41*106)
— 1,699 ~ 1.7 N/mm’

C] l 0 I 0 I
rc,max " ci

Ty < ‘[c, < ‘Cc,max
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Design of Staircase

OF
i Q_E_S_I_GN STAI_R_(_:_A__S_E

(he staircase would generally depend on two main factors

a) Type of construction of the structure around the staircase
b) Availability of space

The value of riser and tread to be gdopted depends upon the type and use of the building.

Open well staircase e

Sample Calculation for Open well staircase

Reference Step Calculation Remarks
1 For inclined portion T
L.=5.313m
1) Superimposed load = 5 KN/m2
Dead load

2) Finishes =27*0.015 + 21*0.025 = 0.93 KN/m2
Fy =500, fck = 25
Floorht.=3.2m

No. of riser =17
~.Riser (R) = Floor height/No. of riser = 3.2/17 = 188

mm
Tread (T) = 10” = 254 mm
Slab thickness (Waist slab) = 5”= 127 mm
So, Adopt (D) =127 mm
x = (254 +(188)’) =316 mm
3) Self wt. of slab = D*0.316*25 = 1.003 KN/m =

1.56/0.316 = 3.17 KN/m’
4) Self wt. of step = 1/2 *0.188%0.316*25 = 0,74 KN/m =

0.74/0.316 = 2.34 KN/m? 2
Total load =5+ (0.93~ 1) + 3.1742.34 = 11.5 KN/m

~— Taking 1 m width of flight
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15 456-2000
Annex

IS 456-2000
Annex G

18 456-2000
Clause 40.1

1 4562000
Table 19

CIauSe

Design of Staircase

Total wt. (W) = 1*]1.5 KN/m
Wy =1.5%11.5 =17.27 KN/m
For landing zone
Live load = 5 KN/m? (Assuming 1m of width of slab)
Finishes = 1 KN/m?
Self wt. of slab =25%].5%1,9=71.25 .-
Step wt. =0.74*4=2 96 KN/m
Hence, Total wt. (W) = 80.21 KN/m
Wy =1.5%80.21 =120.31 KN/m
Ra=Rp=WI/2=20.1 KN
So, Maximum Moment = WI¥8 = (20.1*5.3%/8
S M, =70.57 KN-m

Check for depth
M, = 0.138fybd?
e \/ 70.57*10°

0.138*25*1000

=145.7mm <175 mm not O.K.
Adoptd = 140 mm and D = 150 mm

M, = O.87*fy*Am[a’ = iyﬂ]
fab

*
70.57%10° = 0.87*500*As«(140 _i‘?‘)_ﬁr_)

25%1000
Hence, Ast=5534.33 mm>

Providing the 20 mm dia. Bar

5534.33

7 *20°
/a

Provide 20 mm ¢ bars @ 140 mm c/c

So, No. of bars = =17.6 = 18 Nos.

Check for shear
1, = Nominal shear stress
=V,/bd
=(33.75*1000)/(1000*120) = 0.2812 N/mm*
100%7* 7 %122
= 100A/bd = = 0.66%
Steel Percentage = 100A, oS 073 o

For M20 concrete
Design shear strength (tc) = 0.5312 N/mm?®
1 = k*1o = 1.3%0.5312 = 0.69 N/mm®
1, < 1.” 0.K. (No. shear reinforcement required)
Check for Development length
o, _ 0.87* f,¢ " 0.87*%415%¢ L
4r,, 4z, 4%1,2%1.6

Ly=47*12 =564 mm

L4 47¢

e
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7
T
n
=
9
(=29
L
—

IS 456-2000
Annex G

IS 456-2000
Annex G

Design of Staircase

Lg = 1.3M/V + L, (let L, anchorage length = 0)
=(1.3*28.29*10%)/(33.75*10%) + 0
=1089.69 mm

Since, 47¢ <1.3M,/V O.K.

Cantilever portion

Total wt. of slab = 0.15%25*1.524*3.048 = 17.45 KN

Total wt. of brick step = 2*1/2*1.524*1.3716*.183*19
=7.268 KN

Total wt. of the RCC step = %*0.3048*0.183*1.524*25

= 1.06KN

Hence, Total wt. = 25.778 KN

And Ultimate load = 25.778*1.5 = 38.667 KN

UDL (W,) = 38.667/(1.524*3.048) = 8.324 KN/m

M, = W,1%/2 = (8.324*1.524%)/2 = 9.66 KN-m

Check for depth
M, = 0.138f,bd’

_ 9.66 *10°
So,d=
0.138*20*1000

=59.16 mm $»123mm O.K.
Adopt d =120 mm and D = 150 mm

To find area of steel

“M, = 0.87*fy*As{d _/ ’A;' J

ck
415* 4, ]

9.66*10% = 0.87*415*Ag| 120 - ————~
20*1000

Hence, Ast=232.3 mm?
Providing the 12 mm dia. Bar

So, No. of bars = —2—%3— =2.053 ~ 3 No.
T*12 /
4

Spacing = 1000/3 = 333.33 mm
Adopt spacing = 300 mm
Provide 12 mm ¢ bars @ 300 mm c/c

Check for shear

1, = Nominal shear stress
=V,/bd (Vu= W= 8.324*1.524 = 12.685 KN)

= (12.685*1000)/(1000* 120) = 0.105 N/mm?

—
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1S 156-2000
Py

| Table 19

8 456-2000

Clause
20211

| 1§ 456-2000
' Clause 26.2.1

' 154562000

T

Design of Staircase

Steel Pemcnlage = IOOA;[/bd - 100 * 3+ a*12?

1000*120*4
For M20 concrete

Design shear strength (1) = 0,375 N/mm?

T =K = 1.3%0,375 - 0.4875 N/mm?

W< T O.K. (No. shear reinforcement required)

Check for Developmcm length
0.87*
L= go, _087*f 4 _ 0.87%415%4 -

— T =47
4z, 4z, 4%12*16 ¢
La=47*12=564 mm
La=13M/V + Lo (let L, anchorage length = 0)

=(1.3%9.66*10%)/(12.685*10% + 0
=990.63 mm

Since, 470 < 1.3M,/V  O.K.

| Clause
26233

=0.282%

al
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Design of Mat foundation

. DESIGNOFMAT FQUND AT
3 R

. e structural ele
l:mmda""“S - ments that transfers loads from the buildings or individual

the earth. If these log
commﬂs i ds are to be Properly transmitted, foundation must be

event excessive s ;
dcsig“ed oy ettlement or rotation to minimize differential settlement and

, fi : i
0 PTO\qde adequale satety against sliding and Overturning. If the loads transmitted by the

3 tructure are
columns in the S 50 heavy or the allowable soil pressure so small that individual

olings would cover more than 509 of the whole

area it may be better to provide
ontinuous footing under all columns ang walls. Such

a footing is called a raft or mat

is designed by analyzing it as series of continuous strips centered on
& appropriate column rows in both directions,

foundation- The raft

Total \rerﬁcal 001u1m load = 22838-22KN
Area of Foundation = 25.45%10.4 =264.

68 m’

Centroid of the plan (x, y) is.

2 » load * perpendiculardis tan ce
= =12.6
. z"=‘ totalload =
= n A, * y; e - .
=2 y Sl 8 Fig. Mat Foundation (Plan)

Moment of inertia about both centroidal x and vy axes using parallel axis theorem.

=" |1.), +4,% 7| 223295 m*

i=1

=" |r,.) + 45| =13683.68 m*

i=1
Centroid due to load (;1 " ; 1) is,
x =13.08m
; | 5.3m
Now,

€ =13.08-12.6=0.48m
€y=15.3-5.1=0.2m

M
M

x=P*e = 29838 72%().48=10962.4 KN-m
y=P* e, =22838.22#0.2=4567.64 KN-m

72

B

CamScanner


https://v3.camscanner.com/user/download

=
-_—

A

22838.220

264.68

= 86.28 KN/m?

qoil ressure at different points are given by,

_P
T4

For co

e W Mx
+ 7 x =1 ty

¥y

rner A-2,
;= 69.746-7.013+6.155 = 68.888 KN/m?

Other data are shown in tabular form below,

1

X

Design of Mat foundation

— Position X(m) )
o o
ey © 8 53
8.3 128.54
T AS 5.3 a8 111.39
-
.- A 23 13 94.24
A- 5.3 22 77.09
A-8 5.3 5.7 59.94
= AS 53 9.8 39.85
A-10 53 12.8 25.15
B-3 12 12.4 1474
B4 1.2 8.3 127.31
B-5 1.2 4.8 110.16
B-6 1.2 13 93.01
B-7 12 22 75.86
B-8 1.2 5.7 58.71
B-9 12 938 38.62
B-10 1.2 128 23.92
C3 12 12.4 146.68
C-4 1.2 8.3 126.59
C-5 5 ;) 48 109.44
C6 12 13 92.29
- Cca 12 E %) 75.14
T C3 12 5.7 57.99
C-9 12 -9.8 37.9
C-10 ;1.2 -12.8 23.2
D3 353 12.4 145.45
[ 353 8.3 125.36
1 =3 48 108.21
D% 33 13 91.06
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Design of Mat foundation

73.91
56.76
36.67

ible direction.

in all pOSS

trength of concrete,

Shear $
fc—,-_-rc=0.25 fck
=025 25
=1.25 N/mm?

) For column A-3:

25.82KN

Perimeter b, = 2*(400+400+0.5d )

= (1600+d ) \ |

400 400 os5d

¥
= bd

Where,
V, =Max. Ultimate force at corner edge column.

_ 1.5*625.82*1000
(1600 +d)*d

Thus,d =379.4 mm

1.25

2) For column C-5:

39.98KN

Perimeter, b, = 4*(400+d)
= (1600+d)

o Fnale

c=ai

125 = 1.5*739.98*1000 . S——
. = Y] 400 0.6d
(1600 + d)*d

Thus, d = 436.11 mm
74
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Design of Mat foundation

".“

-3: (17
colum? B-3: (17)
nid
= 2%(400+400+0.5d)+(0.5d+0.5d+400
perimeter bo = 2*( )H )
=(2000+2d)
e ——
4 10.13KN
ff : -—b-; 0.8d4
15*710.13*1000 ‘ml
b s
1257 2000+ 2d)*d
l s
Thus, d = 322.23m . .
Adopt effective depth = 450 mm
Adopt overall depth = 450+2*75 = 600mm
(Taking eff. cover = 75mm)
Calculation of required area of Rebar:
We have,
f}’ . Asl
BM = 0.87*f,*Ay* [d ~
Here,
d=450mm
b=1000mm
fy = 500 Mpa
fck =25 Mpa
The loading for BM calculation is assumed as UDL having intensity W , which is the max.
*fintensities at the edges of the corresponding strip.
75
hk
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Design of Mat foundation

X - direction:
- bending moment (BM) was obtained using the coefficient 1/10 and leng

o center of column distance. (IS: 456:2000 C1.22.5.1121 Table 12)

Jong th (1) as

The

nlrt

ysm'),/ KN/m

_ 148.63

*4.1°
» i _ 14863781 _ 549,84 KN-m per m width
BM™ 10

2 *4.1
L W _ EZ%)LJ— = 247.779 KN-m per m width
10

Ad= 1346.35 mm’

w=146.68 KN/m’

2 * 2
e lf‘ﬁ'%-‘-‘i — 246.6 KN-m per m width
10

Aq=1339.5 mm’

For strip D-D:
W = 145.45 KN/m’

2 * 2
”l’f) - 145-4150 410 _ 244.5KN-m per m width

Ag=1327.34 mm*

BM=

Along Y - direction:
The bending moment (BM) was obtained by using coefficient 1/12 and length (1) as

Center to center of column distance (IS: 456: 2000 C1.22.5.1121 Table 12)
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2
[48.6* 41" _208.16 KN-m per m width

2
119 me

Ad

4-4:

m /mz

w; ]28
2
@fﬁi— = 180 KN-m per m width
pM= 12
Ad= 960.54 mm’
st

W= 111-4KN/mz

2
- _l_llf,;i_!— = 156.05 KN-m per m width
1

A = 827.6 mrn2

For strip 6-6.:
“I = 94.24 I@J/mz

4 12
_9424%4.1 _ 135 014 KN-m per m width

A= 696.06 mm”

W = 77.09 KN/m?

_77.09*4.1°
12

Aq=960.54 mm?

BM = 108 KN-m per m width

For strip 8-8 :

W =59.54 KN/m>

By 59.54%4.1
12

Aqa=434 44 mm?

for strip 9.9 ;

= 83.4 KN-m per m width

77
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2
| 39-85 KN/m

85%4.1° _
pM = Do = SSB2KNam per m widih
Ad” 288.86 mm’
§
“;,,25,15 KN/m
15%4.1%7 _
M= 2-2_1_5—— = 35.23 KN-m per m widih,

Al= ]81.43 lTlr'n2

Summary

Required area of Rebar, Ay (in mm?)

Along X - direction:

Design of Mat foundation

-

Strip Strip Strip Strip
A-A B-B C-C D-D
1277.14 1346.35 13395 1327.34
Along Y - direction:
L Strip Strip Strip Strip Strip
| 33 4-4 5-5 6-6 7-7
1119 960.54 827.6 696.06 960.54
Strip Strip Strip
8-8 9-9 10-10
43444 288.86 181.43
Caleulation of Spacing:
78
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Design of Mat foundation

/’EW Dia. provided (mm) Spacing (mm)
— AA 16 157.43
— B-B 16 129.33
— C-C 16 150.1
oD 16 1515
|
spacint of Grid A-A to D-D =16 mm dia. @ 150 mm c/c
w,\_’_.t!l.rssﬂ‘l“—
— Strip Dia. Provided (mm) Spacing (mn.1)
— 33 16 180.6
S 16 209.3
[ 55 16 242.9
6-6 16 288.85
77 16 209.32
— 88 16 462.80
— 99 16 696.046
10-10 16 1108

Spacing of Grid 3-3 TO 10-10 = 16 mm dia. @ 250 mm c/c

79
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Y

Desipn of Mat foundation

the alphabetical order.

Strips parallel to the Vertjca] direction in the above figure are named in
the numerical order.

For the analysis of al| intermediate strip, 1 m strip is taken with its central

line corresponding to the centre line of columns.

# For the analysis of the entire edge strip, 1m strip is taken inward from

edge of the mat.

82
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Design of RCC Basement wall

DESIGN OF BASEMENT wj

i a5 vetd
;;qcmcnl wall or r
B

eneath the g0
U

d signed for both moment and shear criteyig
C: .

3610

...Eﬂ ka.y.h

650

' =

Fig. showing lateral active pressure distribution on basement wall

Cantilever retaining wall

fy;= 500 N/mm 2

fx=20 N/mm *

Specific wt. of soil (ys)= 19 KN/m®

Angle of internal friction of soil (¢5) = 30°

Height of wall (h) = 2.8 m

Specific wt. of water (1) = 10 KN/m®

Surcharge load (q) = 19KN/m? (Considering heavy vehicle like loaded truck)

Then, Coefficient of active earth pressure (ky) is,

K, = [ 1252 |- 13- 0333
1+ Sing,
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le Calculation

15 456-2000
Clause 32.2.3

1S 456-2000
Annex G

18456.2000
Annex G

TR

Design of RCC Basement wail

5 ———
ference Step k
| R"/‘ 1 C aleulatiop

alculation of Earth p

e
Remarks

e ressure
TO:;sl.lder'mg Pressure per meter width of wall
active earth Pressure due tg goj] !
(Pa)snil = (l/z*kaYsh*h) ’
=(I/2*]/3*19*2.82)
=24.82 KN

(Pa)g,, = (kaq*h) = (1/3*19*2.8) = 17.73 KN

Lever arm (Z), =
urcharge = h/2 = 2.8/2)= .
Moment about the base of \f;ll ( iin

1) Due to soj] Pressure, (portion I in fig.)
Moment due tgo soil pressure Mgy = (Pa)soit* (Z)soi
=24.82*0.93=23.09 KN-m
) =23 KN-m
1i) Due to surcharge load (portion I in fig,)
Moment due to surcharge (M)surcharge =
(P a)surchargc*(z)soil

=17.73*0.93 KN-m
=16.5 KN-m

- Total moment at bage (M) =39.5 KN-m
Ultimate Moment M) =1.5*%395

=359.25 KN-m

Thickness of wall

Assuming height/thickness ratio = 20

Height of basement wall (h) =2.8m = 2800 mm

Then, thickness of wall (d) = (h/20) = (2800/20)

=140 mm
Total thickness (D) =d + cover + ¢/2
= (140 +50 +16/2) mm = 198 mm

Adopt D =200 mm
Then, Thickness (d) = 200— 50 = 150 mm (effective)
Calculation of Effective depth (d)

6
d= ———M" = \/ 27 il =133.5 mm
0.138b1, 0.133*1000*25

So, Adopt d = 150 mm .
Overall depth (D) = d + 50 (= effective cover) =200 mm
Calculation of Limiting Moment (M jim)

My, lim = 0.138f,.bd?
=(.133*25%1000*150%150

=75 KN-m o »
Since. Mu,lim > Mu, design 1s singly reinforced
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Cl.32.5

15 456-2000
325.2.a

| 15456-2000
| 0132522

| 15456-2000
C132.5 (1)

10

FREMEAQF ]UC pasement wall

Calculation of maip reinfor
ce

Area of stee] : ment (Vertical)
M= 087y, L
Tab

0.87*500*Ast(]50 J2N4 }
Hence.‘ Ast = 6442 o8 mm?2 e
Prowding 25 mm dja, Bars

i.e 59.25* 1 0“6:

No. of b _ | 644298
ars (N) = -;*?T =13.12 = 14 Nos.
4
Sunt .
pacing required (S) = Ast provided *1000/Ast required
=1066.62 mm =~ 1000 mm

'Provide 25 mm ¢ bars @ 1000 mm c/c
Provided area of stee] = 6872.23 mm’

Check for minimum reinforcement
Astmin = 0.12 % of bD
=0.12/100*1000*200
=240 mm?
j'\Sl,mil'l< Asl, provided 0O.K.
Check for Max. dia.
Max. Dia. = 1/8*D = 1/8*200 = 25 mm >25mm O.K.
Check for maximum spacing
The maximum spacing of main reinforcement shall not
exceed the following:
a. 3d=3*200= 600 mm
b. 450 mm
Provided spacing (450 mm) < min. spacing (a & b)
O.K.
Area of distribution steel (Horizontal bar)
Providing minimum steel = 0.20% of hD
= (0.2/100)*2800*200 mm>
= 1120 mm*
As temperature changes occur at front face of retaining
wall, 2/3" of horizontal reinforcement is provided on
front face and 1/3™ of horizontal reinforcement is
provided on inner face
Front face horizontal reinforcement =2/3*1120

= 746.66 mm’
Inner face horizontal reinforcement = 1/3*1120

=373.33 mm’
Providing 8 mm dia. Bars.

746.66

i) In front face, No. of bars (N) = 57
R
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IS 456-2000
Clause 32.5.(b
&d)

IS 456 — 2000
Clause 32.5.a

(1)

I8 456-2000
Clause 40.1

11.

12

13.

TERAIANT U AL DJUWaErniern wwadili

= 14.85 = 15 Nos.

Spaci ir
pacing required (S) =Ast provided* 1000/Ast req

- =150 mm
rovide 8 mm ¢ baps @ 150 mm c/c

i1) In i :
) In inner face, No. of bars (N) = 373‘233
T*8 /
4
) = 7.4~ 8 No
S i - '
pacing required (S) = (Height - 2*cover — dia.)/(N — 1)
= (2800 -2*75 - 8)/(8 - 1)
. = 18501 mm
Provide 8 mm ¢ bars @ 260 mm c/c
Check for maximum spacing
The maximum spacing of main reinforcement shall not
exceed the following:
a. 3d=3*230=690 mm
b. 450 mm
Provided spacing= 450 (i & ii) < Max. spacing (a &
b)
0.K.
Inner face vertical reinforcement
To support these horizontal bars on the inner face, vertical
bars are used
The maximum spacing of main reinforcement shall not
exceed the following:
a. 3d=3*%230=690 mm
b. 450 mm
Provide 10 mm ¢ bars @ 450 mm c/c

Check for shear
Maximum shear occurs at support (fixed) i.e. at the base

of wall
Then, Vmax = (6.333%2.8 4+14*21.6%2.8) = KN

Nominal shear stress (Ty) = V./bd
= (61.85%10%)/(1000*230)

= 0.269 N/mm’
As provided, area of steel = 2010.62 mm®
So, 100Ay/bd = (2010.62+100%)/(1000*230)
=(0.874%

Then, for M20 concrete (from Table 19)
(1) = 0.589 N/mm?

Design shear strength
ble with respect to M20 and

(Interpolating the value in ta
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4562000

: Table 19

15 456-2000
Clause 26.2.1

14.

Design of RCC Basement wall

value of 100A/bd)

Here, 1. >
s T i :
¢~ Ty, So, deSlgn 1S safe in shear and shear

reinforcement jg ot required

Again,
Curtailment of Vertical

No bars can be Curtailed j
bottom

Reinforcement (Outer face)
n less than Ly distance from the

Development length of bar,

Ly= 99, _ #*087%
4de 47;,,,:

For M20, Ta=12%1.6=1.92

La=(0.87*415 @)/(4*1.2*1.6)
=470 = 47*%16 = 752 mm
Let us curtail bars at 1/3" distance from bottom
ie. 3.61/3=1203m

Z3=3.61-1203=2407m
Psoit = Va*kays*Zs® = 1% 1/3%18%2.4072%]
=17.38 KN per m
Lever arm (Z,’) = 2.407/3 = 0.802 m
P’ surcharge = ka ¥q*Z3 = 1/3*19%2.407 = 15.24 KN
Lever arm (Z,) =2.407/2=1.203 m
Taking moment at section i.e. 1/3™ height from base
Moment = 17.38*0.802 + 15.24*1.203 = 32.27 KN-m
Ultimate moment (M) = 1.5%32.27 = 48.40 KN-m
Since, Mj; < 50% of My, so, spacing of vertical bars are
doubled from the height of 1/3" of base of wall.

Hence Adopt 16mm dia. bars @ 200 mm c/c
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Detailing

DETAILING OF STRUCTURAL, ELEMENTS

iling refers primar; ;
Detatling p ily to the determination of (he number, size, layout and

. of reinforcement, given the i
sation © g the elemeny dimensions and areas of steel required. While

. ils such as la
certain detail P and developmeng lengths, hook requirements, cut-off points elc.

the code, t ic i ituati
y e, the logic in Many situations has to b ¢ developed individually by the

. the basis of sou ineating
Jesigner N nd engineering judgment. It is useless if design calculations are
rcprescnlcd by a set of poorly detailed drawings,

quuircm"-ﬂts of good detailing

A good detailing must fulfill the following requirements:

. Special attention 1s given at knee joints or corner joints under opening and closing loads

» The ductile detailing is the major part to be improved for improving seismic resistance.

« Toimprove the seismic performance of the joint

v
v
v
v

Provide full anchorage to beam bars in column
Provide confinements at the joint also
Put beam bars inside the column bar

Make extra care during concreting to protect form honeycombing

» Reinforcement detailing should be simple for fabrication and placing

o Cracks widths must be within acceptable limits under service conditions. This is

achieved by limiting the spacing of reinforcement and minimum amount of

reinforcement

¢ There should be sufficient space for concrete to be properly poured and compacted that is

achieved by minimum spacing between bars and thus avoiding congestion of

reinforcement

* The detailing should be such that internal forces are safely transferred from one member

to another and from reinforcement to concrete

* Detailing of member as per code IS 13920 — 1993 considering the earthquake load and

concentrated loads uniformly distributed loads, uniformly varying loads, random loads,

internal load and dynamic forces
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CHA

PTER-6

=L I LR-0

From

RS structural elements ag:
v

Qverall

Beam

Slab (Seminar hall) thickness

Slab (Others) thickness

Column

Staircase (Waist slab thickness)
Riser
Tread

Foundation

89

RESULT

above project work in building, we had obtained the following result of

300 mm x400 mm
130 mm

130 mm

400 mm x 400mm
127 mm (57)

155 mm (67)

254 mm (10)
650 mm
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3)

CHAPTER-7

CO
NCLUSION AND DISCUSSION

Seismic analysis was done .
e during the project by taking lateral / earthquake load

which makes our building
e M N carthquake resistance, Earthquake force in a building was
etermi Y using seismic ¢ i
oefficient meth i
od or static method. While compari
between earthquake | : ' iy
oad and wind load, it was found that earthquake was pre-

dominant than the wi
nd load. So, the effect of earthquake load was only considered.

ile calculati
While calculating lateral load, the base shear was obtained by mass lumped at floor

I. T : i
level. The value of base shear was 2063.025 KN and total mass of the building was
15748.28 KN.

Also, the storey drift was within the limit i.e. hadn’t exceed 0.004 times the storey
height. And the time period taken while base shear calculation was 0.6285 sec

whereas the time period obtained by ETABS analysis was 0.376 sec

Regarding design and detailing, limit state method for collapse and serviceability and
ductile detailing were considered. While designing the structural members, in the
case of beam, column and foundation, the most dominant combination were 1.2

(DL+ LL + EL), (0.9 DL+ 1.5 EL), 1.5(DL+ EQ) and 1.5 (DL+LL) etc respectively.

The net bearing capacity of soil was 130 KN/m? and the maximum pressure at the

edges of the building was 86.037 KN/m* which was less than the maximum net

bearing capacity, hence concluded that the design was within the limit.
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CHAPTER-8
RECOMMEDATIONS

pynamic Analysis can be recommended.

o our context, we have used seismic coefficient method or static analysis, which is used for
only the puilding within 40 m height. But dynamic analysis or response spectrum method or

modal analy sis may also be used in which maximum response is represented having certain
rod of vibration and damping.

EXP’“Sion joint may be designed.

Generally, in codes we can find that generally structures exceeding 45 m in length are

designed with one or more expansion joints. However, many factors such as location,

spacing and nature govern the provision for the expansion joints in RCC structures. It also

depends upon the designer judgment. In our project, provision of a single expansion joint
can be significant.
Restrained at ground level may be possible.

Due to the presence of ventilation windows in the basement storey, we have restrained our
puilding at the basement level. In the case of lack of ventilation and full basement wall with

RCC, then restrained to ground level may be recommended.

Fire Resistance.

A structure may be designed to posses an appropriate degree of resistance to flame

penetration.

91
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STAIRCASE LOADING ONSUPPOIVE BEAM

I S.Nll)iscriprinn Value \Unil \Remlrks \
| 1[INPUTED DATA | \ \
Rise, R 0.1 S]m l From provided | ﬁ\inch \
Tread, T 0.25|m drawings 10inch |
Steps, S = VR2+T? 0.30|m feet inc‘nl
Width of staircase, b 1.42|m 4 8|
Unit weight of R.C.C., (1) °25.00{kN/m*
Live load, LL 3 kN/m?
Floor fishing load , FL 1{kN/m?
Thickness of waist slab, D 127 |mm
TYPE OF STAIRCASE : OPEN WELL
2|FOR FIRST FLIGHT AND THRID FLIGHT'S INPUT feet inch
Length of first flight, | 1.45|m 4 9
Length of st landing, 1.60|m 5 3
Number of steps in 1st flight, n 6.00|no.s
Inclination, 32|degree
Tnclined length of Ist flight, L = /COS(e) 1.71|m
3|FOR MID FLIGHT'S INPUT feet inch
Length of mid flight Im 1.24|m 4 1
Length of mid landing, 1.45|m 4 9
Number of steps in mid flight, 5|nos
Inclination, e 32|degree
Inclined length of 1st flight, Lm = Im/COS(e) 1.47|m
4|LOAD CALCULATION FOR FIRST FLIGHT
Volume of concrete for first flight, V{ 0.89|mm’
Total dead load of first flight, DLf= V{*Jr 22.32|kN
Dead load per width of staircase, DLw = DLf/b 15.69|kN/m DL 9.860312
Live load per width of staircase, LLw=LL/b 12.09{kN/m LL 6.046972
Floor finishing load per width of staircase, FLw = FL/b 4.03|kN/m
Total load per widhth of staircase, TLw = DLw +LLw+FLw 31.81 _kNlm 1590728 ok
Load on each beam per width of staircase, Lw = TLw/2 i
5|LOAD CALCULATION FOR MID FLIGHT
Volume of concrete for mid flight, VI 0.67|mm’
Total dead load of mud flight, DLf=Vf*{r 16.65|kN
Dead load per width of staircase, DLw = DLf/b 11.71|kN/m DL 731153
Live load per width of staircase, LLw =LL/b 8.75|kN/m LL 4373108
Floor finishing load per width of staircase, FLw =FL/b 2.92|kN/m 11.68464 ok
Total load per widhth of staircase, TLw = DLw +LLw+FLw 23 37|kN/m
[Load on each beam per width of staircase, Lw = TLw/2 T 11.68[kN/m ¢

Jauuedswed a

6.944444444
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