


Design of Shallow Foundations
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I1- P.C. Bill of Quantities (BOQ) :

Js3l pll! LTI

L (m)|B (m)|T (m)|L (m)|B (m)|T (m)

Dimensions

Total Volume

m’® /footing v’ v




2 - R.C. Bill of Quantities (BOOQ) :

Js3 pll e Ul
IL (m)|B (m)|T (m)|L (m)|{B (m)|T (m)
Dimensiom
v_ v_ v_ v v~ v_
Total Volume
m’ /footing | v_ v_

'3 - RFT Bill of Quantities (BOQ) :

P JST Joadis Jyar oo g
A B . . Length|Weight
Shape (mm) | (mm) No./ (mm)| (m) | (Kg)
1 [B A B] v_ v~ v~ v~ v~ v~
2 [B A v v v | v| v| Vv
Total RFT amount (Kg)| v
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)| 8 | 10|12 |16 | 18 | 20 | 22
Weight
(Kg/m) 0.395| 0.617 | 0.888 | 1.5680| 2.000 | 2.470 | 2.980
y| 25| 30 | 32

| Z::j:j 8.850| 6.560] 6.810
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Weight (Kg) = -ﬁ%o‘zg- * No./m’ « L (m) * Weight (Kg/m)
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ASSIGNMENT No. 1
DESIGN OF SHALLOW FOUNDATIONS -

- Any missing data may reasonably be assumed

3]

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

2)

3)

capacity of the subsoil is 150 KPa (f3; = 25 N/mm?, Steel 36/52). Draw details
for the designed footing in both plan and cross sectlonal elevation using scale
1:50.

[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 foundation (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 1nternal square columns in a reSIdentlal 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 de51gn a suitable foundation system to

support the two columns.

Data:

Qall net = 200 I\N/ m

t,0=40 cm. (f, = 30 N/mm?’, Steel 36/52)
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Example (1):

It is required to design an isolated Footing to
Support a circular column with diameter (0.8)m.

The column working load is 3500 kN ,and the allowable
net bearing capacity in the Footing site is 150 kN/m?.
thickness of P.C.30cm([F, =R5 N/mm?® F =360 N/mm?).
and draw details of RFT. to scale 1:50

Solution.

Area of Footing :

tP.C. = 30 cm> 20 crn—»(Area of P.C.)
L0 8aels Jac han IS oy g B10 Sgaedl o) Sy Loy s Bac i) pac
cdadit) dacwe Bl acl il o) LS

P, (IcN)
A 3500

2
= q. = 750 (IcN/ = 23.383 m

AP.c.= (Bp.c.)zl = 23.38 'm2

B.. =483 m TS [B,.-485m]

BR.C.= BP.C. - ‘th.c. — > IBR-C- =4.26m I




Design the critical sections for moment :

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

Py =8500+1.5= 5250 kN

Py
Q= OL 5250  _ 290.7 N

"~ Bro*Bp, 4.25%4.25

J 0.8
2 _Bwc-D _ 425-0.8 425 @
2 2 . . — e = et
_1.725m o ylosszs %z,,m
I
4. 25—

Force = Stress+Area

Force =qu+«2+1Tm 4.25

- =290.7+1.725+ 1
=501.46 kN

moment = Forces Distancel. 4 95 |
%ct.-':( qu +2+ 1m) —zz—

= 601.46 * 0.8625 = 432.5 kN.m/m’




d C Choose C1 5.0

cu*b

d 5.0 v4325*’0° — 657.65 mm
* 1000

00l o Ar o) w0 ¥hy5Y Oy
Take @ =680 mm

trc =d+70mm =680 + 70 = 750 mm

tR.C. =750mm ‘ I d = 6'80mm|
Check Shear : . Critical
_ section
e [
b=2-% ot
= 1.725_ 0-_5“_3= 1.385m iQs—r“’%Zéfﬂ%Z
|
| q
Q.= Tusls1.0m =290.7+1.385 x 1.0 = 402.6 kN
Q.. 402.6 *10° d /2
'qsu—b*d 7000 + 680 —0592N/mm —~ ,
=0 16\/F"‘“ = 0.16 \/25
Oc —% VJ«N‘“
= 0.658 N/mm 000

|qsu< qsgﬂ —» Safe shear stresses




Check Punching shear :

D+d=0.80+ 0.68=1.48m

/
0.80+0.68

Calculate Punching Force.

Qpu=Pyr.— ( Tu ) [Punching Area]

2
@, =5250 —290.7 [T » ";’8 = 4749.9 kN

Calculate Punching shear area.

Ap:: :TT *(D'/'d): * d

= [ +(71480)] + 680 J
Ay = 3161699 mum®

Calculate Actual Punching shear stress.

3
q,. - Qou _ 4749.9%10° _ W

Ap 3161699

(0.5+ %) = (0.56+ 122 )=1.50 > 1.0

9pe.= 0.316 (1.0) \/ 5 =o.316(1.o)\/7271-‘,;5

= 1.29 N/mm’




94,. > 9e,. —> UnSafe punching shear.

rry | ol = 780mm|

D+d=080+0.78= 1.58m

1.68°
4

Q.. =5250 — 290.7 [T » ] = 4680.0 kN

A, = [ *(1580)] + 780 = 3871698 mm*

q,,- Qo  4680.0%10°
. u -

= f = 1.21N/mnt
Ap 3871698

qpu< qpcu —>» Safe punching shear.

- Reinforcement of Footing :

J=0.826

6

_ Mact. _ 482.510
B 0. 8
Ag J FE,d 0826+360+780

| =1865.7 mm,/m’ SAe o

1.5 =1.5+780=117 ,
A-S'min =§ 1170mm
5812/m'= 565

As=8¢18/m




- Details of RFT :

(+0.00) N
(—0.35)
—w__
(—1.20) .

(—1.60) ——wr___[e 2222 |
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R NPy S

L 4.85 |
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Example (2)[a]:

It is required to design a rectangular Footing to
Support a R.C column of thickness (40% 90)cm.
The column working load is 2500 kN ,and the allowable
net bearing capacity in the Footing site is 150 kN/m?.
thickness of P.C.40cm{FE,, =28 N/mm?, E,= 360 N/mm?).
and drow details of RFT. to scale 1:50

| Solution.

Givens :

column dimensions (400+900) mm

P, (wrking) = 2500 kN P_, (v1) =2500 1.5 = 83750 kN
Bearing capacity of the soil = A= 150 kN/m?
Fo = 25 N/mm? E,= 360 N/mm?

Area of Footing :
toc = 40cm > 20 e —>»(Area of P.C.)
L,~B,=b-a =0.90—-0.40 = 0.50 m

L .= BP.C. +0.50 m -———- 20

P.C.

= 16.67 n

B, 2500 (kN)
A -_ —_ 5N
PCT Qo 150 (kN/m)

A =BpcsLy. = 16.67 w S—)




BP.&.*LP.C. =Bp* (BP.C.+0-50) =16.67 m
Bpc=384m 19k B..-385m

LP.C.:: BPC + 0.0 m ———» LP.C.: 4.35 m
BR.C'.= 'BP.C. _th.c. —> BR.C.-'—‘ 3.06 Mm

LR.C.= LP.C. - th.c. —> LR.C.-= 3.6 m
|Bp.c=3.85m| |Lpc=4.35m]

|Brc=3.056m| |[Lpc=3.55m]

Design the critical sections for moment :

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

P
Qu= ——o = 370 _ 346.341n/m
Bp;+L,,  3.05%3.55
|
_ _ 0.90
& _ Brc—-a _ 3.05-0.4 305 -
& 2 TV Llowe, L .
=r.825m |} lores %;.1325
{ ::::::::'.:::::::'.:::::::i:::i:::::::;::::::::::::::::::::::::::
-—3.55——

> Lo
0850 JUL s Zr =25 0558 L—B=0 -0 L, e Ll 13
dadis anly olasl oy of (Se AW Oyp=0lpy 05% 8 00 s Mr = My

5
K/




)

Force = Stress+Area 0 90

Force=qQu+Z+1m 3.05

, 0. 40_[
=3846.8+1.325+1 | T " loees

=458.856 kN O trip 1
L 1 -
mome'nt = Force « Distance | 255

-Alict-—(:@zu *25a=177i):z

=(346.3 + 1.325 + 1 ) ’_§-2_5 = 804 kN.m/m
d C act. Choose C1 5.0
Cu * b 7
d-=5.0 \/ 304 «10° _ 551.4 mm
* 1000

b3l mo Ar gl mo Y2037 )
 Take 0 =580mm

tR.C. =0 +70 mm =580 + 70 = 6560 mm

I trc = 650mm| | d = 580 mm




Check Shear :

O+d=0.40+0.58 = 0.98m Y l
| | 1 0.58'!
b+d=0.90+058=1.48m os%%z +
“ ‘=T Critical i 058} ' T

section i1 "o |
d! Lo d
| W
o |- Hier —ad—
1T
| q.
l=2 ._%_ Critical section For Shear.

l =1.825— ‘L25§ = 1.085m

Q. = Tusl+1.0m =346.3+1.035 » 1.0 = 358.4 kN

3
g — Q. _ 3584+10° . , d/2
s bed 71000 + 580 0.618 N/mm =

| /F \00
| qscu= 0.16 Zscu = 0.16 25 = 0.658 N/mm',e
c




Check Punching shear :

a+d=0.40+ 0.58= 0.98m 0.58\2 0.58\2

b+d=0.90+0.58=1.48m 0% 3
- Calculate Punch'ing Force. W()_25_8ﬁ_ ______ J:—e'
Qou=Pyr— (L ) [(a+d)(b+d)] 0.40+0.58

Q,.=3750 — 346.3 [0.98+1.48 ] =3247.73kN
Calculate Punching shear area.

Ay = [2(a+d)+2(b+d) ]|+ dI:

Ay = [2(400+580 )+ 2(900+580 ) ]* 580

A, = 2853600 mn?

Caleulate Actual Punching shear stress.

qpu,= qu
[2(a+d)+2(b+d)]+d

q,. = 3247.7%10° _ 4 1388 N /i
2853600

(0.5+ %) = (0.5+ 230 )= 0.944 <1.0

E \/ 25
o qa cu
Qpc.= 0.316 (0.5+ ) 5, = 0.316 (0.944) 74
= 1.218 N/'m,'m,z { 143

e




9,. <9cw. —> Safe punching shear.

Reinforcement of Footing : 1

3.0

0850 JUL 3 2 =2 0SS L—B =0 —0 L, e Llasls 13}

Mact.""'(" qu +2Z + 1m)%
=(346.3 «1.325 + 1 ) ’_-_g£5 = 804 kN.m/m

J=0.826

6
_ Mact. _ 304 «10
Ag J E,d ~ 0-826+360+580

= 1762.6 mmi/m’ >Agin

870mm

Smin =

| A _{ 1.5d=1.5*580=870§ ,
5612/m = 565

As=7418/m




" Details of RFT :

(£0.00) TR

(—0.45)
T V__

‘( 150)(-—1.10) .
i

Y P u[w:a/m'r ] —TX.

—
A G
Co Ov— [T 7

N Oy
B

Plan




Example (2)[b]:

- Redesign the previous isolated footing assuming the

thickness of the plain concrete footing is 10 cm.

Solution.

Givens :

column dimensions (400%900) mm
P (working) = 2500 kN P, (U1) =2500 +1.5 = 8750 kN

Bearing capacity of the soil = Ayy= 150 kN/m?
E,, =25 N/mm? @:360 N/mm?

.Area of Footing :
t.c. = 10cm < 20 cm—»(Area of R.C.)
L -B =b-a=090-040=0.50m

L =B _+050m - @D

R.C.

= 16.67 m

A B _ 2500 &N
RC= ., ~ 1580 (kN/ni)

AR.C.-'—‘BR.C.*LR.C. = 16.67 mz ————-@




Bypc*Lpe =Bp o+ (Bp+0.50) =16.67 m
Brc=384m 194 B..-385m

LR.C.: BR.C. +0.50 m —» [, rRc.=4.35m

BP.C'.: BR.C. + th.c. —> BP.C. =4.06 Mm
LP.C'.: LR.C. + th.c. — > LP.C.= 4.55 Mm

| \BP.C.='4.05m| |LP.C.=4.55m\

|Bec=3.85m| |Lpc=4.35m)]

Design the critical sections for moment :

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

Gu= CL__ 3790  _ 923 90k
‘BR.C.* LR.C’. 3.85 x4.85
o Buc-a _ 3.85-0.4 0.90
e 3.85|
¢ 2 Pz |
=treemo ) glosens %
— .35 ——

als go Lo
555 WL 5 2y =2y 0558 L—B=b — @ Lya)l gle Ll 13]
L 1adsd J.':J_, oL?C'»T BB [)1’ ")SQ.J. IRV dI=dII "Jé f‘s 009 M =MH




]
Force = Stress*Area |
| 0 90

Force =Qu+2Z+1mMm 3.85 0 40_[
=228.9+1.725 1 T o:.-:a:625::

=386.28 kN irip i

moment = Fdrce +« Distancel. 4.35—~
%ct.-”( du +Z+1M) —g—

= 386.23 *» 0.8625 =333.1 kN.m/m’

d C t. Choose C1= 5.0
cu*b
d-=5.0 \/ 3383.1410° _ 577.1 mm
* 1000

0ol mo A gl mo ¥ 0,83 oy
Take @ =580mm

tric = d+70 mm =580 + 70 = 650 mm

| tr.c. = 650 mm | |d — 580 mm




Check Shear :

a+d=0.40+ 0.58 = 0.98m !““()-.r__zt;(f“'!
| v T7008, |
b+d=0.90+0.58=1.48 m :0.9%////_3,: X
-7 oo o |
'l' g! I R I
Tl | _ shear | a +d——
Iqu |~ Force
L]
q.
l=%2 _g_ Critical section For Shear.

l =1.725- &25_8= 1.485m
Q.= Fu+ls1.0m =2239+1.435 + 1.0 = 321.3 kN

Q 321.3 +10° d/2
qsu=b¢le = 7000580 - %-°°0 N/mm gy

——5?’@ I/J«fv"‘V
q. =0 16\/%"—“ = 0.16 fg 0.658 N/mm
. c o

L?su< qscu,l —>» Safe shear stresses




- Check Punching shear :

Qa+d=0.40+ 0.58= 0.98m 058\2 0.58\2
bgaff = a0,
b+d=090+058=1.48m ' o LS
' & BE
Calculate Punching Force. .08 L H
Qpu=Pyr— (¥ ) [(a+d)(b+d)] 0:40+0758

Qp.=38750 — 223.9 [0.98+1.48 | =3425.25kN

Calculate Punching shear area.

A, = [2(a+d)+2(b+d)]* d

o

Ay = [2(400+580 )+ 2(900+580 ) ]* 580

A, = 2853600 mm®

Calculate Actual Punching shear stress.

q,,- Qpu
- [2(a+d)+2(b+d)]+d
qp _ 3425.25% 103 =1.2 N/mmz
2853600

(0.5+8) = (0.6+ 340 )= 0.944 < 1.0

Dpou= 0.316 (0.5+ &) Fo 0316(0944)\/ 5

= 1.218 N/mm




9,. <9ecw —> Safe punching shear.

Reinforcement of Footing :

3.8

05500 JUL 3 2 =21 0SS L—B =0 —Q Lyl 4o Ll 13l
~Ja3.§ d.‘)i-'., OL?ST unJ\.‘:’ C)TOSQ&L’JJ\:\J ASI':ASIIbérS[)“’MII=MH

M, .= 333.1 ktm/m’
J = 0.826
Mot 333.1+10°

A J E,d 0.826+360+580

2 9
=1931.5 mm,/m >A8m'i,n

| 1.50 =1.5+580=870 .,
A - i % 870mm

Smin =

5¢412/m'= 565
As=8¢18/m




Details of RFT :

(£0.00) e
| (- ?:?5)__ | H—_z/___iﬁiz dss33 s
(- 1.40) .
(—1.50) ——wr___|eeeecess .
T [t e & T F et A ]
~ Sec X—X
|
— 1 7
0.90 E 4.05
| &
—1—O- 40 ;//j—ﬁ-——— - —— 3.85
L [ f ® ] J
X 8g2518/m_r X
-
i _
| 4.35 |
L 4.55 .
Plan




Example (2)[c]:

Compare between the designed isolated footing wn
Example (2)[a] oand Example (2)[b] with respect to
the volume of the reinforced concrete & the volume of
plain concrete & the amount of the reinforcement .

Solution.

I- P.C. Bill of Quantities (BOQ) :

tp.c_ = 40 cm tpoc. = 10cm |

L (m)|B (m)I]T (m)|L (m)|B (m)|T (m)

Dimensions

4.35)|3.85|0.40({4.55|4.0510.10

Total Volume

m’ /footing 6.699 1.8483




2~ R.C. Bill of Quantities (BOQ) :

tP.C. = 40 cm

tP.C. = 10 cm

Dimensions

L (m)

B (m)

T (m)

L (m)

B (m)

T (m)

3.556

3.05

0.65

4.35

3.85

0.65

Total Volume
m? /footing

7.038

10.89

3 - RFT Bill of Quantities (BOQ) :

lpe = 40cem
A B | o @B |Length|Weight
SROPE )| () ["/™ | | () | ()
1 [B A B] 3450550 | 7 | 18 |3.05| 194
2 [B A B] 2950/550 | 7 | 18 |3.55| 201
Total RFT amount (Kg)| 895




tP.C. = 10cm

(mm)

(mm)

No./m/

(mm)

Length
(m)

Weight
(Kg)

4250

550

18

3.85

329

3750

550

8

18

4.35

337

Total RFT amount (Kg)

666




