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/4- SHALLOW FOUNDATIONS

(4] Design of Combined Footings:- usjsuiaclyit aews
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% & Steps of Design of Rectangular combined footing: -

* Givens: - C, l
@ Colunns’ Loads: shesdl Jul | Vi
@ Columns' Dimensions.  Ohweedl oleol —4— I ’
®  Allowable bearing capacity (qa”') A
@ tpc or assumed ¥ S v
® Spacing S. RE -
P, , >
S-Xé/ Xp
4
1 X S ¢ > v
1- Calculate: R=P + P, and X,= % A
Where PR > P
Lo, ey JlaaUl dams Guaes o5
2- Calculate:  L,., Ly, el Jeodl oo
|
R! N c& 2
v R
l A 0.5 - Im
! A
S ' L toc
cg R.C | Y
B « __PC ) Ttoc
| cqg
A L /2 X
c P.C
Lec . Xp + —2 + (05-1m) + tpe
2 2 |
Lpe
Lpe = 2% >
Lee = Lpc- 2tec
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3—Calculate: B, ., B,,

in case of in case of
tpc<< 20cm tre 7 20cm
R R
Apc = = V= Bel by o Apcz —— = VImP= B L.
-qall. qall.
get Bpc get B,
Bpc = Bre* 2tec _ . Bpe = Bpe - 2ty

4— Calculate ultimate actions:

p=15*P , P = 15*P, , R = 15*R

u u u

R
W= “ = KN/m' = ultimate uniform load under R.C

L RC D

R
* q = —Y = KN/m?

ultimate uniform stress under R.C

" LezBrc
o L P P
5- Design in long direction: u‘ h]
BMD, SFD = 05 LS sleoll 5sa s g - \ ‘ l
BM,SF 3 olua JU o i3y 1 RC 11
aaell by le LI ITTTTTT T T IOT T
fy Eh
* get the point of zero shear:- aval 7t
IS I AN NSO I NN AN N RN N N N N N
Bz WX, gerX, W e
1 1 Q 1 t
M| POzs/s:\ii
* Calculate M, at X = v SFED N At
' o N ! Y
sl gl g 1 51 | N g
Ao 2 b |
I Ryt oy Bpe o M SR
O BMD | Mo i
..d =5 max. % 1,(2_\ M1' 'Mz M M4
f x (B, v I

cu ~ZRL (mm)
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=

* Check Shear:- "in long direction"

max.

e get Q = thebiggerfrom Q. Q,, Q;.  Q,

Q, = Q- Wu*% - A KN ——> Shear Force on Brc
3
q, - Ru*x10 _ / / N/mnf
7 BR.C* d(mm)
(mm)
Check F 2
eck g, } 0.16 cu N/mm

i If UNSAFE (q,> q_)
—> Increase d & recheck —> Js! oo SLLwJl wes

* Check punching:-
" —Xe g
d/2 aes e las gle 0gee JS) G g j{é/// EY
- . . a . 1 ! Clceme e 4
LB S 5o Ssasdl By (e yl} ?////j 2 X,
3 T
For C; For C,
Qpl = Plu - qu* (Xl*Yl) sz = qu - qu* (XZ* YZ)
q = Qp1 q = sz
Py d *2(X1+Y1) P2 d *2(X2+Y2)
74, =031 (o.5+)4f Fu | F 9, =o0316 (o.5+) Fey
cu ,Y cu ,-Y

74 0.5c 74 o.5c

If UNZSAFE ? Increase d If UNSAFE $> Increase d
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—

6— Design in transverse direction {short direction}:-

"Hidden Beams"

H ! ! \R
i Y, | BN E i
i d d 1 d d

Section for M| F— F—F H/ S B
i / : @ : R4

— o\ Az o 2/4_”:___'“_

G B NOLE
i Beam 1 § ) é Beam 2 i
: ! ' ! A
. Ly . . L,
b, + 2d b, + 2d

L*B lLolesl "Hidden Beams" 9 gec JS Jaw! Jasi

Wher'e-i. e B = B,. of footing

e L = bcol. + 2d Joskad) oLsUl (68 Dgecd) ose
depth Ji v+
For Beam 1 For Beam 2
BR.C * L1 BR.C * LZ
qu = u qu = u
1 BR.C * L1 2 BR.C * LZ
B,.. a B.._ a
y, = R.C 1 y, = R.C 2
2 2
y2 Yz
M-l— qu*z_l * 1m | M2: qu*_zz_ * Im
= \/\/ KN.m/m’ = \/\/ KN.m/m’
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Choose the bigger Moment from M. & M, and

if ¢, < 28 $> unsafe é increase d & recheck

the transverse direction

Check Shear:—

3
L=Z "i ’ qu-‘—' qg =* ‘e * Im , qSu'-"- qu* 10
2 u N d(mmf 1000
7- R.F.T:— and check as before
[1] In Long direction:-
M max. top * 106 y 2fm!
top = S mm/m sale
Fy*J * dmmy* Brc
(m)
N
Mmox. bottom * 106. \/\/ 27 3
_ - mm/m i
° AsboﬁorrT Fy*J * d(mmy Bac
(m)
el

[1] In short direction:-

/

6
. Asl : M: x 10 i} \/\/ mmZ/m. dJ-’*"
Fy*J * d(mm)

From beam 2

6
° A = M2 x 10 = \/\/ mmz/m' i
52 Fy*J * d(mm)

From beam 1

88— Details :—
See the Example

7o 14
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Example No. (1):-

Design a rectangular combined footing to support the shown two columns.

N—————5=20m————F

Given: -
- tP.C = 40 cm ,
- 9. = 200 KN/m
- f, = 30 N/mm fy = 360 N/mm’
- €, and C, are two square columns
- P, =1800 KN
- P, =1600 KN
Solution: -
R .
R =P, +P, = 1800+ 1600 = 3400 KN P ! p
1800 * 2 12X, X 2
x =189972 _ 405m x
R 3400 i
N oo
For columns dimensions:-
3
5
A, - _@OT*@. - 3*%10 mm°  [60* 60 cm]
3
A - ifl@é*_@_ = 266666.7 mm’ [55 * 55 cm]
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(D Calculate the footing area :-

o
(9}

|
1 1

pP.C

R.C

tec

P.C

B P.C

B R.C

CZ
+ 050+ tp,
0.55

X+

V2

| 0.50m

105+—2— +0.50 + 040

2.225 m l

2*2225= 445 m

VA

A

445-2*040= 3.65 m

40cm > 20cm
N
Dan

A

PC 17
L

o 4.45
385-2*040= 305 m

3400
200

2

17 m

3.82m

Design in long direction:-

v

u

5100

2U

R
u

w
Y 3.65

_ 5100
~3.65 * 3.05

q

u

1.5 * 1800 = 2700 KN
1.5 * 1600 = 2400 KN

1.5 * 3400 = 5100 KN

1397 KN/m'

452 KN/m’

* get the point of zero shear:-

2700

M

max.

1397 * X, ? X,
2
- 2700 * [1.93 - 0.575 -

193 m

0601

= - 247 KN.m

~
~

3.856m

-Pkl
R.C

O O 3

£5G - -

S

=

o

T T T T T [ T M T T°1

'{j'l_

0

W, KN/m' (P_

~

74
=

1425 ,I'/i
932 |

_U
O
N
n

0

Y

105

K-—~---

X
|

A 247

BN

231

|
I
|
i
1
1
1
1
I
1
I
]
]
i
|
|
1
1

157

/90f 14




/ 4- SHALLOW FOUNDATIONS

. M ° °
d =5 fma:,*/l‘Bq\\ . 247 _» 100 ey o
cu (\_R_-C/,(mm) 30 * 3050

take d = 330 mm

@ Check Shear :-

o= 1058 KN
0.33
Quu= Qmax.'w*—g— = 1058 - 1397 * : = 8275 KN
' 3 3
Q= Qux 10 8275 10 _ 455\l
d *B 330 *3050
9,.,= 016 Fu =016 30 - 0719 N/med
Y. 1.5
4 > 4, = . UNSAFE
Increase d
Take d = 380 mm
- 0.38
Qqy= Qmax.'W*'g— = 1058 - 1397 * : = 792.57 KN
3 3
q - Qux 100 79257x 100 _ e, o
d *B 380 *3050
9,.,= 0.16 Fu 2016 439 = 0719 N/mnd
Ve 15
9, < 4, —> .". SAFE




/4- SHALLOW FOUNDATIONS |

Q

Q

(4) Check Punching Shear :-

__________

__________

Ke!

—————————

For Cl
2
p, = 2700 - 452 * (0.98)= 2266 KN
3
q 2266 * 10
PL © 380 * [980+980] * 2
- 152 N/mm’
q, = 0316 (05+ g'z 30
| 15
- 1413 N/mm’
9 > a4 == " UNSAFE
pl pCU1
increased —>> d= 430 mm
. 2
’ = 2700 - 452 * (1.03) =2220.5 KN
3
q 22205 * 10
Py 430 *[1030 + 1030] > 2

= 1.25 N/mm2

Q

P2

For C,

2
= 2400 - 452 * (0.98) = 1966 KN

3
. - 1966 * 10
P2~ 430 *[980 + 980] * 2
CU2

) 30
15
= 1413 N/mm’

%, < 9 = - saFE

CU2

1.17 N/mm2

0.55

] 0.55

, = 0316 (05+
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-3

(B) Design in short direction:-

. : . : : x
B | o T |
,LO 43 Yy 043} -0.43 043
I B PP R I ) . | s
E%o 7% 5 ie_J55 / | 8
! 0.60 ! : 055 :
; Beam 1 E i Beam 2 §
| L f | L, | A
b, + 2d b, + 2d
For Beam 1 i For Beam 2
L, =060+2*043= 146 m L, =055+2*043 = 141 m
2
qy, = =270 6063 kN/m?| . a, =—290 558 k/m’
1 3.05*146 2 3.05*141
3.05 - 0.60 _ _ 305-055 _
y, = - =1.225m LY, = > - 125m
| 1.225° 1.25°
M, =606.3 * =——* Im . M= BB8 * == Im
= 455 KN.m/m'’ = 436 KN.m/m'’
bigger = M1 = 455 KN.m/m'
6
455 % 10
.d=430=C —> (,= 3.49 28 .°. SAFE
1\/ 30 * 1000 : >
@ Final Thickness :-
final = 430 mm

430 + 70 (¢over)= 500 mm

final

/12 of 14
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@ RF.T:-

A 15%d,, =

Smin. ~

5db12/m'

In Long direction:-

6
Mufop* 10/8B

1.5*430

6
247 =10 / 3.05

645 mm'/m’

s To;

360 *0.826 * 430

6
231 =10 / 3.05

Fy*>0.826 x d
6
- Mubot_* 10/8B -
*Bottom  F, % 0.826 * d
use

In Short direction:-

Mul * 106

360 *0.826 * 430

Asmin. 6 (ﬁ) 12/m’

455 %100

17 F,x078 xd

Muz * 106

360*0.78 *> 430

436 %10

2" F,*079 *d

360*0.79 * 430

565 mm-/m’

633 mm~/m’ < A

Smin.

592 mmé/m'’ < A

Smin.

3768  mm/m'

3520  mm%/m’
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Details:

(Q.00)
\Varaas
Y N4 Y
. 6qb12/m’
(-1.10)
e =
_, . iy (-1.60)
[ K ] [ ] * [ ] ¢ L ] [ ] [ ] ® & o o ole . "7.‘ p & o oo
e “\" R e '\\\ ST (-2.00)
\ 6¢p1z/m | mscnbzs/m'
_ SEC. (X-X)
|<—1.4li6——~l r<—1.{41——J
N N N .
\S)'_. N gg\ I l’
%k O% 1 T —
] 1 . ] 1
4 1 [egp1z/m ]
o I | . 1 .
X 7 L 1 sl ol | W %
N )
0 10 1 / [ — 1 7 ]
> > | e — S 1= — | T
T : | © hd /é l
0 : qg ! S
3 L9 L Jeprem 8
} ] 1 i
o% oX ! ! P
I : :
\\O\\ O\\ l [
0.40 : . 0.40
H—H—0.875 ,If 20 1’ 0.775 ——H—A"
0.40 0.40
i a— 3.65 A—A
K 445 &

PLAN
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