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Part -1
Introduction

The basic aim of the design of the structure is the achievement of an acceptable reliability that the
structure being designed will perform satisfactorily during its intended life.

Methods of design:
Limit state design
Working stress method
Different Limit States:

Limit State of Strength

1) Tension

2) Compression

3) Bending

4) Shear

5) Torsion
Limit State of Serviceability:

1) Deflection

2) Vibration

3) Corrosion

4) Durability

5) Fire _
Codes and Standards
The design shall ¢ the latest editions and revisions of the codes, specifications, and standards

e |IS: 875 (Part 2) — 1987 — Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures (Part 2 — Imposed Loads), Second Revision, Bureau of Indian Standards
(BIS).

e |S: 875 (Part 3) — 1987 — Code of Practice for Design Loads (Other than Earthquake) for
Buildings and Structures (Part 3 — Wind Loads), Second Revision, Bureau of Indian Standards
(BIS).
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e 1S 1893 (Part 1): 2002 — Criteria for Earthquake Resistant Design of Structures (Part 1 — General
Provisions and Buildings), Fifth Revision, Bureau of Indian Standards (BIS).

Structural Reinforced Concrete Works:

1. IS 456: 2000 — Plain and Reinforced Concrete — Code of Practice, Fourth Revision, Bureau of
Indian Standards (BIS).

2. SP-16: 1980 — Design Aids for Reinforced Concrete to 1S 456: 1978, Eleven
Indian Standards (BIS).

3. SP-34:1987 — Hand Book of Concrete Reinforcement and Detailing, Fifth
Standards (BIS).

dition, Bureau of

Design Basic Data
Concrete Mix
a) Reinforced Cement Concrete (RCC)
The Minimum grade of reinforced cement
foundations shall be M20.

%or different structures and

b) Lean Concrete {
Lean concrete of grade 1:4:8 (by weight filler material wherever loose sub grade
exists by removing the loose soil/fill. " Q

c) Reinforcement Bars
High strength deformed
conforming to IS: 1786(

Lo
"= 2470 2( 74 Toa o)

¢o,

Thd

The development length Ld is given by L, =

Where ¢ =nominal diameter of the bar
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o, =stress at bar at the section considered at design load

7,4 =design bond stress given in cl no 26.2.1 of IS 456 (2000)

e) Clear Cover to Reinforcement

The following minimum clear covers are provided for RCC works.

Table: 1.1 Clear covers generally adopted for different structural co

- Column

- Foundation slab, Base slab

- Floor Slabs (Top and Bottom)
-Plinth Beam

-Floor Beams

-RCC wall

Different common softwares used for analysis a structures are as follows
a) STAAD Pro
b) E TABS
c) SAP 2000
d) ABAQUOUS
etc
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Part -2

Loads and Load Combination
There are few basic loads to be considered for the analysis and design of the RCC structures.

a) Dead Load (DL)

In the Dead load of the structure the following loads to be applied

i.  Self-weight of slab and Frame

ii.  Floor finish weight + Ceiling plaster weight »
iii.  Weight of outer wall -200/250thk outer wall load sh; DL on supporting

beam.

iv. Weight of light partition wall - As provide
v.  Weight of parapet wall — As per the hei
vi. Weight of the roof treatment — As pi
vii.  Weight of any equipment loa

(Please refer IS 875(part-1)

b) Live Load (LL)
[ ]

cture foundations and other structural elements shall be designed to resist the effects of
3 paccordance with IS 1893 (Part 1):2016 .

1) Zone Factor (Z): Based on Intensity and magnitude of the previous earthquakes and the
probabilistic behavior of the earthquake.
India is broadly divided into four zones:
Zone-11 (zone factor=0.10)
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Zone-I11 (zone factor=0.16)
Zone-1V (zone factor=0.24)
Zone-V (zone factor=0.36)
— -Ir -r.- [ h.-r" :'-I" l;' 1l_" i I
MAP OF INDIA
SHOWING
SEISMIC ZONES OF INDIA p

ig.2.1 Map of India showing different earthquake Zones
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Table. 2.1(a) Different Zone factors as per 1S 1893

Seismic 1]
Fone
Selsmic Low
Intensity
Z 0.10

Il v v
Moderate  Severe Very
Severe
.16 0.24 0.36

Table. 2.1(b) Different Zone factors as per IS 18

LONE FACTORS FOR SOME IMFORTANT TOWNS

S iy Zone Jome Facior 2 Torwn Jope Lone Facior £
ApEra i1l 00 Chitradurga ] 1o
Ahmeedabad I 006 Cnimbad e I 1A
AT I (LR L] Cusddalare il {4 1]
Allakhabad |l 00 Cuitiick I i1
Almaor v 024 Darbhanga W L3
Ambnla Iv 04 Darjecling v 024
Amritsar I 034 Drharwas I 6
Axansol i (K8 1] Dehria Dum I 0,24
Anrangabad Il 00 DFharimpueri I 147
Balirsch I 2 Dielhi I {124
Bangalare l I i1 Dhurgapur 1 AT
Barauni [ a4 Crnglok ' 14
Barezlly [ (L 13 Gunwaliati W {136
Bl g m 1k L Cisa 1 (L 14
Ehatinda I {1 Giulbarga 1 .14
Bhila 1 i L1y Giaya m 014
Rlopal | A, 14 Gorakhpar ! 04
Blwbaresar ]| {116 Hyderahad 1 0141

¢ Bl L 1136 Tl v 0 %)
Hijapur in 014 Jabalpur 1] 0 16
Bakares m LUN T laipar i L1l
Bokare m il Jamshedpur il i 1l
Bulandshahr v 024 Thamsi n R
Burdhwiin H] .16 Jedlipur mn 11
Lol ] IR Jorlial Y 1576
Charndagarh W 4 Kk mpara 1l b 1i
Cheinai m LN Ealnpakiam 11} 10 I3

s

2) Importance Factor(l): Based on Intensity
probabilistic behavior of the

1.5 For critical and lifeline structure

and magnitude of the previous earthquakes and the
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1.2 For business community structure
1.0 For the rest.

Table. 2.2 Different Importance factors as per I1S: 1893

5 Mo, Structure Imporiance
Fucior
(1 (23 (3]

il [mperian] zerines asd comssupity
buildings, wech as Beoogpilels; sclooalE,
monemental Firusteres, emergency | &
buildings like talephons sxchangs, :
islevision sintions, radio siabioms,
railwery stations, fire sistion boildings,
lerge ommanity halls like cisemas,
pansesibly balls and swbway sistions.
prwer Slelinns

ity Al okber building= 1.0
MOTEE

1 Thedsmgn enginesr stay choose valess nl’lmpnrlln:a-
fachor ! gresler than these mealionsd above

2 Buildangs mot covered in 5] Mo (1) and (1] sbeve may
be desigred for Ragher vadas off f, depending o8 oiimsmy,
sirstegy consdoations ke muli-storey buldings kivang
pcvernl rendestial wsals

3 Thi= doe= nol agply L lesporasy siruciuees ke
cacavalions, seslfelding sve of short dusuiwea

epending upon the structural geometry and the overall ductility

ction capacity of the structure due to earthquake may vary.
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Table. 2.3 Different Response Reduction factors as per IS: 1893

Bl Mo Lateral Lasd Reststimg Svatem
i (2%
Feviicing Frooe Sintems
iy Ordinary BC memem-rasisting frame [ OMEF 17
11 Spesial AC memen-sesistng frame | SMREF 1
i) Steel frama with
a) Concenrio breees
b} Focemric braces
vl Sneel moment resisting freme dasigned as per 8P 64 6 )
Euliding wirh Shear Fallsl]
wh Load Bearing masonry wall 'bul-dlllgl"
mi Dlmreinforced
B} Heslomeed with hodizostsl BL Bands

g} PRainforced with horizontal EC Bandy asd vertical hasy af corneda of nooms sad
jembs of openiags

Wl Oedinary remloreed conerens shear walls®
wiil] Draciile shear walls™
Buildings witk Dual Fystems®
vail)  Ordinary shear wall with OMEF
ix)  Ordinary shear wall with SEEF
x}  Doctle shear wall weth GRRF
wi Drectile shear wall with SMEF

Joint weight calculation:
combination and it is a
the Full Dead | ;

ferent Live Load Reduction percentage per IS: 1893

Imposed Uniformity Percentage of Imposed
Distributed Floor Load
Loads { kN/ m? )
(1} {2}
Upto and including 3.0 25
Above 3.0 50

ure shall be considered and imposed load shall be reduced.

[E]|

3.0
0

4.4
3.0
50

2.3
30

3.0

4.

3.0
4.0
4.5
5.0

e weight of the structure from Dead and Live load

earthquake load calculation. In case of joint weight calculation
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Fundamental Natural Time Period:

The Fundamental natural time period (s) of a structure is
T = 0.75=h"0.75 for RC Frame Building
T = 0.75 = h"0.85 for Steel Frame Building

T = 0.09/+/d for Moment Resisting Frame with Brick Infill panel

Where d is the width of the base along the consideration of the earthquake.

3.0 . T T T T .

Type | (Rock, or Hard Soil)
Type Il (Medium Soil)
Type Il (Soft Sail)

T

©
)
3 2.0 |
3
o
§ 15 -
3 l
2
ar
E 1.0 .
g e
2 05 —
@ S
0'0 1 i 'l L 1 . I
0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Pariod(s)

Fig.2. 3 Spectral Acceleration Coefficient

Base Shear calculation: It is the total horizontal earthquake load developed in the structure.
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Vertical Distribution of base shear in different floors:

W oh?
Q| = VB " .
.EL Wik,
where
@, = Design lateral force at floor i,
W, = Seismic weight of floor i,
h, = Height of floor i measured from base, and
n = Number of storeys in the building is the
number of levels at which the masses are
located.
e Dynamic analysis shall be performed i istory analysis or Response Spectrum
method.

e Earthquake shall be applied irection and it shall be reversed.

d) Wind Load (WL)
e Wind load sha IS: 875(part-111)-1987.
e Basic wind of a place is known to us. It is provided in the IS 875 part I11.

_be decided. K1=Probability factor, k2= Height factor,K3= Topographic

to be calculated. (Vz=k1xk2xk3xVb)
pressure to be calculated.(Pz=0.6xVz"2)

e External and Internal pressure coefficient shall be calculated from IS 875(part-111):1987
e Wind shall be applied in both the orthogonal direction and it shall be reversed.

(Refer IS: 875(part-111) (1987) for Wind load calculation)

Prepared by: JSA Doc No.-JSA/study material/aliah/01/2020 Date of first Issue: 16.05.20




BASIC DESIGN OF RCC STRUCTURES Page-14

Load Combinations:

Un-factored Load combinations (For Foundation base Pressure Checking and Limit State of

Serviceability):

1) 1.0(DL+LL)

2) 1.0(DL+LL+EQX/WLX)
3) 1.0(DL+LL-EQX/WLX)
4) 1.0(DL+LL+EQZ/WLZ)
5) 1.0(DL+LL-EQZ/WLZ)
6) 1.0(DL+EQX/WLX)
7) 1.0(DL-EQX/WLX)
8) 1.0(DL+EQZ/WLZ)
9) 1.0(DL-EQZ/WLZ)
Proper Live load reduction shall be done as per

37) for the multistoried Buildings

Factored Load combinations as per 1S:Z Member Design

1) 1.5(DL+LL)

5(DL-EQZ/WLZ)

0) 0.9DL+1.5EQX/WLX
11) 0.9DL-1.5EQX/WLX
12) 0.9DL+1.5EQZ/WLZ
13) 0.9DL-1.5EQZ/WLZ
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Design of Foundation

Foundations are of two types. Deep foundation and shallow foundation

Shallow foundations are of several types .These are as follows

a) Isolated footing
b) Combined footing
c) Strip footing
d) Strip footing with strap beam
e) Raft foundation
Deep Foundation are of several types:
a) Pile foundations

b) Well foundations

Design of Isolated Footing:

Basic Design Criteria:
1) Base pressure check
Bearing capacit)
ity shall be increased upto suitable limit as described in IS: 1893
ke and wind load.

described in 1S 456 (2000)
6) Prepare the drawing for footing

Detailing of Reinforcement for foundation:
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Fig: 3.1 Typical detailing (sec

Where Ldt= Effecti
Ldc= Effective Develo
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Fig: 3.2 Typical detailing (plan) of an isolated footing as described in SP 34
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Fig: 3.4 Typical detailing of a combined footing as described in SP 34

Prepared by: JSA Doc No.-JSA/study material/aliah/01/2020 Date of first Issue: 16.05.20




BASIC DESIGN OF RCC STRUCTURES Page-18

AJ-— B r—
¥ /-cou.mn
/ | - r 4 )
+ &>
d&' - >l L - ri
.-..-,.‘...'ATI"._‘-T,- -_‘:‘.7;‘,"‘-...',~ O R TR T, L T <"'::";.g.':.:u'-’-l.-'reﬂ"-u"'J“E
A |‘_ 8 I‘_ | STIRRUPS AT SUITABLE SPACING
TRANSVERSE BENDING
REINFT. AT COLUMNS ONLY.
[ia » ™ N \_"_‘ﬂ DAY T R
SECTION-AA

Fig: 3.5 Typical detailing o ibed in SP 34
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Part -4

Design of Column

Column shall be designed for the axial force and biaxial moments

Basic Design Criteria:
Short axially loaded column:

R, =04f,A +0.67f A

Where P, = axial load on member
f, =characteristic compressive strength of concrete

f, = characteristic strength of compression reinforceme
A, =area of concrete

A, =Area of longitudinal reinforcement

Axially loaded column along with biaxi

For the biaxial moment check shal

oment capacity about y for an axial load of Pu

For slender columns additional moments about both directions shall be calculated as below.
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M, = %{%}’
-
where

P, = axial load on the member,
I = effective length in respect of the major

BXIE,
I, = effective length in respect of the minor axis,
D = depth of the cross-section st right angles
to the major axis, and
b = width of the member.

And also the axial load capacity calculation:
P, =045f, A +0.75f A,

Imp notes related to longitudinal Reinforcement

a) The c/s area of reinforcement shal and it should not exceed 6% of the gross cross

sectional area of the colu
b) The minimum no of gular column and it shall be six in case of circular column

c) Minimum dia of b

Detailing of Rein
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Fig: 4.2 Typical detailing of column beam junction as described in SP 34
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Part -5

Design of Beam

Basic Design Criteria:

1) Calculate total udl on the beam and also the maximum sagging and hogging b moment in

the beam. Also calculate the maximum shear force in the beam. Assume a '
deflection criteria for self-weight calculation

Basic values of spen to effective depth ratios
for spans up to 10 m:

Cantilever 7
Simply supported 0
Continaoas 25

2) Calculate the required depth of the beam consider 1 or doubly reinforced

section as per the suitability.

M =0.138f_ bd?

3) Calculate the required area of agging and hogging moments.

4) Check for shear stress. Sh hin the permissible limit as described in IS 456

Table 5.1: design shear strength for limit state method
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Mis MM M5 MM M35 M 80 and shove
o i [£]] ) i5) 15} m
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o8 0.3% 0.3 034 0.3 o 038
050 048 0.4 045 0.50 nso 0.51
ors .54 0.56 057 0.59 LE 060
1.00 060 062 084 0,66 0t .68
115 064 067 0.70 ol or 07
1.50 .68 on 074 0.7 oTE 0%
.75 (N 078 0T 1] 08 o4
1.00 LR ] 0 082 1] 086 1]
1.2% PR | oal il L] 03 090 L)
.50 Fh) | nE 0.BE awl 08 085
74 e ] 082 090 oM 09 09
o - o na2 092 0w 0% (B
and
e b
NOTE — The term A, is the aren of longituding] tension reinh which ot beusi one cMfective depth beyond thesection
Eu“jjmnwpu suppurl where tha full area of rension reinforcesment may be used provided the detmsling condoema 1o 26.1.2

Table 5.2: maximum shear
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pment length.

drawing for the beam and detail it.
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Detailing of Reinforcement:

: CLEAR SPAN
025 hy 031y 0:251,
e 0-15 1y # 01517 %
60 % [205 lﬂ'iu'.,‘—l poox 100 % - 60% _L'ZO%
o ¢
m‘% -
| 2 e
| 100 ¥, Laow),; { Lso 100 %
1041 0151 "T08 |
EFFECTIVE SPAN |} Y s
) -
END SUPPORT INTERMEDIATE SUPPORT
{RESTAINED) % 0151) SHOULD NOT BE LESS THAN L4

Fig: 5.1 Simplified Cu Continuous Beam

|
t 1
MINIMUM TWO BARS % .
i f
— il ﬁ

150 %o L‘DU */e 50% 308 L \

BRICK WALL SUPPORT

Fig: 5.2 Simplified Curtailment Rules for simply supported beam
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Design of Slab

Slabs are of several types
a) One Way slab
b) Two way slab

c) Flatslab Etc

]
|
1
e
MIDDLE STAIP |sm
i
|
|

- e S SIS SR S S W

EDGE STAP

|
: s
|

b —— —— v —

| — . _..|
|
ek plel

"H’L Tl {2 -

1oment coefficient for two way slab for different type of panels as
per IS 456 (2000)
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Basic Design Criteria:

1) Calculate the Ly/Lx r

oad per unit area

the shorter span.

3) Calculate the required depth of the slab considering maximum designed moment.

4) Calculate the required area of steel for designed sagging and hogging moment.
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5) Check for shear stress. Shear stress must be within the permissible limit as described in IS 456
(2000)

6) Check for deflection based on the provided area of steel
7) Check for development length.

8) Prepare the drawing for the slab and detail it.

Detailing of Reinforcement for slab:
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;. 6.2 typical detail of simply supported slab resting on wall spanning in one direction
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Fig: 6.4 Simplified Curtailment Rules for continuous slab
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Ductile Detailing

IS 13920:1993
actures located in

Provisions of this standard shall be adopted in all lateral load resisting systems of RC

Seismic Zone Il1, 1V or V. The standard is optional in Seismic Zone II.
i) For all buildings which are more than 3 storeys in height, the m rete shall

preferably be M20 ( fck = 20 MPa).
ii) Steel reinforcements of grade Fe 415 (see IS 1786 : 1985
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