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Ralnw C
of the long side to the short side of the foot_ing, The remainder .y ‘:\ o
distributed in the outer portion of the footing. N‘%

orcement

nforcement and spacing shall be
t for concrete sections greater than 1 m thick shall pe -
f it works out lesser as per requirements of solig clah m,ﬁtp%

354

where { is the ratio
shall be uniformly

(5) Nominal Reinf

(i) Minimum rei
(i) The nominal reinforcemen
length in each direction, 1

as per requirement of solid sfap,

(6) Coverto Reinforcement
A minimum clear cover of 50 mm shall be provided to the reinforcement in foundaﬁo"stmdg{
S

d Rectangular Footing

14.3.2. Design Steps for Isolate
pacity of soil, grade of concrete and stee),

Given: Load on column, safe bearing ca
x,.;ax and R, for given steel and concrete grades from Table O

1. Find design constants

Table 4.3. X
2. Calculate area of footing as follows: - F—-\-._____\
W, +w
A =——=T
do
where w, = load on column LN
w, = self wt of footing + pedestal if provided (usually |
considered as 10% of w_) Y b
g, = safe bearing capacity of soil
3. Calculate the size of footing:
(a) For square footing, side of footing S = VA , round off !
_-—________,..:

(b) For rectangular footing, assume one dimension (say X) and
calculate the other dimensions (say Y) as follows: Fig. 143.

A
Y = 5 round off to nearest 5 or 10 cms.

Alternatively, if ratio of width to length of column and footing are assumed to be similar (3y alb).o? |
bending moment is same in both directions.

4. Calculate the soil pressure due to factored column load only, as follows:
_ 15w,
TORY
where W, = column load
X
Y

P

It

shorter dimension of footing
longer dimension of footing

5. Depth of footing is calcul
adopted in the design:
(a) By one_ way shear criterion:

(effective depth) from the co

b’

ated by the following three criteria and highest value s

The critical section for one way shear is taken 2%
lumn’s face (Fig. 14.9).




a I:-_P
> I‘ z -9
7
¢
v bI
d
fe—>]
PN
—— 1
v
(X -a_ d) i X »|
_._2 a5 |
Fig. 14.9
Shear force at the critical section
_ Y-b
Vu = puxXx( 5 —d) (1)

Shear force resisted by concrete =71Xd (ii)

Equating (i) and (if)

not yet known, T, may be assumed

of reinforcement to be provided is
0.2%. For M20, this value may be

As exact percentage
nforcement, i.e.,

as that corresponding to minimum rei
taken as 0.32 N/mm”. "’
for two way shear of punching shear as

) By two way shear criterion: The critical section
it is commonly called, is at 2 distance d/2 from the face of the column.

Referring to Fig. 14.10, perimeter of critical section
¥
- d. d,ps8 i)
= E+Z+bty + a2
2 [a + 2 q 2 2 ll"'-". . -l i
a2
2(a+b+2d) ) =l :_f
Area of concrete resisting punching shear " : E :
A =2a+b+2DX d : |
Punching shear on the critical section (i Lo )
=p xy-@rdx @D .
punching shear resisted by the section _‘L ‘L’_—f/"
=1 x2(a+b+2d)xd pig. 141
! of footing
Where T, = 0.25  fek 4 (iv) We can calculate the de
i

b 3 .
Y equating the two cxprcssnons,
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(¢) By bending moment criterion: The critical section for Sic

X
bending moment is shown in Fig. 14.11. I‘\.‘\

| i pactored
X—allX-a Pu 2 :
= —(X-a (V) iy &
p“[ 2 )( 4 ) g (X7 s
- | s s Dept!
B.M. in ¥ direction = 2 (¥ - b)* ) BCCE e critical
8 | gy Shear fO
Moment of resistance of section
X ulim 0.42 X jim ] 2
= 0.36 . 1- Yd :
Equating the (v) and (vi) with the moment of resistance we get Iﬂx—_abl Assumi
the value of d. ' _ 2 Shear f
The highest value of depth as obtained in steps (a), (b) and Fig. 14.11.
(c) above shall be adopted as effective depth of the footing.
6. Determine the area of reinforcement required by following equation.
Ay f
M — O. _ st Jy |
’ Wil At [l Xd fo ] Equat;
The reinforcement area so calculated should not be less than the minimum reinforcement w
distributed as per IS code provisions. -
NOTE: For design of square footing, follow the above mentioned p
and substitute X =Y and a = b LI
I——-“" Con
SOLVED EXAMPLES :
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(@F‘“‘S ) . . .
\“u\ o angular combined footing
RC\‘ e . . z
! 1‘-1'6“’“"" combined footing
I

A peant and slab type footing
1 e

. 1 \
ap {footing.

cqllllqn ‘ @ o
N
. ANALYSIS OF A COMBINED FooTNg
" djy {46

Ceny ider the combined footing shown in Fig. 14.

u:! lnkc  heam supported on two columns in the lor;
. AR like a cantilever s

“Sign o, : iing acts fike @ cantl upported at columps 5
of ﬁa\m Py PZ
f()"()“.in'

C.G. of Loads

(b) L-section

I X

%% =

—

| ' —p

_ xl
H : (¢) Section
(a) Plan |
Fig. 14.24 Rectangular combined footing
y . ies a load P
" C,carries a > .
n SUCh{ the Column € , carries a load P, and the coLucrir:jnes \2;\; e CG dPy T e

s;: ay that the CG of the load system ¢©! columnn Gy
¢¢ of the resultant load (P, + Py) from

X -P|+P2

" The point G should be the €O of the foOImg
L

’ - —_—

X+x=2

L = 2(x'+f)

I Deflected
Shape
(X-X)

_The footing is proportioned

(Refer Fig. 14.25)
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Fig. 14.25.

In the longitudinal direction, the footing is designed by .considen'ng it to be a beam of Widh ¢
and the maximum values of bending moment and shear .force 1§ calculated at the critical Sections sy
in Fig. 14.25. In the transverse direction, the footing is considered as cantilever projecting fr
column supports. In this case, the bending moment is calculated at the face of the columa,

For designing a combined footing: (Refer Fig. 14.25)

B The critical sections for moment are at the face of the column and near the mid g
(Sections 1-1, 2-2, 3-3, 4-4, 5-5).
B The critical section for one way shear is at a distance ‘d’ from the face of the i
(Section 6-6, 7-7). .

B The heavier column is checked for punching shear at a distance d/2 around the peripten

the column.

The following example will illustrate the design of combined footing:

. 5o
" Example 14.4. Design a combined footing for two columns 500 mm x 500 mm e’th’wl"_
7.5

carmying a load of 1600 kN. Available width restriction is 2.4 m. The safe bearing capacity IsM]ﬁ
Use M25 concrete and Fe 415 steel [

Solution. Columnp size: 500 mm x 500 mm
P, =P, =1600 kN
I =5y

4y =2 2
2 of footing 0 =200 kN/m

Total column 10ag - 2 x 1600 = 3200 kN

w .
‘ ;ight of footing as 109 of total weight = 320 kN

olpg required = W _ 3520



,-\vnilahle width =24 m

o 116
Length = =52 =733m

, pdopting ) of the loag
TJ:““ qin F12 14.26 ystem Coincideg With the
\ -
T 1.26m Sm
7 :
: 2
%
1.0m c Ak
4————"| 1 Cz
095m
‘f
3
e 75m
nddh g Fig. 14.26
:Dln . _‘ . B Total load
the s Upward soil pressure = Area of footing
1600 x 2
d span T 7.5%x24
= 177.8 kN/m’
column Factored soil pressure = 1.5 x 177.8 = 266.7 kN/m’
& ¥ Design in the longitudinal direction
bery Upward soil pressure per unit length = 266.7 x 2.4 = 640 kN/m \/
L Caleulation of maximum bending moment and shear force (Fig. 14.27)
Shear F, C
— orce Distribution:
D _ _Q00 KN [just left of centre]
KN/ Shear force at €, = ~640 x 1.25 =800 N o jusrightofcene]
5 20121 7 Shear force at C, = -800+ 1.5 X 1600 =
Slmll&rly,
iy entre]
Shear force at C, = +800 kN [just right of ‘;600 KN just left of centre)
Shear force at C, = +800 - 1600 X 1.3~
Beng;
"¢ Moment Distribution:

- 25% <0 kKN
“Ming moment ¢ C, or C, = 640 x}__i___ _ 500

h 3.75% _2400%25
ing Moment at midspan = 640 X 4 2

- 1500 kNm




1.5 x 1600 kN

125 m dat‘oﬂg/‘/-
i
T @
BEGARR
640 kN/m
Frof“
1600 kN (v
800 kN

) \

800 kN
. 1600 kN

500 kNM 500 kNm

i +

| 1.585m
AL LN © )
1500 kNm
Fig. 14.27

Point of zero moment or contraflexure:
2
M, = 640.% - 2400(x —1.25)=0
X -75x+9375 =0
which gives x =158 m
(ii) Depth of footing
(a) From BM consideration:

M, = 1500 x 10° Nmm
Mﬂ
| Gregq = R,.b
mﬂ Fe 415 steel,
| x x
R, =036f, "= [1—0.416—3-3'—"—]

= 0.36 x 25 x 0.48[1 - 0.416 x 048]
= 3.45




- 1500)(106
EV Ty —

=425 mm

one WAy shear consideration: (at a distance ' from ¢
dce ()f CQ‘
umn)

V. = [1600 - 640[0.25 +-d_
2 1000 ||%10° N
). 2% steel, T, = 0.32 N/mm” from Table 5.1

" ]:rgm
\f

ganing

1%

_I;E < 0.32

d 3
(3400»640[0.2% 1Oooﬂxio .
T AL

rsolving we get d =1023mm .~
Hence adopting total depth of 1100 mm and effective depth, d = 1100 - 60 = 1040 mm
) Checking depth for two way shear / '

e critical section for two way or punching shear is at a distance + 4+ fooen the face of column
5 :

Area resisting punching shear = by.d =4(500 + 1040) + 1040
Shear force at critical section = 2400 — 266.7(0.5 + 1.04)2
v, 1768 kN
V, 1768 x 10°

[

T = by.d _ A(500 +1040) x 1040

T, = 0.28 Nlmm2

Permanent shear stress, T, = 0.25yfu

= 0.25V25

T =1,25N!mm2>'rv. Hence OK

U aneie . ae
L“ngltudmal reinforcement

f1) - .
' Negative moment or hogging moment reinforcement
Mu — 1500 kNm

4154, ]
| AI5Ay
X 1040[] T 25 % 2400 X 1040

1500 x 10¢ = 0.87 X 415 X Ag

Ot s
SO!Vmg we get ;
. = 4052 mm
L‘Sing ]6 Asl
Mm diameter bars,
m » 2400
Spacin_g required = 4052

=119 mm




4052 @ 21 bars
Number of bars = 0

pars @ 110 mm c/-c or 21 bars at top as hﬂgging .
0.12% of X-sectional area me"'re‘mf

[ diameter
Hence pmwde |6 mm

=

A_;.' min

_ 02 9400 x 1100
100

_ 3168 mm’

3168 _ 16 bars
crofl6mmdia. bars = 507

bars 5 bars can be curtaile

Numb i
d at the point of contraflexure, say 1.6
Hence out of 21 f“’mboth

0.87 x 415 x16 thy
pe s

— =753 mm. Hence OK
Li = 74 x1.92

E
!

(if) Positive ivioment Reinforcement

M, = 500 kNm
415A
6 _ 4 1_____________sl_____
500 x 10 _0.87x415xAﬂx100[ T 0]

2
A, = 1338 mm iy s

§

6 mm diameter bars under columns C; and C, as +ve moment reinforceney e

Hence providing 16-1

@:
® Transverse reinforcement #
In the transverse direction, the footing is designed as cantilever supported on the columas. The russ .
reinforcement is provided under each column within a band having a width equal to the width of hect
plus two times the effective depth of foundation. (Refer Fig. 14.28)
Bandwidth under-column C,orC,=05+104+1.0
=254 m [on the outer side only 1.0 m length i il
Upward pressure = Lokl ; 1600 = 1000 kN/m
Bending moment at the face of the column in transverse direction: ;E
500 m
_ 1000 x 0.952 colun
- 2 ’ soil ig
= 451.25 kNm Solut
‘Hence providi 0.1
providing 4, = 12 5540 % 1100
100
. = 3353 mm?
g of 16 mm diameter bars
_ 201 x 2540 L
-_——,—,—
3353
= 152 mm

16 i
7 mm d.lameter bars @ 150 mm c/c (17 bars) under iy
portion 16 mm bars @ 300 mm c/e. '



rcement.

€ transverse |
* the column |

s available]

@300mmc/c
#16-16 mm
dia bars

Umn s ()

1

IU‘liOn. Gi\’en:

Plan of Top reinforcement

BE
§ m):':psl;ol“-i Design a combined footing for t
mm in size and carrying 50
;; away from the propert
m", Use M20 concrete an

Pl)s‘ . p
tion of resultant load (X) from ¢

P, .l

y line.

Fig. 14.29

0 kN and

_ 50 N/mm’

olumn C,
600 4

P = 50+ 800

x = (P1 +P2)

wo columns, C,
800 kN of loa

The columns are
d Fe 415 steel.

P, = 50()!(1\1,‘92"‘800kN
=40m
=40m
x’ =04m

f, =415 N/mm”. fox

4 apar

and C,, 400 m
d respectively:

t the bearing ca
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T T
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| LT - [ i ! -1
| | | T T Bme ]---*
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T S
||| | T e
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it k ARARNNS SREREEN (16 mm @
o - e T 150rrmuc]
| [ T :
[ L]
16 mm bars @ 300 mm c/c
k.——r— 75m
al
R |
Plan of Bottom reinforcement
16m
! — #21-16 mm dia bars L
#16mm dia N>
¥
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* —
— - 24m
o e e 0 ==
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m x 400 mm and
The smaller

pacity of the




e ¥ = 246 m

Length of footing = 2(x+x)= 2(2.46 +0.4)
e | =572m
jdth of footing (B) '
weight of footing

1l

i 10% of total load

Assuming self
10500 + 800) = 130 kN
100

1300 + 130 = 1430 kN

1

Total load (P)
P _1430 _ 55 m?

Area of footing = 1 m

|

. 5 . _ 1021 _178m
Width of footing .——-—5.72
Adopt a width of 2.0 m.
E 246m .
T [
08m

l 02m O'im | hﬂ’l

I / V f
;///' 04m G._ 05m / 1 107m
7.

o
l
I
|
I
IL_‘&4 m=== 40m > 1.32m
Fig. 14.30. Plan of Footing
7 » Upward soil pressure = —1otalload 1300
Area of footing ~ 5.72 x 2
- =113.64 kN/m?
Factored pressure = 1.5 x 113.64
_ = 170.5 kN/m?
soil pressure per unit length

Py =1705%x2 = 341 KN/m

SFaC, = -
2 +34] x l32=+45012 klelSt l'lghl@fcg

= 4‘450.12 -1.5x% 800
=~749.88 kN just left of G



S.FatC, ——341)(04_1364

=-1364+ 15
=46] :
o shear force from column C, 36 kN JUSt right of C
749.88 _ 613.6
X 4-x
xr =2.2m

B +

27.3
297
1.76 m
0445 m | 5.275m

<
Fig. 14.31.

Moment at C, = 341x9—-—— =27.3 kNm

2
l 322 =197 kNm
2

Moment at ¢, = 341 x =5—

Yimy
"M Moment occurs at the point of minimum (zero) shear fOr°¢

M, = 341><3522 _1.5x800%2.2

= -526.5 kNm



380

Points of zero rnomf:m or comraﬂexure.
01N 2 :
M, = 341% 15 % 800(x — 1.32)
M, =0
170.5.1-2 _1200x + 1584 =0

=176 m and 5.275

On solving: we get
t consideration

X

ired from momen

ul
Lol M, = 526.5% 10° Nmm
526.5 x 10°
4. =15 76 x 2000
reqd 2.76 % 2000
=310 mm

a One way shear at column C, (heavier load)

‘" from face of column

Shear at distance
d
vV = 749 .88 — 341(0.25 .. 3
[ 1000)] Sl

u

Assuming percentage of tensile steel as 0.2%
t =032 N/mm’ from Table 5.1

YL < 0.32
bd '
664.63 x10° - 341d
2000 x b
g 664.63 x 10°
> —
081
d > 678 mm

Hence adopti
opting a total depth of 750 mm and effective depth as 690 mm and checking for two W™

® Two way shear

V., =1200 - 170.5 (0.5 + 0.69)°
V, =959.3 kN

T, = Vo _ 959.3x10°
bod ~ 4(500 + 690) x 690

L = 0.29 N/mmZ

Hence safe.
g Longitu
(1) Negati\

Area of st
Choosing

Hence pr
DCVelgpl

Out of ¢

(2) Pos



T =
. = 0257, = 02555

= 1.11 N/mm?
mm”>1 . Hence safe

(t) C o < b
=2
: o = 2(400 +690) + 2[400 +80 .,
b, = 4070 mm ’ 00)
V, = 750 -
. = 750 -170.5(0.4 + 0.69) (0 SRR
At —=1+0.2
V, =575kN 2 )
. - 515x 10°
Y 74070 x 690
= 0.20 N/mm’ <1
Hence sae. |

[l Longitudinal reinforcement

(1) Negative moment reinforcement
M, =526.5 kNm

M, = 0.87f,A, d(] _Aaly
fckbd

526.5 x 10° 4154, )

0.87 x 415 x A, X 690| 1 = o=——335""690
20 x 2000 x 690

Area of steel required, A, = 2186 mm2

Choosing 16 mm diameter bars
A¢ = 201 rnm2
0 way sheal ;
y Spacing required = %O—Q—Q = 183 mm

1 number of bars at top near the mid span

Hence provide #16@ 180 mm c/c Of 1

D
evelopment length for 16 mm bars
= 479 =47 % 16

Out of =752 mm (availabl
of these 11 bars 5 bars can be curtailed after th

0.12
_ & 012 2000 x 750
= 0.12% = 70

e on both sides of section)
e outer edge of the each column.

Asr min

_ygoomm’ Hence oK

) Poc:
081ty .
tive moment reinforcement

M, = 797 kNm .
/’,IL./-
297 x 10° = 0.87 x415% Ay 7’(690(1' 20x2000 x 690




’ 14 4
Heinforc@d c .
2 ‘Q"‘l\ gat®’
362 W = 1215 mm <Amin h
Aﬂr — 1800 mm”~
2012000 _ 223 mm
_ _WIxeT -
Spacing lequlfed - 1800
en
10 bars at bottom under each column and He
. 220 mm c/c or 1 Out of _
hsne prowgiesfa]nie@of 800 mm from inside edge of column. ﬂ\eseghm Figur®
. ~yrtailed at @ ) . ;
be curtal — The transverse remforcemeqt 18 provided under each ¢y
m Transverse lre:nugl ‘o the width of the column plus two times th? effective depi of o &, T
pand having 2 width €q ~04+069+02 [On the outer side only 0.2 ﬁ"% \
Bandwidth for column C; =Y _ ength is g, |
750 _ kN/m 5\
Upward pressure under column €y = 574" = 375 S 161
0.8°
BM at the face of the column = 373X~ ) ‘1
= 120 kNm 2
Area of steel required 43
A
6 _ 1 _ st
120 x 10° = 087X 415X Ay mex( 20x1290x676} _
(d =750 -50-16-8=6lm
2
A, = 495 mm
A = %xmomso z
A, =1161 mm’
Spacing of 16 mm diameter bars &

Spacing required = M =223 mm
1161
Hence provide 16 mm diameter bars @ 220 mm c/c under column C, ©

width 1.29 m.

¢ 6 bars under colum® Ca*

# Transverse reinforcement
Column C,

Bandwidth = 0.5 + 0.69 + 0.69
=1.88 m

Upward pressure = -1-;-.2,@ = 600 kN/m
0

oment at face of the column C,

- 0.752
= 600 x 25 = 168.75 kNm

100
1692 mm’



201 x 1880

gh raag Te 1 ‘d =
~ Sp‘.}t‘lni— require 1692
=223 mm
Or 6 bars under Gl
ide #16@220 mm c/c under the columns gnq 4 N Cin the widw | gg
Pt . - 6@ m
PN — men ; 3 . 2
7 ows the reinforcement detailing of the footip 00 mm c/c i the m;
ITRE S g. € middle portj
1 1.29m lon,
in I
—r
a
n | #16 mm @ 220 mm ¢/
E] 1--1——4_‘_/
o 6 220MM C’:C“"”—”“J
10 D;;r51
r_-—v-b
e 0 mm c/c . #16 mm @ 220 mm ¢/
pamm @ 22 (10 bars)
#16 mm @ 300 mm c/c
Plan of bottom reinforcement
#16 mm @ 300 mm c/c
y
616 mm Y
dia bars
[ 11-16 mm dia bars 107y
0.2m ! h—/.l
- l Plan of top reinforcement
1.07m
02m )
5‘—" 616 mm dia bars
11-16 mm bars
416 mm @ 300 mm &€
£ 10-16 mm
E dia bars
4
‘ 16 mm @ 220 mm c/¢
L 188 M
‘23”"“ @ — L7
Ommoe e 120m
16 mm @ 440 MM &°
#16 mm @ 300 mmM e

Fig. 14.
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