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Design of Shallow Foundations
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Types of Shallow Foundations.

- 1- Strip Footing : s ,b aclys
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2- Isolated Footing : ilaise aclys
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b - Haunched Square Isolated Footing :
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d - Circular Isolated Footing : a3 )3 acly3
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3- Combined Footing : 1S 518 Aol el
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4- Strap Beam. :
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Main components of shallow foundations:
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Requirments For design of shallow Foundations :
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1- Column load  (Given)
2—- Column dimensions (Given or calculated)
3— Allowable bearing capacity Q. (Given)

4- tp.c. (Given or assumed)

5-F,,F, (Given)
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E,= 256 N/mm’
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Concrete allowable stress :

(1) qs cu =Allowable shear stress in Foundations.

Fou :

s cu = 0.16
Ocv_

(2) qp cu =Allowable punching shear stress in Foundations.

Fou
0.
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Concrete dimensions of shallow Foundations :
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Details of RFT. of shallow Foundation :
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Design of Isolated Footings
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P, = Column Load (kN)

q, = Allowable bearing capacity (kN /m)
a, b0 = Column Dimensions (or calculated)

trc = Plain concrete thickness (or assumed)




Design steps :

a - Area of Footing : | ”
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1-For t,, < 20cm . g, Bee
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LR.C’. = Lp.c." < tP.C'. BR.C. = Bp.c._ 2 tp.c.

b - Design the critical sections For moment :

Bpe=Vm s Lpc=Vm

Pyi = Pw *1.5 (kN)

J,.
Actual Normal stress on R.C. Footing (U.L.) ?0
Py

Bpc+ Ly, }PU'L'

9., &kN/m5) =

R.C. Q«»

Direction [—] Ty
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ZI= LR'E—b (m)

Force=Stress+Area
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Force= 4, +2 +1m '
M I
\ ~ Lpec— o

\
\

(Strip 1m)

\
\
.




LLLL q, i
Force

Moment = Force « Distance

\ N

Mact.=( qu * 2 * 1m) % (kN.m,/m)

tﬂa{ 7

6
dI (mm)= C, \/ MIa.ct. (l:N.m/m): 10
Fo, 0/mm) % (B (mm)

Choose C ;= (3°5 *@:@\) Recommended

Get d]:// mm o._\l:,JJL, HA.." H"‘.‘_’ﬁ-j ‘—’.)-“"
Take cover = 70 mm

tIR.C. = d[ + cover (70 mm)




Direction II-I11

2= Brc-a

= (m)

2

Force= Stresss+Area

¥/ 4

Force = + ZrIm

Moment = Force « Distance

M}I act.=( qu AL 1m) %_H (kN.m/m)

* MI act.
[ 7
R.C. %

— 1m'——
I<___-BR.C.—_’I

6
dI](mm):: C, \/ MIact. (lf?zN.m/r'T,)j* 10
Fo, @/mm) % (B (mm)

Choose C ;= (3 .5 *@:@\) Recommended

et Opr=vy mm sl O SV IR SR
Take cOver = 70 mm
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Calculate Allowable shear stress. (qs cu)

Fe, (N, mmz)
Qo= 016\ F* /'

Calculate Actual shear Force. (qu)

l:Z—% ()

ZI b ZIIC:*)-.\S?“ z Jt;':’“:‘

1}9

el

=
N
NI

qu'—‘ L+l 1.0 m (kN)
odc Wl o (dob f Yy= J crnsd

Calculate Actual shear stress.(q,,)

q - qu
™ bad
Q. 10°
q — su * 2
1000 (mm) & d (mm) (N/mm)

- I F qsu < qscu safe

= IF qsu > qscu ncrease (d) by 100 mm
then check




d - Check Punching shear :

Q. s U5 o oS 5 sl Gyiay o Ssaedt of o oSTUI Gy

qpcu Cuasd g odelil) 9 gacdl QB e el V) palll slaal 4o 4
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allowable Punching shear stress. (..
qpcu: 0.316 (0.5+ —g’-) \/ lgm (N/mfmz)
c

IF (0.5+¢)>1.0 d[

Fe, 2
Oc

Take qpcu = 0.816




Calculate Punching Force. (&)
qu= PU,L,— ( q'u, ) [(a+d)(b+d)] (kN)

Calculate Punching shear area. (A p)

. Q, S O
Calculate Actual Punching shear stress. (qpu) _
qpu __ Punching Force
Punching area
q.. - Qi) 4 108 ,
pU = (N/mm)

[2(a+d)+2(b+d)]*A (mnd)

IF 9y, <9eu —> Safe punching shear.

IF 9o > 9.c. — » UnSafe punching shear.

We have to increase dimensions.




€ - Reinforcement of the Footing.
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§ II __i' IIJ
L.l

- 9" g‘ .

A S7= -MI act. (mﬂ’%/m’) AMgct
JF,d tre|
I<_L}e.c'._>I
ASII‘= MIIact. s )
JE,d
1.5 d cmm)
Aqu',n (mmﬁg/m) =§ g‘)..\SS'
5% 12/m'

IF As > Aspin. —» o0.k.

IF AS <A8min —» Take AS': Asm'in
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Details of Reinforcement.
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Example (1):

It is required to design a rectangular Footing to
Support a R.C column of thickness (40 90)cm.

The column working load is 2500 kN ,and the allowable
net bearing capacity in the Footing site is 150 kN/m?>.
thickness of P.C.40cm.F,, =25 N/mm?*, F =360 N/mm?).
and drow details of RFT. to scale 1:50

Solution.

Givens :

column dimensions (400%900) mm
1301. (working) = 2500 kN P  (UL) =2500 *1.5'= 3750 kN

Bearing capacity of the soil = ou=150 kN/m?
E,, =25 N/mm? Fb: 360 N/mm?

Area of Footing :
t.. = 40cm > 20 cm—>»(Area of P.C.)

LP.(; BP.C‘= b—0O =0.90—-0.40 = 0.50 m

L .= BP.C. +0.50 m -—-—- 20

P.C.

A LB _ 2500 kN 2
PCT Q. ~ 150 (kN/m)

AP.C.=BP.C.*LP.C. = 16.67 mz —“'_@




Bpc*Lpe =Bpo+(Bp+0.50) =16.67 m
Bp,c, =3.84mMm —T—a—k—eb Bp,c, =3.86mMm

LP.C.: BP.C. +0.50 m —» [, pc.=4.356 Mm
BR.C.= BP.C. — 'th.c. —> BR.C.-"—‘ 3.0 m

LR.0.= LP.C. -th.c. — > LR.C.= 3.6 M
Bp,c,= 3.86 m L pc=4.36 m

|Brc=3.05m] [Lpc=3.565m]

Design the critical sections for moment :

Actual Normal stress on R.C. Footing (U.L.)

P,
Q= vL _ _ _ 8750  _ g46.34kn/m?
B,.*L,. 3.05+3.55
2 _ B..-a _ 3.05-0.4 3 45 IQ_-9_0I
€ 2 Vi, .
=fsgomo o gieTes %-1.325
\ R
—3.55 ———

als yolo
055 JWG 5 Zp =2 0558 [L—B=b -0 byl le Ll 13)
L5 anly ot o,w of oS W dp=0ly 055 @S 00 s Mr = My




]
Force = Stress*Area
| 0.90
Force =qQu+2Z+1m 3.05
L .0.40-E | A
=846.3+1.325+ 1 oj,-j6;6j31j.;.j.
DL, R =1.325
=458.85 kN | brip T

= fyn -
moment = Force« Distancel. 3 55__.J

'th.-f( Qu +2Z» 1m)72Z_

=(346.3 + 1.325 « 1 ) 1:32% _ 304 in.m/m’

2

d :C, Moot Choose 01 = 5.0
Fcu*b

d=5.0 v 304 +10° _ 551.4 mim
25 7000

NRVNPOY SN RPOR SN N
Take @O =580mm

trc =d+70 mm =580 + 70 = 650 mm

ItR.C.=650mm| |d=580mm|




Check Shear :

1
S
N
S

- |

Q+d=040+0.58=0.98m

b+d=0.90+0.58=1.48m

--l:_cz_.;]--
No[on
—b+d—

1
==T Critical 0.58 -
‘lr leectwn L---J----JI
21 l
S S , |
:rQﬁ” Foear o
L1}
q.
[ = % Critical section For Shear.
l =1.825- ‘L25_8= 1.035m
Q. ,= Tusl+1.0m =346.3+1.0385 + 1.0 = 358.4 kN
Q.. 358.4 +10° d /2
qsu b*d 7000 580 —0618N/mm -

_6303; I/Jm"“

\ [ Fou 25 -
q.=0.16 5. ~ 016\ 75 = 0.653 N/mm

—>» Safe shear stresses




Check Punching shear :

a+d=0.40+ 0.58= 0.98m | osez o058\
el 08,
b+d=090+058=1.48m 'o.JbZ 12
' 058: 4 §
Calculate Punching Force. 7{::—_ - '_'__'_,; J
qu=PU.L.- (9w ) [(a+d)(b+d):| 0.40+0.58

Q,.=8750 — 346.3 [0.98+1.48 ] =8247.73kN

Calculate Punching shear area.

Ay = [2(a+d)+2(b+d)]|+d d[ \/

A, = [2(400+580 )+ 2(900+580 ) ]* 580

A, = 2853600 mm?

Calculate Actual Punching shear stress.

[2(a+d)+2(b+d)]*d
q w= 3247.7 108 =1.138 N/mmz
28563600

(0.5+ %) = (0.5+ 220 )= 0.944 <1.0

0.90
F.. \/25
3. =0.316(0.944) TZ |

Doou= 0.316 (0.5+ %)
= 1.218 N/mm’

0‘.




qpu < qpcu —>» Safe punching shear.

Reinforcement of Footing :

0.90
3.05 T
|._ [z

——— 3.55—~ dbgale
055 UL 5 Zr =2y 35S L-B=b -0 b3 gle Ll 1)
L85 anly olast eyws of oSe Y Ag=A gy 055 5 00 s My = My

Mact.';( Qu 2+ 1m)_22_

—(346.3 +1.325 + 1) ’_-:;i5 = 804 kN.am/m’

J = 0.826

6
Moot 504410
Ag J E,d ~ 0-826+ 360+ 580

= 1762.6 mmy/m’ >As i

870mm

Smin =

A ) g 1.50 = 1.5*580=870§ ,
5%5 12/m‘= 565
As=7918/m




Details of RFT :

(£0.00) TETT
. 4
(— 0.45)
T __V__
( 150)(—1.10)
Sec X—-X
|
= T
| } 3.85
| gl |+ 305
XL [75;?518/mf ) ] —1)(




Example (2):

It s required to design a Footing to support

a square R.C column , The column working load is
100 kN ,and the allowable net bearing capacity in
the Footing site is 200 KPa.. thickness of P.C. 10cm.
(E}u=22.5N/mm2, 'F?'J"‘_ 360 N/mm?).

and draw details of RFT. to scale 1:50

Solution.

Column Dimensions :

3 3 )

col E:o 6 ~n

@ =129 mm ke o g = 250 mm

m

Area of Footing :

t,. = 10ecm < 20 cm—»(Area of R.C.)

E, 100 (kN) 2
4= 9. - 200 &kN/md - 08

footing will be square because
the column 1s square

2
AR.C.=BR.C. = 0.5 m2




BRC 0.71 m Take ch 0.80m

min

BP.C'.: BR.C’. + th.c. —> BP.C.= 1.00m

|BP,C,= 1.00 m|

BRC 0.80 m|

Design the critical sections for moment :

Actual Normal stress on R.C. Footing (U.L.)

Py, 100+ 1.5 2
—_ = > = 234.375"7N/m
u Bf. 0.807

]

2 _ B;.. -0 _ _0.80-0.25 0.25

- 0.275m T T aa |
) DO e Sy 0.138 - %:0,275

take strip 1m R URRY) KRR

A
%ct.=( Qu +2 + 1m)_§ Im

0.275

=(284.8375+ 0.275 « 1 5

= 8.9 lcN.m/m’




d C M. Choose (7 = =
cu * b

d-= 5.0 v 8.90+10° _ 99.44 mm
22.5¢1000

Take O = 330mm

mm

5.0

tR.C'. = d+70 mm = 3830 + 70 = 400 mm

I tR.C. = 400 mm \ ‘ d =330 mmI

Check Shear : =T Orétiont
dl
b+d=0.80+033-148m ( LI
l-2-9 N0 s
2 i
=o.z75_":2i9=o.11 m q.

Q. = u+l+1.0m =234.8375+0.11%1.0 = 25.781kN

q Q.. _ 25.781+10°

su— bed 7000 +330

| [F 225
q. =016 ZSC: =0.16

= 0.078 N/mm

= 0.619 N/mm

—>» Safe shear siresses

__sgﬂi; 7




Check Punching shear :

= = 0.33\2 0.
b+d=025+033=058m e osie
Calculate Punching Force. 'ozi”h 0.25

il
§§1ﬁ]
0.25+0.33

qu=PU.L.— ( 9u ) (b +d)2 0.33{
Q=150 -234.375%0.58 =71.15 kN

Calculate Punching shear area.

Ap: [4(b+d):|*d
i
Ap=4+580+330

A, = 765600 mm®

Calculate Actual Punching shear siress.

qpu-': qu — 71.15* 103 = 0.093 N/’m,mz
[4(b+d)]+d 766600
(0.6+¢) = (o.5+g%g— =15>1.0
E. 22.5
Dpou= 0316 (0.5+ ) \/ 5 =0.316(1.0)\| G5
= 1.22 N/mm’

9,.<%%c.] —> Safe punching shear.




Reinforcement of Footing :

6
Mact. 8.90x10
S —_— —_—
J EJ d 0.826 x 360 * 330

=91.8 mm/m’ <Asmin
{ 1.5d = 1.5*330=495§ ,

A

565mm

Smin =

5312/m'= 565

AS =5#12/m




Details of RFT :

(£ 0.00) e
v T
~0.50 .
(_ﬁ)__ — /__[1¢12'h~"-’3@“
(-0.90) .
(—1.00) ——wr___|besseaws .
—vw__ _Laé EEIRRERE o CE
Sec X—-X
' |
—] ]
& .00
g = 0.80
b s hIEs
x Y legem | ]|ty
| _
| B
|
= 0.80 N
B 1.00 |




