


Design of combined Footing
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- Steps of design of rectangular combined Footing.

Givens :

P,B = Columns Load
__ q, = Allowable bearing capacity
;30500 = Columns Dimensions
tre. = Plain concrete thickness
S = Spacing between columns
E,, E,
1— Calculate the Footing Dimensions :
R Juy das s ol P, R P
C.G.
R=P+P; -
S¥ X

X JLa¥) dhass (L5 wass ai | S |
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T e (0.50 —» 1.0) m
-S_ X -—X
S trc
:| tP.C.
. Lpe
| | Lpo—2F | |
| Lp¢

gyl Saacdl By aco Lablay 55 Gus dodaadl saclill Job a5l

ol Jasdl das o (0.60m —»1.0M) 4l

| stodl o Po Jadl e o8 Y

L_Z__ =(X)+0"2+(050_»10)m__> LR.C.____\/
| “LP.C.= Lrc+2tp. “

IF 1, > 20 cm

AP.C'.= (fw = Bpo*Lp, —->
all L

[BR.C. =Bp¢—2 trc !




IF t,, <20cm

AR.C.': fw = Brc*Lg. —->l Brc =v’ \
all

BP.C. :BR.C.+ 2 tP.C.

2— Design of Footing in longitudinal direction :

&l L5 ultimate loads &) Jlea3) poex L5235 oy
pszedl ol

P1y1=1.6+Pyy , P2y =1.56«Pgy, , Ryp=1.6+Ry,

Ultimate uniform sitress on R.C. Footing

Ultimate Uniform Load on R.C. Footing

B oores Lplie 058 e o5lae saslill of yines £

__ R
Wy.L.= fm' (kN/m) &
R.C.
| @‘\v 1
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- Xo Glwd) olus (fzero shear e 2 %2 1
Py Poy;
Prys= Wyr+X,
Xo-v'— Ms-v Wy L. kN/m

‘ |
| | | |
|, |zero_shear ¢ |
| N, |

Calculations :

Q7 =wy,» 11 - B.M.D .}%7/'\

1! IM2 M
QZ:P’UL_ wu(l1+ bj) v VM
Q3 =P2UL‘ u( l3+ bZ)
Q4=wu* l3

2
Mj = wu*%f—)

L+b) b
%=wu*( 151)’) - P’UL * —?1—




lo+byo) b

- ey,
2
M4=wu*(-l?3-)

(X, )

M-5= PiUL[X"_(li'/‘ %L)] = wu*—,?—
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d (mm) = C, \/ Mmax(kN.m)* 106

Fcu (N/mnf) * BR.C’. (mm)
Choose C (3.5—5.0)

Get d = VvV (mm)
Take CcOvVeETr = 70 mm

tRC = d + cover (70 mm)
on_,JL’ |~°o u)ﬁy uJ.b

Check depth in Transverse direction. ( Short direction. )
As a Hidden Beam.

(Hidden Bea,m) O odde 0,aS 1S g JS Jhwl oaclil uies
Lx By oseed! Joul Loles]

Hidden Beam 1 Hidden Beam 2
T P zp
o S e I
T P42+ 1 Bro
=T L b
. Py - : PZUL '
| | | -
Li=b1+2d Lo=b2+2d




Hidden Beam 1 Piys.

P
q,, = B, 1*U'L1 (N, /ri%)
.C.
N f
_ 2,
zi.:BR.c:Z ai (m) X - ‘)\
_[a:
Miact.—’—‘(q,u*Zy *1.0m) —g—l :‘z
(EN.m/1.0m)

Hidden Beam 2

P
= 2UL_ (on /i)

qZu B B+ Lz

B. . — |
ZZ: R.VC'.2 (Lz (m)

Mzoot.= (qZu*zz * 1'.0'm) —3—2-

(EN.m/1.0m)




Choose Myigger The bigger value of M op & Mpgct.

d_,: C Mb'igge'r * 106 Get C
"V F. 1000 > v

Then Check on (1 ¢ 2.8

IF C; <2.8 —> take C;=2.8
and Calculate d

3— Check Shear. ut long direction

Qrmax. swic (Ul ssacdl Gy oo B2 00 o zyadl ¢ Uadll




3
q ch. (kN) x 10
Su-'—_
B (mm) xd (mm)

F 2
qscu"" 0.16\ —6%:-" (.N/mm)

IF 9., 95, —>  Safe shear siresses

(N/mmz)

IF q9.> 9., —> UnSafe shear stresses

We have to increase dimensions.

4 — Check Punching Shear.

-
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Column 1 o

Qput =Py~ (q,,) [(ard)(br+d)] wem) P

A,p:[Z(a1+d)+2 (b7+d):|*d dI:
!

Lol Gac
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| (kN) 5 103
qpu1 = qu’ )+

2
(N
[2(a1+d)+2(b1+d)]*d () /mm)

Column 2

Seed)

(mm)

._ A2p=[2(a,z+d)+2(bz+d):|*d dI:
Lasoa)!
2

Q. ok 103

[2(az+d)+2 (bz+d)]+ O (mm)

qp u2=

Choose 9 pymar the bigger value of Dous & Vpuz

a,
Qpe.= 0.316 (0.5+ 2) \/1;5: Nty B

™"
\

T cu
IF (0.5+%)>1.0 _ﬁ’ff, 9,..= 0.316 I;S'c (N/rnamd)

Qpone <S8 Gaill slax) 581 snie (bl sgeell (LS o0 , b JI

N\

IF qpum < qpcu —>» Safe punching shear.

iF9.,. . >%w —  UnSafe punching shear.

We have to increase dimensions.




5 — Reinforcement of the Footing.

Longitudinal direction.

=
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As top = F, ;"p ) > Asmin
Sec. @
Mmax bot.
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" Br.c
bot. 2
ASbot.-‘-‘ =222 (i) ZASmm




Chéck AS 2 A

Smin
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Transverse direction. Short direction. Py,
Hidden Beam 1
d =C y 7 M 1act. 01 > J
cu * 1000 \/

Hidden Beam 2

d = C, Tlzﬁa,ct.
F..*> 1000
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— Details of Reinforcement.
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Example (1): f

It is required to design Footings to support a R.C.
column C1 (45* 70) em. and carrying working load 2400 kN and

column C2 (45#50) em. and carrying working load 1800 kN
the spacing between the C.L. of the two columns is 2.50 m

as shown
C1-22 Czqu-'il
o4 ——— B o
| 2.50 |

and the allowable met bearing capacity in the Footing sile is

150 kN/m*. (F,, = 25 N/mm?, B, = 360 N/mm?®).
and draw details of RFT. to scale 1:50

Solution:

Data given:
Colurmn (1 dimensions (460%700) mm

Py (working) — 2400 kN Py (v1) =2400 +1.5 = 3600 kN
Column Cz dimensions (4560%500) mm
Py (uorking) = 1800 kN~ P (v1) =1800 +1.5 = 2700 kN

R (working) = Py +Pa = 4200 kN

Rwiy = 1.5+ 4200 = 6300 kN
Bearing capacity of the soil = Qqu= 150 kN/m?

F.,=25 Nymm? K= 360 N/mm?




1— Calculate the Footing area. ( Width & Length of R.C. Footing.)

R =4200 kN
Py =2400 kN ¢ P2 = 1800 kN

v v

+  + +

2.5 0.30
X . 1
| 10.30

b~

R.C

(X )+ %+ (050—1.0)m

S

C = (1.43) + QZ-’-"' +0.75 —» Lpc = 4.86

2 Lpc=4.90m

Lpc=Lpc+2t,;=4.90+ 2(0.3)=4.80m

Lpc=5.50m




Ap.c.= 28.0 = Bpo#Lp; = Bp;+5.50 — Bpc=5.09m

Bp,c,= 5.10 m

Bp.c.-: 5.10m ILPC 5 50 mI
Bre=4.50m] [Lpc=4.90m]

Q 1.07 1.483
CY | I
0.70 )
| =T —0.50~— =
2 7 B 7 ?
o | ) | - /_ %
N | ¥
| 2.50 |
S I
1.03 0.77




R2— Design the critical sections For moment. (Depth of R.C. Footing.)

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

10

Ruy... — 6300
Bpe*L,, 4.5+4.9

qu. =

= 285.7 kN

— Actual Uniform Load on R.C. Footing (U.L) as a beam. g.ﬂ-“'

Rus _ 6300 _ 1285.7 knjm

Lpe B _4°9
ﬁi\v WoY

Drawing U.L. B.M.D. on all R.C. Footing. Longitudinal direction.

Wy .=

, 3600
Point Zero Shear (X,) = =2.80m
mt of X) = 57

Py =38600 kN P> =2700 kN

I
| { {
l
1

Wy L= 1285.7 N/
F—Xe-zén— |
:ﬂ : 72.05 :Y:

[
| [
361.8\ /7381.1
682 663.9 688

1224.2




| - Myox.=682 kNm
72.05 Sgaedl oy aae
@V | va seedl g

‘ |
361.8 38171.1
668.8

|
682 663.9

1224.2

682 kN.m.

——500——+ L/A6o

d=01 m LCZwose Ci;= 5.0‘|

s O=5.0 v 682 +10° _ 389.3 mm
25 %4500

Cre = d+70mm =389.3 +70 = 459.3 mm

‘ tre =500mm| | d =430mm|




Check depth in fransverse direction.

As a Hidden Beam.

Hidden
Beam 1

Hidden
Beam 2

Hidden Beam 1

l—2.026—

-4.50

PfU.L. L.
_-._3600 =2700
1
Li=bs+2d Lo=b2+20d
=0.7+2(0.43) =0.5+2(0.43)
= 1.56m = 1.36m
Gy = —T1ve _ 8600 _ -[ [
' - BR.C.*Li - 4.5+ 1.56 _IcN/m. ——
12.025
IR EEEEER,
Miget.=(512.842.025 «1.0m 3%2_5 512.8 ki/m
Miact.= 1051.4 IcN.m/ml | M; gt




Hvdden Beam 2

Py 2700
= 441.1

qZ =
v Bo.,#Lz~ 4.5+1.36 kN /m \.36

Mot =(441.14 2.025 +7.0m) 3-_202_5 -[ L_,

| Moot = 904.4 kN.m/m | !

441.1 kN/m

M bigger FrOom M 1act. & MZact. [m] M

2act.

| Mbigge'r =1051.4 kN.m/ml

430 = C; \[ 10314210, (' = 209 < 2.8

[we have to increase the depthl

S O= 4.5 v 1051.4 «10° _ 922.8 mm
* 71000

Crc = d+ 70 mm = 922.8 + 70 = 992.8 mm

ItR.c.-- 1000 mm I td:930 mm I




Recalculate the B.M. For Transverse direction with the new depth.

Hidden Beam 1 Hidden Hidden
? Beam 1 Beam 2
R
I R i
1 1 g 1 1
1 0.70 1 j 1 0.50 1
| I i B | 1 =1
‘w2 ‘Ed | s
I ‘ I I I -
\ Prur. | 1 Peur}
1=3600, [=2700,
1 1 1 1
! ! ! :

— I
Li=b1+2d Lo=b2+20

=0.7+2(0.93) = 0.5+2(0.93)

_ 3600 = 812.5 kN -l [
= 45ez.66  S1%.0 W/m o
12,025
Miget.=(312.54 2.025 «1.0m) 2928  rrreetrem
- 2 312.5 kN/m

| Migot.= 640.7 kN.m/m) P

2
Hidden Beam 2 }00
PZUL 2700
= — 2O o = 254.2
| 92p1 BpoeLz 464236 o

| > 4
o)y
Myget.=(254.24 2.025 41.0m) _z_.ggg o

|M2act.:: 521.2 IcN.m/mI




3~ Check Shear. 44 jong direction

Critical section For Shear.

Py =3600 kN Po=2700 kN

1.03 o+ 0.93 +

| 0,510.77

\ / \
N

N

{
f
|
;
!

I
I |
]
|
] |
] _

wU.L|.= 1285.7 kI\lf/m‘l
| |
} 1067.1 |
| |
| |
|

90
1375.7 QOT. ‘=630o0

Qor.= Qmaz.— Wy » %l= 1875.7—1285.7+ 0_'31 =777.8 kN

% Calculate Actual shear stress. (qu)

, 3
Qe 777.8+ 10" _0 186

cu=

* Allowable shear stress. (qw)

Fcu 25 2
qsu=0.16\/ 5. = 0.16 \/1.5 = 0.653 N/mm

q,,<9,,,| —> Sofe shear stresses
cu Iscu

No need to increase dimensions.




4 — Check Punching Shear.

0.7+0.93=1.63

0.5+0.93 =1.43

0.93 =1
==
0.45+0.93=1.38
e e===
4.50

Column 1

% Calculate Punching Force. (Q1 p)

Q,p=3600~ 285.7 (1.38%1.63)
=2957.83 kN

A1p= [2(1380)+2(1630)]* 930
=5598600 mm®

% Calculate Actual Punching shear stress. q, pu

qipu= 2987.3 103 =0.528 N/mm2
5598600




Column 2

%* CalculatelPunching Force. (sz)

Q,p=2700- 285.7 (1.38%1.43)
=2136.2 kN

Azp=1[2(1380)+2(1430)]* 930
=5226600 mm?®

% Calculate Actual Punching shear stress. quu

quu'—' 2136.2 % 103 = 0.408 N/mm2
5226600

qumu the bigger qipu & quu = 0.528 N/mm®

% Calculate allowable Punching shear stress. chu

Fou

Qpen= 0.316 (0.5+2) \[==
| b Oc

(0.5+%) = (0.56+3%2) =1.14>1.0

o qpm= 0.316\’& = 0.316\/5-5— = 1.29 N/mm‘2
Oc 1.5

Safe punching shear.
No meed to increase dimensions.

i <o —>




5 — Reinforcement of the Footing.

Longitudinal direction.

Sec. D 682 O

~—4500——

930= C; || 22t ] |}s3o

\ 4
— C,=86.7 —J=0.826 72.05kNm

6
A M qet. 72.05 10 — 260.53 v
JF d 0.826* 360 » 930
A 260.53 2
2 - S _ . — N
AS (mm/m) = BR.C. = 4.50 = 57.9 mm/m
Check Asm'i'n
A 1.50 =1.54930=1395 .
Smmin -g % 1395 mm
50412/m'= 565

0.0  AS <A3min —>» Take As=1395 mﬂ’f

7#16/m




Sec. @

682 kN.m

930 = C, \/682*;;;’0 | ]580

—C,=11.9 — J=0.826 ~—4500—

| 6
A M act. 682 «10

= 2466.1 mm
JF,d = 0.826+ 360 * 930
As  2466.1 2, «
g, _ g _ — 548
AS (mm/m) = B, - 450 548.0 mm/m

Check A Smin

1.50 =1.5%930=1395 ,
Ag . = { . g 1395 mm
| 5#12/m' = 565 |

v As <Aspin —» Take Ag=1395 mmi

7#16/m




Transverse direction. Short direction.

Hidden Beam 1 | Myqer, = 640.7 kN.m/m)

640.7 kN.m ‘[ l-

| ex AL LELLLLEE)

312.5 kN/m

'—1000—" ‘ W
| M

1 act.

930 = C, \[840.7210° _, ¢\ _ 581 —» J = 0.826
V25 %1000

Ag- Mact. _ 640.7410°
R "~ 0.826+ 360 %930
JF,d

tﬂwmk.flsznhz

1.500 =1.54930=1395 ,
As. .. =§ E 1395 mm
50412/m' = 565

= 2316.8 mm/m

As> ASmin —> 0.k.

Ag=2316.8mm |7#22/m




Hidden Beam 2
|M2act. = 5821.2 kNm/m

521.2 kNom .[ l-

—1000— W

2act.

930 = C, \[221:2410" _, ¢\ _ g 44 —» J = 0.826
25 %1000

6
AS" Mact. _ b6R21.2+10
- ~ 0.826% 360 % 930
JF,d

Check A |

Smin
A 1.5d =1.5+930=1395 ,
C5412/m =565

— 1884.7 mm/m

oo AS>ASm1'm. —>» o.k.

Ag=1884.7mni |5422/m




6 — Details of Reinforcement.

(£0.00) R R
(-0.50)
—w_ N Y/ NY 4
d—r"l—l"l_rl—r'l‘-l—l_l—l—'l—l_i—r'
(= 1.50) N g
(=1.80) 7 R
Sec X—-X
' — T
'< ' ¢ >i< ¢ L
7%16,/m
S NSRS A
? | [ ) ™~ E O 0 _j
7416,/m ] _
X ) l/m X
N e i y J SRR

N
0
2=
™
S
X

' 4.90 |
| 5.50 |
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Calculate the Footing area.

| | fPfi S —le
%M"=(S-X)+@ +Y :’d?' R

2| | * |

]
2V
|

> I_R.C.-'-' \/l 2 |c.¢
* l—=s. —X—
| | _ s
3
= |~ Lgec TR /.Y, S
3 2 e 2
| LP.C' -
IFy =0 Lec - (5-X) 4 %2
odl and Bl ssasdl s <

| P.C. I 555 poase it 39 2l
Lpc=Lpc| — owestde pr e

o> 3 aaadl (o 5950l sene su2
C.G.rcat C.G.pc.at C.G.r & &




(Hidden Beam) JI JL:J

IF Yy < d )L'x” Qo )'3.?\3 ng.q.c..U
Hidden Beam 1 Hidden Beam 2
[ 1 ' 1 H ]
| i | o
a,,[ - {(h T T BR.C'
—p~ "R S
Py I p0z ]
1U.L. | i Poy; |
: ] :
| | |

|
Li=br+dl+y Ly=bz+2d

IF y = 0
Hidden Beam 1 Hidden Beam 2
i R
21 i L 22
= id | ds
Zl i PGt DB

=y

P 1U.L.

"
N
qc"
>

| !
Li=bs+d Lo=b2+2




Check Punching s o 4
saclil o5 oyadl e lalll e Yol o gl (o g5 13!
Saclil ogas Jolo 43l pMoY) (Bl dadl (S

Q}p=P1 v.r— ( Fact.) [(a1+d)(bf+%):| J

(kN)
IEYPON) Gacd|
Ap=[(ar+d)+2®+E )]+ d
(m'rrf)

Qp kM) 5 10°
[(C’d"'d)"‘z (br+ -g' )]* d mmd

q1pu= (N/m'm',2 )




Example (2):

It is required to design Footings to support a proterty line
column C7 (45+50) em. and carrying working load 1000 kN and

interior column C2 (45 70) em. and carrying working load 2200 kN
the spacing between the C.L. of the two columns is 4.6 m

as shown 0.50 Cj CZ 0.70
v

%%

| 4.5 |

and the allowable net bearing capacity in the Footing sile is

200 kN/m?. (F,,, = 25 N/mm®, F, = 360 N/mm?*).
and draw details of RFT. to scale 71:50

Solution.

Data given:

Column C7 dimensions (450+500) mm

Py (working) — 1000kN Py (v1) =1000%1.5= 1500 kN
Column C2 dimensions (450%700) mm

Py (working) = 2200 kN Ps (v1) =2200 %1.5= 3300 kN

R(working) =P1+P2 = 3200 kN

Rwi)y = 1.5+ 3200 = 4800 kN
Bearing capacity of the soil = Qou= 200 kN/mé

B, =25 N/mm?*  F,=360 N/mm’




- 1— Calculate the Footing area. (Width & Length of R.C. Footing.)

R =3200kN
P;=1000 kN & Py =2200 kN
+ +  +
|
]

by s5-x—1—x
' 4.50

X S = %*4,5;.1.4077;,

R =P;+Ps = 1000 + 2200 = 3200 kN

=&*

~—4. 50—
Lpc =2(3.140.25) g R 1
=6.70m 0.25] |_ ¥
.|l
Lec=6.70m Sy 1 M
Lpc=6.70m — L Lo —
- Lp:c:

Calculate the width of the Footing. B

AP-C-= ‘ﬁ: = .220000 =16.0m’ = Bpo#Lpo=Bper 6.70

Bp,=2.39m |B, . =2.40m| |B,,=1.80m




2— Design the critical sections For moment. (Depth of R.C. Footing.)

P1y1.=1.541000 = 1500 kN
Poy1.=1.5+2200 = 3300 kN

R y1.=1.543200 = 4800 kN

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

qUL _ Ru..
BR.C.*LR.C.
Qrrr _ |4800 — 3980 Kt/
UL= 7 gv6.7 =°v0.0/m

QL= 398.0| kN/m

— Actual Unifomn Load on R.C. Fooling (U.L.) as a beam.

48"

Ry
Wor= 7 OL (eN/m)
R.C.
4800 _ w16 4 in/m

6.7
%‘/

Wy r.=716.4] kN/m

Wy.L.=

S\ke




Drawing U.L. BM.D. & S.F.D. on the all R.C. Footing.

~ Longitudinal direction.

1500 3300

...... i A
o.zl5t 25 0.95] 035

. RC
e e e 3 0 . 0 o o o o o K
716.4 kN/m
1500 3300
0.25 | | 1.9

716.4 kN/m

16523

zero shear
T

S.F.D

BMD 9L v
| 917




d=C1 \ | Maot |C‘hoose Cr= 5-0|
Fou*b |

s O= 5.0 \/”95~3*’0‘=814.9 mm
25 * 1800

Cre = +70mm =814.9 + 70 = 884.9 mm.

trc = 900 mm o =830mm|

Check depth in Transverse direction.

As a Hidden Beam.
6.70 -
Hidden Beam 1 Hidden Beam 2
£ 50.83 10.83 0.7 0.83
P I F ' ' M
2 Pre ] e
T 2 =15001 I 3300
R [ -0,
| | [] e | |
< le—. 33—~/ 2 36—/
Li=0.5+0.83 L2-0.7+2+0.83

Li=1.83m Lo=2.836m




Hidden Beom 1 & H

[ ] 33
‘.
Py, 1500 Iffﬂﬂlllllﬂﬂ“
oL _ = 626.5 M

q - -
TuL Bpo* L 1.841.33  n/m

Miact.=(626.5% 0.675 +1.0m) 2578

M, ot = 142.7 kN.m/m

Hidden Beam 2

. .36 *
Py, 3300 UIH”I]IM

Lor= B.,sLs~ 1.8+2.36 =,§,§,‘f;8 2act.

Maact.=(776.8+ 0.675 +1.0m) 9:578

Myt = 176.9 kEN.m/m

M bigger £rOm M 1act. & Mzact.

Myigger = 176.9 kN.m/m

_ 176.9%10° = )
830 = C, v% = — (;=9.86>238




83— Check Shear. 4t jong direction

Critical section For Shear.

1500 3300
0.32%.'55 0.950135
| R.C. .
R
IR R X
716.4 kN/m‘
E : Q 1355= 1652L3
o o= 13N |
- | "1141.8 2 | 1146.2

Qor.= Qraz.— Wy » %-16523 7164.0—28-‘? 1855 kN

¥ Calculate Actual shear stress.

Qor.  _ 1355 4 10° _, 90n e

Su~
B*d 1800 *830 kN/mz 1

% Allowable shear stress.

-om\/F"’” = 0.16 \/25 0.658 N/mm

q W> qscu y» UnSafe shear stresses
We have to increase Depth




Increase the depth of the Footing.
Check Shear Joc pi o3 ). oxclildepth ool pi

Take tR,g,= 1200 mm I =17130 mm I

0.33-.0';.5 0.95.01¢ 5.0,35

716.4 kN/m
| 1652!.3

l ! l |
S.F.D SN sa N\

% Calculate Actual shear stress.

q Q.. _ 1247.5610°_ ) o o
cu B.d 1800*1130 | kN/m

* Allowable shear stress. (qw)

\ /Fcu 25 2
cu=0'16 5, = 0.16 15 = 0.658 N/mm

Ii“< qswl —> Safe shear stresses




4 — Check Punching Shear.

P> =8300 kN
--------- -y
0.7 1
.
] _I _
i m
| '
I T - ]
e B ]
0.5+ ’_:.21‘?-1.065 0.7+1.13=1.83
Column 1

% Calculate Punching Force. (Q1p)

Q,p=1500- 398 (1.065%1.58) =830.3 kN

Ap= [2(1065)+ (1580)]* 1130
=4192300 mm®

% Calculate Actual Punching shear stress. q”,u

qipu": 830.3 =* 103 =0.198 N/mm2
4192300




Column 2

% Calculate Punching Force. (sz)

Q,p=3300- 398 (1.83%1.58)
" =2149.2 kN

Asp=[2(1580)+2(1830)]* 1130
=7706600 mm®

% Calculate Actual Punching shear stress. q,pu

quu= 2149.2 » 103 =0.279 N/mm2
, 7706600

D pumas the bigger Lipw & Dopu = 0.279 N fmum?

Tou

Dpou= 0.316 (0.5+ %) 5.

0.50

v Qpou= 0.316\/];—”: 0.316 \/-f—i— = 1.29 N/mm®
c .

Safe punching shear.
q q — >
pu < pou No need to increase dimensions.

(0.6+&) = (0.6+%%£) = 1.40> 1.0




5 — Reinforcement of the Footing.

1195.3 |
i
@
Sec. @ | | 917
~—1800—

1130=C, \[ L1883+ 10" ) Ntse

— (;=6.93 —J=0.826 1195.3 kN.m

6
Ag= M act. =; '9’;69?;6;"0”30 =83557.2 mmt
A A 8557.2 - 2, <
2 S
= = = 1976.2
| S (mnm/m) B, T80 mm/m
check A Smin

A 1.50 =1.541180=1695 2

5412/m = 565
As> ASm‘in —» Take AS.-_-1976.2 mm

|6 B22/m'




Sec.d 917 kNm

1130=C1 \/ 917 +10° ]1130

5 %1800 '—1800—
- —C;=7.91 — J=0.826

' 6
Ag- Moact. _ 917410 — 2729.0 mm
J FE,d ~0-826+360+1130 |
A As 27290 2, <
2 S
/m) = B = 1.80 /
Check Asm'in
A 1.50 =1.5+1180=1695 2
5412/m'= 565

v As> Aspin —» Take Ag=1516.1 mm

58$20/m]




Transverse direction. Short direction.

Haden Bedm 1 [ Mg08, = 142.7 kNom/m

142.7 kN.m -[ [

'—17000—" W

1act.

1130 = C,\[142.7210° _, ' _ 149 — J =0.826
_ 25 #1000
6
Ag= Mact. _ _142.7+10 _ 424.7 mnt/m
Jﬁ’y d 0.826% 360+ 1130

1.50 =1.541130 = 1695 .
As.in =§ z 1695

50412/m' = 565

o’ AS <ASmin —> Take Asz 1695 'I’Nfl’ﬂl:2

6418/m




Haden Bedm 2 [ Mypot, = 176.9 kNom/m)

176.9 kN.m ‘l I

} 1130 m
~—1000— ? W

2act.

1130 =C,\/176.9+10° _, 0 _ 134 — J =0.826

25 *1000
6
Ag= Mact. _ _176.9 10 _526.4 mni/m
J ‘F'.:l d 0.826* 360 *. 1130

cheok A g,

1.500 =1.5%1130 =1695 .
Ag in =§ % 1695 mms

5¢412/m' = 565

As'<Asm¢n —>» Take As=1695 mm

l6#18,/m]




6 — Details of Reinforcement.

RINELD Nimuik

2.40—
|<—1.80—-—]
=
N
3
& 1,|2/m“
)
6 1$/m‘
&I
|
|
N
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ASSIGNMENT No. 1
DESIGN OF SHALLOW FOUNDATIONS

- Any missing data may reasonably be assumed

1) 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 sectxonal elevation using scale
1:50.

2) [a] Design.a rectangular isolated footing to support a column (40 x 90 cm)
carries an axial load of 2500 KN. Consider the thickness of the plain concrete
footing equals 40 cm. The allowable net bearing capacity of the subsoil is 150
KPa (f;, = 25 N/mm?, Steel 36/52). Draw details for the designed footmg in
both plan and cross sectlonal elevation using scale 1:50. .~
[b] Redesign the previous isolated foundatlon (2—a) assuming the thickness of
the plain concrete footing is 10 cm.

[c] Compare between the designed isolated footings in (2-a) and (2-b), with
respect to the volume of the plain concrete footings; the volume of the
reinforced concrete footings; and the amount of the reinforcements.

Two 1nterna1 square columns in a res1dent1a1 building are spaced two meters
center to center. The two columns are subjected to normal forces of 1700 and
1900 kN, respectively. It is requlred to de31gn a suitable foundation system to
support the two columns.

Data:

Jalt net = 200 I\N/ m

tpo=40 cm. (fz, =30 N/mm?®, Steel 36/52)

Fourth Year Civil — Public Works Department — Foundation Engineering ~2012/2013 1



Example (3):

Two internal square columns in a residential building are

spaced two meters center to center. the two columns are
subjected to nmormal forces of 1700 and 7900 kN, respectively
It is required to design a suitable foundation system fo
support the two columns.

DATA:

Qoti net = 200 xn/m?
Fo, = 30 N/mm?, Fy::-3 60 N/mm?

tp.c. = 40 cem

Solution.

- Data given:
Py (working) = 1700 kN
Po (working) = 1900 kN
R (working) = Py+Pa = 8600 kN

Bearing capacity of the soil = Qaqu= 150 kN/m?
E,=380 N/mm?  F,=360 N/mm*

tp.c. = 40 cm




Col. C1 Area = % = 1700;1000 =242857 mmz
Take Cy dimensions (§00%500) mm

Col. C2 Area =%o= 1900;1000

Take C2 dimensions (6560%550) mm

=271428 mm?

" {= Calculate the Footing area. (Width & Length of R.C. Footing.)

R =3600 kN
P = 17of kN £ Pi.-.- 1900 kN
+ + o+
]

o),
~

PyeS=R+X

Py 1900
=E-*S= —36—00-*2 =1.06m




0.5 R bds
| * 0.275
gsmi el |
— 7.06_"
2. 0.40
| Jo.40
| 2 Lpc JI
LP.C.

Lrc _(X)+ %+ (050 1.0)m

\\)

Lre. _ (. 06)+05+050—> Lp.c.= 3.62

2
Lpc=3.65m
Lp,c,r LR.C'.+2 tpo=3.65+2(0.4)=4.46m
Lpc=4.45m

AP.C'.: 18 = Bp.c."'LP.c. = Bpc»4.46 — BP.C.= 4.04m

|Brc=4.05m| |Lpc=4.45m)|

[Brc=3.26m| [Lpc=3.65m




0.50
1375
(=3
> —
D
°
NRY _fen
4.05

3.25

|
|
I 2.00

0.5156 0.61

-3.65

~4.45

R2— Design the critical sections For moment. (Depth of R.C. Footing.)

—

S ———————————————————
e ——————————————

Piy1.=1.541700 = 2550 kN
Poy 1 =1.541900 = 2850 kN

R ;1.=1.543600 = 5400 kN




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

Ry

R@*Lna

g, _ 5400
UL =3 25+3.65

QL =
UL= g

= 455 kN/nt

qUL = 4585 lcN/'m,z

— Actual Uniform Load on R.C. Footing (U.L.) as a beam.

Ru.
Wy.r.= I L (EN/m)
R.C
Wy = 2290 _ 1479 568/m

3.65

Wy .= 1479.5|kN/m &/I




Drawing U.L. B.M.D. on all R.C. Footing. Longitudinal direction.

Poin _. 256560
t Z Sh o] = = 1.
ov Of ero eqr (X) 7 ‘ ‘7 2 m

Py =2550 kN Py = 2850 kN

0.515 ot +7
- 5

0.550.61

|

!

|
ot

L L
v T

Wy = 1479.5 kN /m)
—X1.72 — |

| {
l | 247 |

J.’A&J‘ u':‘JJ e

. 275.8 kN.m. T

Z > o > / / /A

| tR.C't: ///////////////% ;__,(J - g/J
—3250—+ I‘/s?ﬁ




d;.C” Mo, Choose (';= 5.0
Feu*b

oo d-‘: 5.0 R75.3% 108 = 265.68 mm
30 *3250

trc = Ol +70 mm = 265.68+ 70 = 335.68mm
tR,c,.-=-450mm | d=380mm|

Check depth in Transverse direction.

As a Hidden Beam.

Hidden Hidden
Beam 1 Beam 2

Hidden Beam 1

| e—7.375—

0.50 0.56
A
i R
()
P1y.. Pzypa |
=25560 =2850"

[ N S—

Li=b1+2d Lo=b2+2d

=0.5+2(0.38) =0.55+2(0.38)
=1.26m =1.81m




Qyy = —F10L 2550 _ . 'H'
T Bpo*Li  8.2541.26 kN /im | !

7,975
EEEEEEEREE)
M, oct.=(622.7141.375 o1.0m) 1:375  ~622.71kn/m

Z
[ M, g01.= 588. 65 kN. m/m| WM

Hidden Beam 2

Py, 2850
'BR.C.* L2 3 25* 1 31 kN/'m. \ .3

Aoyt =

Maact.= (669.4% 1.850 41.0m) 1:350
[ Myot, = 610 irm/m crrrrrhern

669.4 kN/m

UM

2act.

Mbigger F rom M. 1act. & M2act.

M bigger = 610 kN.m/m




380=C, \[E10210° __, (' =266<2.8

30 %1000

'.'l_W-e have to increase the depth|

W d=4.5 \/ 610 %10°  _ 641.67 mm

30 #1000

Crc = Ol+70 mm = 641.67+ 70 = 711.67 mm

tR.c.= 750 mm d = 680 mm

Recalculate the B.M. For Transverse direction with the new depth.

Hidden
Beam 1

Hidden
Beam 2

Hidden Beam 1

0.50
i
Py,

=2550

l—7.876—

3.26—

\

| SE—
Li=bs+2d

=1.86m

=0.5+2(0.68)

]
Lz-b2+20d

=0.55+2(0.68)
= 1.91 m




Gy - _Froe _ 2550 _ 'H'
T BgperLi~ 3.2641.86 pyjm

7,975
AL XLELLLEL)
Mgt = (421.8441.375 x1.0m) 1378 ~398.77en/m

| M0t~ 398.77 kN.m/m WM

Hidden Beam 2

P 2850
q — 2U.L. _
UL = BresLz™ 3.2601.91  pou 4
Moot =(459.1% 1.350 «1.0m) 1:350 -[ l—
Maaot,=(469.14 1,850 +1.0m) 2 7,550
_ LEEEEEEEES)

szgge'r 4 18.4 kN.m/m




3~ Check Shear. 4t ong direction

Critical section For Shear.

Py =2550 kN P2 =2850 kN

- A _yY_
0.515 o+5 +

.55 0.61

N / N
AN 7/ ! AN
/o o\

—— l
i
1
:
!

y —
I

PR
Pr—

T e e 0 0 3 e 0 0 0 e O O

Wy.r.= 1479.5 . kI|V/m?

|
| ! ! [
761.94| : 11‘13. |
S.F.D A vl u\va
| |
Qor. =630.77 0%-°

ch.‘—" Qmax.— wU.L.* %= 1183.8—1479.5% -Q'-g—a- = 630.77kN

[ |
f }
! A
¢ :
f ]

% Caleculate Actual shear stress. (qu)

3
ch. = 630.77%10 =0.285
Bed 3250680 2

cu=

* Allowable shear stress. (qsu)

Foy, 30 2
qw-0.16\/ 5, =016 \/1.5 = 0.716 N/mm

| Safe shear stresses
—_—
@ No need to increase dimensions.




4 — Check Punching Shear.

0.5+0.68~1.18 0.55+0.68~1.23
— |

.50+0.68 =1
Fom————
- o e o]
0.68=1.23
| IS |
3.25

| 3.65 |

Column .1

% Calculate Punching Force. (Q1 p)

Q,p=2550- 455 (1.18%1.18)
| =1916.5 kN

A1p= [2(1180 )+2(1130):] * 680
- =8209600 mum®

% Calculate Actual Punching shear stress. q, pu

quu_.._. 1916.5 » 103 =0.597 N/mm2
3209600




Column 2

% Calculate Punching Force. (Qgp)

@y p=2580- 455 (1.23+1.23)
=1891.6 kN

- Azp=[2(1230)+2(1230)] + 680
= 3345600 mm®

% Calculate' Actual Punching shear stress. qz Pu

quu_._: 1891.6 % 103 = 0.565 N/mm2
- 3345600

D pumaz the bigger Lipu & Lopu = 0.597 N/

% Calculate allowable Punching shear stress. qp U

T

Qpon= 0.316 (0.5+ %)
57 V3,

0.5+ %) = (0.6+%32) =1.50>1.0

0.50

oo Qpeu= 0.316 \/ fg"“ = 0.316\/-1?% = 1.41 N/mnm®
c 'y

Safe punching shear.
No need to increase dimensions.

qpu <chu —>




5 — Reinforcement of the Footing.

- Longitudinal direction. 0)
| | Vi 247 va |
' 275.8
See.d \/@;\/
| ~—8250—

680 = C, \[ T e

— (,=12.79— J =0.826 275.3kN.m

6
Ag= M act = SO 1361.5 mn
. * *
JF,d

As 13615
Bp, 325

A S (mm/m) =

Check A Smin

A 1.50 =1.5+680=1020 2
Smin _-.-i % 1020 mm
584 12/m'= 565

f As <Aspin —» Take Ag=1020 mnt

l6#16/m)|




D
247 |

v v
W

247 kNm

680 = C, \[Z21 B

—C,=18.5 —J=0.826 —3250—

Sec.®

6
Ag= M act. 247 =10 = 1221.5 mn?
J F d 0.826* 360 » 680
Aoz, _ As 12215 _
S (mm/m) = BR.C. = 3 95 375.9 mm/m
Check ASmin
A 1.500 =1.5+680=1020 .
| 5812/m'= 565

Yo AS <A5'min — Take AS_-:1020 m'm?

6416,/ m




Transverse direction. Short direction.

398.77 kN.-m/m

398.77kN.m -[ [

T seo e
~—1000— W

680 = C, \/398~77* 10° _, C,=5.81 — J =0.826
30 %1000

Hidden Beam 1 |
- I Miact.-"—'

6
Ag- Mact. _ 3987710
J F, o~ 0-826%360+680

Check A

=1972.1 mm/m

Smin

1.50 =1.5+680=1020 .
={ % 1020 mm

5412/m'= 565

W As>Aspin —» o.k.

Ag=1972.1mm |6#22/m'




Hidden Beam 2

I M;,ot = 418.4 kN-m/m

418.4 kNm ‘[ I

—1000— W

2act.

680 = C; \[£184219° _, ¢\ _ 575 — J =0.826
30 »1000

' 6
Ag-= Mact. _ 418.4s10
- "~ 0.826% 360 %680
J F,d

Check A Smin

1.60 =1.5%680=1020 .
Asm.;'n ={ g 1020 mm
- 5#12/m' = 565

= 2069.2 mny/m

s A3>A3min —>» o.k.

Ag=2069.2mm |6#22/m




6 — Details of Reinforcement.

(£0.00) DR 78
(-0.50) RLLL
—w. N Y A \Y /
A'—J—r—r'b"'l_l—l—l_l_l—b"&—r-l-r'
(—1.25) = —
(=1.66) "~ =7 s g v A e
Sec X—X
, : p 7
. e { .
6416,/m
_ A8 RS >
L | [ o o i ¥ © J
i 6¢416,/m’ ] -
X preml LN X
B S O I O
o ' 1.81 ' .84 '
l 38.65 I

4.45




