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Introduction

With Wisdom, We Explore

Foundation is the part of a structure which transmits the loads
from the structure to the underlying soil or rock.

It Is usually placed below the surface of the ground. All soils
compress noticeably when loaded and caused the supported
structure to settle.

Two essential requirements in the design of foundation are:
I.  The total settlement of the structures shall be limited to a
tolerably small amount

. The differential settlement of various parts the structure
shall be eliminated as nearly as possible

Requirement in EC2:

- Design is similar as slab

- Shear checking for vertical shear at 1.0d, punching shear at
2.0d and punching shear at column perimeter.
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S

The Lotus Riverside, Shanghai, June 2009: Foundation
design, geotechnical or construction failure?
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Introduction
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It is perhaps the ultimate example of
foundation failure - a 100% loss of the
structure. What happened?

The broken concrete pilings jutting out from
the base. Concrete foundation pilings
breaking?
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Classification of Foundation
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O Classification of reinforced concrete foundation:

Simple/Shallow

- Isolated or pad footing - Pile foundation
- Combined footing

- Raft foundation

- Strip footing

- Strap footing

O Factor of selection: (i) the soil properties and conditions, (ii) the
type of structure and loading, (iii) the permissible amount of
differential settlement.

U The choice Is usually made from experience but comparative
designs are often necessary to determine the most economical
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Pad footing Pile footing
Shallow foundation Deep foundation
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Classification of Foundation
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i
5
can be of solid slab
or cellular type)
Z e Subsoil level
Raft footing
11



12

Classification of Foundation
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Pile socket or I I Piles in . A
S : Bed rock or firm
bell-out to o III l cluster aod ot

il B Support by end-bearing on
= firm base with clustered piles

Pile foundation
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Design Consideration
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The major design considerations in the structural design of a
footing relate to flexure, shear, bearing and bond.

In these aspects, the design procedures are similar to those for
beams and two way slabs supported on columns.

Deflection control is not a consideration in the design of footing
which are buried underground (and hence no visible).

However, control of cracking and protection of reinforcement by
adequate cover are Important serviceability considerations,
particularly in aggressive environments.

Limit the crack width to 0.3 mm in a majority of footings.




Thickness and Size
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a Thickness and size of footing:

» The area at the base of the footing is determined from the
safe bearing capacity of the soil.

G, +Q, +W

A ju—
red Soll bearing capacity

» The thickness of footing is generally based on consideration
of shear (predominate) and flexure, which are critical near
the column location. The minimum effective depth of pad:

N, Thickness based on shear criteria, where:
Ng4=Ultimate vertical load=1.35G,+1.5Q,
Vramax—0-9Vf.4=0.5[06(1-f.,/250)](f./1.5)
u,=Column perimeter

ad =

VRd maxuo

14
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Soll Pressure
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a The distribution of soil pressure under a footing is a function of
the type of soil and relative rigidity of the soil and the footing.
Q For design purposes, it is customary to assume the soill

pressures are linearly distributed, such that the resultant
vertical soll force is collinear with the resultant downward force.

a For pad footing:
N N
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Flexural Design
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Q The footing base slab bends upward into a saucer-like shape
on account of the soll pressure underneath it.

a The critical section for bending is at the face of the column.

O The moment is taken on a section passing completely across
the footing and is due to the ultimate loads on one side of the
section. The moment and shear forces should be assessed
using STR combination 1:

Ultimate
column load,

i A ' )
. T Soil pressure -
' P Flexural crack forming near the column-

16 to-spread footing
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Shear Resistance
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O Footing may fail in shear as beam shear or punching shear at
the location shown in the figure below:

Seamn shear Punchirg shear perimeters,
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Location of critical shear
section and perimeter
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Shear Resistance
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The critical section for vertical
shear is at a distance d from the
face of the column.

The vertical shear force is the sum
of the loads acting outside the
section.

If Vegg < Vgge =2 NO shear
reinforced is required.

Vg4 = the design shear force
VRrac =the concrete shear
resistance

The critical section for punching
shear is at the perimeter 2d from
the face of column. The punching
shear force is the sum of the loads
outside the critical perimeter. The
shear stress IS Vg4 = Vg /ud where
u Is the critical perimeter.

If Veg < Vg = NO shear reinforced
IS required.

The maximum punching shear at
the column face must not exceed
the maximum shear resistance
V

Rdmax*
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5 Shear Resistance
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A Punching shear resistance can be significantly reduced in the
presence of a coexisting bending moment, Mg, transmitted to
the foundation.

a To allow for the adverse effect of the moment, which gives rise
to a non-uniform distribution of shear around the control
perimeter CIl.6.4.3(3) of EC2 gives the design shear stress to
be used in punching shear.

Vea
Veg = B—
Ed 'Bu,-d
where;
B =1+ /(MEO' th Factor used to include the effect of
Vieyg W, eccentric loads and bending moments

k = coefficient dependent on the ratio between the column

dimension (c, and c,).
19
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< Shear Resistance
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c,/c, <0.5 1.0 2.0 = 3.0
K 0.45 0.60 0.70 0.80

u,= the length of basic control perimeter

w,= function of the basic control perimeter corresponds to the
distribution of shear

w,= 0.5¢,%+c,c,+4c,d+16d?+21dC,

Shear distribution
due to an
unbalanced moment

20
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Shear Resistance
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O Vertical shear at 1.0d from column face is based on shear
resistance, Vgq . > Vgq

V.. = [0.12k(100p/, )**]bd > [0.035k*?, *]bd
V. =1[0.35k*?“?]bd

A Punching shear at 2.0d from column face based on punching
stress:

Vmin VEd i
_ ,punching
VRd,c =— >V

ud = ud

O Punching shear at column perimeter is based on maximum
shear resistance

B f f,
Vo, =050 06(1- 20| o,

21



Crack Control
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O Use similar rules as for beam in Cl.9.3 of EC2 and CI.7.3,
Table 7.2N and 7.3N

a Steel stress for limiting crack width, w,,=0.3mm

_ fy/( G/( +O.3Q/( l
* ~1.15|1.35G, +1.5Q, |5

or

G, +0.30Q A
f. =435 k k sreq
s [1.35@ +1.5Q, }[Aspmvj

a For detailing requirement, maximum allowable spacing is
250mm

22



Detaliling
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Footing Design

With Wisdom, We Explore

Example 4.1.

Pad footing under axial

25
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Example 4.1
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A rectangular pad foundation is required to support a single
column transferring an axial service load which consist of 600kN
permanent load and 450KkN variable load. Using the data
provided, determine the suitable size of the footing and design
the required reinforcement.

Design data:

£ =25 N/mm?2

£ = 500N/mm?2

Soil bearing capacity = 200N/mm?2
Column dimension = 300mm x 300mm
Design life = 50 years

Exposure class = XC2
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Example 4.1
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Calculations 1 N

AXlal Force N R .
Permanent (;k :

'600kN

De51gn ife
(Exposure classes = | X

I
T

VAN A AV

 Column sige : ]
30 x300mm |

!
i

vhvant
I
x

i

_ Assumed

Vdrlable Q k.

Materna]s ) %

Concrete

So:l bearing capactty
: ¢ bar

R et TR S S
: i

Remforcement f vk |

e Umt welght of concrete =

450 kN

50 Years (Table2 1 EN 1990)
X,.C?f._..

25 N/mm

25 kN/m

200 kN/m* |

| Table 4.2
Table 4.4N
4.4.1.3

44.1.12) |

..‘E;.DURABILITY & BOND REQUIREMENTS T 1

EMm cover withregardtobond, ¢ iy, = =
‘Min. cover W1th regard to durability, ¢ yin gur =

fAIlowance in desngn for dev:atnon A cdev =
‘Nominal cover, ‘ '

Cnom —

§

S

€ min_ + Ac dev T

i

+jo =

16::mm
25 mm

10 mm

Use:

. T TR Sl




Example 4.1
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Assume footmg selfwelght 10% of

Area of footmg requlred

(N + W)/Soil bearing Cépacnty

= (1050 4 105) /200

= 5 78';1;2

Try;quarefootmg, SN SN WU PRV SO,

B xHxh = 2.5x2.5x 0.45m

Area = 6.25, > 5.78

Selfweight =/ 6.25/x 0.45 x 25

= T0kN < /105kN

Ok !

ANALYSIS

Ultlmate ax1al force,

Nz = 135G, +1.50,

600)

+(1.5 x450) = | 1485 kN

e T T < e U S




Example 4.1
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Sod pressure at uhmate load,

¥

P Ngdd = 1485/625 Rl 238 kN/m"

Soil pressure per m length, w= 238x 2.5

21

S

Maximum momet at

( ]

column face,

M\TTrTfTT\TﬁMWW;WW

M o= w2

= 504x

“ W /2 —
= 359 kNm :

" 6.1 7

MAIN REINFORCEMENT?

Effectlve depth, .
dei= h-Cpom =154+ |

= 450 . 35_;
Bendmg’ Moment M

(1. 5x 1§)=

= | 3594 KNm

K = M/bd’fy

= 359.4 x10°/

= 0038 <

@0 k391X f

Kbal= 0167 {

Compressnon reinforcement is not required
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4.1
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z=d[05+/025- KILBAT=097d s 095 |

A, =M/08Tfuz |

= 359x|06 /(087x500 X

C095x391)

= 2Z24mm

H
t

annum and maxnnum remforcement area

Hi6

= 00013 bd = 00013 x2500 x39] 5—1304 _mm

1 s, max

SHEAR

Ao = 0.04A, = 0.042500x 450 = 45,0903mn2____“_w

(1). Vertical Shear : Crmcal at 1.0d from column face

0709

t91 709
: L
1 ]

i ;,

it B

| 25m

AL AL 2L LR A

594 KN/m Design shear force,

Veg = | 594% | 0.709

= | DN




Example 4.1
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6.2.2

Desrgn shear resistance,
Vrae =L0. 12k(100p.fck>”3 16d

!

1+ (200/d)l_/‘2

1+(200

il I/\

/391)

17 |

Ay /bd

- 2614/ (2500

=002 L.
x 391) |

G AARMASIA PN B DB WAV,

00067

012x 1.72x

51441]55N

s
514

[ 0.035k 3’2fck

0035x]72

384261

..’_‘4_2.5. o

384

0 0067 x 25)
;kN

5[14-4

kN

safpvsnmavaavave

- 450
ot il O

-35-

]6

39

= 002

x2500 x

'f[]i’fs;ﬁff,j_ff f[_j. ?f[ﬁf'fﬂfﬁﬁfffff’ff,.]f Okt

mm ,.fﬁffff,f I R . e




Example 4.1
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_Controlperimeter, | | |
w=l@xp30 |
oHexmxmy| L

oo=esmm |

\
1 |

i Area wrthm penmeter -

4 =1@©330° f
'“léxomeW&mwmimwwmw
| +(mx]0.798 )

'Punchmg shear force,
Veg = | 238(]2.5°- (3.05)

761 /kN

Punching shear stress, |
ng = VEd/ud 1 1
761 | x 10°/ (6215 | x399)| = 0.31/N/mm’

Shear resistance,
VRae = 384 x10°/ (2500 x 399)
= 0.39 N/mm’ B N0 | N gl




Example 4.1
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| (). Maxnmum punchmg shear at column penmeter
| Max1mum shear resistance, ; 3

Vrame = |0.5ud [0.6(1 - f4/250)] fu/1.5

=054 x 300)x 309 0.6(1 o 25/ 250)]( 2508

= 25N > SM8SKN_

._“_JCRACKING |

_Steel stress under the dCthl’l of quasn—permanent loadm;, s

o =[Gyt 030)(135G, + 1500 s e/ Aspod/1.19)|

Gyt 030, =
(1. 35(1k+ 1. 5Qk) = |

h= 450 mm -~ >200 mm

600 + (0.30 x450) =
1485 kN L
 fo = (7357, 1485) (2224 /2614) (500/1.15)
= 049 x085x435

= 183 N/mm’

B3N

 For desngn crack wndth O 3 mm 4 |
‘Max. allowable bar spacmg = ;
| Max barspacing = [2500- 243) -16]/12 |

[ = 200mm <

J Wdoe
Nced SpCSlllL measure !

.....................
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Example 4.1
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i H i i
{ ; : ; h |

i i f i i

i

FERDERININTRR F——— . ; B ; T [T; R v dpavamn x

§5 Dimension:

| sl | H B = 2500 mm
CoverCopom5§  35mm |
| Reinforcement: PPN mem—
i 01: 13H/16 equally space
= 02: 13H|16  equally space

e

5
4
2
X

ATATATAYNAYATAYAYATAVA T e el e e
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Footing Design
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Example 4.2:

Pad footing under axial +
uniaxial-moment




Example 4.2
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Design a rectangular pad footing of uniform thickness for a
reinforced concrete column of size 300mm x 300mm and
carrying axial load of 1500kN and ultimate bending moment of
50kNm.

Design data:

£ =25 N/mm?2

£ =500N/mm?2

Soil bearing capacity = 200N/mm?2
Column dimension = 300mm x 300mm
Nominal cover = 40mm

*Use a factor of 1.40 to change the design load to service load.
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'SPECIFICATION

Moment, M = | 50 kNm ;

Designlift 50 Years (Table2.1 EN. 1990)

s . Exposure clas,scs = . xXc2
] e L
Column size ._ :.,i. Reinforcement, £, ?"fff_ﬁ%;:é_;___,,,5_99'1"/mm; B

250/ x350 mm Unit weightof RC = | 25kN/m’
) Assumed ¢ba, | 16 mm Sonl bearmg capacrty L= 4 lSOkN/m2

DURABILITY & BOND REOU[REMENTS N (IS
»I Table 4 2 i Mm conc. cover regard to bond s '16 mm '
»Table 4 4N Mm conc Wepve‘r regard to durabllrty, € min, dur ° 25 mm ]

| 44.1. 3 | Allowance mdeélgn for devratlon Ac e = : IOEmm”'_:_ o b
4411 | Nomialcover, | Use

Cnom ~ Cmm + AchV - 25 + 10 = . 35mm C:.'Jom = 35mm

Il.§

AN BN A A IS 8 ANV AV AV AY AT A A AN AN A Y3 T AN AN A A AV A YA A

't
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Example 4.2
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| , X _éSerwce actlons
I 1. AxalN

aseo40 |
Moment,M— 50 0 40. i
| |4 ; . ;Assumed selfwelght of footmg
' §—1 IN /Bearmg capac:ty '
~=11x] 1071 /150
—786 =
Try size BxHxh
 250x/3.50x 0.65 m
| I x N . | 4 = 8.75m>
‘Max. soil pressure, 7 . —BH 3/12— 8.9323'm
P =(N+W)/A + Myll 'y = HR2=| 175m
= (142 [+1071)// 8.75 Selfweight, |
+ 36:x 1.75: / 8.93 = 25 X ' 8.75x 0.65
- 146 kN/m” = 142kN
. =T Toman ook

w0
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JANALYSIS

=

I__E

l

1.575 |

. |

N
¥

Mo T

M, =

EX X XXX

]

(I72x

(171 x

W_A_‘Bendmg moment at column face

181

e s i o

i

jv :

'Ultimate soil pressure, |

P

1.575 /2) + [(]81
228 kNm/m x250

1. 125 ~12j

108 kNm/m X 3.50.

NIA + Myll
(1500 /8.75)

+ (50 x 175/ 8.93)

171 t 98

181 KN/m’
162 kN/m’

o172),
571 kKNm

SRR . . SN SO

1.5752x23] |
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_Effectivedepth, | | | | MU N AR A
dxeff_h ~C nom~ 05¢ bar =650 '35' 0.5x16 = 607 mm
A e P -Cpom=1.5¢ e | = 650 -35-11.5x16 = 591 mm

|
Longltudmal bar

Bending Moment, M| = 571 kNm

K = M/bd’fy | - .
= 571"-x106/(2500‘M:‘)“(60‘7'.2v_‘x25) 3
= 0.025 < =10.167
Compressmn reinforcement is not requlred »

z =d [0.5 + /025 - K/1.134) ] |= 098/ d < |0.95d
A, =M /0.87fy 2 il
= 571ix10°/ (0.87x/500 x | 0.95x607) | Use: 15 H16
= 2277 mn’ 3 (3016 mm)

e e
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Mmlmum and max1mum remforcement arca,

”"Asmi,, = 0. 26(fc,m/fyk) bd - 0.26x @ 56/ 500) X bd

Sy 0 00]3 bd 0 e §x2500 e 607 1973 Sy

' — 0.04A, = 0.04x 2500 x 650 = 65000 mn

9211

T= 380 x10°/(3500 x591°x25)
= 0012 < [Kyy=/0.167 | o g
] Compressnon remforcement is not requnred
z —d[os +,025 - K/1.134)] = 0.99 d < 0.95d
A =MI08Tfuz T
= 380 x10°/ (0.87x 500 x ; 0.95x591)

= 1555 mm®

1

H
]
i

Mlmmum and maxnmum re mforcement area,

Bending Moment, M = | 30kNm || |
o =, M/ba’fd\ | : | ’

uSe

| As,m,, =o0. 26(f amlfy) bd = 026x (2. 5671 500)x bd e T

- 0.0013 bd = 0.0013 x3500 x591 =2759 mw* |

= 004A, = 004x3500x650 = 9100w’ | |

25 HI2
(2828 )
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(‘) Vemca‘ shear :at 1.0 fromcolumn face |

— ... |Averagepressureat | | |

- crtlcal SeCthﬂ 5 (—— YRR KRR | S
=162+ (3.02350x(196) |
,‘_2_-__5,»1_1‘1. 179 kN/m |

1

Verticalshear force | | |
VEd =i 179 x 0.97 x 2.5

1097 | = 432kN

2 | e s
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i

ve o 108 (6 103/& 8728 1x607) |
A 0.10 N/mm
W_Shear resnstance , o N
Veee 5 524x10° / (8728 x599) : _

{

) (). Maximum Punching Shear at column perimeter. | | i
- .Punchmg shear force at column penmeter I 2
Vra=| 1500kN i B TRk B
| Column perimeter u, = (350+ 250)x 2 = 1200mm

1 6.4.3(2) | Punching shear stress, = : 3

. VEd = ,B(Vl-d/ua') i =

where | g = 1”‘ W Ed/V "4 T N T (SR (RN e
......... B GO T | 7GR YW I A AN I CION IS
Table 6.1 R ‘—(050x 350 )+ (350xi250) | |

=| 0.15x 10° | | R e e i

=l 1+ 065x (50x10 /11500 x. 103)‘ | |
x(1200 /015 x10)] |
| ves | 117 1500 x103/§ 1200 §~x599)
T 20 O

AN ASAASA A VAN YA A AR A0 A AANIY ¥ 0 AP A B A A RV A AVAN ¥ A AN EA S

Lok,

i

|
L
§

{

§
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= 05 [ 06(‘ - 25/ 250)1 ( 25/ 1.5)
= __4.50 N/mm® S 2N T (R R T

| CRACKING I TN (RS W S
733 | | k= 650mm >200 mm _ o
Assume steel stress under quasi permanent loadmg g b
=i§ 0.6/ (/1. 15)(Asreq Loprov)| L
= 0.6/ (50/ 1.15) (2277/3016)
= 197 N/mm’, |
Table 7.3N For desngn crack w1dth 0.3 mr_n 1
0 - Max allowable bar spacmg—' 250, mm
Max. bar spacing 1 = 25()0-5 2(43) |- 16]/14
= 17lmm |< | 250mm Ok !
Max. bar spacing 2 = | 3500 - 2(41) |-12]/24
| = 142mm < 250 mm | Ok !
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) FUTEITS VR —

|

R —.—

Y ST ST S r-w— S——r

02 .

“50mm blinding """

iR(;!nforcement Bar mark Ol
'  Barmark 02:  25H 12 @

'15H16@_
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