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Design of Combined footing
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Design of Rectangular Combined Footing
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Given:-
- Column load (P, Py)
' S
- Column dimensions (a;, by & a,, b,) - | P
. l 1 C . 2
. C, . 2 |
- Spacing between columns (S) b Tz
. ) =7
— - o % iL { z
- qay = allowable bearing capacity ek Dz,

- tp.c. = plain concrete thickness

£, &1,




-Steps of design:-

1- Calculate the dimensions of footing:-
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L
A
R =P, +P, - :
P b
Z M@A 0.5m- 1t.o m ‘& R ‘L
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N ( | |
X = tre : R.C ‘
R © | I
toe | | P.C. |
:E—F'C | Lre | }_?;C;}
Where P, > P, - Toc Coc ‘”
LPC b1 2 2
Z=x +—=+(0.5m-1.0m)+t,.
2 2 "
S Lpe =V sl a0 QA G
LR.C.: LP.C. -2 tp.c.
i- for tp ¢ <20 cm:- ii- for tp ¢ > 20 cm:-
AR.C. = _R_ = BR‘C. X LR.C; AP.C.: —B_ = BP.C. X LPC.
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=B, =V = B, =V
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1- Calculate the dimensions of footing:-

R=P +P,
M,
=>R-x=P,-S
_P-S
R

SX

Wher_e P2> P 1

R.C.

=X+y

L=V
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S Lpe=Lie
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i- for tp.c< 20 cm;-

A =-—=B xL

R.C. RC. RC.

.
= B_=V
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: BP,C. - BR.C. + 2 tP.C.

ii- for tp.c> 20 cm:-

=B pc. X L PC.
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- Design of R.C. footing:-
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1- Design of footing in longitudinal direction:-
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- At point of zero shear:-

-P,=w,'Xx = xX=+

®)’
2

Mm_ax. = Plu (X — (Ll+%)) - W,

- Design of critical section in B.M.:-

i-c M, x10°
o foo XBge.

- Where M, . is the max. of M;, My, M5, My & M,
- Assume C;=3.5-5.0 = d =V mm (3Ll au A a3 5l an ¥ o 5Y )
= t,.=d+7cm

2- Check shear:-

bae Al dalll e dgendl (g 00 d/2 2 (o (55 (il L;@;J\ g Wadll —

S e 5SE SF. 3 A
/f
-q. =0.16,|-%
e 1.5

d
- = —_ W o —
qumax. Qmax u 2

- Where Q . 1s the max. of Q, Q,, Q3 & Q.

x 10°
qumax _ \/
dxBg ¢
-ifq, <q, = safe

-q,, = (N/mm*)

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




3- Check punching shear:-

Al K e
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- For C1
aI Jfcu aI
= Qpe, =0.316(0.5+—), =t for — <0.5
1 b, V1.5 b,
f a

- G, =0.316, ]2 for & > 05
Toan L5 N,

-Q,, =P, —q,[(b, +d)(a, +d)]
- Qpu, X 10°
" T [ (b, +d) G, )< 2

=V  (N/mm?)

-ifq,, =q,, = safe

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



- For C2

“q,, =0316(05+22) [T o B2 <
e b, V15 b,

_q.. 0316, | for == > 0.5
P 1.5 b,
-Q,., =P, —q,[(b, +d)a, +d)]
' x 10°
U =V (N/mm?)

" T (b, +d)H(a, )< 2

-ifq,, =q,, = safe

-ifq,,, >q,,, = unsafe (increase d and recheck)
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- For C1

4, =0316(05+2) [ for 2 <035
t b VL5 b
f

a
- =0316, |- for =+ > 0.5
Toes V1.5 b,

-Q,,, =P, —q,[(b, +d)(a, +d)] |
x 10°
Qp, = Qﬁ =V
d-l:2x(bl+5+x)+(al+d)J

(N/mm?)

-ifq, <q,, = safe

-ifq,, >q oo, — unsafe (increase d and recheck)
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4- Design of footing in transverse direction (short direction):-

35S 3gay Jliels (short direction) el oladyl L saclall e’ 2y —
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' b/ +2d ; . b+2d ]
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- For Hidden Beam 1:- - For Hidden Beam 2:-
-B=B;. & L =b,+2d -B=Bz;., & L,=b,+2d
' Pu Pu
- qul —_— - qu2 _ 2
BR.C. X Ll BR.C. X L2
-f = Byc —a ) = Bpe —a,
Cl 2 02 2
@,y @,
-Ml:qule -Mzzqusz

- Choose the max. of M; & M, = M.«

- Check the safety of d under M.,

- where:-

6 .
d=c Muw X107 ey
£ x1000

-IfC, >2.8 — safe

-IfC, <2.8

= unsafe = take C, =2.8 and find d
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- For Hidden Beam 1:- - For Hidden Beam 2:-
-B=B;. & L, =b +d+x -B=B;. & L,=b,+2d"
P P,
= q P S - qu e S
; Bre XL, © BrexL,
L, = Bre —4 f, = Brc —2,
1 2 2 2
. % ?,)’
_ ! — Cy
-Ml_qulx 9 -Mz_quzx 2

- Choose the max. of M; & My, = M.y
- Check the safety of d under M.,

- where:-
' 6
- d — Cl M - C] — \/
£, x1000
-1IfC, >2.8 = safe
-1IfC, <2.8

= unsafe = take C,

=28 and find d




5- RFT:-
-A, =15xd  or 5z712\m' STl

- RFT in long direction:-
M x10°
N =V mm’/B,. =V mm’/m'
Stop fy X jX d i
M x10°
W —— =V mm’/B,. =V mm®/m'
fop fy x jxd "

- RET in short direction:-
- For Hidden beam 1:-

6
-A1‘=M1X,10 =V mm’/m'
f,xjxd
- For Hidden beam 2:-
. 6
-A, =M=V mm® / m'
fy x jxd
- check A:>Agmin.

- If As<Asmin. = use Asmin.
-use A, = "5\ m'
-use A, =75 ?7\m'
-use A, =7 ?\m'
-use A, =757\ m'

6- Details of RFT:-

- See next examples



- Example 1:-

For the two columns shown in the given plan: ‘ i
The load in column C; is 1600KN, The load | |

in column C, is 2500KN. It is required to: l C, C,
R %_ P - - - - [
a) Design the required combined footing, | (30x80) (60x60)
if the thickness of P.C. is 30 cm, and . 3.7m ' :
Gan = 175 KN/m”. | a

(fou = 25 N/mm?, £, = 360 N/mm”)

b) Draw a plan and sectional elevation for the footing with scale 1:50, showing on
them the reinforcement details.

- Solution:-

1- Dimensions of footing:-

-R =P1+P2=1600+2500=4100kN

_ D 4100 kN
“K-x=P25 1600 KN | 2500 kN
= 4100(x ) =2500x3.7 X ;

S.x =2.26m j« bt
L 5 . 3.7m .
- ;C- =x +—=+(0.5>1.0)+¢, .
L
— ;C' =2.26+04+0.5+03=3.46m
L 72%x346=692m = useL,.=695m |
= Lic=Loc = 2%xt,.,6.95 — 2x0.3=6.35m

R
Ape=—=Byc X Ly

qall

41
= A, = ——()(2:23.437112 =B,. x 6.95
¢~ 7s C.
= B,.=337Tm = take B,. =3.40m
= By.=B,. —2-t,.=3.40-2x03=280m
15




2- Design of R.C. footing:-

-P_=1600 x 1.5=2400 kN
-P, =2500 x 1.5=3750 kN
R =4100 x 1.5=6150 kN

-W, = o150 = 968.5 kN/m'
635
6150
-q, = _ 010 _ 3459 (oNym?
6.35x 2.8

1- Design of footing in Jongitudinal direction:-

-At point of zero shear:-

--Plu:vvu.X

2400 kN

!
1018.1 kN!I.m

|

|

i .
2400 = 968.5 (x) \MJ\M)\M/
=>Xx=248m 968.5 kN/m
_ , 05,08 | 3.0 0.6, 145 |
. (2.48)° o T
SM, =2400x1.68-968.5x o 176askN ] | | !
TR IX =2.48m . } :
-t i ’| | '

=M __ =1053.7 kN.m Péint bf e o shear 5\\5 i |
stazfaly | AR
- Design of critical section in B.M.:- |z 1 \! ! . :ﬁ' !
R . SED.  hy l
; RN O
-d =C, M X 10 L : V1141 kN ! i" !
e X Br ¢ (mm) bl 10537 kN.m | | T1404.3 kN
o I Elo I
1053.7x10° IR iR |
| :>d=5><\[ : =013.5mm i E : E i : E E
: 25%x 2800 Lo ‘ " ‘ ! \ |
— use d =630 mm L pu16iNm N |
211 kNl %[ | B.M.D. L i
L A
Lo B }
I I I !
i t | i | ' 1 i

I 910.1 kN.me ! 1|

I | o

| [ |+ gt

1 l l | ] I |

! 1 | 1 [N

16




2- Check shear:-

_qscu——om,/ 016,/ = 0.653N / mm”

0.63
- Quax. = Qre = W S —1764 6 — 968.5 ——2——_1459 S kN

Q... x 10° 1459.5x10°
d(mm) X BR.C.(mm) 630 X 2800

-Try d=730 mm

-q, = =0.827N /mm? > q,, unsafe

d 0.73

- qumax. - Qmax. _Wu _2— = 17646 "9685 X = 141 11 kN

Quue ¥ 10° _1411.1x10° _
Ao X B gy~ 730x2800

-Try d=780 mm

-q, = 0.69N / mm> > (,,, unsafe

- qumax. = Qmax_ - Wu %’ = 17646 ‘_9685 X 0‘78

=1386.9 kN

Quu x 100 1386.9x10°

= =0.635N /mm? <q_, safe
dowx By ... 780x 2800

"o =




3- Check punching shear:-

e l‘““g}‘“——-l >
o e | g G
b P dan) = w7 s =
1 1 — (R
{ 2 ! ! //J |
LS ____3 L ! 5 I
L 1.58 ) L J L
! 1 ) 1.38 )
- For C1(30x80)
= Qo =0.316(0.5+ —)/ for_<05
- qpcm =0. 316(0 5+ '3_09)1’ =1.129N /mm
-Q,,, = 2400-345.9[1.58x1.18] =1751kN
1751x10°
“Qp = . —04IN /mm® <q_, safe
780[1580+1180]x2 P
- For C2(60x60)
-quz—oslé,/ =0.316 / =1.29N / mm?*
-Q,,, =3750-345.9[1.38x1.38] =3091.3kN
3091.3x 10°
- = =0.72 N/mm?® < fi
It = 80%1380% 4 Mm-S Gpep - SAC




 4- Design of footing in transverse direction (short direction):-

N

i} | | |
| : |
o =
I I f
C, : 7 C, !
| i 1
0.50 | 0.78 0.78 0.78
RE "
' i | Z .
2.08 1 i
_ 1I' ] 2.16 |
i | 1
H.B. 1 } ! H.B.2 I
. 5 ! o

- For Hidden Beam 1:-

_ 2400
2.8x2.08
(1.25)

-q, =412.1 kN/m”

M, =412.1x =322 KN.m

- For Hidden Beam 2:-

370 =620 kN/m®

1T 8%016

2
-M, = 620x (1'21) =375.1kN.m

6 — 6
doc [MaX10 e =C1\/375'1X10
£. %1000 25x 1000

= C,=64<23 0K




5- RFT:-
-A, =1.5><dmm=1.5><78021170mm2/m\

—Asm=6s%16\m\
- RFT in long direction:-
6
- As = 1053.710 =4543 mm*/2.8m =1622 mm®*/m'
360x0.826 x 780 |
6
= As boton ™= .IOIS'IXIO =4389 mm®/2.8m =1568 mm?*/m'
360x0.826x 780
= RF'T in short direction:-
322x10°
- As= . —1388 mm?/m'
360x0.826 x 780
75.1x10° '
Ag= 2121l 1617 mm?/m"
360x0.826 x 780

-use A, =7 2418\ m'
-use A, =72718\m
-use A,=67418\m

-use A,=72418\m'

20




(0.00)

(-0.35)
(-1.20)
(-1.50)
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72518\ m'
[.45
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|

y 0‘60 L

;e

7518\

Nz

Sg516\m'
7
5¢516\m'
3.00
6.95
scale 1:50

Section A-A

64518\ m'

f";;n--.

72518\ m'

030 050 0{80 L

Y
Y

- Details of RFT:-
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scale 1:50
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- Example 2:-

3.7m

L
1 }

For the two columns shown in the given

plan: | C.(30x80) C,(60x60) |

The outer column load is 1600KN,

B ———————

The inner column load 1s 2500KN. |

Neighboring area

- It is required to:
a) Design the required combined
footing, if the thickness of P.C. is 30 cm, and qu = 175 KN/m* (., = 25
N/mm?, f, = 360 N/mm®)

N

b) Draw a plan and sectional elevation for the footing with scale 1:50,
showing on them the reinforcement details.

- Solution:-

1- Dimensions of footing:-

R="Pi+P>=1600+2500=4100kN

> Maa=0= Rx=P2.S | 41()'OkN
= 4100(x) =2500x3.7 /& 1600 kN : 2500 kN
710.40 X !
Sox=2.26m ﬁ \ *
A
- Lec =X +b_1 2{(0.4& 3.7m L
2 2 ﬁ 1 1
= Loc _ 2.26+0.4=2.66m %
-L,.=2x2.66=532 = usel,.=L;.=535m
R
Ape=—=Bpc X Ly¢
Qan
4100 ., .,
APC = —1—7—5—' =23.43 m2 :BP.C. x 5.35
= B,.=438m = use B,.=4.40m
= By =Bp —21t,.,744-2x03=3.80m
2]
e




2- Design of R.C. footing:~

-P_ = 1600 x 1.5=2400kN -P,,=2500 x 1.5=3750 kN
R, = 4100 x 1.5=6150 kN -w, = %1-;-59: 1149.5 kN/m'
g, = =220 3005 kN/m?

3.8x 5.35

1- Design of footing in longitudinal direction:-

d,,%By, 680x3800

 -At point of zero shear:- +2400 KN 3750 kN J'
- Plu LI "_i'-_”""_ —---\l--- _"’/"——
2400=1149.5 (x) x=2.Im | || 1
Lo Pl
217 || e L
S Mo =2400x1.7 -1149.5x Ao PPN
2 P 1149.5 kN/m Py
08 3.0 06 . 095
—> M. =1545.4 KN.m o -
- Design of critical section in B.M.:- f E Pointof zero shear o 1\ :; i §
L — | :
d=C \/M“m x10° EL i /\i\:/E
- N CSED. N |
fcu X BRC(mm) | B 2304 kN % | | P ooy |
1545.4x10° P : R
:>d:5><\/ DAY 637, 7mm e L |
25%x 3800 b (15454kNm 1 | | L
=use d=680mm = t=750mm ||| e |
L1 A 5922kN.m ! : |
2- Check shear:- 2558 kN. m\ /@' o
B.M.D.
-qm—o16/ 016/ =0.653 N /mm?>
0.68
-Q,, - =Q. . — W, 5—19688 1149.5 % =1577.97 kN
w. X 100 1577.97x 10° |
-Qy = R = =T O.611N/mm2 <(q,, safe



3- Check punching shear:-

\\r\

- For C1(30x80)

- Gy = 0.316(0. 5+—),f - for - <05

- Qe = 0.316(0. 5+~3-99),/ _1 129 N /mm”

- Q,u = 2400-302. 5 1.14x0. 98 =2062 kN

2062><1o3
- 93 N /mm* safe
Tout = 680[2x1140+980] fm® < g
- For C2(60x60)

~ Qe =0 316,/ = 0. 316,/ =1.29N / mm”

-Que =851, (b2+d)(az+d)
= 3750 —302.5[1.28 X 1.28] =3254.4kN

Q,,,x 10°
Cliem) [(b2<mm)+d<mm))+(32<mm)+d<mm))] X2

_ 32544x10°
- 680[1280+1280]x2

- qpul =

=093 N/mm* < g safe

24



4- Design of footing in transverse direction (short direction):-

~x

1.75

16
e

C
C, - 2
7
o 7 1. 0.68 0.68 / 0.68
I [
| I {
148 ! : :
1] } 1.96 4
H.B.1 : : H.B.1 :
I I |
| I 1
. ] ) 1
- For Hidden Beam 1:- - For Hidden Beam 2:-
375 _
—qulz—ﬂq—=426.7 N [mm?* -quzz——z—g——=503.5 N [mm?
3.8x1.48 3.8x1.96 '
2 2
=M, = 426.7 % (1.75) -M, = 503.5x% (1.6)
=653.4 kKN -m =644 5 kN -m

10°
-d =C, M, x107
\ 7 x1000

6
680 =C1\[653'4X10

25x1000
= (C,=42>28 = safe

= J=0.81

{ 6
-d=C, M. %10
Jfax1000

644.5x 108
25x1000
= (C,=424>28 = safe

— J=0.81

= 680 =C1\/




S- RFT:-

- Asn=1.5%dwm=1.5%x680 =1020 mm?/m"

-A, =57/16\m

- RET in long direction:-
6
- Aswp= 1545.4%10 =7643 mm?®/3.8m =2011 mm?*/m'
360x0.826x 680
6
= As boron = >18.7x10 =2565 mm?®/3.8m =675 mm?*/m'
360x0.826 x 680
- RFT in short direction:-
6
- A= 053.4x10 =3295 mm*/m'
360x0.81x680
6
- Ae= 644.5x 10 =3250 mm?*/m'
360x0.81x 680

-use A, =38 2518\ m'
C-use A, =A, =5¢516\m'
~use A,=92422\m

-use A,=92522\m

3



- Details of RFT:-

0.00
0.00)
(-0.45)

(-1.20)
(-1.50)

5516\ m'

~7
8518\ m'

Y
——ry

5816\ m!

-~

LA S

T

9322\ m

T

52816\ m’

v
t et e el N

3.00

0
b
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- Example 3:-

For the shown combined footing, if the
thickness of P.C. is 40cm, and q,; = 200
KN/m” it is required to:

(40x100)
2800 ==

Determine the suitable P.C. and R.C. 03]

horizontal dimensions, and draw a plan
with scale 1:50.

N.B.: No complete design is required.

Loads are in KN. 21m
- Solution:-
-Area of footing:-
1- In long direction:-
R =2800+1600 = 4400kN
ZM@A = O 2800 Ri 1600
= 4400(x) = 2800 2.1 I i
x:2800><2'1:1.34m 5 10m ?
4400
- LZC' =1.34+ 0—2—19 +0.5m +0.40 = 2.44m
=Ly =2x244=488
- 2-In short direction:-
R =2800+1600 =4400kN R
2800 ! 1600
> Maa =10 ,' X
= 4400(x) = 2800 x 0.80 ' {
. 0.80m
x:2800XO'80:O.51m |
4400
28 |
5




Bre _ 0,51+9§q+0.5+0.40 =1.61m

2
=B,. =2x1.61=322m

R 4400
Qan " 200
= (4.88+ x)(3.22+ x) =22
= x> +8.1x-629=0 = x=0.71m
= B,. =3.22+0.71=3.93
=take B,. = 3.95m
= L,. =4.88+0.71=5.59
=take L,. =5.60 m
= B, =395-2(04)=3.15m
& L, =56-2(04)=48m

~Ap =

=22 m* =By XLy
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