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BHARTIYA INSTITUTE OF ENGINEERING & TECHNOLOGY
SIKAR

DEPARTMENT OF CIVIL ENGINEERING

SYLLABUS
SUBJECT:-DESIGN OF FOUNDATION (8CESA)

1. Design of 1solated shallow footings, combined footings, raft foundations.
2. Design of pile foundations.

3. Design of wells and cassions.

4. Design of machine foundation.

5. Design of retaining structures.
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15.1. INTRODUCTION

Any structure is generally considered to have two main pnrtio_ns
(i) the superstructure and (i) the substructure. The substructure transmits
the loads of superstructure to the supporting soil and Is generally
termed as the foundation. Footing is that portion of the foundation
which ultimately delivers the load to the soil, and is thus in contact
with it. The load of the superstructure is transmitted to the foundation

or structure through either columns or walls. The object of prourif:liqg
foundation to a structure is to distribute the load to the soil In

such a way that the maximum pressure on the soil does not exceed
its permissible bearing value, and at the same time the settlement

is within the permissible limits.
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F1G. 151 VARIOUS TYPES OF SHALLOW FOOTINGS.
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Foundations may be broadly FlaSSiﬂCd under two heads -
shallow foundation and deep foundation. According to Terzaghi, a
foundation is shallow il its depth Is equal to or less than its width,
In the casce of deep foundation, the depth is equal to or greater
than the width. Apart from deep strip, rectangular or square foundations,
other common forms of deep foundations are : pier foundation, pile
foundation and well foundation. The shallow foundations are of the
following types : Spread footing, strap footing, combined footing
and mat or raft footing. Fig. 15.1 shows the common types of shallow
foundations.

Spread footings. A spread footing or simply footing, is a type
of shallow foundation used to transmit the load of an isolated column,
or that of a wall, on the subsoil. In the case of wall, the footing
IS continuous while in the case of column, it is isolated. Fig.
15.2 shows some common types of reinforced concrete spread
footing. /

/

uim

|1 .

—

(a) WALL FOOTING (b) SINGLE FOOTINGS FOR
COLUMNS

(c )SLOPED FOOTING
FOR COLUMN

FIG. 152 TYPICAL SPREAD FOOTINGS.

Combined footings. A spread footing which supports two
or more columns is termed as a combined footing. Such a footing,
is provided when the individual footings are either very near to

each other, or overlap. Combined footings may either be rectangular
Or trapezoidal (Fig. 15.2).

~ Strap or cantilever footing. A strap footing consists of spread
- footings of two_col_umns connected by a strap beam. The strap beal
does not remain in contact with soil, and thus does not traasfer
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any pressure 1o the soil. Such a footing is generally used to combine
the footing of outer column to the adjacent one so that the footing
of the former does not extend in the adjoining property|Fig. 15.3(c)].
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FIG. 153,

. Mat or raft foundation. A mat or raft is a combined footing
that covers the entire area beneath a structure and supports all
the walls and columns. When the available Soil pressure is low or

the building loads are heavy, the use of :
: , spread footing:
more than one-half of the area and it P otings would cover

may prove more '
[0 use mat or raft foundatjon. ¢ e

Pile foundation. Pile foundation is a deep foundation used

where the top soil is relatively w ‘
eak. Piles transfer th
lower stratum of greater bearing capacity ki d,

: ) | by way of end beari
or 1o the 1nlermcdlalelsml through skin fn'clion)f Thlz IS most coe:;::}gr;
type of deep foundation generally used fo

: r buildings where a grou
of piles transfer the load of the super-structure to the sug.soif
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15.2. PRESSURE DISTRIBUTION BENEATH FOOTINGS

Both from obscrvations as well as the analytical studijeg
theory of elasticity, it is known that the pressure distribution he
footings, symmetrically loaded is not uniform. The pressure Intensities
depend upon the rigidity of footing, soil type, and the mnditioﬁ
of soil. Fig. 15.4(a) and (b) show the probable pressure distribution
beneath a rigid footing on a loose cohesionless soil and cohesiye

soil. Fig. 15.4(c) shows the usuvally assumed uniform pressure dis.-
tributions.

from
necath

iSNARIANNS

(o) COHESION LESS (b) COHESIVE (c) UNIFORM PRESSURE
SOIL SOIL DISTRIBUTION

£1G. 154. PRESSURE DISTRIBUTION BENEATH FOOTINGS.

When a rigid footing rests on cohesionless soil, the soil grain
at the outer edge have no lateral restraint, whereas in centre the
soil is relatively confined resulting in a pressure distribution shown
in Fig. 15.4(a). For the footings on cohesive soils, the edge stresses
may be very large. However, the pressure distribution may be considered
as linear as shown in Fig. 15.4(c), for the purpose of the design
of reinforced concrete footings. Once the pressure distribution is
known, the bending moments and shear force in the footing can
be calculated, and the thickness of the structural member of the
footing, alongwith the reinforcement etc., can be calculated using
the usual principles cf reinforced concrete.
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Example 15.4. Design a rectangular isolated footing of uniform
thickness' for R.C. column bearing a vertical load of 600 kN, and
having a base size of 400 X 600 mm. The safe bearing capacity of

soil may be taken as 120 kN/m> Use M 15 concrete. Take
ox = 140 N/mm*.
Solution

1. Design constants

For M 15 concrete, and for o, = 140, we have
k=0.404 ; j =0.865 and R = 0.874

2. Size of footing

W =600 kN
Let W' be equal to 10% W = 60 kN.
- 2
A= 190 = 35 m
: 40 _ 2
Let rat f =— =
ratio of B to L 60 — 3
2LXL=55
(o) L =29 m.
B = % X29m
However, provide a footing of size 2 m x 3 m.
Net upward pressure py = 26203 = 100 kN/m?

3. Design of section

Refer Fig. 15.14.

Bending moment M; about section X-X is given by
M, =%B(L — a)* kN-m

_100x2
N 8

(3 — 0.6)* x 10° N-mm
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= 144 x 10" N-mm
\/Tﬁ— 144 X I
=VRB ~ 7 0.874 x 20000

= 287 mm.
Keep d = 200 mm and total depth = 350 mm.

Provide uniform thickness for lhfz entire footing.
B.M. M, about scction Y=Y is given by

M, =&:;;£(B — b)? x 10° N-mm

Thus, M <M,

The effective depth found above has to be checked for shear,

4. Check for shear
For the beam action total S.F. along section AB[Fig. 15.10(a)]

100X 3 5 — 0.4)2 x 10° = 96 x 10° N-mm_

1S

4 =pnB(£-E-d) =pnB(L_a - d)

272 2
= 100 x 2 [3 “'2“'6 ~029) = 182 kN
= 170000 N.

V182000

Tp —_— —

Bd - 2000 x 200 = 0.314 N/mmz_

Fore M 15 concrete, P =0.72% and hence 7= 033 N/mm?
Also for D > 300 mm , ¥ = 1 from Table 3.2.

Te < 1. (safe).
For the two way acti | |
-y Pefied 4 action or punching shear action along ABCD
Perimeter ABCD = 2 (@+d)+ (b + d)

=2{(0.6 + 0.29) + (0.4 + 0.29) |
= 2{0.39 + 0.69] =3.16 m
= 3160 mm.

Area A_BCD =0.89 x 0.69 = 0.6147 m*

Punching shear
= 100
= 538.59 kN (2 %3) - 0.6141)

T = 53359 X 1000
3160 x 200 = 059 N/mm?.
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Allowable shear stress 1. is given by

ro=0.16 Vfa = 0.16 V15 = 0.62 N/mm’.
0.4y _
k, = (0.5 + B) = (n..s + ﬁ) = 1.17

However, adopt max. k, = 1.

k.. =1x0.62 =062 N/mm>
This is more than 1, =0.59 N/mm’ Hence safe.
Thus the effective depth d = 290 mm is alright.

5. Design for reinforcement
Area A, of long bars calculated for moment M, is given by

M, _ 144 x 10° 2
o.jd — 140 x 0.865 x 200 — 4100 mm

Using 12 mm ¢ bars, Aq = 113 mm’

No. of Bars w0 sag

113

These are to be distributed uniformly in a width B = 2 m.
Effecive depth for top layer of reinforcement =290—12=278 mm.

The area A,, of short bars calculated for M; is given by

- M, _ 97)(106 _ 2
4= o = TA0 % 0865 X 278~ 200 mm.

This area is to be provided in two distinct band widths. Area
A.op in central bend of width B = 2 m is given by

A.n*l o—

AnZ{H} - %IT = 2; 5 = 2304 mm®
5+ 1
No. of 12 mm ¢ bars =%4-=20 10 be provided in

central bend width = 2 m.
Remaining area in each end band strip

= > (2880 — 2304) = 288 mm’.

No. of 12 mm ¢ bars =%=3, to be provided in each

caer ] 1
end band of width 5(L —B)=5(3-2)=0.5 m.

6. Test Jor development length

o , 140
®=Ix06

Ls =

= ®=583¢%
41':.4

Scanned by CamScanner

Scanned with CamScanner



=SRIX 12 = 700 mm.

60) mm side cover, length availahlc

Providing
LB — b} = 60 = §[2000 — 400} = 60'= 740 mm,

which is greater than L, Hence O.K.
600

12mm § 36 NOS

| T
L T-H
-4'§T435¢L‘—l2mm¢2owos —-—l'frTé"s
FIG. 15.25

7. Check for transfer of load at the base

Az = 600 x 600 = 360000 mm’
At a rate of spread of 2:1,

A, = [600 + 2(2 x 350))* = (2000)¢ = 4 x 10° mm"

o VA _yIXI 34355

A 360000
Adopt max. value of VA,/4, as 2.

permissible bearing stress = 0.25f.V j:
=025%15%x2=75 N/mm".
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Design Example 16.1 Design combined rectangular footing for
two columns A and B, carrying loads of 500 and 700 kN respectively.
Column A is 300 mm X 300 mm in size and column B is 400 mm X400
mm in size. The centre to centre spacing of the columns is 3.4 metres.
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The safe bearing capacity of soil may be taken as 150 N/m®. Use
M 15 miv. Take o, = 140 N/mm’.
Solution,

1. Design constants

For M 15 mix. and o, = 140 N/mm?, we have
k=0404;=0865 and R = 0.874
2. Size of footing
W, = 500 kN and W, = 700 kN

Let the weight of footing= W' = 10% of (W, + W;) = 120 kN

500 + 700 + 120
150

Let the size of the footing be 1.8 m X 5 m

The projections a, and a, should be such that C.G. of footing
coincides with the C.G. of column loads. The distance X of the
C.G. of column loads from centre of column A4 is given by

A =

=88 m’

W51 700 X 3.4
X = — =7 m
W, + W, 500 + 700
l—c—— L/2 —— L/2 b—‘
- | T
0 t—- X o |
L
1-15 »
E o O'9m r_E
Q) e {=z34m P w
05+ —— j_

FIG. 166
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t'h+\' ""2‘
L 5
w2 ol sTall) M
o1 () 2 X 2

m=L-(+a)=5-(34+05)=11m

The net upward pressure po is given by

Wi+ Wy _ 500+ 700 _ 400 N2
PP ="BxL =~ 18xS5 3

pressure w per metre length

=po B= @ x 1.8 = 240 kKN/m’

3. BM. and S.F. diagrams

The B.M. and S.F. diagrams in the longitudinal directions are
shown in Fig. 16.6.

S.F. just to the left of A =240 x 0.5 =120 kN

S.F. just to the right of A =500 — 120 = 380 kN

S.F. just 10 the right of B =240 x 1.1 = 264 kN

S.F. just to the left of B =700 - 264 = 436 kN

S.F. will i ' i :
wi ‘EBCO zero at distanace x from A, its magnitude being

i\' b = —
given by x 540 1.585 m,

_Thc_maximurn hogging B.M. M, will t
SEction, its magnitude being given by

Mi = (500 x 1.585) - 200 05 4 1 g5y

=271 kN-m=271x 10° N
Sagging B.M. at B = 240 gl-l)?'

.

herefore occur at this

-mnm

= 145kN-m= 1.45 x 10* N-mm

Sagging BM. a1 4 = 240
A==-(05)" =30 kN-m= 0.3 X 10° N-mm

Sagging B.M. at the outer face of ¢q
_ 240
M:==(09) =97kN-m= 097 » 10° N-

Sagging B.M. at the outer face of g

_ 240
M3 m— T (035)2

Let the point
column A.

lumn B g

umn A4 js

=15 kN-m=0,15 10° N-mm

of
Contraflexure occyr al X from the centre of
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Then M, = 500x = 230 (v + 0.5)" =0

which gives v = 0.08 or 3.08 m

Hence first point of contraflexure occurs al .08 m to the right
centre of column A4 and the second one occurs at 3 m from A,
or 3.4 —3.1=0.3m to the left of cenire of column B.

S.F. at the first point of contraflexure
= 380 — (240 x 0.08) = 360.8 kN

S.F. at the second point of contraflexure
= 436 — (240 x 0.3) = 364 kN

4. Effective depth from bending compression
The effective depth d for hogging B.M. M, is given by

g =V 271X 105
~ 7 0.874 x 1800

=416 mm

5. Check for punching shear

Let us check the above depth for punching shear, for wl}ich
the critical plane lies at d/2 =208 mm around column B. Width

b, of critical plane = 400 4+ 208 = 608 mm.

400
Punching shear force at column B =700 — —=X (0.608)°
=~ 651 kN.

651 x 1000 2
= = ().643 N/ :
Shear stress T % 608 X 416 0.643 N/mm

Permissible shear stress =k, Te =1 X 0.16 Vfu
=1 % 0.16 VI3 = 0.62 N/mm’

This is less than the actual shear stress. Hence the depth found

from bending compression is inadequatc.

: 651 x 1000
The required depth d = 1% 608 X 062 432 mm.

Using 60 mm cover to the centre of reinforcement, D

= 432 + 60 = 492 mm.
However, provide D =500 mm so that available d =500 - 60

= 440 mm.
6. Design for bending tension in longitudinal direction
(i) Reinforcement for hogging bending moment M,
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M, 2.71 X I”’ = SORG I"'I'll'l'l:Ir

Au = 5 jd " 180 x D865 x 440

.. e y
Using 16 mm & bars, having As = 7 (10) = 201 mm

SOR6 _
No. of bars = _flTll w 25.3 = 26.
Thus provide 26 bars uniformly distributed over the width of

1.8 m over top face,

At the point of contraflexurc ncar B, shear force F = 3g4
kN. | '

Let n =no. of 16 mm & bars required at thc_gmnt of con-
traflexure, from the point of requirements of Code provisions inherent

in the cquation

Ml L
—V-+Lr_|3 d

where M; = moment of resistance of the section= A4, o,jd
=n x 201 x 140 x 0.865 x 440

=n X 10.71 x 10" N-mm
V = S.F. at point of contraflexure =364 x 10° N

Lo = d for 12 & whichever is greater
=440 or (12 X 16) which is greater
= 440 mm

L;=583¢® =583 % 16=933 mm
M
7‘ + Lo L,
n X 10.71 x 10°
or -+ =
364 % 10° 440 = 933

From which n =168 =17
However, all the 26 bars arc taken u

both the columns. Out of these, 18 bars ar¢ stopped and 8 bars

are taken straight upto either edge of footing, These bars will serve
as anchorage for the stirrups.

(1) Reinforcement for sagging BM. M, is given by

A, = Mz= 0.97 x 10° "
2 = Gjd . 140 X 0.865 x 440 = 1820 mm

P to the outer faces of

Using 12 mm & bars, No. of bars =_l%2.‘5_0= 16.1 = 17

These no. of bars should be sufficient [rom development length

point of view so as to satlisfy the following criterion at the point
of contraflexure near the inner face of column B
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Afl 4 Lo = La

Tf " . P
let n =number of bars required 10 satisfy this criterion
M, = Aq0ujd = (n % 113) 140 X 0.865 X 440)

=n X 6.02 X 10° N-mm

17 = S.F. = 364 kN = 3.64 X 10° N

Lo =d or 12 @ whichever IS more

L, =583® =583 X 12 = 700 mm.
Substituting the values, wc gCl

n X 6.02 X 10° + 440 = 700
3.69 X 10°

= 44() mm.

which gives n = 15.7 = 16. |
Hence 17 bars of 12 mm & will be sufficient.

These bars should be extended by /o (=440 mm) bcyond_ the
contraflexure. At this point curtail 9 bars and continue

oint of '
: to serve an anchor bars for stirrups.

8 bars throughout the length
(iii) Reinforcement for sagging BM. M,

015 x 10° _ 2
Axy = T207% 0.865 X 440 28 mm

Minimum reinforcement @ 0.15% of cross-sectional area
0.15 x 500 x 18(X) )
= =13 "
100 1350 mm

No. of 12 mm ¢ bars =%5.;0=12

Let us find the reinforcement from development length point
of view so that the following relation is satisfied at the point of
contraflexurec near the inner face of column A4 :

M
7‘+L{.3Ld

npml?cr of bars required to satisfy the above
criterion
My =Aq04jd = (n X 113) x 140 % 0.865 x 440
=n X 6.02 x10* N-mm
V'= shear force at point of contraflexure
= 360.8 kN = 360.8 x 10° N
Lo =12@ or d whichever is more = 440 mm
L:i =583¢ =583 x 12 =700 mm.

Let n
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Substituting the values,

h
n X ﬁ.IIZ X l‘“ + 440 - 7“]
360.8 x 10

From which n = 15.6 = 16.

Continue these upto 440 mm beyond the point of contraflexyre
At this point, curtail 9 bars and continuc remaining 8 bars to 5eM:
as anchor bars for shear stirrups.

6. Check for one way shear

In the cantilever portion, test for one way shear (diagong|
icnsion) is made at a distance d = 0.44m from the column face

or at 0.44 + 0.20 =0.6d m from the centre of column B, Shear
V=264 —240 x 0.64 = 110.4 kN.

__ 110.4 x 1000
1800 x 440

Permissible shear stress =k1. =7. =033 N/mm? for

p=0.72% (balanced section), obtained from Table 3.1.
Hence sale.

= (.14 N/mm?

~ Similarly, in the cantilever portion near column A, the footing
will be safe in shear.

For diagonal tension between 4 and B, near column B, crack
can occur at the bottom face of the footing(ie. for sagging B.M.)
at a distance of d =440 mm, or at the top of footing (ie., for
the hogging B.M.) at the point of contraflexure distant 300’ mm
from the centre of the column, whichever is ncarer.  Shear force
at the point of contraflexure = 364 kN which IS more.

364 x 1000

T = o0 x 4 70 = 046 N/mm?

which is more than the permissible shear stress 7= 0.33 N/mm®

Hence shear reinforcement is necessary

Using 12 mm & 8-legged strrups A4, = 8 x 113 = 904 mm’
Spacing - OnAnd _ 140 x 904 x 440
Ve 364 x 1000
= 153 mm

Hence provide there @ 150 mm c/c

The S.F. for which stress is (.33 N/mmi IS =@X354

.46
= 261 kN
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36 — 261
This occurs at a distance of 4 ‘24“  =0.73 m from the centre

of the column B or 0.53 m from the inner face of the column.
Hence provide at least S stirrups @ 150 mm c/c, for a distance
of 0.6 m from the face of the column B

Similarly, ncar column A, tension crack can occur in the hogging
portion  al the inner face of the column since the point of
contraflexure happens to fall under the column. S.F. at the inner-
face = 380 — 240 x 0.15 = 344 kN

344 x 1000

. 2
T = 1200 % 440 — 0.434 N/mm

against a permissible value of 0.33 N/mm’. Hence shear rein-
forcement 1S necessary.

Hence provide 5 Nos. 12 mm & 8-legged stirrups @ 150 mm
c/c, for a distance of 600 mm from the inner face of the column.

Spacing of nominal stirrups is given by
_235A, ) _ 2.5 X904 x 250
b 1800
= 314 mm
Hence for the rest of the length, provide 12 mm & 8-lgd nominal
stirrups @ 300 mm c/c.

Sy

7. Transverse reinforcement

The footing will bend transversely near each column face. Projec-
tion a beyond the face of column A = %(18[}0 — 300) = 750 mm.

Width B, of bending strip =b + 2d = 300 + 2 x 440 = 1180 mm.
However, width available to the left of outer face of column
A =500 — 150 = 350 mm only instead of 440 mm. Hence available
B, =350+ 300 + 440 = 1090 mm = 1.09 m.

Net upward pressure p,’ = W: 20 = 254.8 kKN/m*

of the column.

__,at 0.75)?
M =py - =2548 " 2) =71.66 KkN-m

- 7166 X 106 N-mm

4 =V 7166 x 10°F _
0.3?4x lm) -—286 mim.
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REINFORCED CONCRETE STRUCT 1
aTh |

~tual d = 440 mm provided carlier | sufficien.
¢ auiik ' ' '
&‘:‘:{ITI. heam will thus be of the same Ihlfirﬂ:-‘“ " I_h:: Fest of
lll;nn‘h sting. Since 1FANSVErSe reinforcement Will Be provided g,
the o o e

[
the longitudinal one, available d = 440 - 12 = 428 mm.

g —*—f‘—IIOGrnnT'J
{500 - 3400mM o d8LGD |

S "
26-16mm P fggﬁm@c : "
20 8-16mm 9
300 I . 1
=520 L-12mm d b>-740~* EI?- I6mm &

17-12mm ® 5 ) SECTIONAL ELEVATION -
le— 1090 — r[zmmb@lﬁ?mmc:’b—t 1280 mm i

2mm @ BOmm u -2

T ----h-cJ [ 11 j‘IV
| : . |.

tl ] |1 "‘| ' L *:' f 1 _ﬂ" | O E
! ' ! -t s = ull 0
L ;T ! { [ - f; J_I__:r* 1 h-‘_l. g
il es ‘} - I + 4] —

{# ' 1 . : L-.IE
| ! L1 | RO l

|
Li2mm ®17Nos Li2mm @8 Nos Ci2mm 17Nos L;
(b) PLAN OF BOTTOM REINFORCEMENT

i6mm @ BNos _1smmd 26Nos ™!

ARRRARRE
le——1800mm —

8LGD 500

- STRPS 1.
IEmm ¢ 26 Nos

(d) SECTION AT |-

(e) SECTION AT 2-2
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The transverse reinforcement is given by

71.66 x 10°

. an )
An = T30 % 0.865 x 428 — 1383 mm

Using 12 mm & bars, spacing is given by

_ 1000 As _ 1000 x 113

$ = A 1333 = 82 mm

Provide these @ 80 mm c/c. The reinforcement provided above
~should have sufficient development length. |

L;=383¢®=583x12=700 mm.

Using 50 mm clear cover on the sides, length of bar available
= 750 = 50 + anchorage value of hook. Hence safe.

Similarly, for column B, width B, for transverse beam= 400
+ 2 x 440 = 1280 mm.

, W 700 2
PV =BxB " T8x128 M kN/m

Cantilever projection a = % [1800 — 400] =700 mm = 0.7 m
2 2
M =ps =304 80 =745 kN-m

=75.5 x 10° N-mm
74.5 x 10°

- — 2
A = T30 x 0365 x 428 — 1437 mm
: 1000 x 113 :
US 12 '¢" b | - o
ing mm ars, s 1337 80 mm.

Hence provide these @ 80 mm c/c in the strip of width 1280

mm. The available length of the bars will just satisfy the requirements
of the development length.

For the rest of the footing, provide transverse reinforcement
@ 0.15% of the area of cross-section.

0.15
Ax =755 (1000 X 113) = 750 mm?

spacing of 12 mm & bars =-1£(-I]};)1131= 150 mm

The details of reinforcement etc. are shown in Fig. 15.44.

Scanned by CamScanner

Scanned with CamScanner



Design Example 16.6.  Fig. 16.18 shows the lavon

of a burlding. The outer mhmmﬁ* are  3(X) x 300 :r?:l;::(g;:rwnf::!hi?m

a load of SO0 kN cach. The inner columns are 400x400 mm in sgyé'
and carry a load 800 kN each. In addition to this, each column carries '
a moment 160 kN-m due to wind load on the length of the buildin
Design a suitable raft foundation, if the bearing capacity of soil f:

100 kN/m'. Use M 15 mix. Take o, = 140 N/m

m®
-¢‘E~ — 4 — B8 & .l
iy =5 —————— _?_
, |
I i
4'5111‘
' |
- ——
e >te—— 4.5m —{
FIG. 16.18
Solution.

1. Design constanis

For M 15 mix, we have the following values :
Osc=Cc=5 N/mm’ando, = 140 N/mm*;m = 19;
k=0404; j=0865; R=03874
2. Size and pgeneral arrangement of maut

Total. weight W = (4 x 500) + (2 x 800) = 3600 kN

Self-weight of raft. W' = 10% W (say) = 360 kN
Total load = 3600 + 360 = 3960 kN

Total moment = 160 X 6 = 960 kN-m
i 960 _
Eccentricity e = 3960 0.242 m

Let the raft project 500 mm outside the column all rmfnd.
s0 that length of raft = (9 +03+2x0.5) =103 m, and width
of raft = (45+03+2x05)=358 m. '
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Hence maximum and minimum intensities of pressures Wwoulg
be

%E) " m;g(:,s.s (' £23 0*242)

T W
i i 5
Rk

~ 83 N/m’ and § N/m’

Since the maximum pressure is less than 100 kN/m® the size
of the footing is satisfactory.

: 3600 2
Nct upward soil reaction po = to3——=3 = 60 kN/m

Upward reaction due 10 wind moment is given by

Py - — 20 failﬁ.ﬁ kN/m*
1% 10.3 (5.8)

ie., +16.6 kKN/m* on leeward side and —16.6 kN/m® on

windward side.
Pressure intensity at inner face of longitudinal beams

[-LONGIT UDINAL BEAM

it — -_ﬁﬂ

| | LSECONDARY
BEAMS —

FIG. 16.19.

_ A 2
= * 16.|6 X 58— + 11.7 kN/m

Let us provide two longitudinal beams in direction A(: 33
DF, joining three columns on each side. These two beams are ]::iinmI
by seven secondary beams. The general arrangement of beams €&

are shown in Fig. 16.19. _ . -

Scanned by CamScanner

Scanned with CamScanner



3. Design of slab

The soil pressure distribution duc to load and wind moment
are shown in Fig. 16.19 (b) and (c) respectively. Since the pressure
Pe due to wind moments is less than _{rd the pressure py due to

dead load, the cffect of wind will not be considered in the design
of slab.

The slab is to be designed for the greater of the following

(wo moments | _ | |
(@) Bending moment in (he cantilever portion of slab.

(b) Bending moment in the continuous slab.

Cantilever span =05 m=a 1)
2
My =pot =L 05)?=75 kN-m
2 &
shear force F; = poa =60 x 0.5 =30 kN (i)

The slab is continuous over the secondary beams. Centre (O
centre spacing of secondary becams=1.5 m. Taking width of sccondary
beams as 0.3 m, the clear span of slab, between two beams =1.5-0.3= 1.2
m. Hence bending moment in interior spans Is

2 2
M, =BoL” 80U _ 75 yNem  ...(iii)

12 12
S.F. Fz =pa% = 6[1(11221 = 36 kN (ll’)

Hence design BM. M =7.5 kN-m = 7.5 X 10° N-mm
Design shear force F = 36 kN.
The effective depth of slab is given by

d=V_I3X1C _ _ 96 mm

0.874 x 1000

Keeping an effective cover of 50 mm and a total depth of 150
mm, available effective depth =150—50=100 mm.
Area of reinforcement is given by

7.5 % 10° )
A —— -
"= 130 x 0.875 x 100 — 012 mm
Using 10 mm @ bars, Ade = 78.5 mm’
1000 % 78.5

. Spacings = €15 = 128 mm

Hence provide 10 mm @ bars @ 120 mm c/c.
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Let us check the reinforcement for development length
L4 required = S83 @ = 583 x 10 = 583 mm.

Providing a side cover of 50 mm, available length of each ha
= X - 50 + anchorage value of hook r

=450 + 13 ¢ = 450 + 130 = 580 mm only.

This is quite near to the required L;. Hence O.K.

For cantilever portion, and portion under the face of the secondary
beams, this reinforcement is to be provided at the bottom face of
the slab since bending moment is of sagging nature, while for ip.
tlermediate portion between sccondary beams, the bars are to be
provided on the top face, as is donc in a continuous slab.

Area of transverse reinforcement =-(:—‘—Im§(1000 x 150)

=225 mm*

Using 10 mm ¢ bars, spacing = 1[}002;573'5 = 348 mm.

For the portion of slab projecting from the face of the main
slab, cartilever projection =0.45 m.

2
M = 6”(“2"‘*1 =6 kN-m

Now, actual length of each bar in the cantilever portion, using
50 mm side cover =450 — 50 + 13 ¢ = 400 + 130 = 530 mm.

Required L;= 58.3 x 10 = 583 mm.

Hence actual o, carried by each bar =§—‘:g X 140
=127 N/mm’
Effective depth available =100 - 10 = 90 mm

_ 60 x 10° ;
A = 1375 0.875 x 9p — 0000 mm

and spacing of 10 mm ¢ bars = IEK)(;{;(D‘?S.S ~ 130 mm

For the sake of symmetry, provide these also at 120 mm ¢/
Also, the spacing of transverse reinforcement (found as 380
mm c/c) may be kept at 2x 120 = 240 mm c/c, so that every

alternate bar of cantilever reinforcement may be used as distributio?
bars.
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Let us check the slab for shear,
Vo F 36 x 10°

=0.36 N/mm*

1004, 1000 x 78.5
= mo( = ) + (1000 x 100) = 0.65%

From Table 3.1, . = 0.32 N/mm?
Also, from Table 3.2, k = 1.3 for D = 150 mm |

permissible shear stress = k 1.=13x 032 = 042
N/mm’ which is more than t,.Hence safe.

4. Design of intermediate secondary beam.

There arc in all seven secondary beams spaced at 1.5 m c/c
out which the two outer sccondary beams and the central secondary
beams, join columns. The remaining four secondary beams are in-
termediate beams which join the longitudinal beams. These inter-
mediate beams are subjected 1o reaction from the slab beneath. Since

the reaction due to wind moment is less than %—rd the dead load:

reactions, it will not be considered in design.
Span of the beam = 4.5 m.
However, the load on the beam wi

on the slab on the clear span of 4.1 m. Fo ini
_ L M. For the remaining porit
Of the slab, load will be transferred directly to the Inngiludinilpbcrz:n?:

Load per metre run w =po X 1.5 =60 % 1.5 =90 kN/m

The loading is shown in Fig. 16.20
End reactions transferred ta cach longitudinal beam

-~
Z R R
% — -——4-5rn —
=
{‘ég 4*|l‘l"| e
TR ERRRARSRERRERRARIRLS
w = S0kN/m

(a) DUE TO SUF’ERIMPOSED LOAD
17:6 lj'ijt
WIND WARD

I7-6

LEE WARD
(b) DUE TO WIND LOAD

FIG. 16.20.
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R = %(J_l x 0n) = 184.5 kN

4.5 _ 90417 _ 226 kN-m
M = 1845 % 5 - 2(2)

= 226 x 10" N-mm

fe—

F:R=|3~’.5k”

Since the beam experience ho
act as T-beam. Let the width of beam

of fange is given by

gging bending moment, it wil)
=h.=300 mm. The width

by = % + b + 6Dy
where l, = 45 m = 4500 mm
b, = 300 mm
Dy = 150 mm.
by =400 4 300 + 6 x 150 = 1950 mm

subject to maximum of centre {0 centre spacing(=1.5 m)

Hence by =1500 mm. Taking lever arm =().9 d, effective depth
is determined from the relation :

-D
M = 0.45 by. e D,[_”“lk _z]

2 x 0404 d — 159_]

. 976 x 10* = 0.45 x 1500 x § x 150 [ o —

226 x 10° x 0.404
- 0.808d = 0.45 x 1500 x 5§ x 150

From which d = 410 mm

T =16 N/mm® for M 15 concrete (Table 3.3)
Hence maximum depth from considerations of shear 1s

+ 150 = 3304

. F
D Te ma
_ 1845 x 107 _
or d = 300 X 1.6 = 384 mm.
Hence adopt d = 410 mm.
226 x 10° >
b o Wi I 3
Av = T30 % 0.9 x 410 -
4375 L g
Using 25 mm & bars, No. of bars =291 = >
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Provide these in two layers at the upper face of the beam,
Keep @ vertical distance of 25 mm between them and effective cover
of 60 mm. Henee total depth = 410+ 12.5+12.5+60=495. Keep total

depth of SO0 mm.

Near cnds, bend 3 bars downwards to take ncgative bending
moment induced due to fixidity.

Al the end, let us check for development length so as to satisfy
the relation

%l'FLnELd

where M, =0, A, jd = 146(6 X 491) X 0.9 X 410
=1.522 x 10* N-mm
V =1845 kN =1845 x 10' N

Lu=%—x'+13¢=-4-2m—40+|3)(25=435 mm
L;=583¢=583%25=1456 mm.
M, 1.522 % 10°
. =Lt Lo= + 485 = 1310 ;
VT 1845 % 10° —

This is less than required L.,

Hence bend only two bars downwards, so that 7 bars are available
at the top face,

7

Revised M, =1.522 x 10* x £ =178 x 10°
M, 1.78 x 10°
" =+ Lo= + 4385 =
VT 1845 x 10° o
which is quite near to L,
_ 1845 % 10° "
Also, 1, = 300 X 410 1.5 N/mm

100 A4, = 100 X 7 x 491
bd 300 x 410

Hence from Table 3.1, 1. = 0.44 N/mm?

= 2.8%

Since 7, > 1., shear reinforcements necessary.

Ve=1.bd = 0.44 X 300 x 410 = 54120 N = 54.12 kN

S Vi=V =V, =1845 - 54.12 = 130.38 kN

Using 10 mm @ 4-1gd stirrups, A, = 4% (10) = 314 mm’

o go=An0Ond _ 314 X 140 X 410 _ 138
V, BU3sx 1000 O M.
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F s e .

The distance of the point where S.F. s equal to V, Bives

. 184.50 = S412 _y 45 m from the face of longitudinay bean
y - ) :
rovide 10 mm @ 4 lgd stirrups @ 130 mm ¢/ (fom
45 m from the face of cach Inngiludin;n
length, provide nominal stirrups ar the

Hence p '
the end to a point distant |

heam. For the remaining
maximum spacing given by
_25.Anfy _ 29 X 314 X 250 _ <50 mm.
e 300
Subject to a maximum of 450 mm or 0.75 _d(=0._?5 X 410 =
300 mm). Hence provide 10 mm @ 4-lgd nominal strrups at 3
spacing of 300 mm c/c for the remaining Iength.

Let us calculate the reaction transferred by the secondary beam
to main beam. due to wind load reaction p,, since this will be

useful for the design of main beam.

Load due to p., per metre run = x L5p.
=+15%x11L7==%17.6 kKN/m

at the face of the main beam.

Couple due to this =(% X 17.6 % 2.05) (%- x 4.1)
= 49.3 kN-m
End reactions = %z 11 kN.

Net rcaction at windward end =184.5—11=173.5 kN

Net reaction at leeward end = 114.5 4+ 11 = 195.5 kN.

S. Design of central secondary beam

The central secondary beam BE joins columns B and £ and
hence is subjected to end moments transmitted 1o it by the columns.
Therefore, let us consider both p, as well as Pw along with the
transferred end moments, to calculate the maximum bending moment
and shear force.  If the bending moment s greater than the

intermediate secondary beam atleast by 33%%, then the design will

change. Otherwise it will remain the same.

From Fig.16.19 (c), the pressure intensity p.’ due to wind, at
the face of longitudinal beam = 11.7 kN/m>

. Net pressure intensity at £’ =60+ 11.7 = 71.7 kN/m’.
Net pressure intensity at B' =60—11.7 = 48.3 kN/m’.

|

'}
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Width of <ah transferring load = 1.5 m.
Load intensity wy at end B =717 x 1.5 = 107.6 kN/m
Load intensity wy at end B' =483 x 1.5 =725 kN/m
The cffective span of the beam =45 m while it will receive
joad only in a length of 4.1 m. The loading on the beam is shown

in Fig. 16.21

Rg Ra
LONGITUDINALA 66
HEh:ﬁ 04
B
‘ w, =72 5
w, = 107-6 =~ WN/m

KkN/m
A b :-cr-zf'u
(LEEWARD) fo—x ——
(WINDWARD)

F1G. 1621

To find reaction at E, take moments at B.

4.1 107.6 — 72.5 -

: _ N 1.3 4.1
. Re= 1= [72.5 >c4.1( : +0.z] + -

X {% (4.1) + 0.2} -2 X 16(]]

= 124.5 kN.

Similarly, taking moments E,

4.1 107.7 — 72.5 »

Ry = % [72.5 x 4.1 [T + 0.2] + " 4.1

x [14.1) + 0214 2 x 160
e oz 2]

= 2448 kN
Bending moment will be maximum where S.F. Is zero. Let us
write down equation of shear force at x from support B.

6— 725
F,=244.8 - [72.5(x <y 2 64 : 22~ 02) (r - 0.2)]

Equating this to zero, we get x = 3.1 m
Hence maximum bending moment is given by

72.5(29)* | (107.7 — 72.5
M = (2448 x 3.1) — 160 — [ ;] t ( 4.1 )

3.1

1 e
x3.1xix3.lx 3
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= 251.5 kN-m ---ﬁl‘)
It will be seen that maximum bending moment and shear foree
found above by taking the wind cffect into account are Jess than
11 times the corresponding values for the intermediate secondary

beam. Hence the same depth and same main reinforcement wijy be
used. Il however, the B.M. and S.F. found above were more than

1 . « " e
lE times the B.M. and S.F. for the intermediate secondary beam,

the central beam could be designed for the above increased B.M
and S.F., taking higher permissible values of stresses.

However, duc to partial fixidity at the ends, the beam will be
WL

subjected to sagging B.M. =53

160 KN-m.
Total sagging B.IM. =(124.5 + 244.3)% + 16()

in addition to wind moment of

= 229.2 kN-m.

Since the intermediate secondary beam has b 2Si
liate s been designed for
?kB:M' of 226 kN-m, its depth d =410 mm will be sufficient to
ake compression, but special reinforcement at  the bottom face

will have 10 be provided at the ends. However, provide the same
reinforcement as the centre, Le. 9 bars of 25 mm ¢ provided in

(WO layers at the bottom face for the portion under the columns
for a distance at least equal 10 L, =583 x 2 = 1500 mm ‘

6. Design of end secondary beam

The end sccondary beam will
bes get less load by way of reacti
from the slab, because it will recejve load from sla}l; of{widlh = Olgg

] "
+ 5(1'5) = l.4 m only against 1.5 m width for central secondary

Ibl::am. l-Inwcvc_r, provide the same section and reinforcement as for
e ccnlral sccondary beam. The ratio of load on the outer beam
to the central one will be approximately equal to

1.4
l-S 0-)3

7. Design of main beam

The bending moments and shear [orces in the main beam are
0 be [ound under the following three conditions :

(a) Ignoring wind effect.
(b) Taking wind effect : leeward beam.
(c) Taking wind effect ; windward beam.

L

3
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(a) [gnoring wind effect

When there is no wind acting, the reaction transferred to the
main beam by all the intermediate as well as central beams will
pe cqual, while the reaction transferred by the end beam will be
003 times that transferred by intermediate beam. In addition to

this, the beam will get soil reaction from slab immediately below
it and the slab cantilevering from its face.

Reaction transferred by each intermediate beam =184.5 kN
Reaction transferred by end secondary beam =0.93 x 184.5
= 172.5 kN

Reaction transferred by slab, per metre run of beam =6 x .85
=60 (0.4 + 0.45) = 51 kN/m.

The loading diagram is shown in Fig. 16.22.

500KN BOOKN SO0kA
065
15 ofe=1'5 oe15m. 51-5m e 15 b |5 —
¥ |
w = 3l
KIN/m

I72:3kN  184-5 184.5 1845 1845 1345 172°5 kN

- 10-3m ...1

FIG. 16.22

It should be checked that total downward load of column is
equal to the total upward load.

Total downward load = 500 + 800 + 500 = 1800 kN

Total upward load =(184.5 x 5) + (172.5 x 2) + (10.3 x 51)
= 1793

Thus, both of these are approximately equal. The discrepancy

is lhczrc because of rounding off the value of po 10 60 kN/m* in
step 2.

_ Mﬁ_ximum sagging bending moment will occur at B, its value
being given by

M, = 51 15—.1,5)— +(184.5 X 1.5)+ (1845 x 3.0) — (500 — 172.5) 4.5
=32.8 kN-m (sagging). (D)
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Maximum hogging bending moment occurs somewhere ey
4 and B, where shear foree is zero. This is likely to occur pe

the two intermediate beams at distance r from A.
o Fo= 51+ 065+ 1725 + 184.5 = 500 =0
This gives ¥ =2.15 m from A or 2.8 m from the edge, Henge
the maximum hogging bending moment is given by
51
M, = (500 — 172.5) 2.15 = 184.5 (2.15 = 1.5) - ) (2.8)° |
= 3843 kN-m (hogging) Q)
Shear force to the right of 4 is

Fy= (500 = 172.5) = (51 x 0.65) = 294.4 kKN
Shear force 10 the left of B is

Fy =3 (800 — 184.5) = 307.8 kN
(b) Wind effect : leeward beam

From step 4, reaction transferred by the intermediate secon
beam on the leeward end =195.5 kN.

From step 5, reaction transferred by the central secondary b
on the leeward end = 124.5 kN.

Reaction transferred by the end secondary beam, on the le
end =0.93 x 195.5 - 1'60:-; .
=182-71=111 kN

Total downward load = 500 + 800 + 500 = 1300 kN
~ Upward load from slab

=1800 — (195.5 X 4 + 124.5 + 111 x
= 671.50 kN

Uniform upward load - EZL-E_.
p W 103 = 65.2 KN/m

The loading on the leeward beam DF is shown in Fig. 16.

S00kN BOOKN S00KN
Q65 5 -k 065
D =S e I Sm e 1'5m se-| - . o
lt : % ° +l > F
: {

MEkN 19S55 1955 245 1955 1555 kN

FIG. 16.23
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Maximum sagging bending moment will occur at E, its value
heing

5.2(5.15)°
N (2—')— +(195.2 % 1.5)+(195.5%3) — (500 — 111)4.5

= — 6.1 KN=m (i.e. hogging) .(5)
Maximum hogging bending moment occurs somewhere between
D and E where shear foree is zero. This is likely to occur between
the two intermediate beams, at distance x from D.
F.=652065+x)+ 111 +1955-500=0
This gives v = 2.32 m from D, or 297 m from the edge. Hence
maximum hogging bending moment is given by

M, = (500 — 111) X 232 - 195.5 (267 — 1.5) — 222 (2.97)?

i i
= 327.5 kN-m (hogging) .(6)
S.F. 10 the right of D is
Fy= (500 — 111) — (65.2 X 0.65) = 346.6 kN wlit)
S.F. to the left of E is
Fi=3(800 — 124.5) = 337.8 kN -.(8)

(c) Wind effect : windward beam

From step 4, reaction transferred by the intermediate secondary
beam on the windward side =173.5 kN

From step 5, reaction transferred by central secondary beam
on the windward end =244.8 kN.

Reaction transferred by the end secondary beam on the windward

end =(0.93 X 173.5) + 1> = 2325 kN

Total downward load =500 4 800 4+ 500 = 1800 kN

- Upward load from the slab = 1800 — (4 x 173.5 + 248.8
+2x2325 ) = 396.2 kN.

cO0OkN 800 kN SO0KkN
Q-6 | | 065
|‘5I'I"I--rn--'|‘5---:—-—|‘5 1°5 —-+¢-|5—:—}+|5m '-{
A 8 tC
ARERL RO R ||,H'= S54RI RRREIR R Ift | ”
|w=.,a+5
232'5 I735 1735 244-8 1735 1759 2325
kN kN
FIG. 16.24.
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Upward w = 1%(‘—3- =~ 185 kN/m.
The loading on the windward main beam AC is shown jp Fig,
16.24.
Maximum sagging bending moment will occur at B

My = BICIN 4 (2 x 1735 % 2.25) - (500 - 232.5) x 45
=87.6 kKN-m
Maximum hogging bending moment will occur where SUF, g
zero, some where between A4 and B. Let it occur at x from A betweey
the two intermediatc beams.
F.= 385 + 0.65) + 173.5 + 2325 - 500 =)
where gives x = 1.79 m from A or 2.44 m [rom the cdge,

Hence maximum hogging bending moment is given by

M,= (500 —232.5) x 1.79 = 173.5 (1.79 — 1.5) — l‘;i (2.44)}
= 314 kN-m (hogging) --(10)

S.F. 10 the right of 4 is given by |

Fs = (500 — 232.5) — (0.65 x 38.5) = 242.5 kN (1)

S.F. 10 the left of B is

Fu = (800 — 244.8) = 2776 kN -(12)

Desiym values |

From the above cases, we get the following values for desip
purposes : |

Without wind : Maximum sagging moment = 32,8 kKN-m
Maximum hogging moment = 384.3 kN-m

Maximum shear = 307.8 kN

With wind : Maximum sagging moment = 87.6 kN-m

Maximum hogging moment = 327.5 kN-m
Maximum shcar = 346.6 kN

Thus critical conditions are under ‘no wind’. T-beam actiof
will be available for maximum hogging bending moment = 384
kN-m. Let the width of rib =400 mm.

The flange width of T-beam is given by
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where l, =distance between points of zero moments in the
bcam

=103 = (2 x 28) =47 m = 4700 mm
b, = 400 mm

D;= 150 mm

oby = 4—%@ + 400 4+ 6 x 150 = 2083 mm.

However, since the beam is situated nearly at the outer boundary,
its half Mlange is restricted in 1ls width to a value = 0.2(1_+ 0.45
—065 m = 650 mm. Hence maximum value of by is restricted to
2 x 650 = 1300 mm.

Hence adopt by = 1300 mm. Taking lever arm = 0.9 d, the
effective depth is given by the relation :

M= 045 bf‘ Oebe, Df (Md; DI]

or 384.3 % 10° = 0.45 X 1300 x 5 X 150 (

2 x 0.404d — 150
0.404

384.3 x 10" x 0.404
—— — + 150
0.45 x 1300 x 5 x 150
From which 4 = 624 mm.
This depth will be sufficient to take the sagging bending moment
when the beam will act as a simple rectangular bcam.

4. = 3843 X 10°
"~ 140 x 0.9 x 624

or 0.808 d =

= 4888 mm’

4388
Using 25 mm & bars, No. of bars = 90 10.

Hence provide these at the top face of the beam in two layers.
This reinforcement should be safe to satisfy the development length
criterion at the point of contraflexure, so as the satisfy the relation

M., o
7+ Lo 2 La.

Assuming that all the bars are continued even beyond the point
of contraflexure.
M =0, Ay jd = 140 (10 X 490) X 0.9 X 624
= 3.85 x 10° N—-mm
V = Shear at the point of contraflexure

Assuming that the point of contraflexure falls just to the left
of B, shear force V = F. = 307.8 kN

Lo = 12 ® or d whichever is mor¢ = 624 mm
L, =583 %25 = 1458 mm.
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- 4 624 = IR75 mm,

i

.85 x 10"
JO.78 x 10
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Continue Al the 10 Bars throughout the length, in two layers
ol depth of beam = 624 4 24 460~ 710 mm.

The deam chould also have reinforcement at s hottom face

o resist sageing bending moment at the centre and at the ends

for & bending moment of 87.6 kKN-m under wind load conditions

The reinforcement required for bending moment will be less than
| AL i \ " .

y pars of 25 mm @ . However,  this reinforcement should satisfy

the cnternion ol development length at the point of contraflexure
pear the centre of beam, where S.F. is maximum.

Let us use n number of 20 mm dia. bars cach having A,
=314 mm-,
“ M = 04Aujd =140 (314 n) X 0.9 x 624
=n X 24.69 X 10° N—=mm

= S.F. at the point of contraflexure
~307.8 kN (assuming this to be equal to S.F. at B)
Lo =12 or d, whichever is more = 624 mm.
Li = 583 =583 X20=1166 mm.
6
M+Lu=nx24.69xlﬂ + 624

I/

V 307.8 X 10°
= (80.2n+ 624)
Equating this to L, ,
80.2n 4+ 624 = 1166
From which n =676 = 7.

Hence provide 7 bars of 20 mm diameter
at
throughout the length of the beam. the bottom  face,

Let us now check the beam for shear force of 307.8 kN.

_ 307.8 x 1000 2
T = 00 e = 123 N/mm* (at B),

1004, _ 100(10 x 490) _ -
bd ~ 400 x 620 = 196%

Hence 7. = 0.44 N/mm? (Table 3.1)

Since 1, > 1, shear reinforcement is necessary,
Ve =0.44 x 400 x 624 = 109824 N = 109.8 kN
V:=307.8 - 109.8 = 198 kN

12 mm & 4-1gd stirrups, A, =452 mm?

Spacing - Hn'.An-_E " 140 x 452 x 624 _
\ V, 198 x 1000~ 200 mm

Hence provide i
i the stirups 200 :
ide of the faces of the CO]I:.I n@ - mm c/c. for 1 m on either

Using
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Similarly, shear force at 4 = 294.4 kN. Hence provide 12 mm
® 4-legged stirrups @ 200 mm c/c, for a distance of 0.6 m 10 the
right of face of column A4, and 0.6 m to left of column. C.

For the remaining length, provide nominal shear reinforcement
al a maximum spacing of

¢ = 290Anf _ 2.5 X 452 x 250

b - 4()
= 700 mm.

But not more than 450 mm nor more than 0.75 d
(= 0.75 X 624 = 468 mm).

Hence provide 12 mm @ 4-lgd nominal stirrups (v 450 mm
c/c for the remaining length. The details of reinforcement cte. are
shown in Fig. 16.25.

— -
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Pile Foundations

17.1 TYPES OF PILES.

The use of piles as foundation can be traced since olden times.
The art of driving piles was well established in Roman times and
the details of such foundations were recorded by Virtuvious in 59
A.D. Today, pile foundation is much more common than any other
type of deep foundation. Based on foundation or the use, piles may
be classified as : (1) end bearing pile (2) friction pile (3) compaction
pile (4) tension pile or uplift pile (5) anchor pile (6) fender pile
and dolphins (7) batter pile (8) sheet pile.

End bearing piles are used to transfer load through water or
soft soil to a suitable bearing stratum. Friction piles are used to
transfer loads to a depth of a friction load-carrying material by means
of skin friction along the length of piles. Compaction piles are used
to compact loose granular soils, thus increasing their bearing capacity.
Tension or uplift piles anchor down the structures subjected to uplift
due to hydrostatic pressure or due to overturning moment. Anchor
piles provide anchorage against horizontal pull from shect piling
or other pulling forces. Fender piles and dolphins are used to protect
water front structures against impact from ships or other floating
objects. Sheet piles are commonly used as bulk heads or as impervious
E:-:;Oﬁ 10 reduce seepage and uplift under hydraulic structures. The

er piles are used to resist large horizontal or inclined forces.
N fPllf:s Can also be classified, based on materials composition
Ollows : ’
L. Concrete piles
(@) Precast.

(b) Cast-in-situ -
(1) driven piles ; cased or uncased.
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(i) bored piles ; pressurc piles and under reamed pile,

2. Timber piles
X, Sreel piles

(@) H-pile.
(h) Pipe pile.
(c) Sheet pile.

4. Composite piles
(a) Concrete and timber.

(b) Concrete and steel.

The precast concreie piles arc gencerally used for a maximum
design load of about 8{) kN excepl for large prestressed piles. They
must be reinforced to withstand handling SIresses. They require space
for casting and storage, more time 10 sel and cure before installation

and heavy cquipment for handling and driving. They also incur large

cost in cutting off extra length or adding morc length. The cast-in-situ

piles are generally used for a maximum design load of 750 kN except

for compacied, pedestal piles. They are installed by pre-excavation,
thus eliminating vibration duc 10 driving and the handling SIFCsSsSes.
Cast-in-place piles may be classificd into two classes : driven piles,
(cased or uncascd) and bored piles(pressure pilcs, pedestal piles and
under-reamed piles). A variety of cast-in-situ piles are in usc, each
bearing the name of the manufacturer. The common types arc as
follows : (i) Raymond standard pile () Raymond step-taper pile
(1) Union metal pilcor monotub, (fv) MacArthur compressed uncased
pile (v) Mac Arthur cased pile. (vi) Franki standard pile. (vir) Westem
button bottom pile elc.

of bored pile having an

Under reamed pile is a special 1ypc
increased diameter or bulb at somc point in its length, 10 anchor
the foundation in expansive soil subjected to alternative expansion

and contraction.

Concrete filled steel pipes and steel H-piles are used as long
piles with high hearing capacily. They arc rarcly used unless they
‘reach a stratum of exceptionally high supporting capacily, Sincc their
cost is very high. Timber piles  have small bearing capacity and are
not permancnl unless treated. They are pronc 10 damage by hard
driving, and should nol be driven through hard stratum Of boulders.

EH . il
Composite piles are suitable  wherc the upper part of the pile
B * of a lowes

to project above the water table. Such a pile CONSISIS e
concrele.

portion of untreated timber and an upper portion of 3
the other type of composite pile, stecl piles arc qnachcd‘ Ly
concrete piles. This type IS used 1N

lower end of cast in place rete
where the required length of pile is greater than that

the cast-in-place Iype.
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Design Example 17.1. Design a pile under a column transmim',,;!
an axial load of 600 kN. The pile is to be driven to a hard stratyp

available at a depth of 8 metres. Take o.= 4 N/mm® an
O = 130 N/mm® r

Solution.
1. Main reinforcement |

Let the length of the pile above ground, inciuding pile cap,
etc. = 0.6 m.

Total length of pile = 8.6 m. '
Let the size of the pile be 400 mm X 400 mm

—é—ralio = g—i— = 21.5 |
Since this is greater than 12, the pile behaves as long column

Hence reduction coefficient C, = 1.25 — E?iﬁ

8.6

= 0.8

. Design load for a short column =((5)080 = 750 kN

Load carrying capacity of column is given by
P=0.A:.+ O Ax

where A, = area of concrete= (400 X 400) — A,.= 16 x 10‘ -4«
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750 x 10" =4 (16 x 10" = A) + 1304,
From which A, = 873 mm’.

gince the length of  pile is less than 30 times the width,
minimum reinforcement @ 1.25% of gross cross-sectional area

125 (400 x 400) = 2000 mm’,
=70

However, provide 4 bars of 25 mm &  giving total area of
qeel =4 X 490 = 1960 mm® which is quite close to the minimum
requircments. Provide an effective cover of 40 mm.

2. Lateral reinforcement in the body of the pile

Lateral reinforcement in the body of pile is provided @ 0.2%
of gross volume.

Volume needed per mm length = %%(400 X 400 x 1)

= 320 mm’.
Clear cover to main reinforcement =40 — 12.5 = 27.5 mm

Using 8 mm @ ties, length

of each side of tie — 400mm ]
=400 -2%275+8=353mm 1§ [ 73
x . n
T e\2 _ 2
Area A¢—4(8) 50.3 mm®, T ——— In,j_
s Volume of each tie E
E “18mm ® STRPS
=4 X 353 x 50.3 § | | @ 200mm c/c
= 70975 mm’ |
4-25
Pitch = 72335 =222 mm _L h l/_ : nme ﬂ\-w
Maximum pitch permissible ' Eo*l_ 320,.“",,__,45 2
= 3 X 400 = 200 mm. °

Hence provide 8 mm o ties R
@ 200 mm c/c throughout the length of the pile.
3. Lateral reinforcement near pile head

Near pile head, special spiral reinforcement is to be prnvidcd-

a length of 3 x 400 = 1200 mm. Volume of spi
= _ spiral, @ .0.6% of
Bross volume, pPer mm length is i ﬂ

for

_ 06
= oo (400 % 400 x 1) = 960 mm’

Using 8 mm o spiral, having Ae = 50.3 mm’, pitch is given by
s = Sircumference of spiral X Ae
960
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A x 153 x S0.3
- — T~'—-=Sﬂ
N mm

Provide the <piral at SS mm pitch. Provide 6 additional hapy
Of 16 mm & vertically within the spiral. These spirals will be jq
addition to the normal ties.

4. Lateral reinforcement near pile end

Volume of ties per mm length @ 0.6% of gross volume =

960 mm'

Volume of each tie = 70975 mm’.
. 70075
Pitch = _%ﬂ_ = 74 mm.

Provide ties @ 70 mm c/c in a bottom length of 3 x 400
= 1200 mm.

5. Spacer forks and links

Provide two pairs of 12 mm & spacer fork with 6mm  links
@ 1.5 m c/c along the length.

6. Check for handling stresses

Provide three holes in the pile as follows :
(1) One hole at 0.293L = 0.293 x 8.6 = 2.5 m from the pile for
the purpose of hoisting it.

(if) One hole each from either end, at a distance of 0.206L
= 0.206 X 8.6 = .75 m for the purpose of stacking.

(i) Weight of pile per meter run = 0.4 X 0.4 X 1 x 25000
= 4000 N/m

1
. M= 4‘“’22-5 = 12500 N-m = 125 x 10° N-mm

Effective depth of pile section =400 — 40 = 360 mm. Let the
ncutral axis be situated at n below one face. Equating the moment
of arca about the N.A. we get (Fig. 17.4).

b ]
—2" + (M= 1) A (n —d) =m A, (d — n)
400
or E i +(l.5x19-l)980(n-40)=19x98{1(360—n)

or n°+ 227.8n — 38900 = ()
which pgives n =113 mm.
Taking moment of forces about tensile steel, we get

bnf-[ -ﬂ] + (1L5m=1)Acc' (d—d)=M

2 3
wherc c'=_(n_-ni')—c‘=ll-§fl—_:;—40-)(ﬂ=ﬂ.6SC
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400 X 1135 [Wl——] + 27.5 % 980 X 0.65 ¢ (360 ~ 40)

= 125 x 10’
la-300 -,
1l
amm § SPIRALS }je— 400mm—4
@ 55mm PITCH T
...-T--u ‘-* ,
I—— E — X |400mm
el 6-l6mm @
N
g__ BARS T
E‘t — SECTION AT X-X
4-25mm @
BARS
HOLE FOR STACKING
1 |FHe=H—
E 11l 9mm @ TIES
0 200 @ 200mm "cfr:
o |
220
T —1—] _8mm @ TIES |
i- o
O 12mm @
5 | SPACER FORKS ,
T @ 1500mm c/c |
I/ 1t
Y i
| 1 !
I L gmm O TIES
@ 70mm c/c
6mm Q LINKS
@ 1500 mm c/c

SECTION AT Y-Y
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Retaining Walls

i . —

8.1, INTRODUCTION

A retaining wall or retaining structure is used for maintaining
ces at different elevations on either side of it. Whenever

the ground surfa _ _ er
embankments arc involved in construction, retaining walls are usually

necessary. In the construction, of!m-n'ldings having basements, retaining
walls are mandatory. Similarly m_h_rldgc work, lhf{ wing walls and
abutments ¢1cC. arc designed as retaining wal!s, o resist carth pressure
along with supcrimposcd loads. The mqtcnal rctamcd_ or supported
by a retaining wall is called baqkfﬂ which may have its top surface
horizontal or inclined. The position of the backfill lying above the

horizontal plane at the elevation of the top of a wall is called the
surcharge, and its inclination 1o the horizontal is called the surcharge

angle f3.

In the design of retaining walls or other retaining structurcs,

it is necessary to compute the latcral carth pressure exerted by the
retaining mass of soil. The equation of finding out the later:?l_earth
pressure against retaining wall is onc of the olchI.m tr!c'lel En-
gineering field. The plastic state of stress, when the failure is imminent,
was investigated by Rankine in 1860. A lot of theoretical e:nd CX-
perimental work has been done in this field and many theorics and

hypothesis have been proposed.*
18.2, TYPES OF RETAINING WALLS

Retaining walls may be classified according to their modc_Of
resisting the earth pressure, and according to their shape. Following
dIl¢ some of common types of retaining walls (Fig. 18.1).

Scanned by CamScanner

Scanned with CamScanner



(1) Gravity walls d,
(if) Cantilever retaining walls

(@) T-shaped

(h) L-shaped
(1i1) Counterfort retaining walls.
(iv) Bultressed walls.

GROUND

SURFACE

TIRTITT

TOE HEEL
TOE SLAB HEEL SLAB
(@) GRAVITY WALL (b) T=SHAPED
CANTILEVER RETAINING WALL
TR TS M 77T
—_ nmrrTrTnT rrrrrTry

(c) L-SHAPED (d) REVERSED L-SMAPED

CANTILEVER CANTILE

RETAINING WALL NTILEVER RETAINING waLL
o ¥

- ﬂbEa&CHFJLL

SIDE T STEM

(e) COUNTER FORT RETAINING WALL

F1G. 18.1. VARIOUS TYPES OF RETAINING WALLS.

A gravity retaining wall shown in Fig. 18.1(a) is the on¢
which the earth pressure exerted by the ba%kﬁll é gcsisted by dedd
weight of the wall, which is either made of

masonry or of -
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concrete.  The stress developed in the wall is very low.  These
walls are so proportioned that no tension s developed anywhere
and the resultant of forces remain within the middie third of lh(;

hasc.

The cantilever retaining wall resists the horizontal earth pressure
qs well as other vertical pressures by way of hending .of various
componenis acting as cantilevers. A common form of cantilever retain-
ing wall is the T-shaped wall shown in Fig. 18.1(b). The wall CONSists
of stem AB, heel slab BC and toe slab DB. Each of these hend
as cantilevers, about B. They are, therefore, reinforced on the lension
face. Another form of cantilever retaining walls are the L-shaped

walls shown in Fig. 18.1(c) and (d). They also resist the soil pressures
by bending.

A counterfort retaining wall is shown in Fig. 18.1(e). The vertical
stem and the heel slab are strengthened by providing counterforts
at some suitable intervals. Because of provision of counterforts, the
vertical stem as well as the heel slab acts as continuous s!al; in
contrast 10 thc cantilevers of cantilever rctaining wall The'toe
slab however acts as cantilever bending u pwards. This type -of retaini
wall is used when backfill of greater height is to be rctainizndg

wall in which the counterforts, called t

10 the other side of the backfi
ill. Howeve
the clearance in front of the w s TP Sagi

all, and
commonly used. ’ therefore these walls are

*Il'l.- L A —
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B

18.7. DESIGN OF CANTILEVER RETAINING WALL WITH
HORIZONTAL BACKFILL

Design Example 18.1. Design a T-shaped cantilever retaining yqn
fo retain carth embankment 3 m high above ground level. T, lniy

weight of carth is 18 kN/m" and its angle of repose is 30, 7?:# thnnkmm,
Is horizontal at its top. The safe bearing capacity of soil may be takey,

as 100 kN/m* and the coefficient of [niction between soil and Concrege
as 0.5. Use M 15 mix. Take o, = 140 N/mm’

Solution
1. Design constants

For M 15 concrete and mild stecl reinforcement we have (he
following values :
€ =0ac=5 N/mm’: t = 0, = 140 N/mm? 'm = 19
=0404;/ =0.865 and R = 0.874
2. Depth of foundation

Yy =18 kN/m" = 18000 N/m*
The minimum depth of foundation is

O02m
-




- 9 l - cinp\? 1
y (I ¢ Hn-t-]
_ 100 1 = <in 3072
1R [I + sin W
= ()62 m.

However, keep depth =1 m to accommodate thickness of base
wall below the ground surface.

Hence height of wall above its base =H=34+1=4m.
3. Dimensions of base

The ratio of the length of toe slab (DE) to the base width
b is given by Eq. 18.26 :

r---

g Qo 1 100 -
a=l-m -1 " 2ax18x4 =%
Keep a =037 ()
The width of base is given by Eq. 18.25.
K,
=095 H —
. (1 = a)(1 + 3a)

_ 1 —sine _ 1--5sin30° _ 1
" 14sind 1+sin30° 3

: — = 1.90m.
3(1 =0.37)(1 + 3 x0.37)

The base width from the considerations of sliding is given by
Eq. 18.27,

Ka

= ———

b =095 X 4\/

07HK, _ 07Xx4 1 —296m.

e (I1-ap 1-037"3x05
This width is excessive. Normal practice is to provide b between

04 to 0.6 H. Taking maximum value of 0.6 H,
b =06H=06%x4=24m,.

Hence provide b = 2.4 m. The wall will be unsafe against sliding,
This will be made safe by providing a shear key at the basc.

Width of toe slab =0.37 x 2.4 = 0.89 m.
Provide toe slab 0.9 m long.

Let the thickness of base be -l%H= 0.3 m for preliminary cal-
Culations.
4. Thickness of stem

Height 4B=4-03=3.7 m.
Consider one meter length of retaining wall.
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Mavimum bending moment al B

My 118440
:.-.’\.} "E'—]‘ "ﬂ'(-})

= 5065 kN-m = 50.65 x 10° N-mm

Hence the effective depth IS
50.65 x 10°
q= ‘/mm % 0.874

Keep d = 240 mm and total thickness =300 mm so that ,
effective cover of 60 mm is available. Reduce the total thickneg

1o 200 mm at the top so that effective depth of 140 mm is availah
at the top. 1

S.  Stability of wall

Fully dimensioned wall is shown in Fig. 18.16.
Let Wy = weight of rectangular portion of stem

W2 = weight of triangular porion of stem
Wy = weight of base slab

W, = .wcighl of soil on heel slab.
The calculations are arranged in Table 18.]

=241 mm

TABLE 18.1

_ . 1x0.2x3+?x25=18.5

1.1 20.35
% : B .

2 IKD.]XS.?KZS:.:_&} 0.97 Jr 4.49
WJ_._ | 1X2.4X0.3H25=13_[] 1.2 i il '
= 4 L 21.60

I X1.2%37 x 18 = 79,97 18 [ 14386

IW =121.05

The total resisting mq .
ment Mg = 1903
| p .30 kN-m sill1)
Earth pressure p = Ky =
2
-
=3X5(4)° =48 kN 2)
Overturning -

Ovcrturning moment M,

|

4
B X 3=64 kN.m Ay

* F.S. against overturning = ]?;'3 =297>2. H fi
. rlence safe.

Scanned by CamScanner

Scanned with CamScanner



Cliding T
F£.S. againdl diding = !
1§ x

Hence unsafe.
To make it safe against sliding, we will have 10 provide a shear

cy. :
¥ Pressure distribution

Net moment ZM = 190.3 — 64 = 126.3 kN-m
Distance ¥ of the point of application of resultant, from

toc is
. _EM _ 1263 _
X =Sw=12205 4 m
Eccentricity e = % -¥=12-104=0.16 m

- 5 b _ 2.4 _
This is less than E( = —0.4m]

Pressure py at toe =-E?u-,(l + %]

= 1235 (1 x3 ng.m)

= 70.61 kN/m’<100. Hence safe.

ZW[ ﬁbe]

Pressure p; at heel = - ] - —

_ 12105 6x0.16
- T24 [ 24 ]

=30.26 kN/m’
Pressure p at the junction of stem with toe slab is
p=1061 - DOL=3026 5 g9 _ 5548 kN/m’

Pressure p’' at the junction of stem with heel slab Is

p' =1706] — 1061 2‘430'26 x 1.2 = 50.44 kN/m’

8- Design of toe slab |
Fig E\e upward pressure distribution on the toe slab _is shown in
' ©17. The weight of the soil above the toe slab is neglected.

Thus
WO forces are acting on it :
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(1) upward soil pressure,
(i) downward weight of slab.,

Downward weight of slab per

unit arca =03 x 1 x 1 x 25 DF+=0-9 03| 2m—,,
= 1.5 kN/m’ o +¥ - —¢
Hence net pressure inten- P E AN —

stties  will be =7061 =175
=63.11 KN/m’ under D and
5548 = 7.5 = 47,98 kKN/m? under
E‘ ;

Total force = S.F. at E = F1G. 18.17.
1(63.11 + 47.98)0.9 = 50 kN

4798 + 2 x 63.11) 0.9
4798 +63.11 | 3

B.M. at E= =
00 X 0.47 = 23.52 kN m= 23.52 x 10° N-mm

s \/ 23.52 x 10°
d=Y - = 164 mm

1000 x 0.874

Let
. rsarcﬁcg total dcpl!1 = 260 mm and effective depth of 2

i mm cffective cover IS availabl ' P .
rcduced o 200 mm at the edge -

A, = 3.5 X lﬂﬁ
140 x 0.865 x 200 = 971 mm?

This reinforcement has

alternat ' '
) ¢ bars of stem reinforcement are bent
0c¢ slab, area available = % X 2010 i

Y from E = [ =0.47 m

10;50 +anchurage value o l“hal length available =
208 =1058> 1, Hence Safﬁ”"k =850 + 13 x 16

Using 8 mm ¢ bars, A4 = 503 mm?
-3 mm

Spacing = 1000 x 50.3
pacing 345 =146 mn

‘Hence provide these @ 140 mm c/c.
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Design of heel slab

' ' n it () downward
Thr(.{- r['lr(‘cs ﬂ{'l { () hlgh wfiﬂ'“ "r “I” 17 m

i) downward weight of heel slah
ur) upward soil pressure

Total weight of soil =12x37x1x18=280 kN
acting at 0.6 m from B.

ght of heel slab =1.2x 026 X1 x25=178
acting at 0.6 m from B.

Total upward soil reaction = %(50.44 + 30.26)1.2 = 48.42 kN

50.44 + 2 X 30.26) 1.2
i t — =08 m from B
" ( 50.44 + 30.26 J

Total wei

3

Total force = S.F. at B=380+ 7.8 — 4842 = 39.38 kN

BM. at B = (80 X 0.6) + (7.8 x 0.6) — (40.58 x 0.85)
—18.19 kN -m = 18.19 x 10° N-mm

18.19 X 10°
1000 x 0.874

=260 mm) as that of toe
However keep the samc.lotal depth( |
<|ab, so that available effective depth = 200 mm. The thickness

« reduced to 200 mm at the edge. 6
_ 1819%10°  _ 759 mm?
As =140 x 0.864 x 200

Using 12 mm @ bars, Ao = I]33mm2
1000 x 113 __
Spacing e 150 mm.
Hence provide these @ 150 mm c/c. Take the reinforcement
into the toe slab from a distance of 58.3 ¢ = 583 x 12
=700 mm to the left of B, and its ends should be hooked.

. .15 260 + 200| _ 2
Distribution steel =%.1-0— X 1000[ > = 345 mm
3
Spacing = 100%:550 = 146 mm.
Hence provide three @ 140 mm c/c.
Shear stress 1, = 3?0?%2 12320 = (.20 N/mm’
the T!’ifj s much less than the permissible shear stress €ven at
‘;“nlm'um percentage of steel (Table 3.1).
 Reinforcement in the stem
While if had earlier assumed the thickness of heel slab as 0.3 m,
has now been fixed as 0.26 m only.

= 144 mm.

J =
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Hence revised Hy =4 =026 =374 m

: 8 |
M =K.y ™ _ I X .1?1..(_"-.‘14)1l

O
= 5231 KkN-m = 35231 X 10* N-mm

d = 52.31 x 108 = 245 mm.
1000 x 0.874

Keep d = 250 mm SO that D = 310 mm. Reduce the tor
thickness at the top.

A, = 52.31 x-l()" — 1728 ITIITII
* = 140 x 0.865 x 250

Using 16 mm @ bars, Av =201 mm’

s B 1000 x 201 _ 116 mm
1728 ‘
However provide 16 mm ¢ bars @ 100 mm c/c.

201 2
Actual A, provided = 1000 X 00 = 2010 mm"~.

Continue alternate bars in the toe slab 10 serve as lcnsilf: rein-
forcement there. Discontinue the remaining hall bars after a distance
of 583 = 583 % 16 = 930 mm beyond B, in the toe slab .

Between A and B, some of the bars can he curtailed. Consider
a section at depth A below the top of the stem. The effective
depth d' at that section is

- 250 — 140
d' =140 + ==

where /2t 1S In metres.

i3
Now A, « %

or H = (A, dy”

|
. !-' i A.", f}l -'i o 2]

reinforcement at depth A

h = (140 + 29.4 1) mm (1)

Il

wherce A.ﬂ,

d' = effective depth at depth 4
A, = reinforcement at depth H,
d = effective depth at depth H,

' | Aﬂ! ey ]
l[ A:l - 'EAJI ’ ﬁ: s
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Substituting d =250 mm and d' = (140 + 29,4 h), we get
|
140 + 29.4 4]7 '
2 41:} =3'74{|40 +29.4h]1

h =ff|[

2 x 250 500

h = 0471]140 + 29.4 43

This can be solved by trial and error, noting that if the effectjve
thickness of stem werc constant, & would have been €qual to

__H._l_ = (.79 Hl ~ 2.96 m.
(2)1.«‘3
Sloving (3) by trial, we get A =286 m.
Thus, half the bars can be curtailed at this point. However,

the bars should be cxtended by a distance of 126 (=12 x 16
=192 mm) or d( = (250 mm) which ever is more, beyond the point.

S h=1286—-0.25=2.61 m. Hence curtail half the bars at
a height 2.6 m below the top.

or

- If we wish to curtail half of the remaining bars so that remaining
reinforcement is one-fourth of that provided at B, we have

A
A, ¢
H h _ (1d'\3
ence f = .
rom (2), 7 (4 d)
1 " 1
140 + 294 h |3 140 + 2944 |3
or h =H — ;
’[ 4 x 250 ] 374 | =000 ]
= 0.374 143 + 29.4 43 ()

,hickn“"f' can be solved by trial and error, noting that if the effective
X ¢ss of stem were constant, & would have been equal to

|
S =063 H, =~
(4)'} Hi=2.36 m.

Solvi .

ars 5?121?3 (4) by trial and error, we get h = 2.2 m. However the
: h“_‘_i be extended by 250 mm beyond this.
l-iem;; 2.2 -0.25 = 1.95

of (he SIemsug, half the remaining bars by 1.95 m below the top
Check fo shI::fue rest of the bars to the top of the step.

Shear force = 1

g H
P—L?—z—=§x-'2§(3.‘74)1
=41.96 kN
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_ 41,96 x 1000 _
T = 71000 x 250

Hence safce.
Distribution and temperature reinforcement

0.17 N/mm* < r,

Average thickness of stem = %(310 + 200) =255 mm

15
Distribution reinforcement = (1[;0 X 1000 X 255 = 383 mm,

Using 8 mm @ bars, Ae = 50.3 mm’

P _ 1000 x 50.3 _
Spacing = 383 131 mm
Hence provide 8 mm @ bars @ 130 mm c/c at the inner fag
of the wall, along its length.

For temperature rcinforcement, provide 8 mm & @ 260 mp
c/c both, ways, in the outer face.

9. Design of shear key

The wz_ill Is unsafe in sliding, and hence shear Key will have |
lo be provided below the stem, as shown in Fig. 18.18.

Let the depth of key= a.

Intensity of passive pressurc p, dcveloped in front of the ke
depends upon the soil pressure p in front of the key.

Pr=K,p=3X 5548 = 166.4 kN/m?
Total passive pressure P, =p, a = 166.4 a
Sliding force at level D,\C,

1 18
=3 X5 (4 + ay’

or Py =3 (4 + ﬂ)2 w(2)

Weight ot soil between bottom of basc and D, C,
=24a%x18=432q¢

2W=12105+432a

Hence for equilibrium of
sliding, we have

(Refer Table 18.1)
the wall, permitting F.S. = 1.5 agai®

15 =;¢ZW+PF
Py
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"5 - .5 (IZI”S -+ 43.2 ﬂ) + lﬁﬁ'.“ﬂ
or 3 (4 + f}?_

- a‘=338a+254=0
which gives a = 0.09 m = 9 mm

IIMWZ‘_‘_
I -
H=4m
fe—2:'4m "l
g3 m—"
ol E|] [B C
1 -] ! ‘
= a |
I -
DL e m = = = T
I P =kp P C
. R yire)
_1 Im:ﬂl ¥ = 55-48 kN/m?
0 0}
o
.
FIG. 18.18.
However, provide a minimum value of a= 03 m = 300

mm. Keep width of key = 300 mm. It should be noted that passive
}erssure taken into account above will be developed only when 2
“MEth a; given below is available in front of the key :

fi=atang =alan(45°+%]
=avVK,, where (45“+%]

= shearing angle of passive resistance.
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REINFORCED CONCRETE STRUcqy i“

782
.« ay=03VI=052m . |
Actual length of the slab available = DE = 0.9 m, Henmatq
factory.
Now size of key = 300 mm X 300 mm

p, =3@+a)y=30¢@+ 0.3)* = 55.47 kN |
P, =166.4a=166.4x 03 =49.92 kN |

s = 12105 + 43.2a = 121.05 + 432 X 0.3 = 134

|

200 |
—
Tt KR H \ i mn|
‘ 1
[ 2:6m :
l [ s =
- 2 :
8mm §—= amm () —%
E @ 260mm -l '. @ 130mme A 1
f - . ——LIErnrn ¢ -
g | @ 400mmck ’:1 :I_
E | -
S oI i
Bmm 1
3 c/c o iZCJOmm c/c - - i
t
o}
amm ¢_.LD 6 mm & |
%?Emrn | ~ @ 100mmec/c = -
-8mm @ [+ 4 e T
Q@ 140 mrm
F _1 . c/c S 1 r@tﬁg -
i - 310 PP T
ZOD'IHL = 1 “hj (b) HEIHFDRCEI‘JENT

‘ AT THE INNER
| Lemm @ |
Shevy e gy a8 FACE OF STEM

C/L _..PDGL‘___ @ 140mm ¢ /¢

=—900mm 1
s 2400mm 200mmj
(a) SECTION OF wALL

FIG. 18.19,

Actual force to be resisted by the key, at F.S.= 1.5 i
=1.5Py —puZW
= 1.5%X 5547 —-05 %X 134.01 = 16.2 kN |
i
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_16.2 x 1000

Shear stress 3
300 x 1000 — 2054 N/mm’ (safe)

_ 16.2 X 150
Bending SIress T 2L L 0.16 N/mm*® (safe)

3 x 1000 (30‘0)2
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