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BHARTIYA INSTITUTE OF ENGINEERING & TECHNOLOGY
SIKAR

DEPARTMENT OF CIVIL ENGINEERING
SYLLABUS
SUBJECT: FOUNDATION ENGINEERING (6CE4-25)

1. Design of isolated 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 portions
(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 providing
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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FIG. 15.1 VARIOUS TYPES OF SHALLOW FOOTINGS.
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Foundations may be broadly plasslﬂed under two heads -
shallow foundation and deep foundation. According to Tﬁ_l‘?ﬂghi, a
foundation is shallow if its depth s equal to or less than its widip,
In the case of deep foundation, the depth is equal to or greater
than the width. Apart from decp strip, I’C(':HHBUIHI'UTS_({'URTC foundations,
other common forms of deep foundations are : pier [aundarion, pile
foundation and well foundation. The shallow foundalmn.s 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
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 casg-' of column, it is isolated. Fig,

15.2 shows some common types of reinforced concrete spread
footing.

\ A
v L

(a) WALL FOOTING (b SINGLE FOOTINGS FOR
COLUMNS

(c)SLOPED FOOTING
FOR COLUMN

FIG. 152 TYPICAL SPREAD FOOTINGS.

Combined fpntlngs. A s;iread 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 columns connected by a strap beam. The strap beal
does not remain in contact with soil, and thus does not tramsfer
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any pressure 10 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 doces not extend in the adjoining property[Fig. 15.3(¢)).

Wl r.:..--rrfa-r;rrnrl ]m

STRAP BEAM

l

vA va

FIG. 153,

Mat or raft foundation. A mat or raft
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 footings would cover
more than one-half of the a

rea and it may prove more economical
10 use mat or raft foundation,

Pile foundation. Pile foundation is a deep foundation used
where the top soil is relatively weak. Piles transfer the load 1o a
lower stratum of greater bearing capacity, by way of end bearing,
or 1o the intermediate soil through skin friction. This is most common
type of deep foundation generall

_ y used for buildings where a group
of piles transfer the load of 1he super-structure to the sub-soil.

IS a combined footing
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15.2. PRESSURE DISTRIBUTION BENEATH FOOTINGS

Both from observations as well as the analytical studies from
theory of clasticity, it is known that the pressure distribution benecatp
footings, symmetrically loaded is not uniform. The pressure intensities
depend upon the rigidity of footing, soil type, and the Condition
of soil. Fig. 15.4(a) and (b) show the probable pressure distribution
beneath a rigid footing on a loose cohesionless soil and cohesive
soil. Fig. 15.4(c) shows the usually assumed uniform pressure dis-

1
TP (PP !

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

FIG. 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.

Scanned by CamScanner



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
O = 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.
_660 oo
A= 120 = 5.5 m
: ~40_2
Let ratio of B to L_60_3'
%LxL=iS
01 L =29 m.
B=§x 29m
However, provide a footing of size 2 m X 3 m.

Net upward pressure p, = 26—203 = 100 kN/m’

3. Design of section

Refer Fig. 15.14.

Bending moment M, about section X-X is given by
M, = L"SB (L —a)’ kN-m

1008" 2 (3 -06)" x 10° N-mm

—_—
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= 144 x 10* N-mm
i 144 x 10°
d = \/%33 = Y D.874 x 2000

= 287 mm.
Keep d = 290 mm and total depth = 350 mm.

Provide uniform thickness for lhu_c entire footing.
B.M. M, aboul section Y-Y is given by

M, =L (B~ by x 10° N-mm

_ i008>< 3 (2 - 0.4)* x 10° = 96 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)]
is

L _

Y =pB(5-5-d)=p B (3%~ d)
=mox2(3 “20'6—0.29) =182 kN
= 170000 N,

V182000

Iv =

= Bd = 7000 x 297 = 0314 N/mm?.
Fore M 15 concrete, P =0.72%

and hence 7= 0.33 N/mm?®
Also for D > 300 mm » Kk = 1 from Table 3.2.
: Te < 7. (safe).

For the wo way acii :
[Fig. 16.106)], @ action or punching shear action along ABCD

Perimeter 4BCD =7 (@+d)+ b + d)

=2{(0.6 + 0.29) + (0.4 + 0.29) |
=2{0.89 + 0.69} =3.16 m
= 3160 mm.

Area A-BCD =089 X 0.69 = 0.614] 2

Punching shear =1
= 538.59 kN 0[(2 x 3) - 0.6141]

7. = 238.59 x 1000
v ——
3160 x 290 = 0-59 N/mm?,

0
oy
" L
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Allowable shear stress 1. is given by
1. =016 Vfx = 0.16 V15 = 0.62 N/mm’.

0.4
k= (0.5 + ) = (n.s + (]—ﬁ] =1.17

However, adopt max. k, = 1.

k1. = 1% 0.62 = 0.62 N/mm”.
This is more than 7, =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

6
_ M, _ 144 x 10 — 4100 mmz

A =570 = T30 x 0.865 X 290
Using 12 mm & bars, Ae = 113 mm’
_ 4100 _
No. of bars = T3 = 36.

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 97x10°
4 oy jd 140 x 0.865 x 278
This area is to be provided in two distinct band widths. Area
A,o@ in central bend of width B = 2 m is given by
ZAJ\'Z — 2 X 2880 = 2304 mmz.
B+1 241

= 2880 mm>.

As:Z{Bj =

No. of 12 mm ¢ bars = %zzo to be provided in

central bend width = 2 m.
Remaining area in each end band strip
= 7 (2880 — 2304) = 288 mm’.
No. of 12 mm ¢ bars =%=3, to be provided in each
end band of width (L —B)=3(3-2)=05 m.

6. Test jor development length

_ e o _ 140

I, = - 140
‘T LT Ix06

&=583¢
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= §813 x 12 = 700 mm.

Providing 60 mm side cover, length available
%[B-M-ﬁn—_-%[2{3(1()-4(10]—-6():740 mm
which is greater than L, Hence O.K.
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FIG. 15.25

7. Check for transfer of load at the base

A; = 600 x 600 = 360000 mm*
At a rate of spread of 2:1,

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

s VA _fEXIN_,50,

A~ 360000
Adﬁp[ max. value of vﬁ;?A: as 2.

permissible bearing stress = 0.25};&\’%2
=025%x15%x2=175 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 cenire 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 mix. Take o, = 140 N/mm?.
Solution,

1. Design constants
For M 15 mix. and o, = 140 N/mm?, we have

k=0404;j=0.865 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 _ 3
= 150 =88 m

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

W,+ W, 500+ 700

fe———— L2 JIA L/2 -
P ‘-
0 | X '
& ] |
{ ia : 18
235 | 03 I 3 de 09m —] E
] 1 2
-0 g =349m = O —™ ©
'*0'5*“' ‘-1— I*lm — @
1 1 1
- L=5m —
436KkN (o)
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/.._x=|~535m —a-l M
) . 1
= o | ! / (b)
S ! | S.F.D.
m | |

1264 %N
]
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FIG. 16.6
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5
or n;:—-—f=§—2
M =L—(l'+ﬂ1}=5—(3.4+n.5)=[.I m

The net upward pressure po is given by
W+ Wy S00+T00 _ 400 o

—_—

Po="pxL ~ 18x5 3
pressure w per metre length

=poB=20 x 18= 240 kN/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 4 =240x0.5=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 'E;Ozem at distanace x from A, its magnitude being

given by x = 330 = 1585 m,

The maximum hogging BM. M, will .
section, its magnitude beins givcnj hly il therefore occur at thjs

M, = (500 x 1.585) - 3%9 (0.5 + 1.585)?

~271 kN-m=2.71 x 10° N-mm
Sagging B.M. at B = }l[}_gl_l)_z

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

=30 kN-m= 03 x 10° N-mm

Sagging B.M. at the outer face of colump p is

_ 240
M, = =5 (0.9)2 =97 kN-m= 0.97 x 10°

Sagging B.M. at the outer
M; = 3;’- (0.35)* =

Let the
column A.

N-mm
faCc D[ C{jlumn A IS
15 kN-ITI: [}]S e 105 N'lTIm

point of contraflexure occur gy X from the centre of
re o
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Then M, = 500x — 2—5‘—) (v + 0.5 =0

which gives x = 0.08 or 3.08 m

Hence first point of contraflexure occurs at 0.08 m to the right

centre of column A and the sccond one occurs at 3 m from A,

or 3.4 =31=03m to the left of centre 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

271 x 108 _
d = \[0.374 1800 — 416 mm

5. Check for punching shear

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

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

Punching shear force at column B =700 - %9 x (0.608)’
=~ 651 kN.

651 x 1000 _ 2
Shear stress = 7% 608 X 416 0.643 N/mm".

Permissible shear stress =k, =1 X 0.16 \/E
= 1% 0.16 VI5 = 0.62 N/mm’

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

from bending compression is inadequatc.
: - 651 x 1000
e required depth d 1% 608 x 0.62 432 mm.

Using 60 mm cover (o 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 (ension in longitudinal direction
(i) Reinforcement for hogging bending moment M,
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i
My XN X0 5086 mm’
o & o jd~ 140 x 0.865 x 440

n - y
Using 16 mm & bars, having Av =75 (16)" = 201 mm

5086 -
No. of bars = —2-“—1‘ =~ 25.3 = 26.

Thus provide 26 bars uniformly distributed over the width of

1.8 m over top face.

At the point of contraflexure near B, shear force F = 3g4
kN‘ - 4

Let n =no. of 16 mm @ bars requircd at the point of con.
traflexure, from the point of requirements of Code provisions inherent

in the cquation
M,
—+LozL
% 0 d

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

=nx 10.71 x 10° N-mm

¥ = SF. at point of contraflexure =364 x 10° N
Lo = d for 12 & whichever is greater
=440 0r (12 X 16) which is greater
= 440 mm
L;=583® =583 X 16 =933 mm

"—I“‘:‘+Lnam

n x 10,71 x 10°
364 x 10°
From which n =16.8 = 17
However, all the 26 bars are taken up to the outer faces of

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

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

(if) Reinforcement for sagging BM. M, s given by

A, =M _ 097 x10° ,
= G,jd . 140 X 0.865 x 430 = 1820 mm’

or

+ 440 =933

Using 12 mm & bars, No. of bars -_—.ITE%_”-_- 16.1 = 17

These no. of bars should be sufficient from development length

point of view so as to satisfy the following criterion at the point
of contraflexure near the inner face of column B.
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M, L
_Fr+LnE d

Let n
M, =Aqo.jd=(n
—n % 602 x 10° N-mm
V7 =S.F. = 364 kN = 3.64 X 10° N
Lo =d or 12 & whichever is more
L, =583®=>583X 12 = 700 mm.
Substituting the values, we gel

6
3.69 x 10

—number of bars rcquircd to satisfy this criterion
x 113) 140 X (0.865 % 440

= 440 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) beyond. the
point of contraflexure. Al this point curtail 9 bars and continue
8 bars throughout the length to serve an anchor bars for stirrups.

(iii) Reinforcement for sagging BM. M,

015x10°  _ 2
A = T30 % 0865 X 440 202 mm

Minimum reinforcement @ 0.15% of cross-sectional area
_ 0.15 x SI{(}]((]JX 1800 — 1350 mm®

1350 _
3 - 12

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

M
71+L0 >L,

No. of 12 mm & bars =

Let n = number of bars required to satisfy the above
criterion

M, =Aq04jd = (n X 113) x 140 x 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; =583¢=583x12=700 mm.
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Substituting the values,

n X602 x 11“" + 440 = 700
3I60.8 x 10

From which n = 156 = 16.

Continue these upto 440 mm beyond the point of Contraflexyre,
At this point, curtail 9 bars and continue remaining 8 bars g serve
as anchor bars for shear stirrups.

6. Check for one way shear
In the cantilever portion, test for one way shear (diagopg

tension) is made at a distance d =0.44m from the column faee

or at 0.44 + 020 =0.6d m from the centre of column B, Shear
V=264 —-240 x 0.64 = 110.4 kN.

1104 x 1000
™ = 71800 x 440

Permissible shear stress =k1, =1, =033 N/mm?

p=1072% (balanced section), obtained from Table 3.1.
Hence safe.

=0.14 N/mm®

for

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(i.e. for sagging B.M.)
at a distance of d =440mm, 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 ncarcr. Shear force

at the point of contraflexure = 364 kN which is more.

_ 364 X 1000 _ 2
™ = 1800 x aag = 046 N/mm

Which is more than the permissible shear stress .= 0.33 N/mm".
Hence shear reinforcement is necessary.

Using 12 mm o 8-legged stirrups A, = 8 x 113 = 904 mm’
Spacing 5, = Zodnd _ 140 X 904 x 440
V. 364 x 1000
=153 mm
Hence provide there @

150 mm c/c

The S.F. for which stress is 0.33 N/mmi is ='—gig x 364
=261 kN
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436 — 261
This occurs at a distance of a0
of the column B or 0.53 m from the inner face of the column,
Hence provide at least S stirrups @ 150 mm c/e, for a distance
of 0.6 m from the face of the column B
Similarly, near column A, tension crack can occur in the hogging
portion at 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 =300 x 440 — 0.434 N/mm

= (.73 m from the centre

against a permissible value of 0.33 N/mm’. Hence shear rein-

forcement is 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
& = 25Anfr  _ 2.5 X904 X 250
' b 1800

= 314 mm
Hence for the rest of the length, provide 12 mm & 8-1gd nominal

stirrups @ 300 mm c/c.

7. Transverse reinforcement

The footing will bend transversely near each column face. Projec-
tion a beyond the face of column A4 = % (1800 — 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

By =350+ 300 + 440 = 1090 mm = 1.09 m,

W. _ 500 )
BxB, 18x 109 48 kN/m’

Maximum B.M. will occur the face of the column,

2 2
M=p' 8 _ (0.75
Po 5= 254.8 5

Net upward pressure Po’ =

= 71.66 kN-m

- 7166 X 106 N-mm

= 71.66 x 10°
d s _
\/0.874 x 1000 — 286 mm.
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The transverse reinforcement is given by

71.66 x 10"

. . 2
An = T30 % 0.865 x 428 — 1383 mm

Using 12 mm & bars, spacing is given by
i 1000 As _ 1000 X 113

A, 1383 o2 mm

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

L;=583¢%=1583x12=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
P’ =BxB - T8x128 04 kN/m

Cantilever projection a = % [1800 — 400] =700 mm = 0.7 m

2 2
M =p, -"2— = 304%7)— =745 kN-m
=75.5 x 10° N-mm
_ 745%x10° 2
At = 120% 0865 x 428 — 1437 mm
Using 12 mm ¢ bars, s = SLLUE K, ~ 80 mm.

_ 1437
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
« = J5p (1000 X 113) = 750 mm?

spacing of 12 mm & bars = 10025}5“3 = 150 mm

The details of reinforcement €tc. are shown in Fig. 15.44.
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Design Example 16.6.  Fig. 16.18 shows the layou -
of a building. The outer t‘ﬂ!umrfv are 300 x 3{’;[; ::Erfligrz;ffa?:fmmm
a load of 500 kN each. The inner columns are 400x400 mm fn‘:f:;z,
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 ﬁ.
100 kN/m’. Use M 15 mix. Take o, = 140 N/mm:

Tt
l i N
o) | |
| | |
! [ |
S I il
fe——45m E 4.5m ———*

FIG. 1618
Solution.

1. Design constanits

For M 15 mix, we have the following values :
One=C¢=5 N/mm?and o, = 140 N/mm?*;m = 19;
k=0404; j=0.865; R=0874
2. Size and general arrangement of maul

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

Self-weight of raft. W' = 10% W (say) = 360 kN

Total load = 3600 4+ 360 = 3960 kN

Total moment =160 x 6 = 960 kN-m
. 960 _
Eccentricity e = 3960 — 0.242 m
Let the raft project 500 mm outside the column all rm‘md,
s0_that length of raft = (9 +0.3 +2x 0.5) =103 m, and width
of raft =(45+03+2x05)=58 m. *
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Hence maximum and minimum intensities of pressures WOulg
be

SW . 6ey _ 3960 +6x0.242)
== '*F) "Toaxs8 = 58

~83 N/m® and 5§ N/m’

Since the maximum pressure is less than 100 kN/m? the sz
of the footing is satisfactory.

. 3600
Net upward soil reaction po= 153553 =~ 60 kN/m’

Upward reaction due 10 wind moment is given by

%0__ - +166 kN/m’
1% 103 (5.8)

pu =%

ie.+166 KN/mt on leeward side and —16.6kN/m* on
windward side.
Pressure intensity at inner face of longitudinal beams

LONGITUDINAL BEAM

1 C
O |a ;045 * B C
o e ” FE——
]Vc', 3 040 +.+ —E_F-
L Ifg) | 1]
© gHTISTHISHISHIE | |20 E
NN 5 o2 = |
0 @ .
_l_ j__ | : J e |
W -y ._ﬁ_, .._.}..I..+_._.__ -
g D joBsm__E ™F
:I-""""i"—_ 4.5m—= ]'“ 4.5m —ts-
065 065
— I0:3m —
(a) ib) lc)
FIG. 16.19.
= £166 % o= 117 kN/m’

Let us provide two lnngitudlin:il beams in direction AC and
DF, joining three columns on each side. These two beams are join
by seven secondary beams. The general arrangement of beams elG
are shown in Fig. 16.19.

-~

|
|
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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
p. due 10 wind moments is less than %rd the pressure p, due to
dead load, the effect of wind will not be considered in the design
of slab.

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

(w0 moments
(a) Bending moment in the cant:lever portion of slab.

(b) Bending moment in the continuous slab.

Cantilever span =05 m=a (i)
2
My = pos = % (0.5 = 7.5 kN-m
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 beams=1.5 m. Taking width of secondary
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, =L 002 _ 75 yN—m  ..(ii})

2 - 12
SF. Fr =pys= BC-2) = 36 kN (V)

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

_ 7.5 x 1060 _
. vo.zm 1000 — 2&0! mm

Keeping an effective cover of SO mm and a total depth of 150
mm, available effective depth =150—50=100 mm.
Area of reinforcement is given by
4 - 15x10°
o=
140 x 0.875 x 100
Using 10 mm @ bars, 4 = 78.5 mm’
1000 x 78.5

. Spacings = =13 = 128 mm

Hence provide 10 mm @ bars @ 120 mm c/c.

=612 mm’
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Let us check the reinfoicement for development lengyp,
L4 required = 583 @ = 583 x 10 = 583 mm.

Providing a side cover of 50 mm, available length of each har
=500 = 50 + anchorage value of hook

=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 seconda
beams, this reinforcement is to be provided at the bottom face of
the slab since bending moment is of sagging nature, while for in.
termediate 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 =%(IO{}O X 150)

=225 mm*

Using 10 mm @ bars, spacing = 10002;578'5 = 348 mm.

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

i
)
Now, actual length of each bar in the cantilever portion, using
50 mm side cover =450 — 50 + 13 @ = 400 + 130 = 530 mm.
Required Ly = 583 x 10 = 583 mm.

Hence actual o, carried by each bar =% X 140

= 127 N/mm’
Effective depth available =100 - 10 = 90 mm

__ 60x10° 2
= 127 x 0.875 x 90 — 0000 mm

A

and spacing of 10 mm ¢ bars = 1002{;()078.5 = 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

. = TP jon
alternate bar of cantilever reinforcement may be used as distributio
bars.
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Let us check the slab for shear,
V_F _ 36x10

™= 0d " bd " 1000 x 100
=0.36 N/mm?’
1004, _ 1000 x 78.5 = 0650
5 0 ) + (1000 x 100) = 0.65%

From Table 3.1, . = 0.32 N/mm:
Also, from Table 3.2, k = 13 for D = 150 mm

permissible shear stress = k 1. =13 x 0.32 = 0.42
N/mm’ which is more than t,.Hence safe.

4. Design of intermediate secondary beam.

There are 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 heams 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 will be the upward load acting
on the slab on the clear span of 4.1 m. For the remaining poriton
of the slab, load will be transferred directly 1o the longitudinal beams,

Load per metre run w =py x 1.5 = 60 x 1.5 =90 kN/m

The loading is shown in Fig. 16.20
End reactions transferrad to cach longitudinal beam

2« ;

S |- - S

gg & D M T —

88 T T T T
w = 90 kN/m

(o) DUE 7O SUPERIMPOSED LOAD
17-6 l { 113

XERR!
WIND WARD W!?-s

LEE WARD
(b) DUE TO WIND LOAD

FIG. 16.20.
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Hn-}{uwmnﬂlﬂ-l.s kN

45 °¢

M = 1845 X 3
= 226 % 10° N-mm

F = R = 1845 kN

==

Since the beam experience hogging bending moment, it will
act as T-beam. Let the width of beam —p_.=300 mm. The width

of MNange is given by
by =+ bo + 6D

[ |

‘(“i—‘-]’ - 226 kN-m

where lo = 45 m = 4500 mm
b, = 300 mm
Dy, = 150 mm.

by = 2500 4 300 + 6 x 150 = 1950 mm

—

subject to maximum of centre 10 centre spacing(=1.5 m)

Hence by =1500 mm. Taking lever arm =0.9 d, effective depth
is determined from the relation :

M = 0.45 by. T Df[_z‘ﬂk‘—gi]

2 x 0.404d — 150
0.404 ]

o226 x 10" = 0.45 x 1500 x 5 x 150 [

_ 226 x 10° x 0.404
» 0.808d = 0.45 x 1500 x 5 x 150

From which d = 410 mm |
... =16 N/mm® for M 15 concrete (Table 3.3)
Hence maximum depth from considerations of shear is

+ 150 = 330.4

d =t
« Te. ma
1845 x 107 _
or d = 300 X 1.6 = 384 mm.

Hence adopt d = 410 mm.

226 x10° _ 2

Av = [0 x 09 x 410~ > mm

Using 25 mm & bars, No. of bars =‘—?§=‘.
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Provide these in two layers at the upper face of the heam,
Keep A vertical distance of 25 mm between them and effective cover
of 60 mm. Henee total depth = 4104+ 12.5+12.5+60=495. Keep total
depth of SO mm.

Near ends, bend 3 bars downwards to take negative bending
moment induced duc to fixidity.

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

M,
7 +Ly=2 Ly

where My = 0, Ay jd = 146(6 X 491) x 0.9 X 410
=1.522 x 10* N-mm
V =1845 KN=1845x 10' N

Lu=’—i—-x'+13¢=@-4n+13x25=485 mm

Lis=583® =583 x 25 = 1456 mm.
My, _1522x 10°

Vo T 1845 % 10°

This is less than required L,

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

+ 485 = 1310 mm.

Revised M, =1.522 % 10° X 2 = 1.78 x 10°

—

6
M, 1.78 x 108

= 4 L= + 485 = 1450
VT 1845 x 10° mm

which is quite near to L,

_ 1845 % 10° .
Also, 1, = 300 X 410 1.5 N/mm

1004, _ 100 x 7 x 491 _
bd ~ 300 x 410 =28%

Hence from Table 3.1, . = 0.44 N/mm>

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-lgd stirrups, A, = 4%(10)’*=314 mm’

. 5= 0nd _ 314 X 140 X 410 _ 138
A 7 13038 x 1000 -0 mm
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The distance of the point where S.F. Is equal to ¥, i Rive

184.50 = 54.12 ~1.45 m from the face of longituding beam
byve oy .
o 4 1gd stirrups @ 130 mm c/c fron
m from the face of cach Inngitudinal
th, provide nominal stirrups a the

Hence provide 10 mm
the end to a point dist:!nl 1.45
deam. For the remaining leng
maximum spacing given by

25. A, f, _ 2.5 x314 X 250 _ 650 i
PEET - 300

Subject to a maximum of 450 mm or 0.75 _d(=ﬂ.?5 X 410 =
300 mm). Hence provide 10 mm ¢ 4-lgd nominal strrups at g
:;pacing of 300 mm c/c for the remaining lcngth.

Let us calculate the reaction transferred by lht_: 5ccun@ary '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 =% L5p.
=+ 15x117= %176 kN/m

at the face of the main beam.

Couple due 1o this =[% x 176 x 2.05) (:} x 4.1)
= 49.3 kN-m
End reactions = %z 11 kN,

Net reaction at windward end =184.5—11=173.5 kN
Net recaction at leceward end = 114.5 + 11 = 195.5 kN,

5. Design of central secondary beam

The central secondary beam BE joins columns B and E and
hence is subjected to end moments transmitted to 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/mZ

» Net pressure intensity at £ =60 + 11.7 = 71.7 kN/m”.

Net pressure intensity at B =60 — 11.7 = 483 kN/m’

_d
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Width of <ah aransferring load = 1.5 m,
Load intensity wy at end A" =707 x 1.5 = 1076 kN/m
Load intensity wy at end BY =483 x 1§ =725 kN/m
The cffective span of the beam =4.5 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

B ) ]F?E
LDNGWUD!NhLJ:‘lE‘D— ~ 4.-5m i ED:_
BEAM i
re—————— 4.1 N
E 1 m " 1 ls
‘ |
‘ l |_w,=72'5
kN/m l
= be—(x=0-2)—=1
(LEEWARD) e x ——]
(WINDWARD)
FI1G. 16.21

To find reaction at E, take moments at B.

: _ 1 [ 4.1 107.6 — 72.5
. Re=gz |725% 4.1( = n.z] + . % 4.1

—

X {% (4.1) + 0.2} 2% 160]

= 124.5 kN.
Similarly, taking moments E,
1 [ 4.1 107.7 = 72.5
Ry =5z |725 x4.1[ 5 +u.2) + 5 X 4.1
X {%(4.1) + u.?.}-{- 2 % 160]
= 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.

F,=244.8 — [?2.5(;- —02) + 182 723 ~ 02) L (0 - 0.2)]

Equating this to zero, we get x = 3l m
Hence maximum bending moment is given by

_ 72.5(29)° | (107.7 = 72.5
M = (244.8 x 3.1) — 160 — [—i—_+ ( 4.1 ]

3.1

1 e
x3.1xix3.1x 3
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= 251.5 kN-m ..(ii)

It will be scen that maximum bending moment and shear force
found above hy taking the wind effect into account are fess than

D imes orre ing values for the intermediate secongsg
I3 times the corresponding y

beam. Hence the same depth and same main reinforcement wily he
used. Il however, the B.M. and S.F. found above were maore than

11 times the B.M. and S.F. for the intermediate secondary beam,
2

the central beam could be designed for the ahove increased BM.
and S.F., taking higher permissible values of stresses. _
However, due 1o partial fixidity at the ends, the beam will pe

subjected to sagging B.M. =1%‘{i, in addition to wind moment of

160 kN-m. is
Total sagging BM. =(124.5 + 244.8) 5= + 160

= 229.2 kN-m.

Since the intermediate secondary beam has been designed for
a B.M. of 226 kN-m, is depth d =410 mm will be sufficient to
take compression, but special reinforcement at the bottom face
will have 1o be provided at the ends, However, provide the same
reinforcement as the centre, ie. 9 bars of 25 mm < provided in
Iwo 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 get less load by way of reaction
from the slab, because it will receive load from slab of width = 0,65
+ %(1.5) = L4 m only against 1.5 m width for central secondary

beam. However, provide the same section and reinforcement as for
the central sccondary beam. The ratio of load on the outer beam
to the central one will be approximately equal to
1.4
— = 0.93
1.5
7. Design of main beam

The bending moments and shear forces in the main beam are
to be lound under the following three conditions :

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

When there is no wind acting, the reaction transferred to the
main heam by all the intermediate as well as central beams will
pe cqual, while the reaction transferred by the end beam will be
093 umes 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 cach intermediate beam =184.5 kN
Reaction transferred by end sccondary beam =0.93 x 184.5
= 1725 kN

Reaction transferred by slab, per metre run of beam =6 x 0.85
=00 (0.4 + 0.45) = 51 kN/m.

The loading diagram is shown in Fig. 16.22.

S500kN BOOKN SO0kM
0-65
BlSmartbe 15 o5 —

t—-—--ErI'E 115 e 1-5m.

w = 5|
kMM

I72:5kN  184.5 184-5 1845 1845 1845 1725kN

< 10-3m —— ]

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 4+ 500 = 1800 kN

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

Thus, both of these are approximaltely equal. The discrepancy

is there because of rounding off the value of py lo 60 kN/m? in
step 2,

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

My=51.0D) 4+ (1845 x 1.5)+ (1845 x 3.0) — (500 — 172.5) 4.5
=32.8 kN-m (sagging). (D
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4 and B, where shear foree is zero. This is likely to occur pe
the two intermediate heams al distance ¥ from A.

. F,=51(x+065) + 1725 + 1845 - 500 =0

This gives ¥ =2.15 m from A or 2.8 m [rom the edge. Hep, o
the maximum hogging bending moment is given by

ex, 91
My = (500 — 172.5) 2.15 — 1845 (2.15 = 1.5) = > (2.8
= 3843 kN-m (hogging)

Maximum hogging bending moment occurs somewhere hc:‘\:ﬂ

w(2)
Shear force to the right of 4 is
Fy= (500 = 172.5) = (51 X 0.65) = 294.4 kN )
Shear force to the left of B is

Fy=3 (800 — 184.5) = 307.8 kN
(b) Wind e¢ffect : lecward beam

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

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

Reaction transferred by the end secondary beam, on the leewan]
end =093 x 195.5 - Bk 160

4.5
=182 -71 =111 kN

Total downward load
Upward load

—

= 500 + 800 + 500 = 1800 kN
from slab

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

Uniform upward load w = ﬁ;"ol,f = 65.2 kN/m

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

200kN

SO0kN
0-65
}-v—or

‘BI'S --|~—|-5-:-|-»I'E.rn-J&I-5m *-l»c—l o + -5 "";935
HiH

) Ll
4?f!l1|H]%HHHHIIHHH‘:ITHHHH‘HHHIHl””ﬂli|4 i

KN 1555  |355

BO0kN

1245 1955 1555 IIIkN

FIG. 16.23

L
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Maximum sagging bending moment will occur at E, its value

being
65.2(5.15)’

(500 = 111)4.5

= = 6.1 kKN=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,=652(65+x) + 111 + 1955 - 500 =0
This gives v = 2.32 m from D, or 2.97 m from the edge. Hence
maximum hogging bending moment is given by

My = (500 = 111) X 2.32 — 195.5 (2.67 — 1.5) — 652(29?)

= 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 -(7)
S.F. 10 the left of E is
= -1 (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
160 + 160

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

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

SO0kN BOOKN SOOKN
0-65 065
P8 e 15 e 5 e -5 - 5_..‘7+|-5m__..{
+ A v 8
ffmtﬂﬂﬂﬁrw R J'HHHFI ik it i 111
l w=28'5
2325 1735 1735 244-8 173-5 1735 2325
kM kN
FIG. 16.24.

Scanned by CamScanner



196.2
10.3

The loading on the windward main beam AC is shown in Fj
16.24.

Maximum sagging bending moment will occur at B :
My = E‘.ﬂ%l") + (2 X 173.5 X 2.25) — (500 — 232.5) x 4.5

=87.6 kN-m
Maximum hogging bending moment will occur where SF,
zero, some where between A and B. Let it occur at x from A betweey
the two intermediate beams.
F.= 385 (x+ 0.65)+ 1735 + 2325 - 500 =0
where pives x = 1.79 m from A or 2.44 m from the edge

Upward w = =~ 185 kN/m.

L

Hence maximum hogging bending moment is given by |

38.5

My= (500 —232.5) x 1.79 = 1735 (1.79 = 1.5) = 5= (2.44)*

= 314 kN-m (hogging) ) ---(”])!
S.F. 10 the right of A is given by |
Fs = (500 — 232.5) — (0.65 X 38.5) = 242.5 kN (1)
S.F. 10 the left of B is |
F. =3 (800 — 244.8) = 2776 kN ~(12)

Design values i
From the above cases, we get the following values for desig
purposes :

Without wind : Maximum sagging moment = 32.8 kN-ml
Maximum hogging moment = 384.3 kN-m

Maximum shcar = 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 actiol
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

by=2+b.+6D,
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where l, =distance between points of zero moments in the
beam
=103 - (2 x 2.8) =47 m = 4700 mm
b, = 400 mm

D= 150 mm

+ b= g 400 + 6% 150 = 2083 mm,

However, since the beam is situated nearly at the outer boundary,
its hall flange is restricted in its width to a value = 0.20 + 0.45
~0.65 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= 045b; 04Dy (ﬂ;—[’i]

or 3843 x 10° = 0.45 X 1300 x 5 x 150 [

2 x 0.404d — 150
0.404 ]
384.3 x 10° x 0.404

or 0808 d = ams s 150 T 10

From which d = 624 mm.

This depth will be sufficient 10 take the sagging bending moment
when the beam will act as a simple rectangular bcam,
3843 x 10°
~ 140 x 0.9 x 624

Au = 4888 mm’

Using 25 mm ¢ bars, No. of bars = %ﬁg-z 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

-‘g + Ly =L,
Assuming that all the bars are continued even beyond the point
of contraflexure.
M = g, A 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¥V = F. = 307.8 kN
Lo = 12 & or d whichever is more = 624 mm
L, =583 x 25 = 1458 mm.
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4+ 624 = IR75 mm.

30.78 x 10
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Continue all the 10 bars throughout the length, in two layers,
Total depth of heam = 624 4 24 4 60 ~ 710 mm.
The heam should also have reinforcement at its  hotrom face
eeict sagging bending moment at the centre and at (he ends,
10 T; h(-mllhﬂ moment of 87.6 kN-m under wind load conditions,
f;;:t reinforcement required for bending moment will be less than
y pars of 25 mm @ However,  this reinforcement should satisf

the cnterion ol development length at the point of contraflexure
pcat 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 = 04A4jd = 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 cqual to S.F. at B)
Lo =12 or d, whichever is more = 624 mm.
Li = 583@=>583x20=1166 mm.
6
M+Lo=nx24.69><10

| 4

v 307.8 x 10°
= (80.2n+ 624)
Equating this to L, ,
802n + 624 = 1166
From which n =6.76 = 7.
Hence provide 7 bars of 20 mm diamet
throughout the length of the beam.

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

_ 307.8 x 1000 _ 2
b= 0 X ca = 123 N/mm® (at B),

+ 624

€r at the bottom face,

1004, _ 100(10 x 490) -
bd 400 x 624 - 1'96%

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

Since T > 7., shear reinforcement is necessary.

Ve=0.44 x 400 x 624 = 109824 N = 109.8 kN
Ve =307.8 - 109.8 = 198 kN.

Using 12 mm o 4-lgd stirrups, A,, =452 mm®.

S acin — UN‘A"' d = 140 - 452 X624 =
P .5 v, 198 x 1000~ 200 mm
Hence provide the sti

' rups @ 200 mm c/c. for 1 m on either
Side of (pe faces of the column B.
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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
at a2 maximum spacing of
_25A0f, _ 2.5 x 452 x 250
b 400
= 700 mm.
But not more than 450 mm
(= 0.75 X 624 = 468 mm).

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

»

nor more than 0.75d
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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 sheet piling
or other pulling forces. Fender piles and dolphins are used to protect
waler front structures against impact from ships or otker floating
objects. Sheet piles are commonly used as bulk heads or as impervious
Cut off to reduce seepage and uplift under hydraulic siructures. The
batter piles are used to resist large horizontal or inclined forces.

Piles can also be ¢

lassified, based on materials composition,
as follows -

1. Concrete piles
(@) Precast.

(b) Cast-in-situ :
() driven piles ; cased or uncased.
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(if) bored piles ; pressure piles and under reamed pile,

2. Timber piles
3. Steel piles
(a) H-pile.
(h) Pipe pile.
(c) Sheet pile.
4. Composite piles
(a) Concrete and timber.
(b) Concrete and steel.
The precast concrete piles arc generally used for a maximum
design load of about 800 kN excepl for large prestressed piles. They
must be reinforced to withstand handling stresses. They require space
for casting and storage, morc time to set and cure before installation
and heavy equipment for handling and driving. They also incur large
cost in cutting off extra length or adding morc length. The cast-in-sif
piles are gencrally used for a maximum design load of 750 kN except
for compacied, pedesial piles. They are installed by pre-excavation,
thus eliminating vibration duc 10 driving and the handling SIrcsses.
Cast-in-place piles may be classified into two classes : driven piles,
(cased or uncased) and bored piles(pressure piles, pedestal piles und
under-reamed piles). A variety of cast-in-situ piles are in use, cach
bearing the name of the manufacturer. The common types drc s
follows : (i) Raymond standard pile (i) Raymond step-taper- pile
(if) Union metal pilc or monotub, (iv) MacArthur compressed uncased
pile (v) Mac Arthur cased pile. (vi) Franki standard pile. (vii) Western
button bottom pile elc.
Under reamed pile is a special 1ype of bored pile having an
increased diameter or bulb al some point in its length, 1o anchor
the foundation in expansive soil subjected to alternative expansion

and contraction.

Concrete filled steel pipes and stcel  H-piles are used as long
piles with high bearing capacily. They arc rarcly used unless they
‘reach a stratum of exceptionally high supporling capacity, since thelf
cost is very high, Timber piles have small bearing capacily and aré
not permancnt unless treated. They are prone (o damage by hard
driving, and should nol be driven through hard stratum oOf boulders
Composite piles are suitable where the upper part of the pile B
to project above the water table. Such a pile consists of a ID'-'»"I:;
portion of untreated timber and an upper portion of concrete. e
the other type of composite pile, steel piles are attached 10 t
Jower end of cast in place concrele piles. This type is used 1n of
where the required length of pile is greater than that available

the cast-in-place Lype.

.
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Design Example 17.1. Design a pile under a column transmitt; l
an axial load of 600 kN. The pile is to be driven to a hard stratup

available at a depth of 8 metres. Take o= 4 N/mm’ anj
O = 130 N/mm? |

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

L ratio = 86 _ |
5rat:o = 0. = 21.5 |

Since this is greater than 12, the pile behaves as long column.

Hence reduction coefficient C, = 1.25 — g

48D
8.6
= 1.25 - R’Bx 04~ 0.8
A : 600
. Design load for a short column =F8_=750 kN

Load carrying capacity of column is given by
P= Uc:Ac + U;:A,.:
where 4. = area of concrete= (400 X 400) — A,.= 16 x 10" -7«
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L 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’.
=100 ¢

However, provide 4 bars of 25 mm &  giving total area of
ceel = 4 X 490 = 1960 mm* which is quite close to the minimum
}pquircmcnls. Provide an cffective cover of 40 mm.

2. Lateral reinforcement in the body of the pile

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

Volume needed per mm length = -1% (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 |~——a00mm — .|

=400 — 2 X 27.5 + 8 = 353 mm T
T 002 2 - B
Area Ay =7 (8)" = 50.3 mm", R 1
q -
Volume of each tie E A
£ “18mm @ STRPS
=4 x 353 x 50.3 Q @ 200mm c/c
= 70975 mm’ ¢
. 4-25mm¢
Pitch = 3%3 =222 mm el N

Maximum pitch permissible
‘= 3 X 400 = 200 mm.

Hence provide 8 mm o ties FIG. 174
@ 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 provided
Or a length of 3 x 400

= 1200 mm. Volume of spiral, @ 0.6% of
810Ss volume, per mm length is d )
_ 06

= oo (400 x 400 x 1) = 960 mm’

Using 8 mm @ spiral, having As = 50.3 mm?, pitch is given by
s = Circumference of spiral X A«
960
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ey
o A X DI XY cqmm
Ofd)

Provide 1the spiral at S§ mm pitch. Provide 6 additional hapy
Of 16 mm & vertically within the spiral. These spirals will be jy
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’.
. 70975
Pitch = o960 - 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) Onc hole at 0.293L = 0.293 x 8.6 = 2.5m from the pile for
the purpose of hoisting i,

(if) One hole cach from cither end, at a distance of 0.206L
=0.206 X 8.6 = .75 m for the purpose of stacking.
(fif) Weight of pile per meter run = 0.4 x 0.4 X 1 x 25000
= 4000 N/m

F 3
. M= ““““22'5 = 12500 N-m = 125 x 10° N-mm

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

% + (M= 1)Awc(n —de) =m A, (d — n)
400
or  ——n + (L5 x 19 = 1) 980 (n — 40) = 19 x 980 (360 — n)

or n*+227.8n—38900=0
which gives n =113 mm.
Taking moment of forces about tensile steel, we get

bn% [d—%] +(1lSm—-NAcc'"(d-d)=M
(n—d)c _113—-40

- 3 Xc=065¢c

where ¢' =
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|

17850 mm i
| F— 1200mm-t

6m

400 x 1135 [mu—

1l

'!

1I200mm —»]

113

.__.] + 27.5 X 980 X 0.65 ¢ (360 ~ 40)
=125 x 10

e300 -+,
| —
| 8mm ¢ SPIRALS fs— 400 mm —»]
= @ 55mm PITCH
"]
=1 |
" “-_}
E;':- % 400mm
1]
——=H—6-l6mm { —]
—
=] BARS 1
—] SECTION AT x-X
—
. 4-25mm ¢
BARS
HOLE FOR STACKING
14 O4=
N N
T3 3mm { TIES
2?0 @ 200mm c/c
{
ECBD
—| 8mm § TES
2mm @
SPACER FORKS—
@ 1500mm c/c
== —
Y
|
Lemm O TIES
(@ 7yOmm c/c
6mm § LINKS

@ 1500 mm c/c

SECTION AT Y-Y
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Retaining Walls

18.1. INTRODUCTION

A retaining wall or retaining structure is used for maintaining
faces at different elevations on either side of it. Whenever
embankments are involved in construction, retaining walls are usually
necessary. In the construction, of buildings having basements, retaining
walls arc mandatory. Similarly in bridge work, the wing walls and
abutments ¢tc. are designed as retaining walls, to resist earth pressure
along with superimposed loads. The m:ftcria[ retaincd or supported
by a retaining wall is called backfill 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 11s inclination to the horizontal is called the surcharge

angle p.
In the design of retaining

the ground sur

walls or other retaining structurcs,
it is necessary to compute the latcral earth pressure exerted by the
retaining mass of soil. The equation of finding out the lateral earth
pressure against retaining wall is one of the oldest in the Civil En-
gineering field. The plastic state of stress, when the failure is imminent,
was investigated by Rankine in 1860. A lot of theoretical and cx-
perimental work has been done in this field and many theories and
hypothesis have becen proposed.*

18.2. TYPES OF RETAINING WALLS

~ Retaining walls may be classified according to their mode of
resisting the earth pressure, and according to their shape. Following
are some of common types of retaining walls (Fig. 18.1).
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(1) Gravity walls
(if) Cantilever retaining walls
(@) T-shaped
(h) L-shaped
(iii) Counterfort retaining walls,
(iv) Bullressed walls.

GROUND
SURFACE A
i _UHE:ERGE e en o ol
— T
TOE HEEL o !
TOE SLAB HEEL SLAB
(0) GRAVITY WALL  (b) T- SHAPED
CANTILEVER RETAINING WALL
_____-IJ_;-.:;:!?;?;]:!? T
R — :

le)] L-SHAPED (d) REVERSED |-
CANTILEVER = i

CANTILEW
RETAINING WALL LEVER RETAINING WALL

(e) COUNTER FORT RETAINING wALL

FIG. 18.1. VARIOUS TYPES OF RETAINING WALLS.

A pgravity retaining wall shown in Fig. 18.1(a) is the one 1f
which the earth pressure exerted by the backfill is resisted by dedl
weight of the wall, which is either made of masonry or of mass

J
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concrete.  The stress developed in the wall s very low.  These
walls are so proportioned that no tension s developed anywhere
and the resultant of forces remain within the middie third of Ih(?..
hasc.

The cantilever retaining wall resists the horizontal carth pressure
qs well as other vertical pressures by way of bending .of various
components acting as cantilevers. A common form of cantilever retain-
ing wall is the T-shaped wall shown in Fig, 18.1(h). The wall consists
of stem 4B, heel slab BC and toe slab DB. Each of these bend
as cantilevers, about B. They are, therefore, reinforced on the tension
face. Another form ofl 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{ai; in
contrast to thc cantilevers of cantilever rctaining wall The’tn
slab h_nwevcr acts as cantilever bending upwards. This type.uf retaini .
wall is used when backfill of greater height is to be rclainlcndg
ialll)uill:e:”eshgcﬂ wall is a modification of the counterfort retaininé

Ich the counterforts, called the buttresses, are provided

:ﬁﬂllé;;;f:]i s'ider of the backfill. However the buttresses reduce
In front of the wa
commonly used. I, and therefore these walls are

. . - a——
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187, DESIGN OF CANTILEVER RETAINING WALL WITH
HORIZONTAL BACKFILL

Design Example 18.1. Design a T-shaped cantilever retaining wall
fo retain carth embankment 3 m hich ahove ground level. The uni
weight of carthis 18 kN/m’ and its angle of repose is 30°. The embankmey,
is horizontal ar jrs top. The safe beaning capacity of soil may be takey,
as 100 kN/m® and the coefficient of friction between soil and CONCret
as 0.5. Use M 15 mix. Take o, = 140 N/mm®

Solution
1. Design constants

For M 15 concrete and mild steel reinforcement we have the
following values :
€ =04.=5 N/mm? : =0y = 140 N/mm? ,m =19
k =0404;;=0.865 and R = 0.874
2. Depth of foundation

¥ =18 kN/m" = 18000 N/m?
The minimum depth of foundation is

02m
e B
JI-__ | 1A fI::',??I' '\.?;JN\J_-

Hi=37m
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o -1 = sine?
il 4+ sinm)

2 100 /1 — sin 3002
" (1% sin o
= (.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=3+4 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 :

1"-1--

9o _q_ 100 _

a=l- =1 "o x18x4 - 03
Keep a =037 ()
The width of base is given by Eq. 18.25.

b =095 HY —

(1 —a)(1 + 3a)

g o= 1 —sind _ 1—sin30° _ 1

" 1+sine 1-+sin30° 3

b =095 X 4\/ 1 1.90m

3(1-037)(1 +3x037)
The base width from the considerations of sliding is given by

Eq. 1827,
_07HK, _ 07x4 |
b= ey~ 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=06x4=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 base.

Width of toe slab =037 x 24 =089 m.

Provide toe slab 0.9 m long.

Let the thickness of basc be 1—12-H= 0.3 m for preliminary cal-

Culations,
4. Thickness of stem

Height AB=4-03 =37 m.
Consider one meter length of retaining wall.
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‘ i oment at B
Maximum bending m

O R PPN
=h.}'a——j—ﬁ‘(-*)

= 5065 kN-m = 50.65 x 10° N-mm

Hence the cffective depth is

SOESX I _ o0
d= \/mm <0873 =2

Keep d = 240 mm and total thickness =300 mm so (hgq an
cffective cover of 60 mm is available. Reduce the total thickness

to 200 mm at the top so that effective depth of 140 mm is availab|e
at the top.

5. Stability of wall

Fully dimensioned wall is shown in Fig. 18.16.

Let W, = weight of rectangular portion of stem
W2 = weight of triangular poriion of stem
Wi = weight of base slab

Wi = weight of soil on heel slab.
The calculations are arranged in Table 18.1

TABLE 18.1
S. No.| Designation Force (kN) ) Lever arm :Momrm
(m) about toe
(kN-m)
1 Wi 1X02x37%x25= 18.5 1.1 20.35
1
2 W, 3X01x37x25 = 4.63 0.97 449
—_
3 Wi 1!2.4x0.3k25=13.0 1.2 21.60
XB=180 :
4 Wy IX12%37x18= 719.97 1.8 143
: Iw ‘ ~
L = 121.05 Mg = 190.30
The total resisting momen; Mk = 19030 kN m (1)

2

Earth pressure p = K,y%f_
= 1

=3X 54 =43 kN

we(2)
Oveﬂmning

Overturni - 4
rning moment M, 48 x 3 =64 kN.m .0

. F.S. against overturning = 1503
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Shiding |
F.S against sliding = nEINn

_ 0.5 % 121.05
= s —— =126 ¢ 18

Hence unsafe.

To make it safe against sliding, we will have 1o provide a shear
=%, Pressure distribution
Net moment EM = 190.3 — 64 = 126.3 kN-m

Distance ¥ of the point of application of resultant, from

oe is
_ _EM _ 1263 _
Y =Sw =105 - 4 m
Eccentricity e =%-—I= 1.2-1.04=0.16 m
This is less than E( =£= 0.4 m
6 6
_ W Ge
Pressure py at toe _T(l 4 ?)
121.05 6 X 0.16
=25 (1t 2 )

= 70.61 kN/m*<100. Hence safe.

Pressure p; at heel = &V(l - E)

b b

_ 12105, _6x0.16
[ 24 )

2.4

=3026 kN/m’
Pressure p at the junction of stem with toe slab is

P =7061 - 7“'612‘430-26 x 0.9 = 55.48 kN/m’

Pressure p’ at the junction of stem with heel slab is

P’ =70.6] — 7“-5‘2“43“-26 % 1.2 = 50.44 kN/m’

8. Design of toe slab

FiE Fllg.w upward pressure distribution on the toe slab is shown in

Thus 17. The weight of the soil above the toe slab is neglected.
tWo forces are acting on it :

Scanned by CamScanner



(1 upward soil pressure.
() downward weight of slab.

Downward weight of slab per
unit area =03 x 1 x 1 x25

= 7.5 kN/m’
Hence net pressure inten- —

ST Wy Y
sities  will be =7061-75 ] .!.. . '['; Mg
=6311 kN/m’ under D and 21 I*“ .

f
5548 = 7.5 = 4798 kN/m? under

o o
E' 5
Total force = S.F. at £ = FIG. 18.17.
3(63.11 + 47.98)0.9 = 50 kN
47.98 + 2 x 63.11)0.9
f from E = =047 m,
" [ 47.98 + 63.11 ] 3
B.M. at E=50 x 047 = 23.52 kN-m= 23.52 x 10° N-mm
d=V BILX 1P

~ 1000 x 0,873 = 164 mm

Let us keep 1ol depth = 260

mm 5o that 60 mm ef]

Mm and effective depth of 200
fective cover

IS available, Thickness can be

& 2
140 x 0.865 x 200 = 971 mm

IS reinforcement has to be provided at the bottom face, If
alternate bars of stem reinforcemeny are bent and continued in the
toe slab, area available =

1 5
' =2 %X 2010 = 1005 mm? (see step 8). This
reinforcement will consist of 16

this reinforcemeny for develop
¢ = 5831 = 58

anchorage '
= 850 + 208

Distribution reinl‘nrccmem = O.15 260 + 2
Too X 1000 [__‘_2_3_0]
_ =345 mm? |
Using 8 mm o bars, 4, = 50.3 mm?
. — 1000 x 503
Spacmg = '__'—'3—4—5—-—_ = 14.6 mm

‘Hence provide these @ 140 mm ¢/,
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7. Design of heel slab
rpree forces act on i :(T? tlﬂv'w'r‘\wanl weight of soil 3.7 m
(i dommuard welght of hee o

Total weight of soil = 1.2x37x1x 18 =280 kN

acting at 0.6 m from B.
weight of heel slab =1.2x 026 x1x25=178
acting at 0.6 m from B.

Total upward soil reaction = 3(50.44 + 30.26)1.2 = 48.42 kN

Total

~ 2
_ 50.44 + 2 x 30.26) 1.2
ting at = ().
acting [ 5044 + 30.26 J3 85 m from B

Total force = S.F. at B=380 + 7.8 — 48.42 = 39.38 kN

BM. at B = (80 x 0.6) + (7.8 x 0.6) — (40.58 x 0.85)
— 1819 kN-m = 18.19 x 10°* N-mm

. 4/ 1819 x 10°

1 = Vi og7a

otal depth(=260 mm) as that of toe
depth = 200 mm. The thickness
edge.

o 1819x 10" _ :

Au = a0 x 0864 x 200~ 2 M

Using 12 mm @ bars, Ao =113 mm’
X 113
Spacing = 100252] =~ 150 mm.
Hence provide these @ 150 mm c/c. Take the reinforcement
into the toe slab from a distance of 583 =583 x 12
=700 mm to the left of B, and its ends should be hooked.

Distribution steel = ?—(% X I(DO[MJ = 345 mm’

= 144 mm.

However keep the same 1
slab, so that available effective
is reduced to 200 mm at the

Spacing = 1002:550'3 = 146 mm.
Hence provide three @ 140 mm c/c.
Shear stress 7, = 31903?]); Izg?]o = 0,20 N/mm’
;2115 IS much less than the permissible shear sIress even al
3 'Mum percentage of steel (Table 3.1).
'ER;'"f""-‘fmem in the stem
While j h:d earlier assumed the thickness of heel slab as 0.3 m,
S Now been fixed as 0.26 m only.

the
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Hence revised Hy =4 =026 =374 m

Hi' _ ]
4 6 3

= 5231 KN-m = 5231 X 10° N-mm

b
M =K x 2 (3.74)’

5731 x 10¢
A \[I{H}ﬂ X 0.874

Keep d = 250 mm sO that D = 310 mm. Reduce the tot
thickness at the top.
52.31 x 10°
Ax = T30 x 0.865 x 250
Using 16 mm o bars, A+ =201 mm*
1000 x 201

— 1728 mm’

= = [16 mm

’ 728

However provide 16 mm & bars @ 100 mm c/c.
Actual A, provided = 1000 X —?—:% = 2010 mm".

Continue alternate bars in the toe slab to serve as tensile rein
forcement there, Discontinue the remaining half bars after a distance
of 58.3® = 583 x 16 = 930 mm beyond B, in the toe slab .

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

5() —
d' =140+ 2 p = (a0 + 2940 mm ()
where 2t is in metres.
H’
Now A, = —
d
or H = (A.d)"
]
a M A, d'\3
Hence = [A,, ﬂ,) (2)

where A, reinforcement at depth A
d' = effective depth at depth /&
Ay reinforcement at depth H,
d = effective depth at depth H,

1!

A
If Al =340, 5-=3

, 1
h=b-a

D | —
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Substituting d = 250 mm and d' = (140 + 29,4 h), we get
|
140 + 29.4 417 '
:J . 3.74[140 + 29.4h]!

h =”‘[ 2 % 250 500

h = 0471]140 + 29.4 43

This can be solved by trial and error, noting that if the effective
thickness  of stem were constant, # would have been equal to

M~ 079H, =296 m.
(2)11’
Sloving (3) by trial, we get &/ =286 m.

Thus, half the bars can be curtailed at this point. However,
the bars should be extended by a distance of 120 (=12 % 16
=192 mm) or d( = (250 mm) which ever is more, beyond the point.

- h=286—-0.25=261 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 =1
A, 1
h  (1d'\3
He f = [==]°
nce from (2), 77 [4 d)
_] 1
140 + 294 1 |3 140 + 294 4 |3
or h = = "
H’[ 4 x 250 } 3'74[ 1000
= 0.374 143 + 29.4 A5 (4

This can be solved by trial and error, noting that if the effective

I?;Ckness of stem were constant, & would have been equal to
1
—5=063H,=23
(4); 1 36 m.
Solving (4) by trial ang error, we get h = 2.2 m. However the

. [ -
i I 2-2 0-25 — ]-95 I

Hen _
of the st?mﬂ{g] half the remaining bars by 1.95 m below the top
Check for smmue rest of the bars to the top of the step.

hear
Shear :
f[}]"ce =p =K;?.}2i=§1 X g(374)2
=41.96 kN
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41.96 x 1000
1000 x 250
Hence safe.

Distribution and temperature reinforcement

L & =0.17 N/mm® < r,

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

0
Distribution reinforcement = —== X 1000 X 255 = 383 pyy,

Using 8 mm @ bars, Ae = 50.3 mm’

1000 X 503
~ T 383

Hence provide 8 mm & bars @ 130 mm c/c at the inner fag
of the wall, along its length.

Spacing

= 131 mm

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

9. Design of shear key

The wall is unsafe in sliding, and hence shear Key will hav |
to be provided below the stem, as shown in Fig. 18.18. |

Let the depth of key= a.

Intensity of passive pressurc Py

developed in front of the ke
depends upon the soil pressure

p in front of the key.
Pr=1Kp=3X5548 = 166.4 kN/m’

Total passive pressure P,=p, a =166.4a

(1)
Sliding force at level D\C,
_1_18
=3 X5 (4 +a)
or Py =34+ a)* 3

Weight ot soil between bottom of basec and D, C,
=24ax18=4324¢
ZW=121.05+432aq

Hence for equilibrium of
sliding, we have

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

15 =X IW—%—&
Py
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1.5 = 0.5 (121.05 + 4.1,2_(;) + 166.4 a
dd+ay

or

a' =338a + 2.54 = ()

or
ch gives a = 0.09 m = 90 mm

whi

[— 7 7ACT AN

4m

T
]

FIG. 18.i8.
However, provide a minimum value of a= 03 m = 300

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

d

“i=atang =alan(45°+§)

=avVK,, where (45"-!—%)
= shearing angle of passive resistance.
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REINFORCED CONCRETE STRyy |
782 CTungy

”-I = [].3 ﬂ i’" . _ -
Actual length of the slab available = DE = 0.9 m. Hence 5‘“!-1

factory. o == |
Now size of key = 300 mm X 300 |

p, =3@+ay=3@+ 0.3)* = 55.47 kN
P, =1664a=1664x 03 =4992 kN |
sW = 12105 + 43.2a = 121.05 + 43.2 X 0.3 = 1340]

200
b L
T T H T
1 E-lﬁrn |
b - |
Bmm ¢— 8mm ¢
i @260mm1 I\ ‘ @130mmcA
E /e R ] |
E L —I6mm ¢
Q . : @ 400mmcA
E W
E 1 X "J l
g | 8mm o= | |
o | @130mm ! iemmd @ [ e
3 e E j‘ 1200mm ck .
- |
Bmm fi-‘—L Letomm ¢ LE
@ 100mmes ]
b | Pl
4‘ 12mm s
! 15 L
310 @ anm u

(b) REINFORCEMENT
AT THE INNER
FACE OF STEM

* J
| Liemm @ 300 | Bmm ¢
@ 209mm + @ 140mm ¢ /e

00
L"—BCIOrnrn—'MP b—
2A00mm 1200 mm—=

(a) SECTION OF wALL

FIG. 18.19,

Actual force to be resisted by the key, at F.S.= 1.5 i
=1.5Py—uIW
= 1.5 X 5547 — 0.5 X 134.01 = 16.2 kN
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_ 16.2 X 1000

Shear stress _ e y
) 300 x 1000 = 0054 N/mm’ (safe)

. . 16.2 X 150 x 1
Bending Stress =3 L, = 0.16 N/mm* (safe)

g < 1000 (300)°
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