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Unit 5: DESIGN OF FOUNDATION AND RETAINING WALL

dimensions of a RCC footing for a

7 % ine the plan
4‘0"‘"’ characteristics load of 1000 kN and moment

Qo8 pjected 10 5 size of the column is 300
- gub 180 kN-m the of the column mm
9T major aXI8 Ml apacity of the soil is 200 kN/m?.

¥ 750 me: the safe [ARTU 2017-18, Marks 10 |

: tics Joad = 1000 kN. Moment, M, = 180 kN-m.

o Find * Plan
' . Ultimate load = 1.5 x 1000 = 1500 kN
. Approximate weight of footing
20 » 1500 = 150 kN

Totalload = 1500 + 150 = 1650 kN
;loment = 180 kN-m = 180 x 10° N-m

- 5
180 =10
ici - =0.0111m=11 mm
Eccentricity, € 1650 = 10°
: Total load _1650x10° o, o
4 Ares of footing = Safe bearing capacity 200 x 10°

Provide side of foundation=35m x2.5m
6 The footing will be provided so that the centre of gravity of.cohfmn load
will coincide with the centre of gravity of footing area. !-‘ooungls pla?ed
symmetrical with respect to X-X axis of column projection of the footing
beyond the column face will be
1750 - 11 - 375 = 1364 mm.
and 1750 + 11 — 375 = 1386 mm respectively.
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=300 mm -
1364 mm ' 1386
1375 mm
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je—1750 mm -4
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Unit 5: DESIGN OF FOUNDATION AND RETAINING WALL

7. - Net upward pressure intensity 36=<25 1.43 kN/m2
Depth of Footing :
i  BM at the critical section, M,_=3.5 x 1.386 x 171.43 5 1-386
2

M, = 576.3 kN-m

iL Equating&l._h. COM.“
‘f“’h-n = 0.138fdbd2

576.3 x 10° = 0.138 x 20 x 750 x d?%
d= 527 mm
iiii. BMofsectionalongY-Y
M“ = 17143 x 2.5 x 1.1 = (1.1/2) = 259,29 KN-m

d : 259.29 x 10*

iv. Required depth, d= 0.138=20=300 = 559.6 mm

9. Provide effective depth of footing is 600 mm and 650 mm overal) depeh
10. Provided plan dimension of footing 3.5 m x 2.5 m and depth 600 mm,

Que 5.3, ' Design a square spread footing to carry an axial load of

1500 kN from a 400 mm square tied column containing 20 mm bars
as the main reinforcement. The bearing capacity of soil is
100 kN/m?*. Consider base of footing at 1.2 m below the ground level,
The unit weight of soil is 20 kN/m®. Use M20 grade concrete and

Fe415 grade steel. | AKTU 2013-14, Marks 10]

Answer I

Given : Axial load (W) = 1500 kN
Bearing capacity of soil = 100 kN/m?
Depth of base of footing = 1.0 m, Unit weight of soil (y) = 20 kN/m?*
fs = 20 N/mm?®, f, = 415 N/mm? .
To Find : Design square footing.
1. Load Calculation :
W_= 1500 kN
Self weight of footing = 10% x of W_ = (10 / 100) x 1500 =150 kN
Total weight = 1500 + 150 = 1650 kN

Total load = 1650 = 16.5 m*
Bearing capacity 100
Weight of soil on footing = 20 x 1.2 x 16.5 = 396 kN

Size of footing = J16.5 = 4.06 m
Provide 4.5 m size of square footing.

2.  Areaof Footing : Area =

[
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e ’/-:pooliﬂg by One Way Shear Criterion :

’ D‘ rd prealureo

8
Net vP¥ _ 1500 _ 24 074 kN/m?
: P= 45

tion is at distance ‘d” away from the face of the column

i amal caz 45-04
V =16x74.074 x 45 ST -d
ghear forc®: gz
= 500(2.05 - d) ~{53.1)
ing 0.2% steel, 7 = 0.32 N/mm?
i ear force resisted by the section =1, xbd =032 x10"x 4.5 d
o SH =dl44(: 54 et . .15.3.2)
: (6.3.1) and eq. (5.9.2), we ge
V. thgoc&zos_ d) = 1440d
d = 0.629 m ..(5.3.3)
X
WA 'f
Sz b
£ Y P
---'L--'--:'--r-r 4500 mm
B oo A
(0.4 + 2d) 7 l
X Y
‘Fig.5.3.1.
4 Depth of Footing by Two Way Shear Criterion :
i Critical section is taken at a distance d/2 away from the face of column
i Perimeter of critical section =4(0.4 + d) = 1.6 + 4d
@ Shear force at critical section = 1.5 x 74.074 (4.5 - (0.4 + dF)
= 111.11(20.25- (0.4 + d)%)
2250 = 111.11(0.4 + 4P -A5.3.4)
45m
- -
. ¥ 1
r a0,
] ' E
42 L | S
' ' -r
Lo
X
‘Fig. 53.2.

. Shear force resisted by the critical section maximum allowable shear
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stress= 025 (7T =025vmp
= L1188 kN/mm?® = 1118 N/
Shear force resisted = 1118(1.6 + 4d)d = 1783 g :nm:
Equating the eq. (5.3.3) and eq. (5.3.5), we Bt 44724
2250 — 111.11(0.4 + d)° = 17SS.8 d + 4472 ~M83,
d=0522m
Depth of Footing by Bending Moment Cy;
Bending moment about an axis X-X pass throug:,e::on : ~45 3,
shown in Fig. 5.3.1. © face of
BM at critical section, A

=1.5x 74.074 x 4.5 x 25-0.4* .
0.
The effective depth required. 2 S2hy.,

AM = 0.138 7, bd*

or Fim 1050.62 x 10°

0.138 x 20 x 4500 ~ ~20-85 mm ~48.33
From eq. (5.3.3), (5.3.6) and (5.3.7) the highest val s
Hiws 2 alue ofdobum'di

Provide 550 mm effective depth and 600 mm overall depth. Inc
depth is taken due to shear considerations. s oereened

Area of Reinforcement :
Area of tension steel is given by,

M = 0.87fA, (d - %‘}
k&

415x A
1050.62 x 10° = 0.87 x 415 x A, (550 = 20‘3:500)

A_= 5548.87 mm*
Use 16 mm ¢ bars,

T (16)* x 4500
Spacing, s=4 554887 = 163.06 mm

Use 16 mm ¢ bars @ 160 mm c/c.
Check for Development Length :

0.87f, ¢ 087x415x16 _ 752.19 mm
4t 4=x1.92

L, =

4500 -400 _ . _ 5000 mm > 752.19 =%

Available length of bars = >

then safe
Reinforcement Details :

Faculty: MOHD SARFARAZ
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16 mm bars 99 160 mym efe
in both div “tions

_| IG(N) mm
=1

mn 450 mm x 450 mm suppor.. n nxial

/-l A square colu
Q!""' square footing for the column. The safe

1600 kN. i?;,:f?h: soil in 250 kN/m*. Use M25 concrete and
c

jead
pesring COPE AKTU 2014-15, Marks 10
fr"s ;'-odl' steecl

".M_Tjure . Same as Q. 5.3, Page 5-5A, Unit-5.
ide size of footingis2.7m x 2.7 m
Net e, p=329.22 kN/m?

3 i ssur
;ﬂn;i(:lgp::)ment. BM = 562.5 KN-m

Required Depth of Footing :
By one way action, d=0537Tm
B;: two way action, d = 0.465 m

bending moment, d = 0.24 m
ls’:ovide 5%% mm effective depth and 610 mm overall depth.

(R LT S S T

Reinforcement :

Required, A, = 2873 mm?

Provide 12 mm ¢ bar @ 100 mm c/c (Actual provide 3054 mm?)
Development Length :

Required, L, = 483.6 mm

Provided development length = 1075 mm

Detailed Reinforcement :
._l\‘__

450 mm

P ol - TR

12 mm ¢ bars @ 100 mm c/c
in both directions
Clear cover = 50 mm

s Lo e s Jerome

2.7 m —e—
Fig. 5.4.1.
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Que 56. | Design a footing for the 250 mm x 500 mm size B

column transmitting a load of 300 kN. The bearing capacity d::
to be taken as 90 kN/m?®* at 1.0 m below GL. Use M20 eoncr:":_‘q

Fed4lS grade steel. rAK‘I'U 2014-15, n'.___"k-—'-5

g 600 mm.
260 mm
i vort Bize °Dr°°':.1';;:r-;nc capacity, q, = 90 kN/m?*
' g"':[-padx“ a footing- :
’1 1 . ’
o

ds? r = 300 kN
Cetnmt? |.m‘¢,|‘;‘::‘.“a' W, = 10% of W, = 30 kN

weight of f 300 + 30 = 330 kN

of Fovu :
pees A,.w'+wl-3;;’=3.67m'

£ footing, 7.
¢80 gth to width ratio of footing is same as that of

LU T

A
Comsidering R
wlumn. l‘.C-'

" -

y= 2x s
of footing = X X y = X X
8 e 3.67 = 2x*
y=1.35m=136m
y=272m
Soil pressure due to column load only,

3 300
o =00 - 81.09 kN/m?
P= 372x1.36

Factored soil pressure = 1.5 x 81.09 = 121.65 kN/m*
Caleulation of Depth of Footing :
i By One Way Shenr Criterin =
a Critical section is at d from face to column.
1.36 — 0.250 d)
2

L

b SFinlonger direction = 121.65 x 2.72 x

= 183.64 —-330.884d
¢ Shear force in shorter direction

¢ — 0.
= 121.65 x 1.36 = (2 i2 2 500 —d)
= 183.64 — 165.44 d -A5.6.1)
4  Shear force resisted by the concrete .
= t_xd
(Assume 0.2 % steel, T, = 0.32 N/mm?*)

- 232 x10°x136d = 435.2d . A5.6.2)

Now, equating the eq. (5.6.1) and (5.6.2), we get
183.64 - 165.44d = 435.2 d

d = 0.306 m ...(5.6.3)
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_—
dr2 mm 272 m
250 mm
‘Fig. 5.6.2.
b. Shear force at cri tical section due to shaded areg

= 121.65 x [2.72 x 1.36 —(0.250
= 450 — 121.65 (0.125 + 0.75 o7 + :)u)*(o'm"'

= 434.80 - 91.23 d— 121.65 4=
c. Punching shear resisted by section = T x A ~
where, T, = 0.25,//;. = 0.25J/20 = 1.12 N/mm?*

A = [(0.25 + d) + (0.500 « d)] = d
= (0756 + 2d) < d = 0.75d + 2d7
-
d. Shear force resisted = 1.12 x :3, x(0.75 d + 2d7)
= 840 d + 2240 d* - ABES
Equating both eq. (56.6.4) and eq. (5.6.5), we get
434.80-91.23d - 121.65d? = 840 d + 2240 J*
2361.65d% + 931.23 d — 434.80 = O (549
d = 0275 m

ii. Depth of Footing by Bending Moment Criteria:

a. Critical section is at the face of the column.

b. Bendi moment in lo er direction N
3 = 121?55:: 1.86 = 1.11 = 1.11 /2= 10192

J
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S =
~— = -
— i)
18 s v
dia bars
0.25 m < s D o —
o a0 of top reinforcement ':::1
E TS —ﬂa U bars -
=3
18 mmmn & 3’* - - - - S =t -
120 mam e ot ] S
olsmeaoomde OIQMOW =
4.5 m iy
N-section =
Fig. 5.10.3. Plan or reinforcement.
3 ' Desgin o cantilever retaining wall to retain earth
::::akm"“ A m high above Gl. The density of carth is 18 kN/m?*
T‘;.n.::e of repose is 30°, The embankment is horizontal at il:
h ecu © bearing capacity of the soil may be taken as 200 kN/m
' ‘flicient of friction between the soil and concrete is 0.5.

M20 grade of concrete and Fe 415 HYSD bars,

| AKTU 2015-16, Marks 10|
rr—

ch":' Height of embankment = 4 m
D’ﬂd& Y of earth = 18 kN/m?, Angle of repose = 30"

To Fing s pr Y of s0il = 200 kN/m?, Coefficient of friction = 0.5

ign of retaining wall.

L w
al "Nponiom :
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i,

vi,

vil,

Page 9

n’k k’”‘ 'ﬂ "\\ :

aﬂemﬂt}p_v,p:mmm .

" the: maxipy, M‘ngm
‘),IMIl"nF-l.ﬁt"AxlO‘ i
= 186.5 mm

Fifeetive coyer 1 reinforcement = 49 mm

Tobal thicknong of wlem required = 19( 4 40
T Kty of 3

Thes e

¢ .
50 mm at bottom ofthe stem

slih bk ey ulso will be 350 mm '
Fotal height of will, 1w 4 4 0,350 « 4 d5m

Witlth of ipe nlab, b= 0611 1 06H=217510 261
Providdo n hiwo width of 2,50 m. e

0.0

" R4

Fig. 8.17.1,
Vil Toe Peajection : This may be made about one-third the base width.
Toe width = '-’_-;‘i’ 2083 +0.85m

D

Subject: DCS

praactusral Pt R W & ottt Wl

/ gor Oe Metve Length of Wally
\‘kulﬁ“‘“* X%

_ﬁ,pilil"( T‘,};ﬁ;a@ Distanes Mamwnt
‘u" Joeto an o ) | whonid w (KN )
/’:" N 140 el
| ‘I'o."““\a [

/aj':‘/’ 8 18 It

g @ | 2100

T B\ y ,:

—ams| um | A8

[ paxdn 8 a6 064 (L)
g} s

L 1as
ck’ 6 3
st Ha:x
] T
L—f—u-‘l'—’- 142975 210,044
3 Distance from the point of application of the resultant foree from the
teelenda.
5 Dending monwnt=210.l.'lﬁ
total load 142.976
¥=14Tm
{ Eecentricity,
" 2.6
= §-==147-=— =022
e=x 5 = 147 2 =02¢m
But b_25
"% =04lm

e < bl§

S Extreme pregsure intensity at the base,

w[ Se) 142.915[ 62022
el B (e L L B b
bt By 25J
Prny® 874 KN/m?

Prin ® 27 N/m?

L %:f:b'"i"e capacity = 200 kN/m?
)

ign of Stem

. mum bengj
Ul ng moment for the stem
Eﬂ:::: oment, M_ =15 x 64 = 96 kN-m

i Mam&:{th d = 350 - 40 = 310 mm
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- e - —
A s yeetmea s@m .
l- l-%\ ,'/,,w"f::ﬁ,,,momntfmlmmmd"tﬁpoﬁhm.u
= 50 _J f.obd ! WU’ u: 25.9'71:N-m ;
(TR ) M =l.5X25.97x10' 0
L N‘“‘M Ay® b—d% 1000x200° - 462
[ ey : T- 4604632
= 50 Jm g, 60 D014
416/20 =025, ' 416/20
0:95 ww,ofmlwhml“ﬂlsumed:o.m
Agw -Im-xlOOOxalO =014,5 mp2 A, 12(-%,1000,290',580,,,\2
iv. Spacing for 16 mm diameter bars, [A,.a—"‘ixm’-zolw . fipmm pbars, S = “35"8;‘”0 = 196 g e
1
g 201x1000 : iy 19 mm § bars @ 190 mm c/e
S= - 0
Spc i "8 Wy ::' fthoHeel Slabs
mammwzoom:;cdmm. el cakoltion for 1 meter videtipofthehelslabare given i

v. Distribution steel, A = ﬁ-x35011000 » 420 mm? hetable:

vi Spacing for 8 mm diameter bars, lddueto Magnitude | Distance ( ~ Moment -
Spaci 8= S0X1000 | 11005 mem « 110 S i) N from b (m) f about b (kN-m)
o a ame Feghtof thebacking
Ifthe distribution steel i provided near both faces, then the spaciogyyy | | 1414418 936 065 60.84
be @ 220 mm ¢/c near each face, S of the beel alab

% Denlgu alTve Sidb w"mwm 11375 065 14

i The bending moment for 1 meter wide strip of the toe slab can be : " X .
caleulateas: 6824

‘Loadducto | Magnitude | Distance | Moment | | | Defuctfor upward
Rk ) S| 0N | from | about peesrure abih,
Sl em) | e (Na) T | | A1) 3.1 065 22815
Upward pressure [edjf] a,l,imuau
66.85 x 1x 0.85 56,82 0425 uB 1T : 204 0433 884
of=>x085x2088 | 87 051 | 4% i Tl

2 ‘ — | [
Total B8 l\'m'b 36.585
Deduct for self weight *tkam bending moment,
of the toe slab ] |4 M= 3685 KN-m
0.85 x 0.35 x 25 144 0425 _._.—g;;’ et reqireg, A= My 153688100 o oot
Bending moment : bd* 1000 x 290°
for toe slab - S [1-(46:65%/20) %

(= a0 =0

-
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ol

B

10.

11.

iii.
iv.

V.

Minimum % of steel = 0.2 % W

0.2 '
Au = 700 < 1000x290 = 580 2

Spacing of 12 mm diameter bars, [ = .‘4
A, = p xl2'=.113mm,]

< 113x1000

Provide 12 mm ¢ bars @ 190 mm o/c
Check for Sliding :
Total horizontal soil pressure force Per meter run of th,
ew
Po= g X _ 1 s, (4357
‘2 3 2  =5%Tky

Limiting friction= yW =05 x 1
Factor of safety against sliding = T

- wW 7149 ki
" . —P. 56.77 126 < 1.55
ence, we have to provide a dreaxkeytomcmse
the resistance ageing
Check for Overturning :
M, 210635 . '
F= R _ =
M, 82.82 254>155

Hence Safe.
Design a Shear Key :

Safe horizontal pressure force = 1.55 P, = 1.55 x 56.77 = 88 kN
Maximum available force = 71.49 kN
Unbalance horizontal force = 88 — 71.49 = 16.51 kN

Safe horizontal soil reaction = 0.7 x Safe bearing capacity = 0.7 x 200=
140 kN/m?

Let the height of the key be y
140 x 1000 x y = 16.51 x 107
y=0.118m

Minimum height of key = 300 mm

Maximum BM = 16.15 x 9; =2.48 kN-m

i. Ultimate BM = 1.5 x 248 = 3.72kN-m

0.138f, bd? = 3.72 x 10°
d = 36.71 mm

Minimum thickness of key = 200 mm
Provide 300 x 200 mm shear key.
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Tre—
' i i ining wall subjected to
Consider the Fig. 5.14.1 showing 2 cantilever retaining
a lateral force P, |
: - . w‘
'L menbcal wall or stem acts like a cantilever subjected dmwmloped .
i loading as shown in Fig. 5.14:1 wu.h matti:!um .pnssufem
lhebaae.mbmofthcmnsubpded maxim bending moment
i i 1
sl ; s as shown in the Fig. 141
i t ofthereuimnswnllde 8 whry
i ?:e:o;:tg tension on the face AB, retaining the e
2. HeelSlab: i - domu"d
| slab is subjected to an upward pressure e 5
; Tz:::o due to the weight of the backfill supported on bee shown
5141 . o
i F'I:e resultant pressure is calculated by mbtnctﬁ :sh::n 'S
E downward as the pressure due to weight of bac e BC.
upward soil pressure. This causes tension on the top
Toe Slab : | o
?-. Tho toe slab is also subjected to an upward soil pressure and a downw

lab as
pressure due to the weight of the front fill supported on to€ §
shown in Fig. 5.14.1.

D oWnway
GL
P > ow

u
Weigh
h 'ght
Downward weight = /Ml backsiy
of front fill

Page 12
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