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A~BSTRACT 

The report 1neHent-6 the nnolyRis and design of a municipal office building located in 

th fl Jtohnrl Rub Mctropolltnn City, at Aitabare-5 undertaken as a partial fulfillment of 

UllCh lor In Civil Engineering (BCE) 81h semester of course requirement. In the view of 

ii l1unlc vulnernhUity of' the country, seismic load • on the buiiding was given due 
' ' 

conHlderutlon, in oddltion to the wind load. Load calculation was done as according to IS: 

R75 'I 9R7 (Code of proctice for Design Loads for building & structure) and IS 1893 - 2002 

(Crlterln for lfarthqunke resistant - Design and Structure). Modeling & Analysis· was done 

with the help of SAP 2000 structural analysis software. Design is based on Limit State of 

Method. J)etnlllng hnlJ 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 

8Ubjccted to Reifm,ic forcea), 



LIST OF SYMBOLS 

A,, = Area of steel 

br = Breadth of slab/compression face/flange 

bw = Breadth of web or rib 

D = Overall depth of beam or slab 

Dr = Thickness of flange 

DL = Dead Load 

d = Effective depth of beam or slab 

d' = Depth of compression reinforcement 

Ee = Modulus of elasticity of concrete 

EL = Earthquake load 

Es = Modulus of elasticity of steel 

e = Eccen~city 

fck = Characteristic· cube compressive strength of concrete 

fy = Characteristic strength of steel 

I = Moment of inertia 

k = Constant or coefficient or factor 

Ld = .Development Length 

LL = Live Load or imposed load 

letr = Effective span of beam or slab or effective length of column 

Ix = Length of shorter side of slab 

ly = Length of longer side of slab 

Clx, ay = Bending moment Coefficients 

lo = Distance between points of zero moments in a beam 

M = Bending moment 

p = Axial load on ·a compression member 

qo = Calculated maximum bearing pressure of soil 

Asv = Total cross-sectional area of stirrup legs or bent-up bars within a distance Sv 

Ac = Area of concrete 

A,v = Area of longitudinal reinforcement for columns 

Sv = Spacing of stirrups 

Vus = Strength of shear reinforcement 

T = Torsional moment 

'" 



T = 
V = 
w = 
WL = 

w = 

Wu = 
Mu = 

Mum = 

X = 

Xtim = 

'tbd = 

'tc = 
'tc,max = 

'tv = 
cp 

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 
· \ 

Diamet~· ·, f bar 

\ . 
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1.1 GENERAL 

CHAPTER-I 

INTRODUCTION 

lnlrvauclion 

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 goverru_nental or private 

sector. Government having inadequate resources, nowadays, private sectors is immensely 

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 co~ction of the frame 

structured municipal building which is a frame structure of three-stories with basement. 

There are total 17 frames. These frames are analyzed for various vertical (Live, Dead) and 

horizontal (Earthquake, wind) loads. The site is located in ltahari-5 at Aitabare. According 

to IS 1 ~93-2002 (Criteria for Earthquake Resistant design of structures), Itahari lying on vth 

zone, 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. 



1t11rodtu:tlon 

k I t I - t )rlzontul loud. l)uring 
While mmlyRIR, ft·nmeR nre nn11ly1.ed fol' onrthquu o un u oru or 1< • 

. I hlch both of them urc the onrthqunko, slructurnl 11ml non-Rtructurnl dnmnsoR occur n w -

hn
7
.nrdous to occupunts, Whc,n c,orthqunko shaking occurR, u building gets thrown from side 

10 sldo or up nnd down. I.e. ground ,novcH violently tJldo hy Ride DncJ building stay at rcat. 

11ms the building gets thrown bnck nml forth by the motion of the ground with some part of 

building logging bohind nnd then moving in tho opposite direction. The level of dumugc 

depends upon how wcl~ the building hns been d~signcd und comitructed. 

In our context, the mmlysis of curthquukc is bused on seismic coefficient design 

method ns described in IS 1893: 2002. The lumped mosses ere calculated in floor level and 

with the ~clp of horizontnl busc shcnr; the late.rot load (earthquake load) is calculated us well 

ns 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 Concretc.(SP 

16) IS 456-1978; Hru1dbook on Concrete Reinforcement ru1d Detailing SP 34 (1987) are 

thoroughly referred for proper ru1alysis, 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 posses modeling output (SAP 2000), analysis results, load 

calculations, architectural drawings, structural drawings and sample calculations of vari~us 

structural elements Wld their detailing as well. 
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1.l pJUECTIVJ,:S 

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 detenninc 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 

Floor Height 

Length 

Breadth 

Plinth area 

T)ipre of staircase 

Type of foundation 

Ty~ of sub-soil 

fRA!t lE SYSTEM 

Dirttrion 

T raruYersc 

l..ongitutlinJJ 

Office/Public building 

RCC Frame structure 

3 (excluding staircase covering)+ Basement 

Floor - 3.302 m ( 1 0' 1 0") 

Basement - 3.606m (11 '10") 

36.576 m 

21.336 m 

569205 sq. m 

Open- well staircase 

Mat foundation 

Medium Sub-soil (Bearing Capacity = 130 KN/m2
) 

Frame Naming 

1·1, 2-2, J.) , 4-4, 5.5, 6-6, 7-7, 8-8, 9-9, 10.1 0 

A·A 8-B C-C D-D E·E 1:.17 G-ti , , ' ' ' ' ' 



lntrodw.:tion 

t.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. 

c) Load Calculation . 

After the study architectural drawing and preliminary design, load calculation was 

done. In vertical,. dead load was obtained by the sized detennined in preliminary design 

and live load was determined by using code for design loads (IS g7·5 part 2) for various 

types and purposes of rooms. In horizontal load, earthquake lo_ad was determined by 

calculating lwnped 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 pwpose of Seismic analysis of our building we have used the structural 

analysis program SAP 2000. 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 reinfurct.!mt.!nl - Fe4 l 5. 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 fonn of SF, BM aocl 

AF etc, 



Introduction 

e) 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 cover~d by the code. 



CHAPTER-2 

ANALYSIS OF BUILDING 

Analy~is 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 SAP 2000, 

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. 

SLAB DESIGN . 

Reference Step Calculation Remarks 

Slab (Seminar Hall) 

1 From deflection criteria, we have, 

I 
d ~ • 1 = 15' = 4.572m 

apy/40 ' X 

IS 456-2000 where, 
: 1ausc 23.2 (fig. 4) a= 26 (for continuous slab two way) 

o ::: I (for compression steel) 

p ::: I (for span less than 1 Om) 

A::: 1 (for no web flange) 

477 - UJ 
'Y = 0.55 + ( . ) ~ 2.0 Mu 

120 0.9 + bd
2 -



BS 8110-1985 
Clause 3.4.5.6 

A.K. Jain Pg. 187) 

IS 456-2000 
AnnexG 

IS 456-2000 
AnnexG 

_ (AmtdJ(lJ O's - O'y/11 -- -

A,aktn Pb 

= (415/1.8) *1 

= 230.55 N/mm2 

2 For Tension side: 

Mr = 0.87 fy Ast (d-0.42xu,I) 
= 0.87*415*(P/100)*bd (d-0.42*0.48d) 

= 0.87*415*(0.5/IO0)*bd (d-0.42*0.48d) 

= 1.44 bd2 

For Compression side: 

Mc=Kfckbd2 

Equating both, we get, 

Kfck = 1.44 

Mu=Kfckbd2 

Mulh<i2= 1.44 

y = 0.55 + 4 77 - 230.55 
120(0.9 + 1.44) 

y = 1.427 < 2.0 (OK) 

:.d = 4•572 *l0
3 

= 123.23 mm~ 124 mm 
26 * 1.427 

Adopt overall depth (D) = 150 mm 

:.Effective depth (d) = 150-15-6 =129 mm 

3 Check by Moment Criteria 

Calculation of Load 

For slab (floor) 

1. Dead load 

Analysis of building 

i) R.C.C Slab= y*t = 25*0.15 = 3.75 KN/m2 

ii) 15 mm marble = Ym*t = 27"'0.015 = 0.405 

KN/m2 

iii) 25 mm screed = Ys *t = 21 *0.025 = 0.525 KN/m2 

:. Total dead load= 4.68 KN/m2 

Live load = 5 KN/m2 

:. Total load (W) = 9.68 KN/m2 perm~ 9.68 KN/m 

:. Ultimate load (Wu)= l.5*9.68 = 14.52 KN/m 

For roof slab 

I . Dead Load 

I. R.C.C Slab= y*t = 25*0.15 = 3.75 KN/m2 

II. 25 mm plaster= y*t = 22*0.025 

= 0.55 KN/m2 

-



IS 456-2000 
Annex D Table 26 

IS 456-2000 
Clause 23.2 (fig. 4) 

BS 8110-1985 
Clause 3.4.5.6 

(A.K. Jain Pg. 187) 

IS 456.2000 
Annex G 

' 

Total dead load (W) = 4.3 KN/m-r 

Ultimate load (Wu)= 4.3• l .5 

=6.45 KN/m2 

Let us take 

Maxi.mum Moment (Fig.) 

Mx= ax Wul/ 

= 0.039•14.52*4.S7i2 

= 11.837 KN-m 
2 • 

My= ay Wulx • 

• = 0.032*1(52*4.5722 

=9.72KN-m 

:. M = .I 1.837 KN-m 

·:Mu= 0.138 fck bd2 
' 

or, 11.837*106 = 0.138*20*1000*d2 

Q d = 65.48 mm< 129 mm (OK) 

Next Slab: 

Effective length (Ix)=:· 14' = _4.267 m. 

4 I From deflection criteria 

5 

Ix 
d~-

apylo 

Where, 

a= 26 (for continuous slab two way) 

o = 1 (for compression steel) 

p = 1 (for span less than 1 Om) 

A= 1 (for no web flange) 

. 411 - us 
'Y = 0.55 + ( J ~ 2.0 

120 0.9+ Mu 
bd2 

(
Anqd) ( 1 ) O's= O'y/n -- -

A,aken Pb 

= (415/1.8) * I 

= 230.55 N/mm2 

For Tension side: 

Mr = 0.87 fy Ast (d- 0.42xu,1) 

= 0.87*415*(P/100)*bd (d-0.42*0.48d) 

= 0.87*415*(0.5/lOO)*bd (d-0.42*0.48d) 

= 1.44 bd2 

Analysis of building 



IS 456-2000 
AnnexG 

IS 456-2000 
Annex D Table 26 

6 

Analysis of building 

For Compression side: 

Mc= Kfckbd2 

Equating both, we get, 

Kfck = 1.44 
Mu= Kfckbd2 

Mulbd2= 1.44 

= 0.55 + 477 - 230.55 
'Y 120(0.9 + 1.44) 

y = 1.427 < 2.0 (OK) • 

4.267 
:.d= --- =>d~0.llSm. 

26 • 1.427 

:. Overall depth (D) = 115+ 15+5 = 135 mm. 

Effective depth (d) = 135-15-6 = 114 mm 

Check by Moment Criteria 

Calculation of load: 

For Slab 

1. Dead load 

I. RC.C Slab = y•t = 25•0,135 = 3.375 

KN/m2 

II. 15 mm Marble= y•t = 27•0.015 = 0.405 

KN/m2 

Total dead load= 4.305 KN/m2 

Live load = 4 KN/m2 

Total load (W) = 8.305 KN/m2 perm 

Ultimate load (Wu)= 1.5*8.305 = 12.458 KN/m 

Max. Moment 

M = axWul/ 
= 0.032•12.4575*4.2672 

= 7.258 KN-m. 

Now, 

Mu= 0.138 fck bd2 

Or, 7.258* 106 = 0.138*20* 1000*d2 

d = 51.281 mm < 114 mm (OK) 

C) 

\ 

/t, 
,. . 

---- --:-~.\•' 



Reference 

IS 456-2000 
Clause 23.1.2.a 

IS 456-2000 
Clause 23.2 (fig. 4) 

BS 8110-1985 
Clause 3.4.5.6 

Analysis of building 

BEAM DESIGN 

Step Calculation 

1 Beam: Seminar Hall 

hr= i+b +6Dr = o.7 • 5•182 • 
103 

+23o+6•150 
6 w 6 

= 1735 mm 

(10 =I, •o.7) &(le= 5.182m) 

d ~ / 
af)J.,oy 

Where, a.= 26 (for continuous) 

~ = 1 {span< 10m) 

_ 477-u, 
y-0.55+ j M") S2 

12vl 0.9 + bdl 

y = 0.82 for 2% tensile steel 

a =1.08 for Pc= 0.25% 

A.= 0.8 for b.,,, = 230 = 0.133 
b1 1735 • 

:. d ~ 5.183 * l 0
3 

= 225.097 
26 * 0.82 • 1.08 mm 

.•. Adopt D = 300 mm 

2 Check by Moment Criteria: 

Total area of trapezoid= ½(a+b)*h 

= 0.5(1.22 + 5.182)*1.98 • 

:.A,= 6.338 m2 

Total Area= 12.958 m2 

Slab: 

Live Load = 5 KN/m2 

Dead Load = y* A *t = 25 * 12.958*0.l 5 = 48.6 KN 

:. Live Load= 5*12.958 = 64.79 KN 

Total Load= l 00.432 KN 

:. UDL = (113.39/5.182) = 21.88 KN/m 

Floor Finish: 

1. Screed (25mm) = 12.958*21 *0.025 = 6.8 KN 

2. Marble (15mm) = 27*12.958*0.015 = 5.25 KN 

Total floor finish load = 12.05 KN 

:. UDL = 2.325 KN/m 

10 

Remarks 



IS 456-2000 
Annex 0 

IS 456-2000 
Clnu11c 23.l .2 

18 456-2000 
Clouse 23.2. l 

Analysis of building 

Sclf wt, ofbeum "" 2s•o.23•(0.3-0.IS)•S.t82 = 4.469 KN 

:. UDL rj 4.469/5.J 82 = 0.863 KN/m 

Wull foad on beam.,. 19•0.23•4.88•(3.302-0.3) 

-= 64.019 KN 

:. UDL = 12.354 KN/m 

Deduct 30% for opening 

:. UDL"" 12.354•0.7 = 8.648 KN/m 

Hence, total UDL""' 25.068 KN/m 

Ancl Ultimate UDL (W0 ) = 25.068•1.5 = 37.602 KN/m 

Ult• t M t (M) = W,) 2 I = 37.602 ~ 5.182
2 

1ma e omen . u /t O . 
10 

= 100.973 KN-m 

Also, we have Mu= 0.138fc1tbd2 

M 1 
100.973 * 106 

• d= " = 
.. 1 0.138/, .. b ~ 0.138 • 20 • 230 

= 398.82 mm~ 435 mm 

3 Beam No. 2 
For le:""' 14' = 4.267m 

B /0 b 6 0.7 ~ I 
r = 6 + w + Dr = 

6 
e + 230 + 6 * 135 . 

= 1537.8 mm= 1.538 m 

D = _!_ to _!_ = 284.467 mm 
10 15 

d ~ ½ 6 = 164.115 mm 

According to deflection criteria; 

¼ 5 apyo)., 

where; a= 26 (for continuous) 

:.d ~ 

p = I (span < 10m) 

r = 0.82 for 2% tensile steel 
a =1.08 for Pc= 0.25% 

11. c 0.8 for~= 230 = 0.133 
b 1 1735 

4.267 • 10) 232 644 = . nun 
26 • 0.82 • 1.08 • 0.8 

~232 mm 
:. Adopt O a (232+~5➔-8) mm = 265 mm 

____ _j __ _j, ________________ __ -1-----

11 



Analysis of bui/dinJ( 

4 Check hI Moment Criteria: ' 

Tota) area of trapezoid= ½(a+b)•h 

:.Ai = ½•(4.267) • (l/2)•(4.267) = 4.552 m2 (triangular) 

& A2 = 4.342 m2 (trapezoidal) 

Total Area= 8.894 m2 

Slab: 

Live Load= 4 KN/m2•8.894 m2 = 35.576 KN . 

Dead Load= 25*8.894*0.135 = 30.017 KN 

Total Load= 65.6 KN 

:. UDL = 65.6/4.267 KN/m = 15.374 KN/m 

Floor Finish: 

Marble (15 mm)= 27*8.894*0.015 = 3.602 KN 
' ! 

Screed (25 mm)= 21 *8.894*0.025 = 4.669 KN 

Total floor finish load= 8.271 KN 

:. UDL = 8.271/4.267 = 1.938 KN/m 

Self wt. of Beam= ·2s•0.23*(0.265-0. 13.5)•4.267 

= 3.190 KN 

:. UDL = 0.748 KN/m 

Wall Load on beam= 19*0.23*3.962•(3.302-0.265) ' 

= 52.582 KN I• 

:. UDL = 52.582/4.267 = 12.323 KN/m 

Effective UDL (Deducting 30%) = 8.626 KN/m , 

Hence, total UDL = 26.686 KN/m 

And Ultimate UDL (Wu) = 26.686* 1.5 = 40.029KN/m . 

WI¼ Ultimate Moment (Mu)= u 
10 

= 72.882 KN-m 

Also, we have Mu= 0.138fckbd2 

IS 456-2000 
M Annex G :.d = 

1 
u = 338.838 mm~ 340 mm 

0.138/db 

Hence, Adopt D = 450 mm 

12 



Rdeninrc 

IS 456-2000 

• Clause 39.3 
. 

A1111/y.~l.v r~j /111/hll11J1. 

coJ,UMN PESIGN 

1 Column D~stun 
Hero, 

Aron .. 19.509 m1 

Loml Culonlntlou 
Slob 

Cohml11tlo11 

Livu Lond • 5 KN/m1 8 19.509 m2 ... 97,545 KN 

Doud Loud 1111 19.509•25+0.15 + 73.159 KN 

Deuel Lond of Benm • (4.267+4.572)"'25*(0.43S-
0.15)•0.23 A 14.48 KN 

Woll Loud • 19•(4.267+4.572)•.23•(3.302-0.48) 
= 109.004 KN 

After deducting 30% + 0. 7• 109.004 ... 76.303 KN 
Floor Finish 

I ' 

15 mm Marble IC1 27"'19.509"'0.015 ca 7.901 KN 

25 mm Screed 1:1 21 • t 9.509"'0.025 ia 10.242 KN 
Hence, Totnl Loud (P) c:: 279.634 KN 

Total load including self wt. = 1.1 "'279.634 ° 307.6 KN 
And Ultimntc load (I\) a 1.5•307.6 = 461.400 KN 
For four storey (P11) c 4•461 .400 = 1845.6 KN 
Then, 

We have, 

Pu=. 0.4fckAo + 0.67fyAs1 (for Fe4 l 5) 

=0.4•2o•(A~-As1) + 0.67"'4 t 5• A
81 

1845.6• 10
3 = 0.4"'20"'(Ag· Yioo Ag) +0.67•4 t 5•211 oo• AB 

:.A8 = 137721.065 mm2 

= 371.1078"'371.1078 
Hence, Adopt = 450 nun•4S0 mm 

2 Check for % of Steel 

1845.6• 10
3 
= 0.4"'20 (450"'450 - A s1) + 0.67•4 l 5"' A

81 
: , Ast = 1927.8 mm2 

0.,, f I 1927.8 
,o o stec = • I 00 % c 1 3 7 % 

3752 ' 

:. 0.8% < 1.37% < 4% So, OK 

13 
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Analysis of buiidillg 

STAIRCASE DESIGN 

Step Calculation Remarks 

1 Staircase Design 

General considerations: 

2 

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 mm2 

Now, 

We have, 

Floor height= 10' 10" = 3.302 m .J • \ "' · •• ,\ 

No. ofRiser= 1&::::::,-- • - ---). /~/ - J • 1 < 
.> / 1 'l - ' ) 

:.Riser (R) = Floor ht./No. of Riser= 3.302/18 = 183 mm 
{ ) I l , I • ' l • 

Trad_e (T) = 12" = 304:8 rmp 1,vfs · ~( 2 \,rt 1 
~, 

• , '- /1 \ __ .. - , 

For span AB (Le)= 11' = 3.353 ml . 

Let, . : / ',, 
J 

Waist slab thickness (D) _= Span/20 = 3.353/20 = ,~lt?5) • 1 
1} \ • 1 I 

mm 
Hence, Adopt D = 175 mm 1- ) t. \'-l .,., .... -r/ ' __ 

\. ____ _ 
Also .JR2 +T2 = ✓1~3 2 +304,f = 356 mm 

1

, \ '1, 1 
\ , 

F In li d rt
. . ) . ) . 

or c ne po 100 •- • ·1 /, ,,, ·,, . 

1) Selfwt. of slab =(D*0.356)*25 • . -1 1) o1 11 , _, 
1

i 1 '> 

= (0. l 75*0.356)*25- ; 
I ( >',/ 

= 1.56 KN/m = 1.56/0.3048 / • l 
/ •/1 l i " I/ •< 
' ,2J ' I 1 ) 

= 5.12 KN/m ~·• () :, 

2) Self wt. of steps=½ 0.183*0.3048*25 = 0.7 KN/m , 1 

• ' ' 
=0.7/0.3048=2.3KN/m2 ."b ' _ ___ .-) ' ' •• ,. 

3) F. . h - 1 KN/ 2 l 1/ . ' . ' '/ .) ( \ I I I ,. • 1rus es - m , ., - , . . ., 

4) Live Load = 5.0 KN/m2 (for office & public 

building) 

Hence, Total load= 13.42 KN/m2 \ 1 I • \ O ] 
1

' • 
1 

,· 

Taldng 1 m width of flight 

W=l*l3.42=13.42KN/m . ! 1 1 • 

Wu= l.5*13.42 = 20.13 KN/m (Perm width) 
-1 

t I 

I I I f,, 



I 

OUTPUTS 

Analysis of building 

3 For Landing zone ,; ,. 
/ ~ ~ 

1) Self wt.= 0.175•111 •25 = 4.375 KN!mb;2,(5i)Y ~ 
2) Finishes= 1 K.N/m2 ~ /. ~ \< ti I "IY' 

3) Live load= 5.0 KN/m~ --- - :-1-, 

Total load= 10.375 K.N/m2 --:.. I) ,<t-l l-M 
W = io.375 KN/m (perm width) / '. 

Ultimate load (Wu)= 1.5*10.375 =_15.56 KN/m :- ~ . 

Now, • ( C'y"' - -- I lb·~ l<t-1/n, 
RA +Re= 15.56*1.524 +20.13•1.183 • 'f< f.\ .i. ~ ~ 

RA +Re=47.53 KN ............ (1) -----

Talcing _Moment about B ( clockwise positive) 

RA (1.524+1.183)-15.56*1.524(1.183+ 1.524/2)-

20.13•1.183• t.183/2 = o 

. •. RA = 22.24 KN 

RA+ Re =47:53 . 

:.Re= 47.53-22.24 = 25.288 KN 

For the point of Maximum Bending Momen~ 

RA-15.56*1.524-20.13(x=l.524) = 0 ⇒ 

(x>l.524m) 

22.24- 15.56*1.524-20.13(x- 1.524) = O 

:.x = 1.45 m 

Moment at (x = 1 .45) 

Mx = 22.24*1.45 = ·15.56*1.45*1.45/2 

:,Mx = 15.89 KN-m 

Mu= 0.138 fck bd2 
• 

18.89* 106 = 0.138*20~ 1000*d2 

:.d = 75mm < 175 mm So,OK 

I , I 
I' 

Slab (Seminar hall) thickness = 150mm 

Slab (Others) thickness = 135mm 

Beam = 230 mm x 450 mm 

Column = 450 mm x 450 mm 

Staircase (waist slab) = 175mm 

15 



Analysis of building 

2.2 VF.RTJCAL LOADS 

DF.AD LOAD T 
Lx 

► Doud load from slab is trapezoidal acts on beams 1 
► Dead loud from walls are UDL also acts on beams 

► Self wt. ofbcnm is UDL nnd 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 concrctc•thickness [RCC + floor finishes (Marble +screed)] 

= 4.68 KN/m2 (Seminar hall) 

= 4.305 KN/m2 (Others) 

► Dead load intensity of roof slab 

= Unit wt. of concrete•thickness [RCC + floor finishes (Plaster)] 

=4.3 KN/m2 

• Unit wt. of different materials (y) 
■ 'YRcinforccd Concrete = 25 KN/n:i3 
■ Ymnrblc = 27 KN/m3 

ii Yscrccd = 21 KN/m3 

■ Yplaslcr = 22 KN/m3 

■ 'Ybrick = 19 KN/m3 

■ 'YCcmcnt Concrete . - 24 KN/m3 

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 

For e.g. Office room = 2.5 KN/m2 

Cafeteria = 3.0 KN/m2 

Scminnr hall = 3.0 KN/m2 

Staircase = 4.0 KN/m2 

Stornge room Cl 5.0 KN/nl 

Toilet = 2.0 KN/m2 

IS 875 (Part 2)- 1987 (Code of pructicc for Design Louds for building & structure) 

Ir. 



Analysis of buildinY, 

2.3 HORIZONTAL LOADS 

While analyzing, we are concerned 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 

defonnation 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 mo.derate building (<40 m), Seismic Coefficient ~ethod is followed 

for an ease (Referring IS: 1893 - 1975) 

LUMPED WEIGHT CALCULATION {Floor-wise) 

,) GROUND FLOOR: 

1) BEAM: 

Grid No. 

A-A 

B-B 

C-C 

D-D 

Inclined 

E-E 

F-F 

G-G 

Total 

Length (m) 

32.613 

32.163 

32.163 

36.576 

4.572 

4.915 

16.154 

16.154 

176.21 

Total length of beam: 176.21 + 144.178 = 320.388 

Grid No. 

1-1 

2-2 

3-3 

4-4 

5-5 

6-6 

7-7 

8-8 

9-9 

10-10 

Dead Load of Beam: 0.375•0.23•320.388•25 = 690.836 KN 

(Unit wt. of concrete = 25 KN/m3 
) 

Length (m) 

8.149 

19.042 

.19.042 

19.042 

19.042 

13.48 

13.48 

10.967 

10.967 

10.967 

144.178 



2)COLUMN: 

Dead Load of Column: 49*0.375*0.375*3.054*25 = 526.10 KN 

3) WALL: 

. -Ht. of lower ha/f of groundjloor = 1.651m 

a) Wall having opening (10' wall)= 72.23m 

Reducing 30% opening= 72.23*0.7 = 50.57 

b) Wall without opening (including interior wall) 

i) 5' wall= 25.908m 

• ii) 10' _wall= 173.73m 

Dead Load (DL): 

a) DL = 50.57*0.254*1.651 *19 = 402.92 KN 

b) i)DL=25.908*0.127*1.651*19= 103.21 KN 

ii) DL = 173.73*0.254*1.651 *19 = 1384.23 KN 
Total= 402.92+l03.21+1384.23 

= 1890.36KN 

Ht. of upper half of basement = 1. 643m 

a) Wall having opening (1 0' wall)= 6~.08 m 

Reducing 30% opening= 63.08*0. 7 = 44.16 

b) Wall without opening (10' wall)= 139m 

Total length= 139+44.16 = 183.16 m 

Dead Load (DL): 

Anulysis ofbulldinl{ 

(a &b) DL = 183.16*0.254*1.643*19 = 1452.29 KN (Due to 10' wall of both cases) 

Hence, total wall load= 1890.36+1452.29 = 3342.65 KN 

4) SLAB: 

a) Dead Load = Total area*Depth*Unit wt. 

= 586.527*0.135*25 

= 1979.52 KN 

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

area of beam & column) [Take 50% of Live Load for value 2:3 KN/m2 
and 

25% of Live Load for the value < 3KN/m2] 

= 836.668 KN 

tu 



A11,1/y,,1.,, 11/ l111/ltllfl>t 

5) ~TAII\CASR; 
r>cod Load of Stnlrcose !I!! [(UDL of Inclined portion which h1 converted Into ltH horl1.011t11I 

cqulvnlent•Width•2) + (UDL of lnndlng portlon•Width•2)] • (No, of Nlttlrcm10 well) 

• ((20.13• 1.s21,•2) + ( 15,56• 1.5~4•2)]•2 .,. '.217.~66 KN 

6) 1rLOOR FINISH; \ ~-,, ~ 
a) Marble "" Totnl aron•thlcknoH11•Unlt wt, of mnrble ('Y n111rhlo "" 27 KN/m3

) 

• S26.206•0.015•27 

• 213.11 KN 

b) Screed .. Total oreu•thicknes1t•Unit wt. of screed (-y meed ""' 21 KN/m3
) 

• 526.206•0.025•21 

• 276.2S KN 

Total Floor finish (DL) ... 213.11 + 276.2S • 489.36 KN 

HENCE, TOTAL LOAD ON GllOUND FLOOR (Wo) • 8082.72 KN 

B) FIRST FLOOR: 

I) BEAM~ 

Grid No. Lengtl, (m) Grl,I No. Le11gtl, (m) 

A-A 32.613 l-1 8.149 

B-B 32.163 2-2 19.042 

C-C 32.163 3-3 19.042 

D-D 36,576 4-4 19.042 

Inclined 4.S72 S-S 19.042 

E-E 4.91S 6-6 D.4K 

F-P 16.154 7-7 13.4K 

0-G 16.154 8-8 10.967 

9-9 10.9(,7 

10-10 10.967 

Total J 76.21 144.178 

Tow! length ofbcum: 176.21 + 144.178 • 320.388 

Dead Load of Ileum: 0.375•~ •320.388•25 • 690.836 KN (Unit wt. of concrete ,. 25 

KN/m3 

If\ 



At1aly~J11 11} 11111/dln,t 

2) LOL-llbffil 
I k11d Lund of Column: 49•0,375•0,17~•(1,276 H ,6!1 )•25 ~04,22 KN 

J) l\',AI~ 

/It, tif lt1Wl'r /111(/ 1,f /1rNI flt1or fiiij I .f,,f In, 

u) Wnll hnvlnl,S opcnln~ (10' wnll) 77.72 m 

ICeduclnlJ 30% OJ>onlnu ~ 77.72•0,7 ,,., 54.41m 

h) Willi wllhout opcmlng (lnclu<llnij lnlcrJor wull) 

I) 5' wull i,,. 25.908 m 

II) JO' wnll 1-1 17'},22 m 

Pllu\l Load UU,l; 
o) DL '"' 54.41 •0.254• 1.651 • 19 Ii,/ 433.523 KN 

b) IJL H (S' wnll) 8 25.908•1.65l•0.127 •19 e 103.21 KN 

(Io• woll) 179.22•0.254• 1.65 I• 19 1427.97 KN 

Totol 433.523+103.21+1427.97 

... 1964.70J KN 
I It. of upptr half ,,f l1a,f t1111tml =, For IO' wall • 1.276 m 

FtJr .1' wall * J.516 n, 

o) DL 50,57• 1.276•0.254' I 'J 311.41 KN 

b) l)J,,, (S'wull) 25.'J08•1.SJ6•0.127•J9 fif 94.77KN 

(IO' wull) 173.73• 1.276•0.254• I 9 • l069.83 KN 

Totul .. 311.41 +94. 77+ I 069 111 J 475,94 KN 
llrnrr, totnl wull loud 1964.703+1475.94 3440,713 KN 

4> ~Lc\U.1 
•) l>rad Loull • (Totul nrcu ·•· 8IOpc urcu)• Depth• Unit wt. 

"'" ( 1 '>79.52'0. I JS• 25) + (20.4 I •o. 1 •2S) IIJopth of slope portion • 0.1 m • 4' I 
• lOJ0.6:1 KN 

h) Ll\lc Lo1uJ .. !: (lnten lly of lndlvldunl room us per code • lntcrnnl urcn of slnh excluding 

,ucu of hcum & c.:olumn) ITnkc SO% of I.Ive Loud fur vuhw _J KN/111' 1111d 

2~% of Live Loud for lho vnluo • 3KN/m1) 

- 76'1,70 KN 



Analysis af building 

5) STAIRCASE: 
Dead Load of Staircase = [(UDL of inclined portion which is converted into its 

horizontal equivalent*Width*2) + (UDL oflanding portion*Width*2)] * (No. of staircase 

well) 

= [(20.13*1.524*2) + (15~56*1.524*2)]*~ = 217.566 KN 

6) FLOOR FINISH: 

a) Marble= Total area*thickness*Unit wt. of marble (y marble =.27 KN/m
3
) 

= 524.735*0.015*27 • 

. =212.52 KN 
' . 

b) Screed= Total area*thickness*Unit wt. of screed (y screed= 21 KN/Ill3) 

= 524.735*0.025*21 

=275.486KN 

Total Floor finish (DL) = 212.52 + 275.486 = 488.006 KN 

HENCE, TOTAL LOAD ON FIRST FLOOR (W1) = 8139.671KN. 

:) SECOND FLOOR: 

l)BEAM: 

Length of Seminar hall= 121.890 m 

Length of Others (except Seminar hall)= 320.388-121.89 = 198:498 m 

Total Dead Load of Beam= (121.890*0.435*0.23*25) + (198.498*0.375*0.23*25) 

= 732.888 KN 

2)COLUMN: 

Dead Load of below Seminar hall column= 18*0.375*0.375*(1.651-0.435)*25 

=76.95 KN 

Dead Load of Others (except Seminar hall)= 31 *0.375*0.375*(1.651~0.375)*25 

= 139.064 KN 

Dead load for upper part of second floor= 45*0.375*0.375* 1.651 *25 = 261 .193 KN 

Total Dead Load of Column= 201.58 +322.88 = 477.207 KN 

3) WALL: 

Ht. of upper half of first floor= For Seminar hall= 1.216 m 

For Others= 1.276 m 

Dead Load= (102.96*0.254* 1.216* 19) + (156.58*0.254* l.276"' 19) 

= 1568.42 KN 



Analysis of buildmg 

HL of lower half of second floor =1.651 m (same/or both seminar Ital/ and otlters) 

Dead Load for others ( except seminar hall)= (259.528-56)* 19*0.254* 1.651 

= 1621.65 KN 

Hence, total wall load= 1568.42+1621.65 =3190.07KN 

4) SLAB: 

a) Dead Load = (Total area+ slope area)*Depth*Unit wt: 

= (1979.52*0.135*25) + (20.41 •o.l *25) [Depth of slope portioµ = 0.1 m = 4'] 

=2030.63KN 

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

a:rea of beam & column) [Take 50% of Live Load for value ~3 KN/m2 and 

25% of Live Load for the value< 3KN/m2] 

=988.47KN 

5) STAIRCASE: 

Dead Load of Staircase = [(UDL of inclined portion which ·is converted into its 

horizontal equivalent*Width*2) + (UDL of landing portion*Width*2)] * (No. of 

staircase well) 

= [(20.13*1.524*2) + (15.56*1.524*2)]*2 = 217.566 KN 

6) FLOOR FINISH: 

a) Marble= Total area*thickness*Unit wt. of marble ('Y marble= 27 KN/m3
) 

= 525.139*0.015*27 

=212.68 KN 

b) Screed= Total area*thickness*Unit wt. of screed (y screed= 21 KN/m3
) 

= 525. l 39*0.025 *21 

= 275.70 KN 

Total Floor finish (DL) = 212.68 +275.70 = 488.378 KN 

HENCE, TOTAL LOAD ON SECOND FLOOR (W2) = 8125.209 KN 



AnLJlys/,\' ,f lmlldlng 

D) THIRD FLOOR: 

J) URAM: 

Grid No. le11gt/1 (m) Grit/ No. Le11gt/1 (m) 

A-A 32.613 1-1 8.149 

B-8 32.163 2-2 19.042 

C-C 32.163 3-3 19.042 

D-D 36.576 4-4 19.042 

Inclined 4.572 5-5 19.042 

E-E 4.915 6-6 13.48 

F-F 16.154 7-7 13.48 

G-G 16.154 8-8 10.967 

9-9 10.967 

10-10 • 10.967 

Total 176.21 144.178 

Total length of beam: 176.21 + 144.178 - 50.902 = 269.486 m (50.902 is the cumulntivc 

length below steel truss) 

Dead Load of Beam: 0.375*0.23•269.486•25 = 581.079 KN 

(Unit wt. of concrete = 25 KN/m3) 

2) COLUMN: 

Total dead load of column = (49-4)*0.3752•25•Hcight of upper hnlf of second floor 

= 45*0.3752•(3.302/2 - 0.375)•25 

= 201.86 KN 

3) WALL: 

lit. of 11pper half"/ secmu/j1(}or 1::11.276 m 

Dead Lond = (259.528-56)* l 9•0.254• 1.276 c 1253.32 KN 

Pnrnpct Wnll ci Lcngth•hcight•thickncss•unit wt. 

a 55.78•0,9)4*0.23*19 c:i 222,79 Kt,J 

Slope portion of purupcl wnll a 38.70•0.1 •2.2•25 a 212,903 KN 

llcnco, total wull loud • 1689.013 KN 

')1 



Analysis of building 

4) SLAB: 
a) Dead Load: Total area (deducting Seminar hall area and staircase 

wen)•thickness•unit wt. 

= 332.489•0.135•25 = 1122.150 KN 

b) Live Load: Total area (deducting Seminar hall area and staircase _well)*intensi~ in 

KN/m2 

= 1.5*332.489 = 498.73 KN 

5) ST AIR CASE: 

Dead Load of Staircase = [(UDL of inclined portion which is .converted into its 

horizontal equivalent*Width) + (UDL oflanding portion*Width)] • (No. of staircase well) 

= [(20.13* 1.524) + (15.56* 1.524)]*2 

= 108.78 KN 

6) FLOOR FINISH:' 

Terrace: Screed= Area of screed•unit wt. *Thickness ('Y screed= 21 KN/m3) 

= 332.489*21 *0.025 = 174.ss·KN 

~anning (10mm) = 0.001 *22*332.489 = 7.314 KN ('Y panning = 21 KN/m3) 

Total Floor finish (DL) = 181.864 KN 

7) STAIRCASE WELL: 

Dead load of column= 8•2*0.327*0.375*2.6924/2*25 = 37.86 KN 

Dead load of wall (including reduction)= [(4*3.048•0.7)+(4*3.048)]*19*0.254*2.6924/2 

= 134.65 KN 

~) STEEL TRUSS: 

Total load of steel truss = (live load + dead load) intensity • area 

= (0.15 + 0.75) • 176.887 

i::: I • ·176.887 = 176.887 KN 

II ENCE, TOTAL LOAD ON THJIW FLOOR (W,) • 4234.14 KN 

- I 



Analysis uf building 

~) STAIRCASE WELL: 

Total dead load of column= 4+2•0.375•0.375•(2.6924/2 - 0.33)+25 .= 28.58 KN 

Total dead load of wall= (2.6924/2 - 0.2286)•0.23•20.12• 19 = 101.l~ KN 

Total dead load of beam= 0.2286•0.2286•13.41 •25 = 17.52 KN 

Total dead load of slab= 26.756•2•0,135•25 = 180.603 KN 

TOT AL LOAD (W ~) • 327.89 KN 

Since, W4 < 25% of W3, So W4 is lumped within WJ 

HENCE, TOTAL LOAD ON THiRD FLOOR (W3) = (4234.14 +. 327.89) = 4562.03 KN 

BASEMENT {Lower portion): 

COLUMN: 

• Dead Load= 49• 1.s29•0.375•0.375•25 

=315.07 KN 

WALL: 

a) Wall (external)= 57.408• 1.829*0.254*25 = 664.92 KN (-y concrete wall= 25 KN/m3) 

b) Wall (internal)= 139*1.824*0.254*19 = 1223.56 KN (-y brickwa;I = 19 KN/m3) 

Hence, total wall load = 1888.48 KN 

TOTAL LOAD ON LOWER PORTION OF BASEMENT (Wemment) = 2203.55 KN 



TABLE-I . RESULTTABLE 

Slab \ 
Floor Beam Column WaII Staircase Floor finish TOTAL I 

DL LL 

Ground FJoor 690.836 526.10 3342.65 1979.52 836.668 217.566 48936 8082.72 
. 

Eirst Floor 690.836 504.22 3440.713 2030.63 767.70 217.566 488.006 8139.671 1 - -
Second_Floor 732.888 477.207 3190.07 2030.63 988.47 217.566 488378 8125.203 

\ 

~,,( 
Staircase well: 

j , 
Column= 37.86 KN ;;-- , 
Wall= 134.65 KN I 

I 
I 

+ 
Third Floor 581.079 201.86 1689.013 1122.150 498.73 108.78 181.864 4562.033 

• Steel 

truss= 176.887 KN 
' I 

+ I 
I 

w_. = 327.89 KN 

Mass lumped in Basement 2203.55 . I 

TOtAL(W) 31113.17 ! 
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Analysis of building 

HORIZONTAL BASE SHEAR CALCULATION 

Then, the horizontal base shear is determined 

It is given by 

vb =Ah•w 

Where, Vb = Horizontal Base Shear 

, 

. Ah = Design horizontal seismic Coefficient 

W = Total lumped weight of building 

A . A _ ZI • S0 gam, h-- -
2R g 

Wl • 8125.203 KN 

Wl • 8139.671 KN 

Fig. ~ LUMPED AT FLOOR LEVEL 

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) 

SJg = Average Response Acceleration Coefficient 
. ' . 

· = Depends ·upon Time period (n 

= T = Fundamental natural period 

Also we-have, T = 0.75h0
•
75 where, h =ht.of building= 13.512 m 

:. T = 0.52859 (lies between 0.55 and 4.00) 

Hence, Saf g = 2.5 

And A = 0•36 • 1.
5 

• 2.5 = 0.135 
' h 2*5 

Lastly, Horizontal base shear (Vb)= Ah *W = 0.135*31113.17 = 4200.28 KN 

After determining the Horizontal base shear, the distribution of lateral (earthquake) load on 

different floor is detennined as follows: 

where, Qi = Horizontal/Lateral force acting at any i
th 

floor 

Wi = Lumped weight of i
1h 

floor 

hi= Ht. of each floor above base 

Vb = Horizontal base shear 

27 



TABLE-2 CALCULATION OF SEISMIC LOAD {EOL) 

Base Shear Vb= Ah *W = 0.135*31113.17 = 4200.28 KN and Qi= (Wih? /r. Wih?)*Vb 

Mass of each 
Cum. Height 

Floor from ground W1h? Q1(KN) Remarks 
floor (W1) 

(h1) 

Ground Floor 8082.72 3.606 105101.52 203.11 

First Floor 8139.671 6.908 388428.88 750.66 

Second Floor 8125.203 10.21 847004.47 1636.87 

Third Floor 4562.033 13.512 832909.27 1609.64 

.I:= 2173444.14 

(All values are in KN) 
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Analysis of building 

SEISMIC LOAD DISTRIBUTION 

·n1c lateral seismic load obtained from the calculation of lumped mass at floor level and 

horizontal base shear is then distribu~d within the building in both X and Y direction. While 

distributing in each grid, the lateral load in each column _is obtained ~y dividing total lateral 

load in a floor to the no. of column in that floor. Then, at the time of distrib~tion 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) 

Ground floor = 203.11/49 = 4.145 KN 

First Floor = 750.66/49 = 15.32 KN 

Second Floor = 1636.87/49 = 33.40 KN 

Third Floor = 1609.64/49 = 35.77 KN 

TABLE-3 SEISMIC LOAD DISTRIBUTION ON GROUND FLOOR 

X-Dircction Y-Direction 

Load on Load on 
No. of Lateral Grid No. of Lateral 

Grid No. each each 
Column Load · No. Column Load 

Column Column 

A-A 9 4.145 37.305 1-1 3 4.145 12.435 

B-B 9 4.145 37.305 2-2 6 4.145 24.87 

C-C 9 4.145 37.305 3-3 6 4.145 24.87 

D-D 10 4.145 41.45 4-4 6 4.145 24.87 

E-E 2 4.145 8.29 5-5 6 4.145 24.87 

F-F 5 4.145 20.725 6-6 5 4.145 20.725 

G-G 5 4.145 20.725 7-7 5 4.145 20.725 

8-8 4 4.145 16.58 

9-9 4 4.145 16.58 

I 0-10 4 4.145 16.58 

Total 49 203.l l 49 203.11 

(For bot!, EQL-l'osltlve mttl EQL-Negat/ve) 



Analysis of building 

T ABLE-4 SEISMIC LOAD DISTRIBUTION ON FIRST FLOOR 

X-Direction Y-Direction 

No. of 
Load on No. of Load on 

Lateral Grid Lateral 
Grid No. each Colo each · 

Column Load No. Load 
Column- mn Column 

A-A 9 15.32 137.88 1-1 3 15.32 45.96 

B-B 9 15.32 137.88 2-2 6 15.32 91.92 

C-C 9 15.32 137.88 3-3 6 1-5.32 91.92 

D-D 10 15.32 153.20 4-4 6 15.32 91.92 

E-E 2 15.32 30.64 5-5 6 15.32 91.92 

F-F 5 15.32 76.60 6-6 5 15.32 76.60 

G-G 5 15.32 76.60 7;.7 5 · 15.32 76.60 

8-8 4 15.32 61.28 

9-9 4 15.32 • 61.28 

10-10 4 15.32 61.28 

Total 49 750.36 49 750.66 

(For both EQL-Positive and EQL-Negative) 

T ABLE-5 SEISMIC LOAD DISTRIBUTION ON SECOND FLOOR 

X-Direction Y-Direction 

Load on No. of Load on 
No. of Lateral Grid Lateral 

Grid No. each Colo each 
Column Load · No. Load 

Column mn Column 

A-A 9 33.40 300.60 1-1 3 33.40 100.20 

B-B 9 33.40 300.60 2-2 6 33.40 200.40. 

C-C 9 33.40 300.60 3-3 6 33.40 200.40 

D-D 10 33.40 334.0 4-4 6 33.40 200.40 

E-E 2 33.40 66.80 5-5 6 33.40 200.40 

F-F 5 33.40 167 6-6 5 33.40 167 

G-G 5 33.40 167 7-7 5 33.40 167 

8-8 4 33.40 133.60 

9-9 4 33.40 133.60 

10-10 4 33.40 133.60 
-

Total 49 1637.87 49 1637.87 
. 

(For bot!, EQL-Positive am/ EQL-Negative) 



TABLE-6 SEISMIC LOA}) DISTRlBllTlON ON TlllRU li'J.OOR 

X-Dircction Y-Dircction 

Load on No. of L()nd on 
No. of Lateral Grid Lntcrol 

Grid No. each Colu cucb 
Column Load No. Lund 

Column nm Column 

A-A 9 35.77 321.93 1-1 3 35.77 107.31 

B-B 9 35.77 321.93 2-2 5 35.77 178.85 

C-C- .8 35.77 286.16 3-3 3 35.77 107.31 

D-D 9 35.77 321.93 4-4 6 35.77 214.62 

E-E 2 35.77 71.54 5-5 6 35.77 214.62 

F-F 3 35.77 107.31 6-6 5 35.77 178.85 

G-G 5 35.77 178.85 7-7 5 35.77 l 78.85 

8-8 4 35.77 143.08 

9-9 4 35.77 143.08 

4 35.77 143.08 

Total 45 1609.64 45 1609.64 

(For bot/, EQL-Positive a11d EQL-Negativc) 

------~ 



3.1 INTRODUCTION 

CHAPTER-3 

MODELING 

Modeli111-: 

For the purpose of Seismic analysis of our building we have used tho Structural 

Analysis Program (SAP 2000). 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. InitiaJJy, the characteristics of the materials used 

_ were de.fined such as concrete - M20 and reinforcement - Fe4 l 5 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 Jumped 

mass, the whole building mass was calculated as the summation of masses ut floor 

level. Similarly, various structural elements such as beam, s]ab, column, and 

foundations 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. 

Jn 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 wnll 

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



J.1 SA,\ I PL E l f'{P UT 

Input figures (unreformed shape from SAP 2000) 
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Deformed shape due to load cases 

1) Dead Load 

z 
·~·•: : 

FIG 5. SHO'\VING DEFOMED SHAPE IN FRAME A-A·DUE TO DEAD LOAD 
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2) Li,·e Load 

~----- _,_ -t---
tl ------ I *- -f-:.=4: ~ t :;:. 

z :,f~,/ 

,'--.._,_..---~· 
rl! 

.. 
~ 

.-· 
_r---

.• •· 

_L~~ L ~ 
FIG 6. SHO\VING DEFOR.i\ IED SRAPE IN FR-\.ME .. ..\-A DUE TO LIVE 1.0 .. ..\D 

-t I 
~ 



r 
3) .EQPX 

z 

_I_ 
FIG 7. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO EPQX 
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4) EQPY 

ll • _]_ +> y 

FIG 8. SHOWING DEFORMED SHAPE IN FRAME 4-4 DUE TO EQPY 

43 



r 
Deformed shape due to load combinations 

J) Combination 1 = 1.5 (DL + LL) 

z 

FIG 9. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO COMBINATION 1 
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r 
2) Comb.inntion 2 = 0.9 DL + 1.5 EQPX , 

z 

_J_ 
FIG 10. SHOWING DEFORMED SHAPE IN FRAME A-A DUE TO COMBINATION 2 
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.:1) Combination 9 = 1.2 (DL +LL+ EQNY) 7 

'"· . .... .. ... . ♦ .... . 

_J_ _r_ y 

FIG ·I 1. SHOWING DEFORMED SHAPE IN FRAME 4-4 DUE TO COMBINATION 9 
~ 
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r 1) Axinl Load 
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• ..... ·' ' , •. ·. 

FIG 12. SHOWING AXIAL LOAD ON THE FRAME A-A DUE TO COMBINATION 1 
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2) Sllcnr force 

1'--~ ~­' L------- .r:c::'.:::::t~ 

_L ___r_Y 

FIG 13. SHOWING SHEAR FORCE 2-2 ON THE FRAME 3-3 DUE TO COMBINATION 1 
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FIG 14. SHOWING SHEAR FORCE 3-3 ON THE FRAME 3-3 DUE TO COMBINATION I 
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FIG 16. SHOWING BENDING MOMENT 3-3 ON THE FRAME A-A DUE TO COMBINATION 1 
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Design of Slab 

CHAPTER-4 

DESIGN OF STRUCTURAL ELEMENTS 

_bimit 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 fo~ 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. 



► 

Design of Slah 

Two way slab: -
When slabs are supported on four sides two spnnning action occurs. These slabs may be 

simply supported or continuous on nny or all sides. The dcOection and bending moment in 

those slabs and considerably reduced as compnred 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. 

,4. 

Ly ~, 
·-r. 3 

Lx 

2 

1. Positive moments at midspan in the 1 ong and short spans 
2. Negative moment in the short span 
3. Negative moment in the long span 
4. Zero moment at discontinuous edge (Coefficient= 0) 

Fig. Direction of positive and negative moment coefficients 

For S1 panel (two adjacent edges discontinuous) : 

" Ground floor (Room no 4) 

' Sample Calculation 

_Reference Step Calculation Outnut 
l Type of slab:-

/ 

ly(long span) = 4.5720 m 
Ix(short span) = 3.3528 m 

~=l.364 < 2 
Is 
Hence, two way slab. 

(1 
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JS 456 table 18 

JS 456 table 26 

IS 456-2000 
AnnexG 

IS 4S6-2000 
AnnexG 

--

Design ofSlab 

2 Thickness of slab:-

3 

· 4 

Overall depth (D) = 135 mm 
Use dia.(0) = 8 mm 
Cover =20mm 
:. Effective Depth (d) = 135 - 8/2 - 20 

= 111 mm 

Design load:-
Dead load= 25 x 0.13 = 3.375 KN/m2 

Live load = 2.50 KN/m2 

Floor finish load= 0.025 x 21 + 0.015 x 27 
= 0.93 KN/m2 

• 

:. Total design load= 6.805 KN/m2 

:.Factored load(Wu) =1.5 x 6.805 =10.2075KN/m2 

Considering Im width of slab, Wu= 10.2075 KN/m2 x Im 
= 10.2075 KN/m 

Bending Moment:-
Bending moment coefficients; 
Clx- = 0.0688 (short span continuous edgeO 
Clx+ = 0.0515 (short span mid) 
ay. = 0.04 7 (Long span continuous edge) 
ay+ = 0.035 (Long span mid) 

we have, 
Mx=axWul/ • 
My=ayWul/ 

Now, 
Mx- = ax.Wu I/ 

= 0.068 x 10.2075 x 3.35282 = 7.890 KN-m 
Mx+ = Ux+ Wu I/ 

= 0.0515 x 10.2075 x 3.35282 = 5.909 KN-m 
My. = Uy.Wu J/ 

= 0.047 x 10.2075 x 3.35282 = 5.393 KN-m 

My+ = Uy+ Wu1x2 

= 0.035 x 10.2075 x 3.35282 = 4.016 KN-m 

5 Check for effective depth for max. bending moment;-
F or fy= 415 & fck= 20 

Mmax= 0.138 fckbd
2 

7.890* I 06= 0.138*20* IOOO*d
2 

d= 53.467mm < 111 mm 
Hence, safe 

6 Area of steel Reinforcement:-
(a) For short span (x-direction) 

(i) Continuous edge 

[ 
/yA,, ] 

Mu,x- = 0.87 fy Ast dx 1- /. h.d 
de ., 

54 

D= 135 mm 

d = 1 I 1 mm 

Wu= 10.2075 
KN/m 

Mx- = 7.890 
KN-m 

Mx+ = 5.909 
KN-m 

My. = 5.393 
KN-m 

My+= 
4.016 KN-m 

dis enough 
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.....___ 

Design of Slab 

By solving ,we get 
As1,x-= 204.706 mm2 

Check for spacing: 
Spacing (S) = 1 ooo• Area of one bar/ Ast,X• 

= 1000• 1Z'. 82 / 4 
204.706 

=245.549mm 
Adopt spacing(s) = 240mm < (3*111=333mm or 300 mm 

whichever is smaller) 

' 1Z'. 82 
/ 4 

:. Area provided, Ast,x- = 1000* 240 
= 209.439 mm2 > 204.706 mm2 

Check for minimum steel area percentage: 

% = A • 100/b.D = 209.439 • 100 
p d . }000*135 

= 0.155% > 0.12% 
HenceO.K. 
:. Use 8 mm 0 bar@240 mm c/c·. 

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

Mu,x+=0.87fyAstdx [ 1- frA
st 

] 
. fckh.d:,; 

5.909E6=0.87*415*As1*lll[ 1-
415

*A
s
, ] 20 * 1000 * 111 

By solving,we get 
Ast,x+ =151.747 mm

2 

Check for· spacing: 
1r* g2 / 4 

Spacing(s)= 1000* =331.245 mm 
151.747 

Adopt spacing(s) = 270 mm< 300 mm 
. "' .;r*8

2 
/4 

:.Area prov1ded,As1,x+ = 1000 270 
= 186.168 mm2> 151.747 mrn2 

Check for minimum steel area percentage 

%= 186.1 68 *100 =0.137%>0.12% 
p 1000* 135 

Hence, 0.K. -~ 
:. Use 8 mm ¢ bar~ 270 mm c/c. 

(a) For long span (y-direction):­

(i) For continuous edge: 
Use 8 mm 0 bar for longer direction 

ss 

Ast,x­
=204.706mm2 

Ast,x- provided 
=209.439mni2 
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AnnexG 

Design o/Slab 

:. dy=lll-½-½ =103mm 

Mu,y-= 0. 87 fyAstdx [ 1- /yAsr ] 
fah.dy 

5.393E6=0.87*415*A*103[ 1-
415

*Asr ] st · 20 * 1000 * 111 
By solving ,we get 

Ast,y-= 149.523 mm2 
• 

Check for spacing: 
. .1l' * 82 

/ 4 
Spacmg(s) =1000* 336.172 mm 

149.523 
Adopt spacing(s) = 270 mm< 300 mm 

. • .1l'. 82 / 4 
·:. Area provided, Ast.,y• = 1000* 

, . 270 
=186.168 mm2 > 149.523 mm

2 
. . 

Check for minimum steel area percentage 
• 186.168 

p¾ = *100= 0.137% > 0.12% 
1000*135 

Hence, 0.K. 
:. Use 8 mm 0 bar@270 mmc/c. 

(b) For long span:-
(i) For mid span of slab: 

[ 
JyAsr ] 

Mu,y+ = 0.87 fyAstdy 1-
fah.dy 

4.016E6=0.87*415*A51*103[ 1-
4

I
5

*Ast 
• ] 

20 * 1000 * 103 

By solving ,we get 
As1,y+ = 110.448 mm2 

Check for spacing: 
.1l'. g2 / 4 

Spacing (s) =1000* 455.105 mm 
110.448 

Adopt spacing(s) = 270 mm< 300 mm 
. .1l' * 82 

/ 4 
:. Area provided, As1s += 1000* 

270 
=186.168 mm2 > 110.448 mm2 

Check for minimum steel area percentage 
186.168 p%= •t00¾=0.137% >0.12% 

1000* 135 
Hence, O.K. 

:. Use 8 mm 0 bar@270 mmc/c. 

TB at270mm, 
186.168mm2 
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Clause 40.1 

JS 456-2000 
Table 19 

IS 456-2000 
Clause 40.2.1.1. 

IS 456-2000 
Clause 40.1 

IS 456-2000 
Clause 40.2. J. J 

7 Check for shear force at short edgc:­
Maximum shear force: 

V=l/2•Wu.lx 
=112• 10.2075•3.3528 
=17.112 KN 

Nominal shear stress: 

tv~ ~ = 17.112*1000 =O.l54 N/mm2 
bd 1000*111 

Design of Slab 

Percent tensile steel= 100~ = 1 OO • 2o9A39 = 0.188% 
bd 1000* 111 

Shear strength ofM20 concrete for 0.188% steel, 

tc = 0.28+ 0.36 - 0•28 • (0.188 - 0.15) 
0.25-0.15 

'tc = 0.3104N/mm2 

Shear strength ip slab, 
'tc' = ktc 

for D = 135mm, k = 1.3. 
:. 'tc1 = l.3*0.3104 

= 0.4035 N/mm2 

'tv= 0.154 N/mm2< tc' = 0.4035 N/mm2 

Hence, safe 
:. No shear reinforcement is required. 

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

9 

V=l/2*Wu.lx 
=112• 10.2075*3.3528 
=17.112KN 

Nominal shear stress: 
'tv=V/bd=l 7.112* 1000/(1000* 111}:a:0J54N/mm2 

percent tensile steel=IO0Asfbd 
=100*209.439/1000* 111 
=0.188% 

Shear strength of M20 concrete for 0.188% steel, 
tc=0.28+(0.36-0.28)*(0.188-0.15)/(0.25-0.15) 
tc=0.3104N/mm2 

Shear strength in slab, 
tc'= ktc 

for D=l35mm, k-1.3 
:. tc'=l.3*0.3104 

=0.4035N/mm2 

'tv=0.154 N/mm2< tc'=0.4035 N/mm2 

Hence safe 
:. No shear reinforcement is required. 

Check for Development length: at short edge:­
M I at support: 
Moment of resistance offered by 8mm dia bars 

@240mmc/c 
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AnnexG 

JS 456-2000 
Clause 26.2.1 

IS 456-2000 
Clause 26.2.3.3.c 

M1,x= 0.87 fyAstdy [ 1- JyAst ] 
fah.dy 

Design of Slab 

= 0.87*415*209.439/2* [ 1- 415. 209.439/2 ] *111 
20*1000*11 l 

= 4114640.035 N-mm = 4.115*106 N-mrn 
Maximum shear force, V = 17.112 KN= 17.l 12*la3N 
Development length of bar, 

Ld= ¢0-s = ¢*0.81* Jy 
4,bd 4r bd 

For M20, 'tbd= l.2*1.6=1.92 
Ld= 0.87*415 0/4*1.2*1.6 = 470 

Anchorage value of bar bent at 90° including 60mm 
straight length, L0 = 60+8*8 = 124 mm 

Ld::; 1.3* Ml +L0 
V 

470::; 1.3* 4114640.035 +124 
17.112*103 

470 s; 1.3*240.45+124 
470 ~ 312.589+124 

0 = 9.289 mm> provided 0 = 8 mm 
Hence, safe in development length. 

Dia of bar is 8mm which is less than 9.289mm :.0.1{. 
10 Calculation for Torsion Reinforcement 

Ix= 3353 mm 
Length of Torsion reinforcement in both directions= 0.2lx 

= 0.2*3353 = 670.6 mm 
Maximum positive steel Area, Ast= 151.896 mm

2 

In comer of two edges discontinuous, i.e. comer ID: A-2 
Steel Area required= 0.75* Asst= 0.75* 151.896 = 113.92 
mm2 

Dia. of Bar(~)= 8 mni 
7T * 82 

/ 4 
So, spacing required (s) = 670.6* = 295.89 mm 

n3.92 • 
Spacing adopted= 280 mm c/c < 3d or 300 mm whichever 

is smaller 
In comer of one edge discontinuous, i.e. comer ID B-2 and 

A-3 
Steel Area required= 0.75*Asi/2 = 0.75*151.896/2 

= 56.96 mm2 

1r*82 /4 
So, spacing required (s) = 670.6* = 591.77 mm 

56.96 
Spacing adopted = 280 mm c/c < 3d or 300 mm whichever 

is smaller 
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4,2 DESIGN OF HF.AM 

nenm is n reinforced concrete floxurnl member. It curry lond by homlln~ uollon. Tho hc11111 

mny be rectnnglc, L nnd T section consisting of Ringly nnd douhly rnlnforcomonl. DoHign of 

the bcnm clement requires the dot.ermlnntlon of tho croRR Recl.lonnl dlrnom1io1111 und 

reinforcement dotnils. It should sntisfy hoth llOrvlcenhlllty nnd Htrcngth requlrcmcntH. 

bf 
►I 

,----- J;' lllrl !Jf!t M nl111J 

I JP•.+ 

Wob 

Fig. L-boOJ.n. i-ooto11gula r boon:i. ru:1,d .. r_ bcwn 

Mntcrfol chnroctcrjstjcs 

Concrete Grncfo a M20 (fck a 20 N/mm2) 

Steel Grade .,. Fc4 I 5 (fy .. 415 N/mm2
) 

Width of Bcnm (bw) c 230 mm 

Ovcrnll depth (D) a 450 mm 

Effective cover (d') a 45 mm 

Effective depth (d) a 405 mm 

Depth of flnngc (Dr) '"" 135 mm (Ground floor) 

Sample Calculation 

Beam No.143 

Reference Step 

IS 456-2000 1. 
Annex G 

Clause 38,J 

Culculntlon 

Dcsli:n of hcnm nt sup[!,,rt {Rcct11111:ulr1r hcum} 

bw a 230 mm 
d ... 405 mm 
Limltln~ moment cnpnclty of the Hcctnnguhtr Dcnm 
Mu.ll111 "" 0. I 38f,Lhd2 (for Fc4 I 5) 

• 0.138•20•230•4052 

a I 04123070 N-mm 
• 104.123 KN-m 

Mu, alvrn .. 245.490 KN-m 
Mu,llrn < Mu,gh·rn 

I lcncc, doubly reinforced bcnm 

Rcmnrk.-. 



De.vign of !Jeam 

- 2. llalanced Depth of Neutral Axis 
JS 456-2000 

(Xu,llm) 0 0.48d = 0.48•405 c 193.995mm Pg. 70 (Clause 
38.1) 3. Calculation of tcnNlon steel reinforcement 

M 
A •tl a 11Jlm 

0.87 • / 1 (d - 0.416x11,u.,,) 

IS 456-2000 = 104123070 
AnnexG 0.87 • 415( 405 - 0.416 • 193.995) 

Clause 38.1 
= 889.273 mm2 

Mu,2 = Mu,glvcn -Mu)im 

= 245.490-104.123 = 141.367 KN-m 

M 141.367 • 106 
A = 11,2 = 

SP 16 
112 

0.87 • f,(d - d') 0.87 • 415(405-45) 
Clause 2.3.2 

= 1087.623 mm2 

Total tension reinforcement A,1 = A,11 +A,12 

= 889.273 +1087.623 

= 1976;896 mm 2 

4. Calculation of compression steel reinforcement 

_ 0.87 • / 1 • A,,2 
SP 16 A,c-

(f,c - /,, ) Clause 2.3 .2 
Where, from table 

For did'= 45/405 = 0.111 

f,c = 350.55 
SP 16 And fee= 0.446fck = 0.446•20 = 8.92 TableF 

:.A,c = 
0.87•415>' •1087.623 2 = 1149.449 mm 

(350.55 - 8.92) 

5. Check for Minimum Reinforcement 

A,1.mln = (0.85•bw •d)/fy 
IS 456-2000 = (0,85•230•405)/415 

Clause 26.5.1.1.a 
= 190.787 mm2 < A11 (1976.896 mm2

) O,K. 

6. Check for Maximum Reinforcement 

IS 456-2000 A ,i.max = 0.04•bw•D = 0,04•230•450 

Clause 26.5. l. l .b = 4140 mm2 >Ast(= 1976.896 mm2
) O.K. 

Now, 

Provide tension steel = 2 Nos. 12 mm ~ bars and 

9 Nos. 16 mm~ bars 

I fence, actual steel area provided = 2035.752 mm2 

~ - 60 
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IS 456-2000 
Clause 22.2.b 

IS 456-2000 
Clause 23 .1.2 

IS 456-2000 
Annex G.2.2.1 

IS 456-2000 
Annex G 

IS 456-2000 

Design of Beam 

Design of beam at mid section {T-beam design) 
7. Calculation of effective span Oen) 

8. 

9. 

We have, c/c span of beam, L = 3353 mm 

From code, for continuous beam, 

Clear span= 3353 - 450 = 2903 mm 

Since, Support width = 450 mm > [1/12*clear span 

=l/12*2903 = 242.91 mm or 600 mm whichever is less] 

Then, Effective span Octr) = clear span = 2903 mm 
Hence, Distance between zero moments, 10 = 0.7*letr 

Calculation of flange width (hr) 

= 0.7*2903 

=2032.1 mm 

Depth of flange (Dr)= Overall depth of slab= 135 mm 

:. hr= IJ6 + bw + 6Dr 

= 2032.1/6 + 230 + 6*135 = 1378.683 mm 

Calculation of Limiting Moment 
Di/d = 135/405 = 0.333 > 0.2 

Mu,lim = 0.36fc1c *xu,1*hw • ( d-0.416xu,1)+o.446fc1c(brhw)yr*( d­
y/2) 

Where, yf = (0.15xu,l + 0.65Df):::: Dr 

= (0.15*193.995 + 0.65*135) 

= 116.849 mm~Dr(=135 mm) 

Mu,lim = 0.36*20*193.995*230(405 -0.416*193.995) + 
0.446*20*(1378.683-230)* 116.849* 

( 405-116.849/2) 

= 519125070.7 N-mrn 

= 519.125 KN-m 

Since, 

Mu,givcn= 17.404 KN-m < Mu,lim= 519.125 KN-m 
Hence, Singly reinforced section 

10. Calculation of Actual Depth of Neutral Axis 

Mu= 0.36fck *Xu *ht( d-0.416*xu) 

17.404*106 = 0.36*20*xu*1378.6833*405 - 0.416*xu) 

1753.283 = 405xu - 0.416x/ 

0.416x/-405x0 + 1753.283 =0 

:.x0 = 4.348 mm< Dr(= 135 mm) 

Hence, Neutral Axis lies in the flange 

11. Calculation of Tension Steel Reinforcement 

Mu = 0.87fyAst( d - 0.416xu) 

17.404* 106 = 0.87*415Ast(405 - 0.416*4.348) 

: .Ast= l 19.56 mm2 

61 



- AnJ1exG 

IS 456-2000 
Clause 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) 

JS 4S6-2000 
----Clau1e 26.5 .1.5 

Design of Beam 

12. Check for Minimum Reinforcement 

Ast,,min = (0.85•bw •d)/fy = (0.85•230*405)/415 
= 190.789 mm2 > A,t (= 119.56mm2

) 

Hence, Not safe 
So, Adopt Minimum steel area, Ast= 190.789 mm

2 

13. Check for Maximum Reinforcement 

Ast,max= 0.04•bw*D = 0.04*230*450 
= 4140 mm2 > Ast (= 190. 789 mm

2
) 

So, 0.1(. 

Now, Provide tension steel= 2 Nos. 12 mm~ bars 

:.Actual steel area provided= 226.1947 mm
2 

14. Design of Shear Reinforcement 

At support 

15. 

Shear force, Vu= 157.479 KN 

Nominal shear stress, tv = Vufbd 
= 157.479*103/(230*405) 

= 1.6906 N/mm2 

Ast provided, 2035.732 mm2 

Percentage of steel = 1 00AJbd 
= (100*2035. 752)/(230*405) 

=2.185 % 

For M20 concrete and% of steel, tc= 0.8066 N/mm
2 

For M20 concrete, tc,max = 2.8 N/m.m2 
Since, 'tc,max = 2.8N/mm2 > tv (= 1.6906 N/mm

2
) > t 

(=0.8066 N/mni2) 
So, Design of Shear reinforcement is required ' 
Providing 8 mm dia. Bars as 2-legged vertical stirrup 

Hence, Area of stirrups, Asv = 2*n*82/4 = 100.53 mm
2 

Shear strength, V us =Vu - 'tc *bw *d 
= (157.479* 1000 - 0.8066*230*405) 

= 82344.21 N 

And, Spacing of stirrups, Sv = (0.87*fy • Asv *d)N us 
= (0.87*415* 100.53*405)/82344.21 

= 178.52 mm :::: 178 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, Sv = 178 mm c/c < (300 mm) 0.1(. 
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IS 456-2000 
Clause 26.2.1 

IS 456-2000 
Clause 26.2.3.3.c 

IS 456-2000 
Clause 23.2 (fig. 

4) 

BS 8110-1985 
Clause 3.4.5.6 

(A.K. Jain Pg. 
187) 

16. 

17. 

Check for Development Length 
AM == 2035.752 mm2 

M1 ~ 0.87•fy• As,(d - Jy • AJ, J 
b.,. . Id 

= o.81•415•2035.1s2(4os- 415 • 
2035

•
752

) 
230• 20 

= 162.686• 106 

= 162.686 KN-m 
Vu= 157.479 KN 
Condition to be satisfied: 

Ld S 1.3M1N + Lo • 

Design of flcmn 

Ld= ¢uJ = 0.87• Jy¢ = 0.81•415•16 =752.187Smm 
4rhcl 4rbd 4•1.2•1.6 • 

1.3M1Nu +Lo= (t.3• 162.686•106)/(157.479• 103) + d 
(d=405mm) 

= 1342.98 + 405 = 1747.98mm 
So, Ld (= 752.18 mm)< (1.3M1Nu + Lo)(=l 747.38mm) 

So, O.K. 
Check for Deflection 
Condition to be satisfied 

lcrv'd S apy6A 
lcrv'd = 2903/405 = 7.168 

a = 26 for continuous beam 

p = 1 for span less than 10 m 

477 - " 
y = 0.55 + " S 2 

120(0.9 + M 2 J 
b...,d 

_ g•r, • AJ (required) • l/n 
where, fs - 0.5 y A ( 'd d) pb . , prov, e 

= o.s5•41 s• l l 9.557½26.l 947 • 111 

= 127.224 

So, y = 0.55 + ( 6 J = 2.69 
120 0.9+ 17.404•10 

230 • 405 2 

477 -127.224, 

Hence, Adopt Max. y = 2 

n = 1 
i.. = 0.8 

:, apy6fl. Cl 26• 1 •2• 1 •0,8 C 41,6 
Since, lcrv'd .,. 7.168 < 41.6 (= apyoi..) So, O.K. 

I 

63 
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43 DESIGN OF COMPRESSION MEMBER 

Column may be defined as a structural element used pQmarily 

to support axial compressive loads and with a height of at least 

three times its dimension. A compression member subject 

to pure axial load rarely occurs in practice. All columns are 

subjected to same moment which may be due to accidental 

eccentricity or due to end restraint imposed by monolithically 

placed beams or slabs. The strength of co~umns depends on 

the 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: 

Design o/Column 

b 

Fig. Square Column 

Exact design of members subject to axial load and biaxial bending is extremely 

laborious. Therefore, the IS Code 456: 2000 pennits the design of such members by the 

following equation: 

( 
M ,a )a + _ ( M ">' Ja# ~ l.O 
Muri M.,yl 

Where, 

Mux, Muy are the moments about x and y axes respectively due to design loads Muxl, 

Muy1 are the maximum uniaxial moment capacities with an axial load Pu, bending about x 

and y axes respectively and a0 is an exponent whose value depends on P.JPuz (see table 

below) where, 

Where, 

Puz= 0.45*fck *Ac+ 0.75*fy* Ast 

Ac= Gross X-section area of column 

Ast = Area of reinforcement bars. 

fck = Characteristics strength of Concrete. 

fy = Characteristics strength of reinforcement bar (rebar). 

,;,t 



De8ign o/ 0:>/umn 

PJPuz 

~0.2 

~ 0.8 

TABLE 

Un 

LO 

2.0 

for intennediate values, linear interpolation may be done. Chart 63 can be used for 

evaluating Paz.For different values of Pu/Puz the appropriate values of an has been taken and 

curves for the equation 

Material Characteristics: 

Concrete Grade: M20 

Steel Grade Fe: 415 

Section Characteristics: 

__!Z_ = 1.0 hac, been plotted in Chart 64 
(

M Ja. 

M.,,,, 

Size of column= 450*450 mm2 

Effective Cover ( d') = 40 mm 

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

d' 
D = 0.089 ~ 0.1 for aJl Column 

Sample Calculation 

Reference Step Calculation 
1. Design Parameters: 

Factored load, Pu= 245.095 KN 

Factored moment , Mux= 414.947 KN-m 
Muy = 30.731 KN-m · 

Reinforcement is distributed equaJly on four sides. 

2. Slenderness Ratio Consideration: 

IS 456:2000 !i_ = 
3156 

=7.01 <12 
D 450 -

CL 25. 1.2 Hence, the Column is Short Column 

3. Eccentricity Consideration: 
Minimum Eccentricity: 

IS 456:2000 I b h. h • I Cmin = - + - or 2.0 cm w JC ever 1s ess 
Cl. 25. 4 500 30 

Remarks 
All the 
Design 
Parameters 
are taken 
from the 
output of 
Structural 
Analysis 
Program. 

, 



1, 

I, 

I: 

Design of Column 

- -----,---,,Wiii:"hc=r=-c-, -----------------r-----....., 
1 is unsupported length of column 
b is lateral dimension of column. 

IS 4S6:2000 
Cl. 39.3 

IS 4S6:1978 
(SP - 16) 

CHART44 

IS 4S6: 2000 
Cl.39.6 

4. 
' 

5. 

3156 450 
Cm1n::; - + - =21.31mmor2.0cm 

500 30 
Thus, Cmin = 2.0 cm 

Eccentricity due to design moment, e 
=Mu/Pu 

= 
30.731 • 106 

245.095 • 103 

=125.38mm = 12.53cm 

Eccentricity due to design moment is greater than the 
minimum eccentricity and 0.05 times the lateral 
dimension. 

Hence the column is design for given axial load and 
biaxial moments. 
Calculation of% Reinforcement: 
Assume percentage reinforcement (p1) = 2% 
Then, 

~=0.1 
Id 

PM = 245.095 • 10
3 

= 0.061 
fc1r. • b • D 20 • 450 • 450 

MM = 0.145 
f c"•b•D 

Muxl. Muyl = 264.262 KN-m 

Calculations: 
Puz= 0.45•fc1; • Ac+0.75•f/ Ast 

=o.45•20•450•4so+o. 15•415•c21100•4502
) 

= 3083.063 KN 

,!l_ _ 245.095 = 0.079 
P,,: 3083.063 

For this a,, is interpolated from Table - 1 

(i:.J + (i:J ~ I.O 

( 
141.947 )

0791 

+ ( 3o.73 l )
0791 

= 0.788 <1.0 O.K. 
264.262 264.262 

I lcncc 2% reinforcement is provided for the given 

column. 
A,1 • 2%ofbO 

.. 21100•4502 

• 4050mm
2 



Design o/Column 

r.. -. 



Design of Staircase 

4.4 DESIGN OF STAIRCASE 

staircase is an inclined structural system to provide pedestrian access fo different 

levels within a building. The geometrical forms of staircase may be quiet different 

depending on the individual circumstances in~olved. The stairs and landing slab can angled 

in different form to get different types of staircase. The shape and structural arrangement of 

the 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 adopted depends upon the type and use of the building. 

RCCwork 

Brick work 

bO 
C: ·-0 
D 

Fig. Open well staircase 

Sample Calculation for Open well staircase 

Reference Step 

1 For inclined portion 
Le= 3.353m 

Calculation 

1) Superimposed load= 5 KN/m2 
Dead load 

2) Futlshes = 27*0.015 + 21 *0.025 = 0.93 KN/m2 

Fy = 415, fck = 20 

Floor ht. = 3.302 m 

No. of riser= 18 
: .Riser (R) = Floor height/No. of riser= 3.302/18 = 
183 mm 
Tread (T) = 12" = 304.8 mm 
Slab thickness (Waist slab) = span/20 = 3.353/20 = 
167.65 mm 
So, Adopt (D) = 175 mm 

X = ,J{(304.8 )2 + (183 )
2 J = 356 mm 

r.a 

Remarks 

-
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Design of Staircase 

3) Relf wt. of :ilab = O*0,356*25 = 1.56 KN/m = 

1,56/0,3048 = 5, 12 KNlm' 
4) Relf wt. of step= J/2 *0.183*0.3048*25 = 0.7 KN/m = 

0.7/3.04R = 2.3 KN/m2 

To11il load= 5 + {0.93 ~ 1) + 5.12 +2.3 = 13.42 KN/m2 

Taking I m width of flight 
To11il wt. (W) = J *13.42 KN/m 

Wu= l.5*13.42 = 20.13 KN/m 
l?or land Ing 1.one 
LI ve load = 5 KN/m2 ·{Assuming lm of width of slab) 

Finishes = J KN/m2 

Self wt. of brick step= 1/2* 1.3716*1.524*{1.83 - 0.025 -
0.015)*19 = 2.R4 KN 
:. UOL = 2.84/1.524 ... 1.86 KN/m 
Rlah wt.= 5.12 KN/m2= 5.12 KN/m 
J fence, Total wt. (W) = J 2.98 KN/m 
Wu= J.5*12.98 = 19.47 KN/m 
RA= Rn= Wl/2 = 33.75 KN 
So, Maximum Moment:::: WI2/8:::: (20.13*3.353)2 /8 

:, Mu"" 28.29 KN-m 
!;heck for den!h 
Mu = O. I 38fc1cbd2 

------
28.29 * 106 

So, d ._ ' 0.138 • 20 • 1000 

= J0I .24 mm~ 175 mm O.K. 

Adopt d = 120 mm and D:::: 150 mm 

,•,Mu :::: 0.87♦fl Ai,(d - f,A,,) 
J:1ib 

28 29• J 0~ "" 0.87*4 I 5* ~,(120-
415 

• A,, J 
' 20•1000 

I Jenee, Ast = 750.3 mm2 

l'rovlding the 12 mm dia. Dar 
750.3 

Sn, No. of bars = •
12

, / = 6.63 ::i: 7 No. 

" /4 
Provide 12 mm ~ bani @ 140 mm c/c 

c11~ck for 11hci!.C ... 
'tv ~ N11111i11ul 11licur ttlrcss 

Vjhd 
(33.?5• 1000)/(I000• 120) • 0.2812 N/mm2 ' 

---~,.., , ____ 1 _________________ _ _1-___ __. 

I .II 
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Design of Staircase 

Steel Percentage = I 00A
51
fbd = 1 OO • 7 • 1f * 12 2 

= 0.66% 
1000* 120 • 4 

For M20 concrete 
Design shear strength ( 'tc) = 0.5312 N/mm2 

'tc' = k*'tc = l.3*0.5312 = 0.69 N/mm2 

'tv< 'tc' O.K. (No. shear reinforcement required) 
Check for Development ]ength 

Ld = ¢u, = 0.87 • f y(, = 0.87 • 415 •; = 
47

cp 
4, bd 4, bd 4 * 1.2 * 1.6 

Ld=47*12 = 564 mm 

Ld = 1.3M1N + L0 (let L0 anchorage length = 0) 
= {l.3*28.29* 106)/(33.75* 103) + 0 
= 1089.69 mm 

Since, 47cp < l.3M1N 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= ½*0.3048*0.183*1.524*25 

= l.06KN 
Hence, Total wt. = 25.778 KN 
And Ultimate load = 25. 778* 1.5 = 38.667 KN 

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

Mu= WuI2f2 = (8.324*1.5242)/2 = 9.66 KN-m 

Check for depth 

Mu = 0.138fctbd2 

,--------

d- r 9.66*106 

So, - ~ 0.138 • 20 • 1000 

= 59.16 mm< 175 mm O.J(. 

Adopt d = 120 mm and D = 150 mm 

To find area of steel 

:.Mu= 0.87*fy*Asa(d - / TA") 
/ d b 

9.66*106 = 0.87*4t5•Asa(t20-
415

* A.,) 
20•1000 

Hence, Ast = 232.3 mm2 

Providing the 12 mm dia. Bar 

i:'---.__ ___ ,_J1,_ _ _i_ _____ _ _ _ _ _ _ _____ ..l-----' 

~ 



Design of Staircase 

~ ----r- -r- -------,:2~-- -------ir------. 
So, No, of bnrs 1:1 -

3-2_.3_ i::i 2 053 it: 3 No 

t: 

11 

' 

' 

IS 456-2000 
Clnusc 40.l 

IS 456-2000 
Table 19 

IS 456-2000 
Clouse 40.2. l, I 

IS 456-2000 
Clouse 26,2.1 

IS 456-2000 
Clause 26.2.3.3,c 

1r•12¼ I • 

Spacing 1:1 1000/3 -= 333.33 mm 
Adopt spncing c 300 mm 

Provide 12 mm 4> bars @ 300 mm c/c 

Check for shear 
tv 1::::1 Nominal shear stress 

-= Vulbd (Vu= Wul = 8.324•1.524 = 12.685 KN) 
= (12.685•tooO)/(]OOO•t20) === 0.105 N/mm2 

100 • 3 • n- • i 2 2 

Steel Percentage= 1 OOA,v'bd = -----.= 0.282% 
1000 • 120 • 4 

For M20 concrete 

Design shear strength (Tc)= 0.375 N/mm2 

tc' = k•'t'c = t.3•0.375 = 0.4875 N/mm2 

tv < t 0' O.K. (No. shear reinforcement required) 

Check for Development length 

Ld= ¢u, = 0.87• Jy¢ = 0.87•4t5•¢ =47cf, 

4rbil 4r bd 4 • 1.2 • 1.6 

Ld= 47• 12 = 564 mm 

Ld = 1.3M1N + Lo (let Lo anchorage length = 0) 

= (t.3•9.66•106)/(12.685•103
) + 0 

= 990.63 mm 

Since, 47cf, < l .3M1N O.K. 



.,,,,,,...-

Design of Mat foundation 

4,5 DESIGN OF MAT FOUNDATION -
. foundations are structural elements that transfers loads from the buildings or individual 

columns to the earth. If these . loads are to be properly transmitted, foundation must be 

designed to prevent excessive settlement or r~tation to minimize differen_tial settlement and 

to provide adequate safety against sliding and overturning. If the loads transmitted by the 

columns in the structure are ~o heavy or the allowable soil pressure so small that individual 
. . 

footings would cover more than 50% of the whole area it may be better to provide 

continuous footing under all columns and walls.· Such a ·footing is called a raft or mat 
. • I • 

foundation. The raft is designed by analyzing it as a series of continuous strips centered on 

the appropriate column rows in both directi9ris. 

Total vertical column load= 42846.30KN □ □ / ·d D 
Area of mat= 170.032+3.349+23.414+27.574+38~ 

= 614.321 m2 

• - -
Centroid of the plan (x .,,y ~ 

- """ 
X = L..1.1 

41 • x; = 17.729m 
A, 

:; : 1 : □ . · □ □ 
. , 

□ 

Bearing 

□ . 

Column 

- """ Y = L..i1al 
A, * Y, = 9.436m 

A, 
Fig. Mat Foundation (Plan) 

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

lxx = L;=I l(I .uJ, + A, * y/ J = 20427.096 m
4 

Iyy = z:;al l(I ~ ), + A, * X; 2 j = 62866.098 m4 

Centroid due to load ( ;, , y 1) is, 

-
X1 = 18.4 765m 
-
YI= 9.124m 

Now, 

Cx = 18.4765-17.729 = 0.7475m 

ey = 9.124-9.435 = -0.31 lm 

Mx == P•ey= 42846.3*(-0.3 l l) = -13325.l 99K.N-m 

My== P• ex-42846.3*0.7475 = 32027.609 K.N-m 

72 



p == 42846.30 = 69.746KN/m2 
A 614.321 

Soil pressure at different points are given by, 

p M 7 M 
a=- +-•x +-z •y 

A r, Ix 

for comer A-2, 

a= 69.746-7.013+6.155 = 68.888 KN/m2 

Other data are shown in tabular form below, 

Position x(m) 

A-2 -13.766 

A-3 -8.519 

A-4 -4.556 
A-5 • -1.203 

A-o 3.065 

A-7 7.333 

A-8 11.601 

A-9 15.869 

A-10 19.897 

B-2 -13.766 

B-10 19.897 

C-2 -13.766 

C-10 19.897 

D-1 -17.729 

D-2 -13.766 

D-7 7.333 

D-8 11.601 

D-9 15.869 -
~ 

D-10 19.869 

E-6 2.84 ---- E-7 8.008 

r---... F-1 -17.729 

r---.. F-5 -0.528 

--- G-1 -17.729 

--- G-2 -13.766 

:---.G-3 -8.519 

r--_ G-4 -4.556 

0-4 -0.528 

L 

Design of M.aJ foundation 

y(m) a (KNIM:l) 

-9.435 68.888 \ 
-9.435 71.561 
-9.435 73.580 
-9.435 75.288 
-9.435 77.462 
-9.435· 79.637 
-9.435 81.811 
-9.435 83.985 
-9.435 • 86.037 
-5.407 66.260 
-5.407 83.410 
-1.139 63.476 
-1.139 80.626 
2.149 59.312 
2.149 61.331 
2.149 72.08 
2.149 74.254 
2.149 76.429 
2.149 78.481 
6.246 67.11 
6.246 69.754 
8.006 55.491 
8.006 64.254 
12.034 52.864 
12.034 54.883 
12.034 57.556 
12.034 59.815 
12.034 61.627 
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De5ign of Mal foundation 

The depth of the mat foundation shall be governed by two way shear also known as 

punching shear. In case location of criti.cal shear is not obvious it may be necessary to check 

in all possible direction. 

Shear strength of concrete, 

r, =r ,= 0.25 J1:: 

=0.25 ..fio 

. = 1.118 N/mm2 

J) For column A-2: 

Perimeter ho= 2•(45o+45o+o.5d) 

= (180o+d) 

v., 
f =-
' bd 

Where, 

Vu= Max. Ultimate force at 

comer edge column .. 

@O.Omrn 

721:.82 KN v y ,z._, 

460.0 mm 0.5 d 

Fig. A-2 

s · .• s 
~ 
C 

"' 'V 

e e 
C 
ci 

"' 'V 

{., 

1.118 = 1.5 • 721.82 * 1000 
(1800+ d) * d 

·--·1352.77KN II~?- ~f 
Thus, d = 412.406mm 

2) For column C-5: 

Perimeter, b0 = 4*(450+d) 

= (1800+d) 

V 
T - II 

C - bd 

1.118= J.5•]352.77•1000 
{1800+ d) * d 

'fhus, d -= 485. J 91 mm 

'1A 

lss ii .. 450.0 mm .. I q.s <1.I 

Fig, C-5 

-0 
I() 

0 

E 
E 
0 
d 
I() 

~ 

"O 
I() 

0 



J) For column D-2: 

Perimeter, bo = (0.5d+450+0.5d 

)*2+(0.5d+450+450)*2 

· = (2700+3d) 

1.118 = 1.5 * 1210.22 * 1000 
(2700 + 3d) * d 

Thus, d = 412.406mm 

4) For column ·B-2 : 

Perimeter, b0 = 2*(450+450+0.Sd)+(0.5d+o.Sd+450) 

= (2250+2d) 

V r = _u 
C bd 

1.118 = _1.5 * 1007.50 * 1000 
(2250 + 2d) * d 

Thus, d = 433.632mm 

Design of Mat foundation 

Fig. B-2 

121 o:22KN: 

• 1007.50 KN gyp,~ r') 

s 
8 

0 
0 
t.n 
"1" 

-0 
t.n 
0 
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5) For column F-5 : 

Perimeter ho= ( d+450)+(900+0.5d)+(0.5d+45o+ 761 .85+0.8465d) 

= (2561 .85+2.8465d) 

~ .94:KN 

I o,5 ci I 450.o !!11 I 450.0mm I .. . . \ .... .. 
Fig: F~5 

vu 
'=-

c bd 

1.118 = 1.5 * 863.99 * 1000 
(2561.85 + 2.8465d) * d 

Thqs, d = 330.856mm 

Thus, 

Adopt effective depth= 500mm 

Adopt overall depth= 500+2*75 = 650mm 

(Taking eff. cover= 75mm) 

£.alculation of required area of Rebar: 

We have, 

* * * )' sf 

[ 

f * A ] 
BM = 0.87 fy Ast d - f & * b 

76 

Design of Mat foundation 



Here, 
d == 500mm 

b== 1000mm 

r, ==~Mpa y 

fck == 1.JMpa 

Design of Mat foundation 

The loading for BM calculation is assumed as UDL having intensity W , which is the max. 

of intensities at the edges of the corresponding strip. 

Along X - direction: 

The bending moment (BM) was· obtained using the coefficient 1/10 and length (I) as 

center to center of column distance. (IS: 456:2000 CI.22.5.1121 Table 12) 

For strip A-A: .t» 1 

r - W = 86.037 KN/m2 s .,..., - ~, . / 

Wl 2 86.037 • 4.5722 
BM= - = ----- = 179.845 KN-mperm width 

10 10 

Ast= 1041.225 mm2 

For strip B-B: -'> 

w = 83.41 o KN1m2 

~- J 
BM= Wl

2 
= 83.410 • 4•

5722 = 174.353 KN-m perm width 
10 10 

Ast= 1007.975 mm2 

For strip C-C : o- / 

W = 80.626 KN/m2 
J 

y 

BM = Wl
2 

= 80.636 * 4•
5722 = 168.534 KN-m perm width 

10 10 

Ast = 972.8584 mm2 

fur strip D-D: i 
W = 78.481 KN/m2 

BM= W12 = 78.481 * 4.572
2 

·, _____ = 164.050KN-mperm width 
10 10 -

Ar,.== 945.867 mm2 

77 



I Jt NIJ!II ,,j'M111 /ou,11/otlm1 

f o,U.WPJ.Wi. 
W i,j 69,754 KN/m2 

J.V, 1 C,9,754 • 4.5722 

nM e to I!!! to 1--' 145,808 KN-m Jlor rn width 

A t,i 836,745 llllll
2 ,,,, 

[oJJlrl.P~ 
W a 78,481 KN/m2 

w1 2 78.48t•4.s122 

nM .. to • 10 1-,f 164,050 KN-rn perm wJdth 

A11
11 945,867 nun2 

For strln E-E; 
W • 69,754 KN/m1 

BM • W/
2 

• 
69'754 • 4'

5722 
!!! 145.808 KN-m perm width 

10 10 

A,,• 836,745 mm2 

For strio F-F: 
W 11 64,254 KN/m2 

UM • W/ 2 
.. 64,254 • 4.S722 

10 I 0 
Iii 134.311 KN-m perm width 

A11 • 768,S 13 mrn2 

1:A I 

l'.l!t stnn O-O; 
W 11 61.627 KN/m2 

lJM • W/ 1 
• 61.627 • 4.572

2 

10 I 0 
128.820 KN-rn perm width 

A., a 736.070 1111112 

Al<mg ¥ • cllnwtlon: 
The bending moment (BM) wus obtulncd by usinH coefficient 1/12 und length (l) w1 

center to center of column dlstuncc (IS: 456: 2000 Cl.22.5.1121 Tnblc 12) 

"111 
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fgr strip 1-1 : 

w= 59.312 KN/m
1 

59.312 • 5.182 2 

BM= 
12 

= 132. 726 KN-m perm width 

l 
Ast= 759.138 mm 

For strip 2-2 : p - -

W = 68.888 KN/m2 

2 • 
68.888 • 5.182 - 154 155 KN 'dth BM = 

12 
- . -m perm WI 

Ast= 886.543 mm1 

For strip 3-3 : ,.. 

W = 71.561 KN/in1 

BM= 71.561 • 5.l
822 

=160.136KN-mpermwidth 
12 

Ast= 922J63 mm1 

For strip 4-4 : 

W = 73.580 KN/m1
_ 

BM= 73.580 * 5.1822 = 164.654 KN-m perm width • 
12 

Ast = 949.498 mrn1 

For strip 5-5 : 

W = 75.288 KN/m1 

BM= 75.288 • 5.182
2 

= 168.476 KN-m perm width 
12 

Ast= 972.505 mm2 

fur strip 6-6 : 

W == 77.462 KN/m1 

BM== 77.462 • 4.268
2 

= Ill 7.586 KN-m perm width 
12 

A~• 669.984 mm2 

Design of Mat foundation 



_ -~•ril'I 1-1.l 
~ 
W.,, 79,637 KN/m

2 

S9.312 • 5.1822 
_ 

BM c= 12 - 154.155 KN-m perm width 

2 
~ == 689.369 mm 

For strip 8-S ; 
-- 2 w=Sl.811 KN/m 

81.811 • 4.2682 
BM= 12 = 124.1~8 KN-mperm width 

2 
As1 = 708.775 mm 

For strip 9-9 : 
W = 83.985 KN/m2 

83.985. 4.268 2 
BM= 

12 
= 127.488 KN-m perm width 

~ = 728.214 rnm2 

For strip 10-10: 

W = 86.037 KN/m2 

BM= 
86

•
037 

• 
4
•
2682 

= 130.603 K.N-m perm width 
12 

AR= 746.594 mm2 

Summary • 

Required nrea of Rebar, A8 (in mm2) 

Along X - direction: 

Strip Strip Strip Strip 

A-Ag, B-B C-C D-D 

Strip 

E-E 

1041.225 1007.975 972.8545 945.867 836.745 -
Mong V - direction: 

,._ 

r--
Strip Strip Strip Strip 

r-- 1-1 2-2 3-3 4-4 

759.138 886.543 922.363 949.498 -

Design of Mal foundation 

Strip Strip 

F-F G-G 

768.513 736.070 

Strip 

5-5 

972.505 



Design of Mat foundation 

strip Strip Strip Strip 

~ 7-7 8-8 9-9 

L--[69.984 689.369 708.775 728.214 
~ 

Calculation of Spacine: --
Along x • direction: -

Strip Dia. provided (mm) Spacing (mm) · 

A-A 16 

B-B 16 

C-C 16 

D-D 16 

E-E 16 

F-F 16 

G-G 16 

Spacing of Grid A-A to D-D = 16 mm dia.@200mm c/c 

Spacing of Grid E-E to G-G = 16 mm dia. @ 260 mm c/c 

Along Y - direction: 

199.58 

207.81 

217.26 

226.14 

263.78 

295.506 

313.42 

Strip Dia. Provided (mm) Spacing (mm) 

1-1 16 

2-2 16 

3-3 16 

4-4 16 

5-5 16 

6-6 16 

7-7 16 

8-8 16 

9-9 16 

10-10 16 

Spacing or Grid 1-lto 5-5 = 16 mm dia. @ 210mm c/c 

Spacing or Grid 6-6 to 10-10 = 16 mm dia. @ 300 mm c/c 

300.47 

244.62 

232.47 

224.04 

217.36 

357.59 

343.40 

330.27 

318.09 

307.38 

Strip 

10-10 

746.594 
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3 4 5 6 7 8 
Fig. showing the strip used in the analysis of foundation 

9 
Jr, ., 

9 

11 0 
....::J D 

- C 

... 8 

R A 
10 

► Strips parallel to the Horizontal direction in the above figure are named in the alphabetical order. 

► Strips parallel to the Vertical direction in 1:he above figure are named in the numerical order. 

► For the analysis of ali intermediate strip, Im strip is taken with its central line corresponding to the centre line of columns. 

► For the analysis of the entire edge strip, lm strip is taken inwai-'d from edge of the mat. 

82 
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Design of RCC Basement wall 

4,6 DESIGN OF BASEMENT WALL -
Basement wall or retaining wall' is a reinforced cement concrete structure generally built 

beneath the ground level. The main purpose of designing this structural member is to retain· 

the lateral active pressures of earth, seepage as well as surcharge load due to vehicles. It is 

designed for both moment and shear criteria. 

0 -\0 
M 

19 KN/ni . 
-l ~ 

-~- _-: 

P. • I :. 

fil
lltil i 

-1 .. 
! 

· N -. " -I• . . I.. ' N 

0 .,., 
' \0 

·I kaq 1. ka.y.h .1 

Fig. showing lateral active pressure distribution on basement wall 

Design constants: 

Cantilever retaining wall 

fy= 415 N/mm 2 

fc1c = 20 N/mm 2 

Specific wt. of soil (y5) = 19 KN/m
3 

Angle of internal friction of soil ( cl>s) = 30° 

Height of wall (h) = 3.61 m 

Specific wt. of water (yw) = 10 KN/m
3 

Surcharge load (q) = 19KN/m2 (Considering heavy vehicle like loaded truck) 

Then, Coefficient of active earth pressure (k.) is, 

Ka= (I -Sin¢,)= 1/3 = 0.333 
I+ Sin¢, 
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,, 
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Design uf RCC Barement wall 

~ 
Step c 

Ncfcren::,:c:,:..c_1 _ 170;i;;:.::;:::-:;;;::=:;--=a::.:lc:.:u.::la:.::ti:on:_ _______ -+-~Re~m~a~r~ks~ 

2 

3 

IS 456-2000 
Clause 32.2.3 

4 

IS 456-2000 
Annex G 

5 

IS 456-2000 
AnnexG 

Calculation of Earth pressure 

Considering pressure per meter width of wall, 
Total active earth pressure due to soil, 

{Pa)sou = (l/2•k1y1h•h) 
=(1/2• 1/3• 18•3.612) 
=39.096KN 

Lever ann (Z),oil = l/3•h =l/3•3.61 = 1.203 m 
Total active earth pressure due to surcharge, 

(Pa)sur = (kaq•h) = (1/3• I 9•3.61) = 22.863 KN 
Lever ann (Z)surchargc = h/2 ~ (3.61/2) = 1.805 m 

Moment about the base of wall 
i) Due to soil pressure, (portion n in fig.) 

Moment due to soil pressure (M)soil = (Pa)soit*(Z)soil 
= 39.096* 1.203 KN-m 
·= 47.046 KN-m 

ii) Due to surcharge load (portion I in fig.) . 
Moment due to surcharge (M)surchargc = 
(Pa)surcharge •(Z)soil 

= 22.863* 1.805 KN-m 
= 41.268 KN-m 

:. Total moment at base (M) = 88.314 KN-m 
Ultimate Moment (Mu)= I.5•88.314 

= 132.471 KN-m 
Thickness of wall 

Assuming height/thickness ratio = 20 
Height of basement wall (h) = 3.61m = 3610 mm 
Then, thickness of wall (d) = (h/20) = (3610/20) 

= 180.5 mm 
Total thickness (D) = d +cover+ ~/2 

= (180.5 +50 +16/2) mm ·= 238.5 mm 
Adopt D = 250 mm 
Then, Thickness (d) = 250- 50 = 200 mm (effective) 
Calculation of Effective depth (d) 

132.47 * 106 
Mu = 219.08 mm d = = 

' 0.1 38b/ck ' 0.138 * 1000 * 20 

So, Adopt d = 230 mm . 
Overall depth (D) = d + 50 (= effective cover)= 280 mm 
Calculation of Limiting Moment (Mu,Jim) 

2 
Mu Lim= 0.138fckbd 

' = 0.138*20•1000•230•230 
= 146 KN-m 

S• Mu lim > Mu, design is singly reinforced mce, , 

1l 
l 
l I 
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Design of RCC Basement wall 

Calculation of main reinforcement (Vertical) 
Area of steel required per meter is given by 

Mu= 0.87*fy* Ast*(d- fYAst ,) 

fab 

Le 132.47*10*6 = 0.87*415* Ast(230-
415 

* Ast ) 
20*1000 

Hence, Ast= 1931.96 mm2 • 
Providing 16 mm dia. Bars. 

No. of bars (N) = [ 
193

1.
96

] = 9.6 ~ 10 No. 
1r*l6¼ -

Spacing required (S) = (Breadth-2*cover--dia)/(N-l) 
= (1000-2*50- 16)/(10-1) mm 

= 100.8 mm;:::: 100 mm 
Provide 16 mm $ bars @ 100 mm c/c 

Provi4ed area of steel = 2010.62 mm2 

Check for minimum re~forcement 
Ast.min= 0.12 %·ofbD 

= 0.12/100* 1000*280 
=336mm2 

Ast,min< Ast, provided. 0.1{. 
Check for Max. dia. 
Max. Dia.= l/8*D = l/8*280 = 35-mm > 16 mm 0.1{. 
IS 456-2000 32.5.2.a 
Check for maximum spacing 

The maximum spacing of main reinforcement shall not 
exceed the following: 

a. 3d = 3*230 = 690 mm 
b. 450mm 
Provided spacing (100 mm) < Max. spacing (a & b) 

O.K. 
Area of distribution steel (Horizontal bar) 

Providing minimum steel= 0.20% ofhD 
= (0.2/100)*3610*280 mm2 

= 2021.6 mm2 

As temperature changes occur at front face of retaining 
wall, 213rd of horizontal reinforcement is provided on 
front face and 113rd of horizontal reinforcement 1s 

provided on inner face 
Front face horizontal reinforcement = 2/3 *2021.6 

= 1347.73 mm2 

Inner face horizontal reinforcement= l/3*2021.6 
= 673.86 mm2 

Providing 8 mm dia. Bars. 
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IS456-2000 
Clause 32.5.(b &d) 
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IS 456-2000 
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Design of RCC Basemem wall 

i) In front face, No. of bars (N) == (1347.73) 

tr*8¼ 

== 26.81 ~ 27 No. 
Spacing required (S) == {Height-2*cover-dia.)/(N- l) 

== (3610-2•75 _ 8)/(27 -1) 
== 130mm 

Provide 8 mm + bars @ 130 mm c/c 

ii) In inner face, No. of bars (N) = ( 673.86 ) 
;r-•g¼ 

= 13.4 ~ 14 No. 
Spacing required (S) = (Height-2•cover-dia)/(N- l) 

= (3610-2*75 - 8)/(14- 1) 
== 265.53 mm 

Provide 8 mm ♦ bars @ 260 mm c/c 
11. Check for maximum spacing • 

The maximum spacing of main reinforcement shall not 
exceed the following: 

12 

13. 

a. 3d = 3*230 = 690 mm 
b. 450mm 

Provided spacing (i & ii)< Max. spacing (a & b) 

O.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. 450mm 

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, Vrrwr. = (6.333*3.61 +½*21.6*3.61) = 61.850 KN 

Nominal shear stress (tv) = V Jbd 
= (61.85* I 03)/(1000*230) 
= 0.269 N/mm2 

As provided, area of steel = 20 I 0.62 mm2 

So, I00AJbd = (2010.62*100*)/(1000*230) 
= 0.874% 
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14. 

Dc!sigrz of RCC BaJw11cn, wall 

Til~'.l, fur lvt.O concrete (from Tnble 19) 

~s~n shenr strength (tc) == 0.589 N/mn? 
(luterpolntins the vnlue in tnble "~th respect to M20 and 
vulue of 1 OOAJbd) 

Here3 tc > -r,,, So, design is safe in shear and shear 
reinforcement is not required. 
,Again, 

Curtuilment of Vertical Reinforcement (Outer .face) 
No bars C-UI\ be curtailed in less than lJ distance from the 
bottom 

Development length of bar, 

lJ = (>us = ; * 0.87 * }~, 
4r1,.1 4Tb.t 

For M20, 'tbd = 1.2• 1.6 = 1.92 

~= (0.87*415 0)/(4*1.2*1.6) 
= 470 = 47*16 = 752 mm 

Let us curtail bars at-1/3ro dist~ce from bottom 
i.e. 3.61/3 = 1.203 m 

Z3 = 3.61 - 1.203 = 2.407 m 

P'son = ½*~Ys*Z/ = ½*l/3*18*2.40?2*1 
= 17.38 KN perm 

Lever ann (Z1 ') = 2.407/3 = 0.802 m 

P\ urclmr~c = k., *q*Z3 = 1/3* l 9*2.407 = 15.24 KN 
Lever ann (Z2,) = 2.407/2 = 1.203 m 
Taking moment at section i.e. l/3ro height from base 

Moment= 17.38*0.802 + 15.24*1.203 = 32.27 KN-m 
Ultimate moment (M22) = 1.5*32.27 = 48.40 KN-m 

Since, Mu< 50% of:t-.1lu, so, spacing of vertical bars are 
doubled from the height of I/3rd of base of \>vall. 

Hence Adopt 16mm din. bars@200 mm c/c 




