W 4th Year Civil - Structures

Foundation Design

PR L]

Design of Shallow Foundations (1)
(Isolated footing)
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Design of Shallow Foundations
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- For shallow foundations:-
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- ’ljfpés of Shallow foundations:-

1-Strip footings:- 4y yd 3o 68
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2-Isolated footings:-Alaiis 3|4
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3-Combined footings:- 4 sidia 30148
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1- Rectangular combined footing.

2- Trapezoidal combined footing.
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Trapezoidal footing Rectangular footing

4-Strap Beam:- alad
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5-Raft Foundation:- dalwas ddul
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- Main components of shallow foundations:-
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1- Plain concrete footing. dulall ailu Al (e sac s

2- Reinforced concrete footing. 4sluall 43l jall (e s2c18
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- For tp.c. <20 cm:-

A :&:B x L

R.C.. R.C. RC.

qall
: BP.C. - BR.C. + 2 1:17’.C.

& LP.C. = LR.C. + 2 tP.C.

a3 3 ganll Jas () aind Wil 20 cm (e 5S) £ p e, dgalal) Bl al) o IS 1) -
Al Qs Y (sa Law Tyl 1) A3 Aalall Bae Gl 1) Asbiall 5ac 8l (e Ray ) 53
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- For tP.C.>20 cm:-

A =&:B x L

P.C. P.C. P.C.

G
:_> BR.C. = BP.C. -2 tP.C.
& LR.CI. = LP.C. -2 tP.C.
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- Design considerations of R.C. footing:-

_:w‘ .l::.‘j.él‘ ?:\A.LAS L.fe :\:\SS" Q‘_)LC\G:)” BLC‘JA EREN
1- Ultimate loads:-

JLa¥! Y ultimate loads Al JlasYt disad aranaill 8 cadl S8 Cany -
-:¢us working loads Ldla () 5S5 slazall

- P=15Py=15®prL +Prr) For P <75% Pp1.
- P:1.4PDL+1.6PLL FOI'PLL>75%PD'L_

2- Design of critical section in BendJ Moment -

L_u;o.x:\.diulc)ayBM Jﬁlebuctpcw\cmuﬂdm»wmeu_

M, x10°
R ey
_ -;’L\;Lu Q\h&m_

7 cm Y cover I dlaw 525 b ebull s e L sl olaadl 5 ghaad T ki -
B Yyl Sl bl A WS 5 em e Y

_5\3 cm ‘—‘J—s“uj‘d—“ %ﬁﬂ&d\@@uy\ elazll claw sled yal -
~ aLlb8em

| Examples:-
Ifd=813cm — taked=83cm —> t=83+7=90cm

[fd=548cm —> taked=58cm —> t=58+7=65cm
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3- Allowable stresses of Reinforced Concrete in Shear:-

-For R.C. footings:-

qscu .: O 1 6 fCU
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-For R.C. beams:-

Qe = 0.24 fe,

Ye

4- Allowable stresses of Reinforced Concrete in Punching:-

fcu
7e

a a
Qpey = 0.316 (0.5 —6). for 5 <05

| - |
q,.,=0316 |- for &+ > 0.5
7 b

-Where:-
-a=agedlgae b= asadldsh




=

Eh

- Data required for design of shallow foundations:-

Ay Sl slaall 858 G Cang Bac 8 (5 apanatl -
1- Column load (P).

2- Column dimensions (a x b).

3- Allowable Bearing Capacity (qan)-

4- fcu and f,.
5-tpc.
: _:LQIA CatiBaMa -
~1esb WS Lt (S Jiluall 8 (a X b) 2seadl sl amy 2113 2
P, X107
Acol = a(mm) X b(mm) — f
. co

Where:-
- f,, = allowable compressive strength in concrete = 6 - 7 N/mm?.
= Apin. — 250 mm. - bmax. =5a

i.e.
- Assume a=250 mm and findb (Ifb> 5aincrease a).

-t ol L g yb Sy Jilall (8 £, and £ (o o 13) -
£,=25N/mm° & f, =360 N/mm”’

15 em Lead qh Jibuall (8t o (omy ol 13) Y
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- Minimum requirements for shallow foundations:-

1- Minimum concrete dimensions:-

- BR.C.min. =80 cm

- tR.C.min. =40 cm :> - dR.C.min. =33 cm

2- Minimum reinforcement:-

- Agmin. = 1.5 X d(mm) mm?>/m'
- Minimum No. of steei bars = 5 bars/m'
- Maximum No. of steel bars = 10 bars/m\
- Minimum steel bar diameter = 12 mm
—1 b Aalie Ailud sacld JM\ <

(80x 80 x40 cm) with A,=52512/m in both directions
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Design of Isolated footing

Aladial) sacialy Aaial

dgac Janig (il:daimj 4oy 3a) Ba0ne Ala] I3 32018 o Alaiiddl Bac 8l -

.
VA8 78 | V78 78
|
Dy ' i .
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- - Given:-
- Peor = column load (kIN)
- qai = allowable B.C. (kN/m?)
- a,b.= column dimensions

- tp.c. = plain concrete thickness
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- Steps of design:-

1- Calculate the area of footing:-

i- for tp.c <20 cm:-

P
Age == =By x Lrc
Clall
L {(B,L) b sl Aslea gz lint sae il sbed (el —
l.,

l

-G a3l b ADle Juadl oa -

] oVl A gsbia £o AU Jola of (i

L): £ £
Z/ERRE oy

e,

T b
-Lyc —b=By —a
L *“I Lrec. ’ . = Lyc —Bgc =b-a

(B,L) sac &l aladd s cpmiibod) cilabedl) e —
= Bye =V &Ly =V (035 cm <A ol
= By =Bret2t & Lpo =L +2t,,

ii- for tp.c2> 20 cm:-

| PCO
Ape = —% = Bpe xLpe

all

& L, —B,. =b-a

= By =V &Lye =V (5 om < o
= Bre =Bpe =2t & Lpc =Lpc =26

V

|
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2- Design of critical section for Bending Moment:-

bl (e ) dgeall By e 0S5 agsall b mall g Uil ~

P =P  xI.5
q, = o
’ Bre xLpe ¢
] L,.—b P -~
cl 2 o
; _Brc-a Il : o
- cy - B - , T~ T @]
2 @l g
20 % .
—Mul :qux( ;) ><BR.C “‘b—’l'
(€, ‘ L
- =q x—2—xL
Uy qu 2 R.C — LR_C

=
=

4-c Mul x10°

| L f  xB/2

P MuII x10°
U E xL/2

- Assume C, =3.5
=d=Vmm & d;=vVmm (Gl auA il ol st Y G )
= tre= dmax+7cm '

Where:-
-d__ = The max. of d; &d;

—fas Lala AB8ada -

o) b el Jsla s (L — B = b — ) 10k aladid Alls i -
_:OT LST ngLuﬁA

4, =0, & M, =M,

asd 3asg 5 4a (:_9)':_“ s ef\,_l Alall ol 85—
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3- Check shear:-
0o Sl asell g (e d 2ns e 5% shear 1) 8 g pall g Uadll -

Z1 | - 'O‘ﬁ:‘-ﬁam‘

2 SHE
S5

e
>

f
- =0.16x,[—=
e 1.5

-zy=(,-d & -z,={( -d
_qul :qule & _qu2 :quxzz

Q. x10°
-q, = —= =V (N /mm?
o d_ . x1000 ( )

(mum)

-ifq, <q,, = safe

-ifq,, >q,,, = unsafe (increase d and recheck)

—Jaa dald dBaadla —

. —:L'j Lgi ngLule

'gc :éc Dzlzzz

1 2

clai & JalSl Jgh (46 (L — B =b — a) 38l st Al b -

Jads 'B.)Ab (3% qu uas.“ LL\\JL@A‘ L_ILu.\A (;.'\:1 Al 528 ng -
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4- Check punching shear:-

Oe Pl agaall Gis e (d\2) 2 e (55 punching ) (8 = sl ¢ Uadll -

by JS
-y =0.316 (o.5+3),/f& (For 2 <0.5) T
b V1.5 b r--—(ﬂr'———j o
-OR:- 'U L 5
i smE
-qpcu—0316>< (For—>05) L g _1
-Q,.=P, —q,] (b+d) (a+d)] s btd |
3 L LR.C L
. qu Xlo _ 1 1
o = d-[(b+d)+(@+d)]x2
- if Qpy _qpcu = safe |
-ifq,, >q,, = unsafe (increase d and recheck)
5- RET;-
-A, =1.5xd., =V mm’/m'
M, x10°
A, =—% =V mm’/B
b x T X du
M, x10° ,
-A, = ———=V mm"/L
-, X T X
-IFA <A, =use A,
-use A, =75 ?\m' -use A,=7¢57\m'
—Lh dala 4B -

228 g (gsluiia gl b il & (L - B =b —a) 1 Jasaul Al 4 -
a8 3aalg 3y sl Glua Sy Al
6- Details of RFT:-

- See next examples
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- Example 1:- .
Design an isolated footing to carry a column load of 2500 KN.
The column dimensions are 0.90 x 0.40 m. Draw a sectional
elevation and a plan with scale 1: 50. Thickness of P.C: is 40 cm,
and qu; = 150 KN/m®. (£, = 25 N/mm?”, f, = 360 N/mm®).
- Solution:-
1- Area of footing:-

-Ape, = i::: = 2155(3)0 =16.67 m* = Bpe xLie

Lo —B,. =b-a=09-04=0.5m

= L,. =B, +0.5 But B, xL,. =16.67 m’
= B, By +0.5)=16.67 m’

= (B, ) +0.5(B,.)-16.67=0

=>B,. =3.84m = use B,. =3.85m

=L,. =3.85+0.5=4.35m

= Bye =By —2t,. =3.85-2x0.4=3.05m

=Ly =Lpe —2t,. =4.35-2x04=3.55m

2- Design of critical section for Bending Moment:-

_P. =2500x1.5=3750 kKN L 4
3750 | 5
g =———— =346.3 kKN/m? . {
L T305%355 LS IS OT o
-eq:e%:ifs—;oﬁg:mzsm e &
(£,.) | L
..1\/[u :Mu :qux———xB |
I . I 2 ¥ — 355 v
~346.3x 1329 30529272 kNim
M. x10° 2 6
-d,=d, =C,-, | ———=3.5x 927.2x10°_ 5.8 mm
, f x(B/2) 25%(3050/2)

— take d=580mm = t=650 mm
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3- Check shear:- Z, |

g T
YUY - SOV A .
g=2,=1,~d k|

 =1.325-0.58=0.745m |
- (23u1 = quz =y X% !
 =346.3x0.745 =258 kKN | 3.55

x10°  258x10°
-q, = U, = 8x1 =0.445 N/mm* <q,_, = safe
dx1000  580x1000 .

3.05

4- Check punching shear:-

a 04
- Z=—"-044<05 SR T
b 0.9 I
= Gy, =0316x(05+ )\/‘ %, gt Y | 2
09 L. B
=1.218 N/mm” e — L
-Q,, =P, —q,[(b+d)(a+d)] ; =2 :

— 3750 —346.3x[(1.48)(0.98)] = 3247.7 kKN
Q,, X 10°
d[(b+d)+(a+d)]x2

: 0’
-q, = 3247.7x1 =1.138 N/mm* <q_, = safe
P 580[1480+980]x2 P

-qpu =

5- RFT:-
-A, =15xd=1.5x580=870 mm*/m'

M, ><1O6 6
A=A, = 927.2*10
! t f ><J><d 360><0 826 x 580

=5376 mm?/3.05m =1763 mm? /m" > A,

-use A=A, =72318\ m
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- Details of RFT:-
0.90
~7T 7 V878 7
72518\ m'
7518\ m' \J;_—l’zz”o

4.35

040, EE: 240,

Section A-A

scale 1:50

|
]
i
1
|
'
'
'

B
0.90 ji

[ 718\ m' | ]
l ]
|
I/0.40 L ! 3.55 J/0.40 L
A A A
V a5
A I —
Plan
- scale 1:50

040,
7

{ 3.05

)

!' 3.85




- Example 2:-

Redesign the previous isolated footing (example 1) assuming the
thickness of the plain concrete footing is 10 cm.
- Solution:- -

1- Area of footing:-

| RSERE EAROERN PAEROCm EROC e | B

B B S SRS, RSN e Sy

“Ag. = P _ 2900 _ 16,67 m? =B, xL,.
_ T Q150 - -
-Lic = Bre =b-2=09-04=05m
= Lye =By +0.5 But By, xL,. =16.67 m?
= B, . By +0.5)=16.67 m’
— (Bpe )’ +0.5(By.)-16.67=0
=By =3.84m = use By, =3.85m
= L0 =3.85+0.5=435m
E =B =Brc 21t :3.85+2x0.1:4.05 m
E .:>LP_C_ =Lpe 2t =4.35+2x0.1=4.55m
g 2- Design of critical section for Bending Moment:-
E - _ | -
E -P =2500x1.5=3750 kN {., .
' 750 '
b a0 o v .
1 3.85x4.35 ) I | _
E .. _£01:£62:§'8_5.§_0_'_4£:1'725m iT
| ) ' L 090 |,
E ('écl) . .
- M = M = X—XB ) 1
E uy uy qu )
E 2 — 435
E 223,95 L72) 3851980 5 kN
M, x10° 1282.5x10°
-d,=d, =C,- | —2 " =35x S ~57lmm
f x(B/2) 25%(3850/2)

- = take d =580 mm =t =650 mm

T | SO DS SO M B
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3- Check shear:- A Zy :f _
] , | .
7 s 1L
- Qg =0.16% s =0.653 N/mm [ <%
_Zl‘:Zz:ECl——d {;Odggf EI §
~1.725-0.58=1.145 m X
N qul - qu2 = qu X Zl ! R
|

=223.9%1.145=256.4 kN - 435
Q,, x10°  256.4x10°

=

-q, = = =0.442 N/mm* <q_, = safe
dx1000 580x1000
4- Check punching shear:- .
-%:ﬂ:o.44<0.5 | e
=q —0316><(05+9'—4£),/2 | LSk J - H
= e 0.9°\15 =,
=1.218 N/mm” -
L 4.35 L
_qu :Pu_qu [(b+d)(a+d)] - -
3750 —223.9x[(1.48)(0.98)] = 3425.3 kN
. Q,. x10°
o T4 [b+d)+ (@t <2
3 4253%10° | |
-q,, = 3425.3x1 =1.2 N/mm® <q_, = safe
P 580[1480+980]x 2 e
5 RFT:-

-A, =1.5xd=1.5x580=870 mm” /m'

M, x10° °
A, =A, = i 1282ox10
% T T xTxd 360%0.826% 580

=7436 mm’ /3.85m=1931 mm*/m' >A,

-use A,=A,=8%518\m

T | T T H 0 i B B S siSd ny ROl ot KA Bt Ry IR RSN AV Fo R DO IR RS ORRER] ESEneg MSsrrs: ERiass) ECertrH: SEREes M AR ShExrrs Eans s SEsSsm cracsrl SoRusrs SRkl Des FrEnsan S ssras M Sara KN, B KENErs, SO SSments SRests [SSmsss HRenss Drsss Rt eisas Ssusast Syssusn SEEnsse) Fra R Fin
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- Details of RFT:-
0.90
f—
(0.00)
N 78 /8 V7070
. 12510
82518\ m 075
8 2518\ m' T ‘] '
(-1.40) sesa Ty A E¥aesssansas (-1.50)
0.40 ] 3.55 0.40
/II/ 7V 1 /llé 7|V
) 435 . ;
A I
Section A-A
scale 1:50
! [==AN AN
— =
A |
t | % 3
e —— A
' 0.90 | '
[ 8518\ m | ]
T _
| ] .|
S
. 435 .
A A
Plan
scale 1:50
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E - Example 3:- ‘
£ Compare between the designed isolated footings in (example 1)
and (example 2), with respect to the volume of the plain
concrete footings; the volume of the reinforced concrete
footings; and the amount of the reinforcements.
- Solution:-
1- P. C. Bill of Quantities (BOQ):-
| toc. tpc =40 cm - tpc =10 cm
i
i L(m) | B(m) | t(m) | L(m) | B(m) | t(m)
E Dimension : -
| 4.35 3.85 0.40 4.55 4.05 0.10
]
Total volume
(m3)/footing YL RL
2- R. C. Bill of Quantities (BOQ):-
| Y tpe =40 cm tpe =10 cm
B .
L(m) | B@m) [ tam) | L) | B(m) | t(m)
Dimension -
3.55 3.05 0.65 4.35 3.85 0.65
[
| Total volume | |
N (m3)/footing (EL , 10.89
[
|
l
.
!;

1 | DO 0N RO Y F SR KRS BEES
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3- RFT Bill of Quantities (BOO):-

t,c =40 cm
A B Diameter Length Weight
Model No./m'
(mm) | (mm) (mm) (m) (kG)
‘B | A 3450 | 550 7 18 3.05 194
‘B A 2050 | 550 | 7 18 3.55 201
Total RFT amount (kG) 395
t,c =10 cm
' A B | Diameter | Length | Weight
Model . No./m' :
(mm) | (mm) (mm) m | &G
-‘B A 4250 | 550 | 8 18 3.85 329
'B A 3750 | 550 8 18 4.35 337
Total RFT amount (kG) 666

————y

2

.ﬂ-
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- Example 4:-

Design an isolated footing to support a square column which carries an
axial load of 100 KN. The suggested thickness of the plain concrete
footing is 10 cm. The allowable net bearing capacity of the subsoil is 200
KPa. The allowed minimum width of the R.C. footings in that project is
0.8 m. (£, = 22.5 N/mm?, Steel 36/52). Draw details for the designed
footing in both plan and cross sectional elevation using scale 1:25.

- Solution:- g

- Column dimensions:-

P
- Acol - -
f

Cco

~100x10°

=16666.7 mm* = (a)*

=a=129mm = use a_, =250 mm

1- Area of footing:-

P, 100
“Ape =t =——=0.5m" = (B, )’
R.C. qa“ 200 ( R.C. )

= Bpe =071m = use By, =0.8m
=B, =B, +2t,. =0.8+2x0.1=1.0m

2- Design of critical section for Bending Moment:-

-P. =100x1.5=150 kN | ¢!
150 '
-q. = =234.4 KN/m’
% 0.8x0.8 LI__ -y -
L, =L, =9§0—;O£5-:0.275 m | S
@) 0.25,
—MuI:MuH:qUX : XB ]
: 1
~2344x 02 o8- 71iNm 0.8 ¥
6 - 6
4 =d =C.. M x10° o | 7Ax10°
f x(B/2) 22.5%(800/2)
= use d_.. =330mm = t=400mm t

4
N

! g““
R




Z,
3- Check shear:- H
T N T
_qu. =016 /222 ~0.62 N/mm? [
1.5 - i d 9 )
_ZIZZZZ'ecl_d 0.33 . < )
=0.275-0.33 = —ve EEE
= no need to check shear ! i
| 5 0.8 ]
4- Check punching shear:-
S B T T
b N
: f22.5 L di2 dr2 | 0
qucu:0.316x —1? ‘il(m ;BE?!‘ -
C =1.224 N/mm? -
- qu = Pu - qu [(b + d)(a +d)] , 4 + d=0.58 L -
=150-234.4x(0.58)* =71.15 kN . 0.8 )
) 1 A
Q,, x10°
T "4+ d)+ @@+ d)]x2
: 0’
-q, = TS0 093 N/mm? < q,., = safe
P 330(580) % 4
5- RET:-

-A, =15xd=1.5x330=495mm* /m'

- M, x10°
A=A = =

5y Sg

7.1x10°
f xJxd 360x0.826x330

~724mm?/0.8 m=90.4mm>/m' < A, |

-use A=A, A, =5£312\m'
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- Example 5:-

Design an isolated footing to support a circular column. The
diameter of the circular column is 0.8 m, and it carries an axial
load of 3500 KN. The suggested thickness of the plain concrete
footing is 30 cm. The allowable net bearing capacity of the
subsoil is 150 KPa (f., = 25 N/mm?, Steel 36/52). Draw details
for the designed footing in both plan and cross sectional
elevation using scale 1:50.
- Solution:-

1- Area of footing:-
P

col

qall
=B, =483m = use B, =4.85m

=B, =B,. ~2t,. =4.85-2x03=425m

A _ 3500

=2333m’=(B,.)’

PC. —

2- Desig_n of critical section for Bending Moment:-
L.,

| |

-P, =3500x1.5=5250 kKN - —
' 1 ]
- q, =B 5907 kN o .
- 4.25%4.25 . | 3
-Kclzﬁcz:————4'252_0'8=1.725m *"_"@*"“ g
0.80
. (gc )2 —
-M, =M, =g, x——xB |
: o
22907x 872 49518382 kNim * 425 *
N ' ¢ 1838.2x10°
4 =d, =C,. Mg 183820 oo
f x(B/2) 25 (4250/2)

= use d=680mm —t=750 mm




=

3- Check shear:-

25 ) i,f Ni
-q,, =0.16x /== =0.653 N/mm> —{ -y~ —"—-" L
1.5 . q

_212222661_(1

|
|
=1.725-0.68 =1.045 m |
I
|

- qul = qu2 = qu X Zl
=290.7x1.045=303.8 kKN 425

L
1

=~

Q.. x10° 303.8x10°

- ~0.447 N/mm® <q,. = safe
dx1000  680x1000

_qu:

4- Check punching shear:-

=1<0.5

i
b

%

=1.29 N/mm?
| , i
B B

D+d=1.48
4.25

u 1

=

(1.48)°

=5250 - 290.7_ X I}r X :| :‘4749.9 kN

Q.. x10°
e T X D+ )]
4749.9x10°
680(7 x 1480)
- Try d =730 mm

Q= =1.5 N /mm’ >(,, — unsafe

(1.53)

- Q. :5250—290.7><!i7r>< }:4715.5 KN

4715.5x10°
730(7 x1530)

-q,, = =1.34 N /mm® >q_, = unsafe




~

- Try d =780 mm
(1.58)*

-Q,, =5250-290.7 [7{ x } = 4680 kN

4680x10°
780(7 x1580)
= used=780mm & t=850mm

-q,, = =1209 N /mm?* <q,, = safe

5- RFT:-

-A, =1.5xd=1.5x780=1170mm* / m'

M x10° 6
_As :As — Uy - 18382)(10
‘ " f, xJxd 360x0.826x780

=79253 mm’/4.25 m=1865 mm’/m' <A_

-use A=A, =85 18\ m'

]|
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- Details of RFT:-
0.80
_ N
(0.00)
000
(-0.35)
039
(-1.20)
120
(-1.50)
LS50
1%
) 4.85 L
A A
Section A-A
scale 1:50
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P

L485

|

1
8§18\ m' ‘
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¥ 4. |§5 "
Plan
scale 1:50




