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/ 3-SHALLOW FOUNDATIONS

3] Isolated footings subjected to M & N:-
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/3—SHALLOW FOUNDATIONS

% % Types of moments on footing: -

(1) Permenant Moment:- JCIRV RS

Gravity loads - Dead loads 41l JlesUl e 40501 555001 (g -
colaiUly il A6 o555 pg5e 2
eyl Jom 5 oskel Gasb oo Wil U lace Jolel 550,

@ Variable Moment:- i) o5edl
L.L - Wind loads - earthquake loads ,eiall JlaaUl e 305101 2 55edl o
A0 Ll 58y ol Byuiie 5 pade g2
Slaa Ul (55 Cumo aels8l preds die Liee Loyt 351 oL lace Joletd) 555 -
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/3—5HALLOW FOUNDATIONS
i

(A) Design of Footing subjected to normal force

and Permenant Moment: -

lslSe e sac @ Jos )5 (..umb My, My Lsladl ogrel) (oyen 0 gacl) o 131 -

- MY '- _ A/\x
€y, = N ,ey = N
Ja i) aes :Mx
> My = M - N*e, = Zero
7 =M,
> My, = M, - N*e, = Zero
cg

Dol Jo il o Lladl (g5
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(B) Design of Footing subjected to normal force |,

and Variable Moment: -

Case of Single Moment:-
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"No tension on soil"

> to avoid tilting of
the footing.
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/3-5HALLow FOUNDATIONS

e Steps of Design :-

(D Calculate the footing dimensions:

> if tp_c< 20cm
assumel -B =b-a —@
and

N 6M

+ 2=
*
LR.C BR.C BR.C* (LR_C)

qall._®

from1,2 get L &B
RC ™ RC

— check

l:l - 862/\ 2 > ZLero
LR.C BR.C R.C (Lp_c)

w8 aes ol Ul

if UNSAFE
1- Increase L

o

" 2-Increase B & recheck

or 3-Increase L & B

then get

LP.C = L + 2t

§ check

then get

*af o tp_c>/ 20cm
assume.-_-_LP.C- B=b-a—@
and .

N 6 M

+ 2=

* *

LP.C BP.c B (LP.C)

Qan— @

from1,2 get L &B
PC PC

N oM ~> Lero
- 2
LP.C* BP.C BP.C* (LP.C).

o3 acs ales Ul

if UNSAFE

1- Increase L
o)

" 2- Increase B & recheck

or
3- Increase L & B

L= L, - 2t

R.C P.C P.C P.C
= + = -
BP.c BR.C 2t P.C BR.C BP.C 2t P.C
L-B =b-a b, debliaJl Uyl ge

osane 5 Gl Jo 5o Uy 5acli) aleyl Gland o 5l ooplul Wlis oS, -

o U W a0l Ge
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/ 3-SHALLOW FOUNDATIONS |

% to calculate footing dimensions (L,B) in case of N & M, "variable":-

(N,
°'/ I Emperical increase for
effect of M|

foohng Gome mcrease)

For effect of N only

:L*B:\/\/ mz_"CD

where : |A

fooﬁng:

and L-B

b-a—®@

from1,2 get L &B

écheck
N 6M
o f; = + > 7 Y
L > 8 B *~(L)
° fz - N _ 6M » ﬁt zero
L *B B *(L)

if UNSAFE: increase L & B satisfying the condition L - B = b - a

(2) Calculate the ultimate stresses acting under R.C:

Lé.c@ |
[ | '
N*15 6*15M, T 2
up T L. * B N B S | L1 l :
rc Prc Brillpe) @ [ . M
Bre| — | — Q%{d/é_—g_*
N =15 6*15M,
Ou, = -

2
bed Bre Bizllpd

1
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(3) critical sections for moments:-

et ol Ba b ) Gt W) e 8530 Ssecdl By (e -

For Sec. (I-I)

1
e get Z; = [Lyc- bl
Lec- Z1
® geT o- =0 + - [ -
st Lre “
Ou,+ Oy,
e geft OEVEI = 5
2
: (Z7)
. MuI aver* —5— * 1m
- M ='<1O6
X dI = UT (KN.m)

|

fcu (N/mmz)* 1000
(mm)

For Sec. (II-IT)
o get Zy = [Byc - 4]
0yl
+ ugt OEZ N *15
® ge ave - — =
H 2 Lo & Brc
(Zrx)
X I
) M”II verr 2 * Im
) 3
dy = Gy, | Mo gum*10”
feu (w/md)* 1000
(mm)

Choose the bigger from d;, di;

Critical J) 5o MuI O 55cams

@ Check Shear:-

L-B

b-a

L, 2JU Loyl Ll

ool e Lol Ssz gad) phedd mass Gol, T o Sgacd) By e d/2 ey le -

e Calculate ¢ = Z; -—g—
Lec- £
g geT 0.64: U2+ L [OTJI_ u2]
RC
Fuy* Oug
° get O-aveshear = 2
Q. = T T orim KN/
3
Q_~» 10
o = 7 Y
1000 ™ d

if UNSAFE increase d and recheck
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ﬁ-SHALLow FOUNDATIONS

@ Check Punching:-

Q, = 15*N -og.*[(a+d)(b+d)] (KN)
punch punching area
o7 4+ O
where: Og, = T v
punch 2
3
1
q, - @ * 10 (N/mm’)

d(mm)* [ ( a(ntm()j ) ( b(;mc)j ) 1*2

checka, + T
R

Qa
. where: qpcu = 0.316 (05 + —B—* )

If UNSAFE =—> Increase d & recheck =—> Js! oo OLLaadl waes

@ Calculate final-thickness of R.C:

L = d+7cm
\safe for shear & punching

@ RF.T:

6
e Ay = My x 10 . S mm/m’
Fy* J *d(mm)
6
o Ay = Myr> 10 . VY m/m’
Fy* J *d(mm)
- and check As, = 1D * d
ana cnec mr: mr"' mm _,._Sl Lo..h_)_l
or
5db12/m'

Details:

See the Example.
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/ 3-SHALLOW FOUNDATIONS
-

Example: -

It is required to design a rectangular isolated footing to support a column

carries a normal load of 1300 KN and a moment due to gravity loads of 200
KN.m.

Given:-
- t,. = 30 cm Column's dimensions (35X65 cm)
-q, =15 kg/cm2
- f, = 30 N/mm® , f, = 360 N/mm’
Solution: -
The given moment is due to gravity loads
The moment is permenant moment, its direction is parellel to the
dimension L of the footing.
M 200
e = = = 0154 m
N 1300

(D) Calculate the footing area :-

tpc = 30 cm > 20 cm

PCT 150 867 m” = Byt Ly ————- — @
Loc- Bpe= b-a

L,.-Bp.= 065-035203m -~—~————— - ®
Solving D & @ :-

867 = B,.* (03+B,.) —> B, .= 279x 280m

L

pc= 03+B, . =03+280= 310 m

Ly, = 310-2*030= 250 m

B,.= 2.80-2*030=220m
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/3~SHALLOW FOUNDATIONS

@ Ultimate loads :-

15 * 1300 )
q, =219 355 i
250 * 2.20 -
X - LR.C +
2
_ z_;so + 0154 = 1404 m

(3) Critical section for moment (M) :-

** For sec (I-I)

0.65 0.65

L© \
0.65 H*Zi—'—' i
@ ~ | @mz
e
N {
/——Lk./czﬁ'/
/l'/ X /'./

** For sec (II-II)

2= X-222:1404-222 = 1079 Zy= 5 (220-035)= 0925 m
’ 0925
1.07 . .
- M = 355* 29*1m .M,z 355% 5 = Im
M u
- I
= 206.65 KN.m = 151.87 KNm
6 6
Mnmy* 10 ) Mnmy> 10
dI = Cl dII - Cl
feu (wmb) * 1000 feu (wmd) * 1000
o | 20665~ 10° - 151.87 x 10°
i} 30 1000 ) 30 1000
- 4145 mm = 355.75 mm
take d = d, = 430 mm




/ 3-SHALLOW FOUNDATIONS

@ Check Shear :-

d 0.43
-7z -5 -1079-222-0864m
£ -z, > >

Q= qu*;e * Im

355*0.864* Im = 306.7 KN/m'

3 3 -
10 3067 * 10 S
q, - Qu* 10 - = 0713 N/
T d B 430 *1000 mm
F 2
q,.,= 0.16 cu 0715  N/mm
Y.
q,, < 9 =——=> .. SAFE
(®) Check Punching Shear :-
@Uﬁwdw'&ab‘—g—@ub l
Q. = 15%1300 -9, (X*Y) -—+—1 Y
Pu I SRS A
= 1.5* 1300 - 355 * (1.08 * 0.78) | |
T
= 165095 KN —X—
; |
_ 165095 * 10 | N
'pu” 7430 ~[1080 + 780] ~ 2 X = 0.65+043 = 108 m
=103 N/mm’ Y = 035+043 = 0.78m
q = 0316 (05+ 8-—2%) 30
cu . 1.5
= 1413 N/mm’
b, < 9, ==> .. SAFE
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/ 3-SHALLOW FOUNDATIONS

@ Final Thickness :-

= 430 mm

final
final =
@ RF.T:-
Smin. = 15> dmm =
5db12/m'
6
MuI *x 10

430 + 70 (cover)= 500 mm

15%430 = 645 mm7/m’
2,
= 565 mm/m

6

206.65 10

I~ F,x0.826*d

6
M”II* 10

1616.16 mm’/m’

360 *x0.826 430

- 6
151.87 -
> 10 1877 mm¥/m’

SIr

F,*0.826 * d

360 x 0.826 * 430




- / 3-SHALLOW FOUNDATIONS
Details:
e
2R (0.00)
T YYYY
g 12
/ (-1.20)
______ e =——
\
E (o) ) e e e o J (-1.70)
e AT TN e S (-2.00)

SEC. (X-X)

30
&
X

~1-1.10 —

110
—\

o
a

o

~.

3
e

OX

A
o
w
o

0.30 : ,
¥ 1.056 2 1404 —————¢ ¢

A A
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Example: -

Tt is required to design a rectangular isolated footing to support a column of

(300 * 650 mm) subjected to a normal load of 1200 KN and a moment of 150

KN.m.
Given: -
- tP;C = 40 cm ,
-9, = 13 kg/cm
- f = 30 N/mm’ f, = 360 N/mm’
Solution: -

(1) Calculate the footing area :-

trc=40cm > 20cm

A - N . 6 M _ 1200 . 6 * 150

"4y N x da 1830 \1200*130
=115 mf=z B, * L, ———————————— — O

Lpe = Bpe= b-a

L, - "By, = 065-030=035m ———=—————— — @

SolvingD & @ :-

115 =B, * (035+B, ) =—> B, = 322~ 325m

L, = 035+ B, =035+325 = 3.60 m

Checks:-

fo- 1200 6 * 150

2
- . = 125.98 KN/
1 " '355%325 3.5 (355) KN/m™ < qg,

. 1200 6 * 150

2 7 355%325 3 05% (355)

= 82 KN/m2 > zero
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ave.
I

m

4

| ©
—Z

0.65 ‘ I

A, | oF

d/2
|

l@ s

H[
L
N

L, = 355-2*040= 275 m
v = 325-2%040= 245
@ Ultimate loads :-
o . 15%1200 = 15*6*150
U, = +
' 275%240 240* (2.75)
= 3471 KN/m
o _ 15*1200  15*6*150
27 275%240  240* (275f
= 198.4 KN/m’

(3) Critical section for moment (M) :-

*ox For sec (I-I)

Zp = 5-(275-065)= 105m
bec %4

** For sec (II-II) !

Zyp=-5—(2.40-030)= 105 m

_ R 347. .
= Qupt [O4;- Cug] o o AT 1984 s s
R.C ! "TT 2 ,
2.75 - 105 1.05
- 1984, 52" a CONA - x 2 x
* 575 [347.1-1984] 'M“{I 273* — 1m
= 347'1;290 = 319 KN/mz d = 5 150.49 * 106
2 I 30 * 1000
: - 319 * 195 1m
. M“{ . 2 = 354.13 mm
= 175.84 KN.m
175.84 » 10°
dI =5
30 * 1000
= 382.79 mm
: take d = dI 430- mm
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@ Check Shear :-

d 043 _ .
'e = ZI-—é—‘: 105‘ —2—‘ —9.835 m
Lo~ £
0_64 - O_Gz . R.CL [O_Gl' O_l;_z]
R.C
275 -0.835 :
= 1984, ————1[347.1-198.4] = 30195 KN/m’
347.1 + 301.95
o, = * = 3245 KN/m’
"shear 2

Qq=07, *€ * Im = 3245*0.835* Im = 270.95 KN/m'

shear

3 3
g - Qux 10 27095~ 10 _ o0 02
d *B 430 *1000 -
9,.,= 0.16 Fu =016 30 - 0715 N/med
Y, 15
9 <i e ::;> . SAFE
(®) Check Punching Shear :-
347.1+198.4
o, = - = 273 KN/m’ |
"punching 2 :
Q_ =15*1200 -273*(1.08 *0.73
pu 5 O 7 ( 8 ) I____I_____] T
= 1584.77 KN | % S B
3
158477 = 10 L_t_ L
95,7 7430 »[1080 + 730] = 2 / T 7
= 1018 N/mm’ | - X = 0.65+0.43 = 1.08
= 0.65 + = 1.08 m
0.30 30
g = 0316 (05+——=) Y = 030+043 = 0.73m
Pey 0.65
15
= 1.36 N/mm2
q .
<9, => .. sAFE
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(6) Final Thickness :-

= 430 mm
final
.= 430 +70 (cover)= 500 mm
final
@ RF.T:-
smin= ( 15*d. = 15%*430 = 645 mm/m'
| . 0K
5 b 12/m’ = 565 mm/m’
Miix10®  175.84 =10

13752 mm’/m'

n
|
!
I

A
I Fy*0.826 x d 360 *0.826 * 430

o Mun® 15049 < 10°

P =

It Fy*0.826 x d 360 *0.826 * 430

1176.95 mm*/m’
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Details:

(0.00)

g 12

/- (-1.10)

o) - ——f__J (-1.60)

e o \ﬁ_;
N i (-2.00)
16

Lo A T N e
6<ﬂ>16/m'§/ \ 716/

SEC. (X-X)

0
¥
X

0.4
e
A
o
'Y
o

0.40 _
2}5 A A

Y
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