3\ 4th Year Civil - Structures
B y\,\'\cL"TtY"W\ ' . .
o Foundation Design
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Mid-term revision
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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. 1s 40 cm,
and qq = 150 KN/m”, (f,, = 25 N/mm’, £, = 360 N/mm”).

- Solution:-

1- Area of footing:-

A, = Pu 2500
Q150

~Lye -Byo =b—2=09-04=05m

= L,. =B, +0.5 But B, xL,. =16.67 m*

= By Bpe +0.5)=16.67 m*

= (B, ) +0.5(B,.)—16.67=0

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

=L,.=385+05=435m

—B,.=B,. ~2t,. =3.85-2x04=3.05m

= Lyo.=Lyc —21t,. =435-2x04=3.55m

=16.67 m> =B, xL

P.C.
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2- Design of critical section for Bending Moment:-

-P, =2500x1.5=3750 kN e a
_quzz%:346.3m/m2 H__-_*! B "SL_H
__gCI:gcz_:i'S_S_;_O_'?g:I.325m | {_{Q_Ofrl’ §

£, ) ‘ L

- Mul :MuH =(, X

x B l

2 L = 355

(1.325)’

=346.3x x3.05=927.2 kN.m

2
- M, x10° 9272x10°

dy=dy=C,- [ 35, ' ~545.8
T T X(B)2) \[25><(3050/2) .

= take d:580mm =t =650 mm
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3- Check shear:- z, |
T 3 =
- ey :0.16><‘/T2§5:0.653 N/mm? —‘J'*"[—":—%; ----- —r-[-\]I
4 =22, —d ek :
=1.325-0.58=0.745 m 0
h qu( = QSUz = qu X Z1 L |
|

=346.3x0.745 =258 kN 3.55

Q. x10"  258x10’
dx1000 5801000

A

=0.445 N/mm’ <q_, = safe

_qu:

4- Check punching shear:-

a 04 . -
S =g =044<05 r Sk j :
:>qpcu=0.316><(0.5+9'—4-)\/—_2£ o Qm/‘%% -
| 0.9°V1.5 L= | ]
=1.218 N/mm” —— 1
-Q,, =P, —q,[(b+d)(a+d)] . 3.55 ,
=3750-346.3x[(1.48)(0.98)| =3247.7 kN
_ quxlO3
'qp“_d[(b+d)+(a+d)]x2
32477x10°

= —=1.138 N/mm’ < = safe
e 5801480 +980]x 2 | A
5- RFT:-

-A, =1.5xd=15x580=870mm’/m’

M x10° 6
_A,=A, = " _ 927.2x10
‘ . fnyxd 360x0.826 x 580

 =5376 mm’/3.05m=1763mm* /m" > A,

-use A, =A, =725 18\m’
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- Details of RFT:-

0.90

(0.00)
(-0.45)
(-1.10)
- (-1.50)
A R R
4&07' J' 355 *o.g )
P 435 Y
Section A-A
scale 1:50
|
l N N
" ‘ o N <
i ¥
N St
I f
| &
| ? 2| g
RSN Sy Vg = ) B
7/ °I’
0.[?0
78518\ m' |
!
| gl
] <o
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Plan
scale 1:50
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- Example 2:-

-P, =3500x1.5=5250 kN Pt
j -
-q, =B 990.7 kNim? o .
4.25%4.25 . | 4
-, =.zCZ=————4'252—0‘8=1.725m —"—_"@—"“ &l
t,y i
-M, =M, =q,x——xB [
Uy Uy u ) : -
=2907x 872 495218382 kNum L =l L
10° 838. 6
! 4, =d, =c,. |10y [ 18382x10° o
| f x(B/2) 25%(4250/2)
i = use d=680mm =t=750mm
!
|
l
!
!
|
i )

Design an isolated footing to Support a circular column. The
diameter of the circular column 1s 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 3500
“Ap e = =27 22333 m? = (B, )
P.C. qa“ 150 ( P.C.)

=B, =483m = use B,. =4.85m
= Bre =Bpe =2t =4.85-2x03=425m

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

!
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3- Check shear:- —

25 , J L4, NNI
-qSCu :0'16X _:0.653 N/mm —_— e s —— -~ U

1.5 q
_21222_—"»€C1_d i @gj[ :

=1.725-0.68=1.045 m |
- qu‘ = qu2 = qu X Zl Ii
=290.7x1.045=303.8 kN | Y

Q. x10° 303.8x10°
dx1000  680x1000
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-q, = =0.447 N/mm’ <q_, = safe

4- Check punching shear:-

=1<0.5

a
b

h "‘\ ‘
0160 [E m .\\@/{

=1.29 N/mm*

- 2 -~
-Q,, =P, —q, {ﬁx (Dzd) } ) 4.25

D+d=1.48
4.25

-

(1.48)°

=5250—290.7x[7r>< ]—- 4749 9 kN

Q.. x10°
" =

~d[zx(D+d)]
3
-q,, = 4749.9x10 =1.5 N/mm’ >q_, = unsafe
P 680(m x1480) P

- Try d =730 mm

(1.53)?

-Q, :5250—290.7{7” }:4715.5 kN

4715.5x10°
730(z x 1530)

=134 N/mm” >q_ = unsafe

-qpu =
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- Try d =780 mm

2
-Q,, =5250-290.7 x l}z x (1'28) } = 4680 kN

-q,, = 168010 =1.209 N/mm* <q,, = safe

P 780(z x 1580)
= used=780mm & t=850mm

S- RFT:-
-A; =15xd=1.5x780=1170 mm?/m"

M, x10° ¢
‘A, A = Mux10° 18382x10
© T £ xTxd 360x0.826x 780

=7925.3 mm* /425 m=1865 mm?/m' > A,

1
!
[
|
[
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|
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|
|
|
|
|
|
|
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E -use A, =A, =8z518\m
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- Details of RFT:-
0.80
(0.00)
Ny A (-0.35)
8§18\ m 8518\m
) _ (-1.20)
T Ty
0.30 0.30
4|/ ¥ ' 4.25 ) 0
L 485 [
A 7
Section A-A
scale 1:50

Nvtti——
030, 425 930
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) 485 L
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scale 1:50
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- Example 3:-

Design an isolated footing to carry a column subjected to 1800 KN
vertical load and 300 KN.m permanent bending moment. The
column dimensions are 0.90 x 0.40 m, draw a plan and sectional |

elevation with scale 1:50.

(f,,=25 N/mm’, £,=360 N/mm?). Thickness of P.C. is 30 cm, and

Jat = 150 KN/m
Given:-

- N = 1800 kN

1800 kN

300 kN.m

-M =300 kN.m

- Qai = 150 KN/m” [

0.60
] 0.30

- Column dimensions = 40 x 90 cm”

-tpc. = 30 cm

—t
0.30
+—

1800 kN

e=0.167m
—

+ c.g. of footing

et

- Solution:-
1- Area of footing:- 518 L
-Q:M:ﬂ20167m oT
- N 1800 13]
P
-Ap == 1800 =12m’ =B, x Loc —

Gay 150 t
'LP.C. BPC =b-a -
=Ly —Bp=09-04= L, —ch +0.5

" But B, xL,. =12m*

=B,. B, +0.5)=12m"

= (Bp) +0.5(Bp)~12=0

=B, =322m = take B,. =3.25m
-Lpc =325+0.5=3.75m

-Bre =Bpc —21t,. =3.25-2x03=2.65m
-Lic =L =21, =3.75-2x0.3=3.15m




i

V
2- Design of critical section for Bending Moment:-
-P =P x1.5=1800x1.5=2700 kN -t
g, == ’ .l
L B x L, i 6;0.167111 o
Récr.mo R.C. | | 00y ]L_ﬁl,
-2 N 1 77777 B SR
N 2.65%3.15 323.5 kN/m a O;r ﬁ//LT c.g. of footing
LRC —b ™ 0.90 I
"t T 2 +e L |
) ' 3.15
J30 2090 y67-1000m I )
285 ?
-M, =q,x ( ;) xB =323.5x% (1.292) x2.65="715.5 kN.m
0 = B:c—a _ 2.65-0.40 ~1.125m
2 2 N
£ ) : 2
-M,, =9, x (te,) xL =323.5% d4.125) x3.15=644.9 kN.m

M. x10° 6
-4, =C,,|—u 35 [ X10 5144 mm
£ x(B/2) 25%(2650/2)

' M. x10° 6
-d; =C,;- - =3.5 044.9x10°_ _ 447.9 mm
£ x(L/2) 25% (31507 2)

= take d=530mm = t =600 mm
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3- Check shear:- _ R
: T 0.53
-z, =4, —d .
‘ e=0.167m
=1.292-0.53=0.762 m =t
-q., =0.16 , / fcu S EI & e g. of ff)otmg
a 1.5 090 , d
=0.16x /zé =0.653 N/mm? ..
1.5 ) 3.15

-

-Q,, =q,x2 =323.5%0.762=246.5 kN

x10° 3
-q,, = Q, _ 2465107 0.465 N/mm’ < qu => safe
dx1000  530x1000

r
4- Check punching shear:- e
- dE s
-3=9—4-*044 0.5 G jazy g v
b 09 : T *
L. =s ]
:i>qpcu—0316(05+—)/ 1 p—btd=143 ,
3.15

=0.316(0.5+ ),/ =1.218 N/mm

-Q,, =P, —q, [(b+d)(a+d)
=2700—323.5x[(1.43)(0.93)] = 2269.8 kN
Q,, X 10° |
d[(b+d)+(a+d)]x2

B 2269.8x 10°
530[(1430)+(930)]x 2

_-qpu:

=0.907 N/mm® < qp. = safe

| 4
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S- RFT:-

o R ml_l

-A, =15xd=1.5x530=795mm*/m'
Mul x10°
s £, x I X dum
_ 715.5x10°
360 0.786 x 530
Mu“ x10°
sw £, % I x dum
_ 644.9%10°
~360x 0.808 x 530

=4771 mm?*/2.65m=1800 mm?/m"' >Asmu

=4183 mm?*/3.15m =1328 mm?*/m' >Asu

-use A, =82518\m"

-use A, =72516\m’
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- Details of RFT:-

__-lll——-nln—————mqmmm__m_mm———nnmn L]

—_— -
(0.00)
N7 7% N 72 VY
716\ m' (-0.50)
\ i __________ e e el e e - — ———— — —— e
8¢18\m\ x ..... 2.0 L 3 I‘I’l......... (1.10)
PR T w
1
419'3041/ ‘ { 315 4|/0'3(/)|1/
P 3.75 o
Section A-A
scale 1:50
|
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fﬁ_
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( ;'
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——— | &
o
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4|9.3(l,, 1.405 1.745 *0.33,
0.30 3.15 0.30
,'l/ 4I/ i 41/ ’IV
p 3.75 ¥
_Plan_

scale 1:50
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- Example 4:-

Design an isolated footing to cafry a column subjected to 1800 KN
vertical load and 300 KN.m temporary bending moment. The
column dimensions are 0.90 x 0.40 m, draw a plan and sectional

elevation with scale 1:50.

(fo,=25 N/mm?, £,=360 N/mmz). Thickness of P.C. is 30 cm, and

Qar = 150 KN/m”>.

- Solution:-

I- Area of footing:-

6
-Age = N + M

S ST Nxq,,

_ 1800 N 6(300)
150 V1800x150
-Lic —Bre=b—-a =L —Bzc=09-04=05
= LR.C. =Bgc + 0.5 .
B BR.C.(BR.C. + 0.5)=15.5
= (BR.C.)2+O-5 Bpc —15.5=0 = B =3.69m
~take By, =3.7m =>L;.=37+05=42m

=By xLyc =155 m’

- Check:-
-e=—30—0=0.167
-1800

-f = 1890 1+6XO'167 =143.4kN/m” < qa

3.7x4.2 42
16

-f, = 1890 1—6X01 ’ =88.3kN/m” > zero

3.7x4.2 4.2

= B,. =By + 2t,. =3.7+2(0.15)=4.0 m
& Ly =L,o+ 2t,. =42+2(0.15)=4.5m

safe

safe
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II- Design of R.C. footing:-

1- Calculate the ultimate stresses unﬂer R.C. footing :-

L =1.5xN=1.5%1800=2700 kN
L =1.5xM =1.5x300 =450 kN.m
-A=3.7%x4.2=15.54 m?

3
_3Tx(42 gy

_Lyc—b_42-09

.(2.1)=215.1 KN/m?
“1554 2284

2700 kN
od .. X 450KkN.m

- ' | 1.65
' | !
|
| 1
[

132.4 KN/t ,
182.6 KN/m™ 1915 1 kN/m? §

I"“I

N M

(Lyc /2

.(2.1) =132.4 KN/m?
1554 22.84

NM

-(0.45) =182.6 kKN/m?
1554 2284

©“ I i T
= 0:90
. 01‘—1———1( _____ g
_____ S 7 I >
O_Jf _’// 450 kKN.m
2700 kN | j—— 165
] J
| i
4.20

2- Design of critical section for Bending Moment:-

[t

(215.1+182.6

2
)x 1'625 x3.7=1001.5 kN.m

1001.5%10°

‘ fcu X (BR.C. /2

25%(3700/ 2)

—take d =530 mm
= tyc =600 mm




Al

g 2
-M, Z(fl+f2jx( ;) x L
T2 2

(215.1+132.4j>< 1.65°
2

3- Check shear:-

-x 4.2 =
2

993.4 kN.m

|2

=0.16, /1—2—55— =0.653 N/mm?>

f . -
- :0.16‘/—°i
qscu 1.5 . 1

-z, =4, —d

c

=135-0.53=0.82 m

— NU MU
I

_ 2700 _ 450
11.16 12.1
RYUESANS
_ (308.9+278.4)

-1, +

(b/2+d)

x0.82 =240.8 kN

Q,, x 10°
dx1000
 240.8x10°
~ 530x1000

g '

4

-(0.45+0.53) = 278.4 kKN/m?

- 0.454 N/mm2 < qscu'

— safe

B
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4- Check punching shear:- -
i % = %— =0.44
. TR T
N I
- = — cu ! S g
qpcu 0316(05 + b) 15 #—J //////ﬂ,l}. _;
=0.316(0.5 +M) /é L=
0.9°V1.5 ; b+d
=1.218 N/mm’

u

-Q,, =N —gl——;izl-[(b+d)(a+d)]

700 (308.9+175)

[(0.9+0.53)(0.4+0.53)] =2378.2 kN
~ Q,, x10’
e T[T d) @ d)x2

_ 2378.2x10°
530[(900 +530) + (400 + 530) | x 2

=0.951 N/mm® <@ = safe

5- RFT:-
-A, =1.5xd=1.5x530=795 mm*/m'

M x10° 6 .
A, w2 JOOLSADT_ core m?37m
' fxIxd  360x0.786x 530

=1804 mm?*/m"

M x10° 6
A, =2 __9934x10 = 6675 mm*/4.2 m

" fxIxd  360x0.78x530

=1589 mm?*/m'
-use A, =82¥18\m

- use A, =72518\m

i 4
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Details of RFT:-
_
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It is required to:-

showing on them the RFT details.

~-Solution:-

1- Dimensions of footings:-

= -
- Example 5:- ﬁ _ | ’
For the two columns shown in the“ 2 CCy C, |
given plan: 'ﬁ‘ —E.er_v,—o S0 reower “% —
The outer column load 1s 1600 kN, fi (30x80) (60x60) l
The inner column load is 2500 kN. .9 6.5m |
|

a) Design the required strap beam footing system, if the thickness of P.C.
is 30 cm, and qall = 175 KN/m”. (f,, = 25 N/mm?, f, = 360 N/mm"°)

b) Draw a plan and sectional elevation for the footing with scale 1:50,

-R, =1600+2500-1891 = R, =2209 kN

- Dimensions of F1:-

‘Lo =Ly, =2(1+0.9)=3.8m
1891

“A, . =——=1081m?=B, . x3.8
P.C. 175 PC.
10.81
-B, . 2—3—8—=2.84 m = takeB,. =2.85m

B, =2.85-2(03)=225m<15xL,. =42m OK.

14

-Assume €=0.15S 1600 kN S=65m 2500KN

= e¢=0.15(6.5)=0.975 | - A

-takee=1.0m 02 ¢.1‘0 _{_ 55 m Ny ;
|1891kN ’2209 kN §

>Maa=0 '

=1600x6.5=R,x55 =R, =1891kN

-R, =P, +P, - R,
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- Dimensions of F2:-

2209
- AP.C.:

—B,. =3.55m

-By. =3.55-2(0.3)=2.95m

12.62 m* = (B, )?

y =S;e— LP.C.l B LP.C.2
2 2
:6.5—1—3—;3—15—5:1.825 m >3—'25—§:1.775 m OK

2- Design of Strap beam:-

-P,, =1600x1.5=2400 kN -P, =2500x1.5=3750 kN
R, =1891x1.5=2836.5kN  -R,, =2209x1.5=3313.5kN
) 3313.5
_2836.5 746.4 KN/m' W, = B 1123.2 kKN/m"
1u 2u 5
2400kN 3750kN
-"At point of zero shear:- 4' J’
- 2400 =746.4(x) _‘ E ‘ H[} ----- _

= x=322m i ]

My, =2400(3.22-0.9) [T T

(3.22)2 : R
—746.4x 746.4 KN/m 1123.2 KN/m

0.5 0.8 2.5 2.125 1.175 0.6 1.175
=M, =1698.5 kN.m bt — ¥ -+ t
Mumax % 106 é é éPoint of zero shear é :: 1756.3 I: :: ::
~d=C,x o geal w4 N
fou X By AL : oA
N b | L\ |
1698.5x10° | | \/ . S.ED. : \/
=d=3.5x% 29T o L @ L 1713198 !
' 25%x600 bt T B | BN :
~1178 mm 1! i i 1698.5 . §1571 g § g E
- take d-.=1180 mm N | 6439 | 1! |
= t=1250 mm i ] PN
D33 | | ! L !
N BMD L eaaN s 4
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2- Check shear for strap beam:-

- e = 0.24 % /-12—2 =0.98 N/mm’
- Qe =0.7x /% =2.86 N/mm’

. qumax_ = Qax. — Wy, -(g) =1756.7—1123.2><(1'§8) =1150.2 kN
1050.2x10°

- Qg = 050.2x10 =1.48 N/mm’
1180 x 600

~ Goou <9g <, = use shear RFT (stirupps)

_ qscu nx A(p X fy/'Ys

- Ja 2 = bxS

- Try Stirrups 22 8 4 branches

0.98 4x50.3x360/1.15
2 - 600xS
=S =106 mm

- use Stirrups 103210\ m' 4 branches

~-1.48 -

3- RFT of strap beam:-

w T f xjxd | 360x0.781x1180

M x10° ¢
) AS — umax.bon?m — 775.2x10 =2209 mm2
e £ xjxd  360x0.826x1180

-As _—_-_Q'I_de:?'olgx600x1180:1062 mm?*

100

M, x10° :
— 1698.5x10 190 mm?

-use A, =112¥25

—use A, =52525
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4- Design of footings:-

- Design of F;:-

2836.5

" T 5 05x3.8
, _225-06

<

25m

=331.8 kKN/m’

2

=0.825m

A

=1129kN.m 4 >8m

(0.825Y’

-M, =331.8x
6
-d, :SX‘/M:336mm
25%1000
= take d, =380 mm & t, =450 mm

2- Check shear:-

25
Gy =016 | == =0.653 N/mm’

-7,=0.825-0.38=0.445m
- Qg =9, x2, =360.2x0.445=160.3 kN

-q,, = 132(())32 T;(()); =0.422 N/mm*> <q_ safe
-A,  =1.5x380=570 mm’/m'
112.9x10°

= =999 mm”’/m'
' 360x0.826x380

-use A, =52¥16\m

4
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- Design of F,:-

3313.5

e TS 954205
2.95-0.6

RS DTS 0 I R T | 1

=380.8 kN/m’
IL |

' 1.175m
295m '/ )
o

!
. B
-/ =1.175m B

€2

d.175) =262.9 kN-m

-M, =380.8x

6 o 295m
_d2:5x\/26z.9x10 s

25x1000
= taked, =530 mm & t, =600 mm

2- Check shear:-

-q,, =0.16x /TZ% =0.653 N/mm*

-z,=1.175-0.53=0.645 m
- Qq, =4, X2, =380.8x0.645=245.6 kN

_ 245.6x10°
530x 1000

3- RFT:-
-A,  =1.5%530=795mm’/m'

_262.9x10°
" 360%0.826x 530

- Gy, =0.463 N/mm’ < q_, safe

=1668 mm®/m'

-use A, =72518\m
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- Example 6:-
For the two columns shown in the given plan: ! !
The load in column C, is 1600KN, The load | C, C,
in column C; is 2500KN. It is required to: ~ — - - - - - - —
(30x80) (60x60)

a) Design the required combined footing, .
if the thickness of P.C. is 30 cm, and I 1 i
Qai = 175 KN/m®.

(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. i

- Solution:-

1- Dimensions of footing:-

-R =P +P, =1600+ 2500 =4100 kN

41()IOkN
-R-x=P,-S 1600 kKN | 2500 kN
= 4100(x) = 2500% 3.7 X '
S x=226m - L *
L 3.7m .
i Lgc- —x +%‘—+(0.5—>1.0)+t13_c ‘

:P—;i=226+0.4+0.5+0.3 =3.46 m

-Lp. =2%x346=692m = usel,.=695m
= Lpc =L, — 2xt,, =695 - 2x03=6.35m

R - |
~Ape =—=Bp XL

all

4100
A, =——=2343m*=B, . x 6.95
P.C. 175 PC.

=B, =337m = take B,. =3.40m
= Bpo =Bpc —2-t, =3.40-2%x03=2.80m

)
44

=
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2- Check shear:-

- Q. = 0. 16,} =0. 16,/ =0.653 N/mm”

-Qmax ~W, d—17646 968.5x0.63 =1154.4 kN

Q. X 10° 1154.4x10°
dxB; . 630 %2800

SU

=0.654 N/mm* = q_, safe

-qSU =

3- Check punching shear:-

T
r———fr - 1 -
' 5 C, 1 I
| < |
! VY ‘L { S X
| © |
| = |
b _ i ————— Jd -
) 1.43 ) L
i 1
- For C1(30x80)

qpCu =0.316(0.5+ -——) L for—<05

-q,,, =0316(0.5+ -?ﬂo-),/ =1.129 N/mm?

-Q,,, =2400- 3459 O93><143 =1940 kN

O 3
-q, = 194010 =0.652 N/mm* <q_,,  safe
P 630[930+1430]x 2 °




_

- For C2(60x60)

- q,,, =0.316x / =0.316x / =1.29 N/mm”

-Q,, =3750- 3459 1.23x1. 23 =3226.7 kN

3226.7x10°
- =1.041 N/mm? < safe
9o, = 630x1230x% 4 Aoz

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

A

T

1.25
1.10

C
C, . 2
I 0.50 0.63 0.63 0.63

™ I | !
i i 1
1.93 [ I I
— | 2.06 |
| En G|
. ! i |
HB.1 | } H.B.2 :
{ i 1

b

- For Hidden Beam 1:-

- q, :——2ﬂ)9——:444.1kN/m2
' 2.8x1.93
2
-M, =444.1x (1.25) =347 kN.m
- For Hidden Beam 2:-
_q =—Y 50,1 1eN/m?
P 2.8x2.06
2
-M, =650.1x (1'21) =393.3 kN.m
- IM__x10° 393.3x10°
-d=C,- S T2 780 :CI.\/_?__X__
‘ Y £, x1000 25x%1000

—C, =62<23 OK

27
4

e

4
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S5- RFT:-

-A, =1.5xd,_ =1.5x630=945 mm”/m'

SA, =62516\m

- RFT in long direction:-
6
A, =370 5655 mm?/2.8 m=2009 mm?/m'
= 360 0.826 % 630
1018.1x10°

L= =5435 mm’/2.8 m=1941 mm’/m'
bovon 360 x 0.826 x 630

- RKT in short direction:-

_ 347x10°
" 360%0.826 % 630
_ 393.3x10°
= 360x0.826x 630

=1852 mm?*/m'

=2099 mm?/m'

-use A, =82518\m
-use A, =8gZ818\m
-use A, =825 18\m

-use A, =902%18\m
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- Details of RFT:-
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- Example 7:-
. . N 3.7
For the two columns shown in the given 8 | * - —t
< o
plan: o § | C\(30x80) €. (60x60) i
The outer column load is 1600KN, :§ ekl ij’é
. . NE //// N
The inner column load is 2500KN. ®y | 4
(D]
Z

2SS,

- It is required to:

a) Design the required combined footing, if the thickness of P.C. is 30 cm,
and qq =175 KN/m?. (fou =25 N/mm?, f, =360 N/mmz)

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:-

2500 kN

-R =1600 + 2500 = 4100 kN .
->Maa=0 = R-x=P,-S | 1600 kN :
.40
= 4100(x) = 2500 3.7 iLM X ﬁ*
. Y
1040 7m
Lo b 0,
2
. |
= Z2C =296 +0.4=2.66 m |

-L,.=2x2.66=15.32
=>usel,.=L;.=535m

R
~Ap = — =B XLy

all

4100
A= —1—75—=23.43 m’ =B, x 5.35

=B, =4.38m = use B,.=440m
= Byo=B,. —21,,=44-2x03=380m




2- Design of R.C. footing:-

P, = 1600x 1.5=2400kN  -P,=2500 x 1.5 =3750 kN
R, = 4100 x 1.5=6150 kN -w, = 65—13559= 1149.5 kXN/m'
g, = =Y 3025 1/m?

3.8 x 5.35

1- Design of footing in longitudinal direction:-

-At point of zero shear:- +2400 KN 3750 kKN +

_Plu :Wu X
=2400=11495 (x) x=2.1m

1
i
|
1
1
;
1
3
I

|

|

2 i
.'.Mmax:2400x1.7—1149.5x(2'21) N

1P I PRI S

— t =750 mm |

| R.C. |

P 1149.5 KN/ :
=1545.4 kN.m 0.8 3.0 06, 095 |
. .. . . b ! ! !
- Design of critical section in B.M.:.- 1 i ; } ! !
DR | 1 i I | I
| i Point of zero shear Lo |
Mu % 106 E i 1968.3 kN : 4( i E
=G | n N\ :
"W £ xB ke ) )
cu R.C. : { : S F D : \}'/:
1545.4x10° | 111480.4 kKN | F 1092 kN |
:>d:5><\/ =637.7mm | i | ol E

25%x 3800 Cobo Lo X

= use d =680 mm e sa54km | i i
. i L |
Bl e :

¥'592.2 kN.m

2- Check shear:- 2558 kN. m\/iﬂ(ﬂm/
. J1

B.M.D.
qsw—om/ 016,/ =0.653 N/mm’

- Q. *Qmax—w d= 19688 1149.5x0.68 =1187.14 kN

L______

Q, x10° 1187.14x 10°

-q, = e = =0.459N/mm* <q,, safe
dxB,. 680 x 3300




|

‘

3- Check punching shear:-

0.98
1.28

o i =

- For C1(30x80)

-Gy :0.316(0.5+§L) _fﬂ,_ for ﬁ <0.5

-, =0.316(0.5+ ﬂ),/ =1.129 N/mm’

- Qp, —2400 3025114><098 =2062 kN

2062x10’
“ G, = =0.93 N/mm” < safe
T 680[2x1140+980] / Toew
- For C2(60x60) |
- Qe —0316,/ _0316,/ =1.29 N/mm’
-Qp, =P, -] (b +d>(a2+d)
= 3750 —302.5[1.28x1.28] =3254.4kN
Q,, x 10’
Yo T4 (b, +d) + (2, +d)] x 2
3
3244I0 o3 o < o s
"~ 680[1280+1280]x 2 d

y

1
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4- Design of footing in transverse direction (short direction):-

T | T |
| I |
1 | l.
| | .
| [ |
| { {
< ! [ @ [
—_ | i — |
| | |
t l [
c, i C,
- 068 ! I 0.68 068 !
v | | E
| I |
1.48 ' 1 |
1 ] 1.96 !
: i |
H.B. 1 : : H.B.1 II
| { |
| | |
=L | ] 1
- For Hidden Beam 1:- - For Hidden Beam 2:-
__20__4r67 N/mm’ -q,, =70 5035 N [mm®
3.8x1.48 3.8x1.96
2 2
-M, = 426.7x (1.75) -M, = 503.5x% (1.6)
~653.4 kN-m =644.5 kN -m

d=C M, x10°
"W £, x1000

6
. 650 :Cl\[653.4><10
25% 1000

= C,=42>28 = safe
= J=0.81

S5- RET:-

-A, =5g¥16\m’

4
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1
Kol
=

- Aswe=1.5%dwm=1.5% 680 =1020 mm®/m"

M x10°
cd =, | Ma X1
fx1000

6
680 =C, \/_6_44_5_10_
25x1000

= C,=424>28 = safe
= J=0.81




RN KA mu

X

- RET in long direction:-

_ 1545.4x10°
360 x 0.826 x 680

518.7x10°

360%0.826 % 680

top

=7643 mm’/3.8m =2011 mm?*/m'

~ As botom =2565 mm?/3.8m =675 mm?*/m'

- RFET in short direction:-

N 653.4x10°
" 360x0.81x680
644.5% 10°

-A, = =3250 mm’/m'
2 360x0.81x 680

=3295 mm?*/m'

EPETE VTN ST TS VRN DR NSNS SeNEN PSS PSS RN AN RN S HOTEINY SO M I N R R | &

-use A, =88 18\ m"
-use A, =52816\m" =A,
-use A, =9222\m

-use A, =92522\m’

ul

alw




4

(0.00)

(-0.45)

(-1.20)

Vi
(-1.50)

9522\ m'

5516\ m'

5¢516\m!

9 g522\ m'

5¢516\m
- —

1
| a

i
1

Details of RFT:-
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- Example 8:-

For the shown combined footing, if the

thickness of P.C. 1s 40cm, and q,; = 200 280(()100)
KN/m?” it is required to: .
Determine the suitable P.C. and R.C. 08]

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

(40x60)

N.B.: No complete design is required.

Loads are in KN. T
- Solution:-
-Area of footing:-

1- In long direction:-

- R = 2800 + 1600 = 4400 kN 2800 1600
- Y Man =0 ;————JX |
. = 4400(x) = 2800 x 2.1
2800x 2.1 i =10 N
x=2720 134 m
4400
L,. 0.40

- 2 :134+—2—+05m+040:244m

=Ly =2x2.44=488

2- In short direction:-

- R =2800+1600 = 4400 kN R
2800 | 1600
- 2Maa=0 . S
— 4400(x) = 2800% 0.8 i
0.80m
4400
B,. 0.40

=0.51+——+0.5+040=1.61m
2 2

=B, =2x1.61=3.22m

L] (.~ ‘- /(- [ [ [ | ;.| ¢ | ' | | 1 | [ | | | [ .l . 0 0 ] L L DL Ll
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R 4400
Qan 200
= (4.88+ x)(3.22 + x)=22

= x"+8.1x-629=0 = x=0.71m
= By =3.22+0.71=3.93m

= take B,. =3.95m

= L, =4.88+0.71=5.59m

= take L,. =5.60 m

= Bp=395-2(04)=3.15m

& Ly.=56-2(04)=48m

-Ap = =22m® = Bpe xLpe




