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Introduction of Design of Shallow Foundations.
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Types of Shallow Foundations.
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b - Haunched Square Isolated Footing.
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3- Combined Footing. 45 2! sc)y3))
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Components Of Shallow Foundations

i 0892 e 02 ol oS Lal

1- Plain Concrete Footing (P.C.)
2- Reinforced Concrete Footing (R.C.)

.
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Diagonal tention failure due to stress
Concentration at P.C footing lower corner

R.C.
RERRRRRRREE.

, p.c.  1:1-] |tee

"" Recommended " || X=1p,

Cr B Wl wuled) 5 andudl Goaclil o a3Yedl oS JWL

LR.C.= LP.C._ 2 tP.C.
BR.C.= BP.C._ 2 tP. C.
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Allowable stress of concrete.

(1) qs cu =Allowable shear stress in Foundations.

FO’LL
Oc

Qs cu =0.16 (N /rmn)

Oc=1.5

2) 9 p cu =Allowable punching shear stress in Foundations.

F cu
Oc

a
(mi]]mﬂm/m‘l}f\, J‘QA.CJ‘U’OJ.C«-_—GI .

L )

J}A.C.”(;A.C«:b **

qpcu = 0.316 (0-5+%) (N/'m'mz)

IF [ & > 0.50| taken = 0.50
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Requirments For design of shallow Foundations.

pas¥l Slegleadl J315 o WY cacls (o asaai

% Givens :-

1— Column load 3seedl Jo
2_ Column dimensions 3l sleof
3- Allowable bearing capacity .y

4- tP.C. can be assumed.

* Concrete dimensions of shallow Foundations.
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wael ol oles] &bliad asludl galud)

@ tP.C. is assumed 10— 40cm

tpc= 10 —> 20 cm e Sllas @b 355 ¥y Gl a2y

tP.C’.= 20 — 40 cm el OLles (b g 5 ole oacl piies
@ To calculate the area of the Footling.

Actual Sitress on Soil = Allawable Stress of soil
F . PC'ol. (working) (xN) . q
act — - 2 all (Bearing Capacity of the soil)
Area of Footing (m) e/

where:

* [~ pop (working) Joacll Jeo 3ljpadl 3gacdl ple Jasd) oo

prads (o Usse O gume 55 9 (working) os52 o

(load distribution) (. o gaell

* Area of Fooling (1) oac il 4 gllas aolise J3f

IF tP.C'. > 20 em ol euclil) aalus 085 o

IF tP.C'. < 20 e aodesddl cacli)l aslun (4S5

* qau (Bearing Capacity of the soil)
(/) aayidl adass slasl ,uST 40
sl 5,8 e S Jy

P..., (working) (e

Area of Footling ) =
all (kN/ni)
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* Minimum dimensions of R.C. Footing.

= $Y He dodud) aplu,ndl el gl makus o oleol Ji5 3 oy o

B R.C. minimum — 80 cm

R.C. minimum — 40 cm

Ii

dR. C. minimum — 33 em

80 e oo andudl oaslill joye Ji ¥

40 e o= dodudl 0acli)) o Ji ¥ .

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved.
Reproduction of these notes in part or as a whole for sale is strictly prohibited.
(www.yasserelleathy.com )

Printing is allowed for personal use only.

Shallow Foundations.
Page No. 12



Details of RFT. of shallow Foundation.
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as¥l SYLY) (@8 i S sl was Lals o
o Strip Footings
e Isolated Footings

a5¥ SYLJ 8 calet i acl ol Was 565 @

o Strip Footings — in case of Tpc >100cm
o Isolated Footings — Lole ASuL o Cus
o Combined Footings 5¢412/m

o Strap beams

c abaisdl aely Bl Ul o Lald plawd) lef wie 1B 12 Lan s fums s ©

B12  spaclsill o5 anlasdins) (Say g a3 J3T
10 52 32 ST 5550 5l (3 glwd sae J3T 4
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Smin
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5412 /m
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1| Design of strip Footings. . aga,2)) sel g8l myacs

¥l 5 swsladl Lol gadl Jasd andsb aelsd oo

_ |

o
T
NN

R.C. i

———————
—— - . . .

P.c.

- L -

B yosell a4l lam 1508 L Jobodl 555 ael g8l o ase il oda b
G ekl 4y ), - sy okl olas¥l g amyyd 1l el

B (7772257227%

R N\ ESRS o

'
! g f
R.C. ‘ : I ;
| PC. 4“‘ i T T
| B | 1.0m

| B 1.0m Wolel onclil 5 ampyd oo Jolewms | %,

% Given :- « Load of wall = P, = vV kN/m
w Qo = VYV~ kN/m
% by = vV~ wall thickness

* tP. C. - f/
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Pw o B, kN /m | |
W ) tee[ :

% -

|
|
R.C. trc—|
P.C. .ﬁ“ I I'ttL,‘ Pc._;

BP.C. |

Steps of design.

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

i

IF tp,, > 20cm ' e

| - BR.C'. —

Bp.
VvV n — BP.C.* 1.0m get BP.C'.

BR.C’. = Bp.c. - 2 tP.C.

R
IF 1,, < 20cm

A = E" — \// mz = BR.C.* 1.0m get BR.C'.

Do

BR.C. -

E
qau

BP.C. = BR.(;.+ ,2 tP.C.

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

ﬁ U.L. }/1 U.L. }/1 U.L. 1/1 U.L.
-%-bw -7 -bw -‘/-bw -7 -bw
4
R.C. R.C. "
I B..—— = all| !ﬂw
R.C. Fact B M D act
Aotual Normal stress on R.C. Footing (U.L)  B.M. at orifical section

on R.C. Footing (U.L.)

BR.c. =V m |PU.L.= w * 1.5| (kN)

n R.C. Footing (U.L.)

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

Py, V/bw
Fyet. = (kN/m) Vi
Bpcx1.0m ALZ -
.
— Critical section of bending at R.C. Footing. FHTFF{TFH
|
cdnr o Ge dalodl By wie 555 parell zyadl g Uaill | aot. |
_ > BR.C.
2 = Pre-bu| o,
2

Force= Stress+Area
Force= Foct «+ 2 « 1.0m

Moment = Force « Distance

Mact,: (Fact, x2Zx1.0 ) % (kN.m/m)
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~Bpo——-

Critical section
odelil 4§ dareds i A ¢ ladll

1000

O ey = C, M 4o, Gevm) % 10°
F,,, W/mm) * 1000 (mm)

Choose (', = (3.5—»5.0) Oy oS ausd jliss ol wclyl (@b Jiady
1 0,8 oael@) B3 s o

Get d — \/\/ (mamn) Rig'id sacll (4S5 ut olaal

Take cover = 70 mm 2 aelyll g cover N oS of Jais

tR.C. = d + cover (70 mm)
UL 0 00 0y3Y o

t R.C. minimum =400 mm dR. C. minimum— 330mm
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3_ Check Shear.

Critical section of shear at R.C. Footing.

45° Jso wsly ol (1:71) dsws 0ael@) Yanls JiuT I le o g5 55 LI Joo
(byy+2d) vose e sacllll e 0,8 S

0ad Slolaa) 3T Lade (Byy+2 d) oacli)) Giatne o8 adliadl §oSas

By p 186 Jas 430 agylae Fact.oasll gle i) Jeb o) sl dad 555 dun

tar o G LBl Gy on ) ey ole g Slland ST ale Gl el LBy
. Shear stress »STade (S LWL 5 s (5,9 Jod oy agle pUad Juf w3

Py, Py,

by

e // /) . —

_d *rl - C'ntwal

-d_4)-d ~d.

A, — LAY
IR ] | e gk
FErtr 61 45¢ ‘I""TH f 511

Faeo Fae
L—bw+; q—-! -, e a—

gﬁ\\ \

4 === - Critical ,
section [ Shear Failure ]
AR valll slanl of o GEaal) Cany ellal

I | _ shear JlaisyJ &"5‘,3.4” C..la“Jl Wl gle
\Ju| " stress o .

/ I*“”f

Failure Fact. Actual Shear stress < Allowable Shear stress
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* Calculate |l = Z - dl (1) W

% Calculate Actual shear Force. (Qu) T'_' Critical

|Qu=Fact.*l* 1.0 m ‘ (kN)

q. - Q, Q, kN 5 10°
=

m'm,z A
bed  1000sd | /™™

*x Calculate Allowable shear stress. (qs,u)

_ Feu | v/mmd
q_ =o.16\/ 5.

dags ¥ Y Laill o8 Ble,sdl doglis gle dais wdies ael il o3 of La Y
cae )il dasal sleo YU LSES eway dus SLIS
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% Compare between

Actual shear stress (qu) &' Allowable shear stress (qsu)

x IF 5 Safe shear stresses
qu < qsu No need to increase dimensions.

* IF __ 5 Unsafe shear stresses
qu > qsu We have to increase dimensions.

IF Unsafe shear stresses 1increase tre by 100 mm

then Calculate: |d =Cpcoc— 70 mml

‘l: Z_d|<m)

‘QuzFa,ct.*l* 1.0 m | (kN)

0, kN 4 10°

= 4 000+d om

(N/rmard)

then Recheck:
Actual shear stress (qu) & Allowable shear stress (qw)
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4 Reinforcement of the Footing.

From Step (@) We Choose 01 = (3.55.0)

From C { —» Getl J

Get A S = aCt ('mm%)

J B, d

check A

Smin

ASmfi,n (mfrri?/m) -'-'%

IF AS>ASmin — » o.k.

IF As <ASmin —» Toake AS'—_ Asmin
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5 — Details of Reinforcement.

aslasy 21 e85 st ) okl
ot galud 595 paadl] o o guanal)
¢ B Was 585 (bl gLl LS

Asgpeo. = %i::mis g »S59)

secondary RFT.

LA
\\\?\ N
\ o
NN\ main RFT.
AN N N | R
e e e b bvv e J|  Ag
B «‘-"'-:.;‘ RO _‘-".;'-.4"' ‘:' LA
- o - 4 e Ll LY. SR I

secondary RFT.

R 7/
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Example.

It i8 required to design a strip Footing to
Support a R.C retaining wall of thikness 25 cm.
The wall working load is 350 kN/m, and the allowable
net bearing capacity in the Footing site is
100 kN/m2. (E.., = 25 N/mm?, @: 360 N/mm?).
and draw details of RFT. to scale 71:50

Solution.

Data given:
Wall of thickness =250 mm
B, wring) = 350 kN/m: E, | (01) =3501.5 = 525 kN/m

Bearing capacity of the soil = Yqu= 100 kN/m?
F,, =25 N/mm? Fy= 360 N/mm?

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

Choose {,. = 30cm > 20cm

PO =Gy = 100 Gen/md = 350

Bre=Bps—2 tpe= 3.50-2%0.3= 2.90 m

IBP.C'. = 3.50 m‘ IBR,C, =2.90m
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2— Design the critical sections for moment. (Depth of R.C. Footing.)

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

P
Fogg = —~"F 925 _ 181.03 wnm

By x1.0m 2.90%1.0

— Critical section of bending at R.C. Foorting.

2 = Bre-by _2.90-0.25 _ 4 325m
2 2 —Z -

* 1.0 m

2 ——
Mact. =Fact.*z — [<—
2

2 P —
Moce — 181.08%1.325 °_ ;50 g kNem./m LI

) S

158.9 kN.m./m _/
A

trc! )O/m’
- _

1000

L’ﬁw‘"}g A 68"
ot
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d C Mt- ‘C‘hoose C1= 5.0
Feu*b

s 0o=5.0 v 158.9%10° _ 398.6 min
25 %1000

Trc = 0d+70 mm — 398.64 70 = 468.6 mm,

‘tR.C.=500m'm‘ ‘d=430mm‘

3 — Check Shear. == Critical
seftion
*Critical section For Shear. “V a1
l — z —_ d :rQI* ;"30}%:
[ =1.325_0.43=0.895m LLLLY

* Actual shear Force.(Q,)
Q,=Fpr+l+1.0m =181.0340.895+1.0 = 162.02 kN

* Actual shear stress. (qu) /-

Q 162.02 » 10°

— u

q,= = =0.376
bxd 1000+ 430 2

N/mm

*x Allowable shear stress. (qsu

oy =0 16\/F°“ = 0.16 \/25 = 0.658 N/mm

Safe shear siresses
—>
| qu < qsu | No mneed to increase dimensions.
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4 Reinforcement of the Footing.
rrom C1= 5.0 —» J= 0.826

— 1242.7 e

6
AS_ M gt _ 158.9x10
J‘F';I d 0.826 * 360 » 430

Check A
A { 1.50 = 1.5*430=645§ ,

Smin

645mm

Smin —

5$12/m = 565
AS>ASmin — » o.k.
Ag=1242.7 mm |5818/m]
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5 — Details of Reinforcement. geqlel1:50

5¢18/m' __

et
e

5¢12/m
I
P!
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Isolated Footings ad.i0) acl i)l
055 5 Jaliis of goy0 Lol 4S5 5 Laid anly Sgee Lanle 355 @) aclyB) a *
c et ol a5 g se 3 gacd)
s adabitiadd) saclW) Bab o pose of Jabiiiss 9gae Juo3 oF acysall oaclill oSy

Design of Isolated Square Footings .

 aeyyall ddaiiall aclpill arans

a2 _ | |_ B
0 %//;////; R.C.

- ma— BR.C. —’la’yl

—————— )y 2

P.C.
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Steps of design.

* Given :- % Load of column = P, = vV~ kN

2
% Bearing capacity of soil =qQqu = vV~ kN /m
% Dimensions of the column. (A +b) & of Jadsw

* tp.c. =W

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

IF t,, > 20 cm 1-[

get Bp. From

| Hpe
Ap.c.= quz = YV i = Bpo*Bp,, | = Bre—~ |

B,, - fv [Bre=Bpe—2 tre
all

IF t,, < 20cm

get Bp . From

A = E" =V nf = R.C.*BR.C.

R.C.
qall

BR.C'. = B.u ‘ BP.C'.:BR.C.-/_,Z tP.C.
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2— Design the critical sections For moment. (Depth of R.C. Footing.)

Bpe = vWom |PU.L.= w * 1.5| (keN)

P U.L.
—Actual Normal stress on R.C. Footing (U.L.) }
P U.L -{ (
Fact — - (kN/m)
Bgc* B B.C.
I EEEEEEEEE XS
F act.

— Critical section of bending at R.C. Footing.
< Oliaadl o Sgaedl g gle r,",.r.ll doyadl Slelad)l 350

Direction 1 _

4,’ -
a‘ Brec

\\\ |

Force= Stress«Area

Force = Fact .+ 21 + By, BR-"'°

Moment = Force s« Distance rZr
<
A[Iact —(Fact*zl *Bnc) I W
act
(kN.m/B)
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Direction II

Force= Stress+«Area

Force = Foact.+ 211+ Bxe..

Moment = Force « Distance ]

211 BiiiiiIiil

- HM

AIII act. :(F act. * 21 * BR.C.)

(kN.m/B)
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Critical section ¢ 3
el g Aaands pes 1 ¢ Ll ey

- BR.C. - =

6
Fcu (N/mm) * BR.C. (mm)

Choose (0, = (8.5 5.0) |CJenS s ol aclyill b Jusi
1 oS saell) BLS 5SS (b
Rigid sac W) (S o Hla

Get d = VvV~ (mm)

1S aclydll g cover Jl oS ol Jads

Take cover = 70 mm
ol o wasd) lasd

tR.C. = d + cover (70 mm)
L3Il A0 0n L3 Ly

t R.C. minimum =400 mm dR. C. minimum™— 330 mm
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3_ Check Shear.

Critical section of shear at R.C. Footing.
45° o aa913s ol (1:7) dsws 0acl@ Janls JiuT ) el o g35% 9 saed) Jao
(a+2d) & (b+2d)ver el sacl@l gle 0,8l 5,5 o
a8 Slolan!t J5T Lasde saclill ciaine o3 (A+2d) * (B+2d) wlud) 5,56
Fur. sseed oo a0 ogslan Faot.ossllll gle 50 Jod 35 slss 4iasd 55 Cas

tar of o Spasll Gy o ) ey gl gad Slolanl ST asle Gl gymdl p UL pSed
. Shear stress »ST ade (S LWL 5 s (5,9 Jod oy agle pUad Juf a3

section [ Shear Failure ]
AR valll slanl o o o)) camy U

ip, | shear  JLab g8l pawl) ol (e
\Ju|~ stress A .
el (¢ Glu,adl aoylie guciy ¥

/ pnlf

Failure Fact. Actual Shear stress < Allowable Shear stress
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l
<—d—><£| Cmtwal

/8
:

Y

e
|
N

o
o
a
]
=8
1
—

'Y ) <d-

_o
V222225

* Calculate ‘lu =2 — d‘ (m)

21 <Zn o¥ ;< ly wed

* Calculate Actual shear Force. (Qu) T 7 f::m
|
d_i1.
‘Qu':Fact.*lII* BR-C°| (kN') ; | shear
|}‘Q; Force
“**“\Fwt

(N/ mmz)

% Calculate Allowable shear stress. (qs,u)

I , Ladd aaies aclgill o8 aof L
q_ =016 6"“ (N/mni) oadl! u—é ‘ulw&” Ma‘-‘* GJ‘

un,_w i .su.,:!u LalSas
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% Compare between

Actual shear stress (qu) &' Allowable shear stress (qsu)

x IF 5 Safe shear stresses
qu < qsu No need to increase dimensions.

* IF __ 5 UnSafe shear stresses
qu > qsu We have to increase dimensions.

IF UnSafe shear stresses increase tre by 100 mm

then Calculate: |d =Cpcoc— 70 mml

‘lu:zn — d‘ (m)

|Qu=Fact. * l[[* BR.C’.‘ (kN)

Q (kN) 103
u = = > (N/mfmz)

B rc +d tmm)

then ReCheck:
Actual shear stress (qu) & Allowable shear stress (qw)
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4 — Check Punching Shear. . oS jaill
coasl@) Gyisw o) osesd) OF e ST oy
0aslill ggael B o s ) palll aleal a5 ) oo Ui oo S
coasll B oo 5l palll byl aglie go g G s

The concrete area which resist punching shear.
- BB el aeylidl le )il as e Wwass

Bl ole 3 gandl Lagmy Lasoo o 0ylie BB palll (g5 g yad) ¢ Uaill

e nkdp
aeff ] g ¢ q

My

ibL o 3? —:@
dieft il

'—a + d— L-d-»' L—d——]

—q+d—!
* Calculate Punching Force. (Q p)
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% Calculate Punching shear area. (Ap)

Lol G|

q.. — Punching Force
Pu =

Punching area

q Qp (kN) 5 103
Pu—
[2(a+d)+2(b+d) ]+ (mm)

(N/. mmz)

* Calculate allowable Punching shear stress. qp ou

Feu

a
_ +a 'm,'m,z r|
qpcu_ 0.316 (0~5 b ) S (N/ ) bL

Tak F 2
IF |(0.5+ %)<1.0| ﬂ, qp,,,,,: 0.316 5—": (N/mm))

% Compare between

Actual punching shear stress (qpu) &' Allowable punching shear stress (qp cu)

xIF q q ____y Safe punching shear.
pu < pev No need to increase dimensions.

«IF Qou >Upew —» UnSafe punching shear.

We have to increase dimensions.
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5— Reinforcement of the Footing.

From Step (@) We Choose 01 = (3.55.0)

From C { —» Getl J

Get A S = aCt ('mm%)

J B, d

check A

Smin

ASmfi,n (mfrri?/m) -'-'%

IF AS>ASmin — » o.k.

IF As <ASmin —» Toake AS'—_ Asmin
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6 — Details of Reinforcement.
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Example.

It 48 required to design a square Footing to
Support a R.C column of thickness (45* 60)cm.

The column working load is 71450 kN ,and the allowable
net bearing capacity in the Footing site is

150 kN/m2. (E... = 25 N/mm?, @: 360 N/mm?).

and draw details of RFT. to scale 71:50

Solution.

Data given:
column dimensions (450*600) mm
P (working) — 1450 kN P (0L) =1450+1.6= 2175 kN

Bearing capacity of the soil = Yqu= 150 kN/m?
F,, =25 N/mm? Fy= 360 N/mm?

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

Choose tP.C. = 40 cm> 20 cm

A B, 1450 (kN)
P.CT Q,; ~ 150 (kN/nt)

=9.67m

2
Ap,c,': BP.c.*Bp.c. = 9.67 M

IBP.C. =3.10 m‘ IBR,C, =2.30m
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2— Design the critical sections For moment. (Depth of R.C. Footing.)

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

P
Foot = —25 = 2175 _ 4111 enymd
Bpc+Bp, 2.30%2.30
> _ Brc—-a _ 2.30-0.45 0.60 \
2 2 | |
=0.925 m
Force = Stress+«Area | 230——
Force = Fgct.+ Z+B B
=411.1+0.925+« 2.30 lg.b‘gl
=874.6 kN ou5 [ | ~30
] T \
. N2
moment = Force « Distance & N \\\\\ -
| 2.30—-

M act.= (F act. * < * Ba.c.) %

=(#11.1+0.925+ 2.30) %325 _ 404.5 knm

A 404.5 kN.m.

2300
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d:C, M oot ‘C‘hoose C1= 5.0
Fou*b
s 0ol =5.0 v404-5* 10° _ 419.36 mm
25 %2300
Trc —d+70mm — 419.36 + 70 = 489.3 mm
| trc = 500mm| |d - 430 mm
3_ Check Shear.
A+2d=0.45+2+0.43= 1.31m 3—4—51 |
| 17043 | 3
b+2d=060+2+043=1.46m 50.6{) |
: 0.43 :
e
l— o +2 d—!
* Critical section For Shear. . oritioat
l — Z —_ d T seftion
l =0.926-0.43 = 0.495 m 2l
| | _ shear
'}‘Q'T Force
“H“Faot.

*x Actual shear Fo'rce.(Qu)

Qu=Fact.*l*BR.C. =411.1 % 0.495x2.30 = 468.0 kN
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* Calculate Actual shear stress. (qu)

3
q - % _ 4680x10°
“ bed  2300+430 04732

N/mm

% Allowable shear stress. (qsu

—016'\/ = 0.16 \/25 0.653 N/mm

|q <q | ___, Safe shear stresses
u sSUu

No mneed to increase dimensions.

4 Check Punching Shear.

06812 0.43\2 @z d\2
w{l"'o'-ﬁ"'l'a, 2l a1
’ M% 'S ibr S
ol L |8 O S
S 1] deli X
" 045+043 —a+ad~

o+d=045+ 0.43= 0.88m
b+d=0.60+048=1.03m
% Calculate Punching Force. (Qp)

Qp= PU.L.— (Fact.) [(a"‘d)(b"'d)]

Qp=2175_411.1 [0.88+1.03 ] —1802.4 kN
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% Calculate Punching shear area. (Ap)

Ap: [2(a+d)+2 (b+d):|* d

Ay =[2(450+430 )+ 2(600+430 ) ] * 430

Ap = 1642600 mm?

% Calculate Actual Punching shear stress. qpu

qp'u,= Qp
[2(a+d)+2(b+d)]+ 0l

Qo= 1802.4%10° _ 1 097 p jpere?
1642600

* Calculate allowable Punching shear stress. qu

Fou

Qo= 0.316 (0.5+2) =
b/ \ 5,

_ 0.45 25 2
Qocw= 0.316 (0.5+ 2 75 = 1.61 N/mm

Safe punching shear.

q q —>
e < pcu No meed to increase dimensions.
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5— Reinforcement of the Footing.
rrom C1= 5.0 —» J= 0.826

6
A Ma,ct 404.5+10 =3163-5mm:2
J‘F d 0.826'* 360 * 430
3163.5 N
AS (m'rrf/m) = AS =230 = 1875.4 mfm,z/m
Bg.. .

645 mm

Smin =

A . { 1.50 = 1.5*430=645g ,
512/m' = 565

AS>ASmin — » o.k.
Ag=13754mm |618/m|
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6 — Details of Reinforcement.

(£0.00) —
. 4

(- 0.50)
T Vv__

(—1.00)
(—7.40) ———wr____|eeee ez
—w________ R R R N S

[6g$18/m‘| 1

|

- 2.30 ~
- 3.10

Y

Plan
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3| Design of Isolated Rectangular Footings .

c bl il acl Ul mrens

I
< l o
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|d’e:-~l-
o alibitad) aclg@) g8 Jady

coiaadl e gl Sgacdl By dodud) cacli) By e Blaadl 5455 of
Loyl e lia

~b—

l_—all .

- L R.C. -

‘LP.&._ B, = b-a
Br.c

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

IF T, > 20 em

get Bp.c. ’ Lp.c. From

A .= L, = vV i = Bpc*Lpe ———- 20,

P.C.
qau

LB, - b-a - @

sl A2 0. o)3Y Lk Bp,c, &'Lp,c, ol 4-°-‘|

‘BR.C.=BP,C,_,2 tp.c.‘ ‘LR.C.=LP,C,_2 tp.c.‘
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IF 1,, < 20cm

get Bre s Lge From

A = L VvV né = BpexLpe - D

R.C.
qall

LB rb-a —- 2

|°~“:z)JL3 o0 oidbi BpogLlpe ol “—*l

‘ Bpc=Bg+2 tp.c.‘ ‘ Lpc=Lgc+2 tp.c.‘

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

BR.C.= \/m b LR.C.= fm |PU.L,:: w * 1.5| (kN)

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

Py I
Fyot = = (kN,/riy)

R.C.
Becr Lge.
fFrrrrrres?
F act.
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— Critical section of bending at R.C. Foorting.

s Oliaadl e Sgaedl g gle t‘-’5"‘u doyodl OlelUad)l 350G
|I

Direction 1 1

\
Lic-b a" B
<= (m)
& \ \

T |

Force= Stress+Area L cl

Force = Foot.« Z1 + By, -.-[

Moment = Force « Distance
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6
01 o= €, \ [ Mrsoarmr+ 10
Fw (N/mm) * BR.C. (mm)

= (8.655.0) |CJons ws oo el b Sk
Choose C, ( — ) 1S 0aolil] GBS §sS g
Rigid eaclil) S5 [,‘ oleal

Get d]:\/\/ (mm)

Take cover = 70 mm 28 aelylll i cover JI oK of Jabs
colaal) o wasd) 4slesd

tIR c. = d] + cover (70 mm)
oyl A0 0. o, 8Y o,

Direction II -

~b-
A\ N\ 17
e

Force= Stress+Area

Force = Foet.+ 257+ Lye.

Moment = Force « Distance

AIIIact.-: (Fa,ct.*szR.c.) %’ (kN.m/L)

AMIIact.

tR-C-i_ V tre

- LR.C. —
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6
Feo, i/man) % [, o o (mm)

= (8.655.0) |CJons ws oo el b Sk
Choose C, ( — ) 1S 0aolil] GBS §sS g
Rigid eaclil) S5 [,t oleal

Get d][:\/\/ (mm)

Take cover = 70 mm 28 aelylll i cover JI oK of Jabs
colaal) o wasd) 4slesd

oyl A2 00 ,8Y o,

Lrc oo 055 g cde g o oo 5859 350

Ty Lo

L,-B, = b—o| L, oo Llasts 13)

a =dII bgi“wr-?b—og %=A% 085 UL 4 Zr =25 08553

O BRJL Y 185 aals ool s o 280 al o
D s (B K i S 0L OPOL s S
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3_ Check Shear.

Critical section of shear at R.C. Footing.
45° o aa913s ol (1:7) dsws 0acl@ Janls JiuT ) el o g35% 9 saed) Jao
(a+2d) & (b+2d)ver el sacl@l gle 0,8l 5,5 o
a8 Slolan!t J5T Lasde saclill ciaine o3 (A+2d) * (B+2d) wlud) 5,56
Fur. sseed oo a0 ogslan Faot.ossllll gle 50 Jod 35 slss 4iasd 55 Cas

tar of o Spasll Gy o ) ey gl gad Slolanl ST asle Gl gymdl p UL pSed
. Shear stress »STade (S LWL 4 s (5,¥) Jod oy agle plad J,f a3

section [ Shear Failure ]
AR valll slanl o o o)) camy U

ip, | shear  JLab g8l pawl) ol (e
\Ju|~ stress A .
el (¢ Glu,adl aoylie guciy ¥

/ pnlf

Failure Fact. Actual Shear stress < Allowable Shear stress
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~d i <_d_>£Ii, Critical
‘ : \ ¢ A : /s_eft_im
d Ny ! N AT
v [ ,/ \\ l/

|72 Al

x Calowlate || =2 _ d |y |2 o9 2

* Calculate Actual shear Force. (Qu)

odeldl o Hab F Vy— J s

‘Qu=Fact.*l* 1.0 ml (kN)

* Calculate Actual shear stress. (qu)

Qu(kN) * 103

9.

B 1000 (mm) x g (mm)

==r  Critical
“7 se«l;ﬁon

(N/mamd)

* Calculate Allowable shear stress. (qw)

Laid aaies aclgd)l o8 of L ¥
ua:é.” G‘é ‘L"Lu_)..a” ‘L—o.’u-o ‘;J.c
ceva Cus OB W gs Y Y

cdelgil) aesual) sleo YU e LSS

F cu
Oc

(N/mnd)

q

sSU

=0.16
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% Compare between

Actual shear stress (qu) &' Allowable shear stress (qsu)

Safe shear stresses
* IF —>
qu < qsu No meed to increase dimensions.

UnSafe shear sitresses
*x IF —>
qu > qsu We have to increase dimensions.

IF UnSafe shear stresses increase tre by 100 mm

then Calculate: |d =Cpcoc— 70 mml

U:Z—dhw

|Qu= act.*l*’.Om‘ (kN)

qu _ Qu(kN) * 103

2
1000 (mm) % @ (mm) (N/mam)

then ReCheck:
Actual shear stress (qu) & Allowable shear stress (qw)

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. Page No. 58

Printing is allowed for personal use only. (www.yasserelleathy.com )



4 — Check Punching Shear. . oS jaill

coasl@) Gyisw o) osesd) OF e ST oy
0aslill ggael B o s ) palll aleal a5 ) oo Ui oo S

o) B o L) jalll wlyidl daglie oy Gy s

The concrete area which resist punching shear.
- BB el aeylidl le )il as e Wwass

Bl ole 3 gandl Lagmy Lasoo o 0ylie BB palll (g5 g yad) ¢ Uaill

d2 d\2
1

| I ——
—p +d—"

* Calculate Punching Force. (Q p)
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% Calculate Punching shear area. (Ap)

Lol G|

q.. — Punching Force
Pu =

Punching area

q Qp (kN) 5 103
Pu—
[2(a+d)+2(b+d) ]+ (mm)

(N/. mmz)

* Calculate allowable Punching shear stress. qp ou

Feu

a
_ +a 'm,'m,z r|
qpcu_ 0.316 (0~5 b ) S (N/ ) bL

Tak F 2
IF |(0.5+ %)<1.0| ﬂ, qp,,,,,: 0.316 5—": (N/mm))

% Compare between

Actual punching shear stress (qpu) &' Allowable punching shear stress (qp cu)

xIF q q ____y Safe punching shear.
pu < pev No need to increase dimensions.

«IF Qou >Upew —» UnSafe punching shear.

We have to increase dimensions.
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5— Reinforcement of the Footing.

|I

b |
Mraot Myaot _‘_lt__l _ __B R.C.
///// //// ftae] //// //// T

Bk.c. Lrze
Sec. 1

From Step @) We Choose C, = (3.5-» 5.0)

From C { —>» Getl J ITact.

A Miact. 2 //////// Ltnc
Get SI—JF d (Tmm) | B..
Check A

Smin

A Smin ('mm?/'m ) =

g 1.5 o (mm)

5412,/m' %xss”

IF Ast > Aspin — » 0.k.

IF As[ <A3min —» Toake AS: Asmin

©
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Sec. I]

From Step (@) We Choose 01 = (3.555.0)

From C’ , Get o Get J v
Mun _ //// [tae
Cet ASII= 7 Fa:; (M) - L.

Check A

Smin

1.5 0l (mm)

5812,/m g,ﬁn

ASmin (mm?/m) -’-'%

IF Asgp>As,in —» 0.k.

IF AsII<ASmin —>» Take AS-: Asmin

ol goLe
L—B=b-0| L, 333 Jln 3

b3l BA g olus JSedl o JWG s MIact _ MIlact. 4Se
B L
Agr=AgIl vl gub 53 olo3¥l 565 4l asl,

©

yright E g Yas E'L hy2010 A" copyrights reserved. Shallow Foundations.
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6 — Details of Reinforcement.
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Example.

It 48 required to design a rectangular Footing to
Support a R.C column of thickness (30* 80)cm.

The column working load is 71900 kN ,and the allowable
net bearing capacity in the Footing site is

120 kN/m2. (E... = 30 N/mm?, Eyz 400 N/mm?).

and draw details of RFT. to scale 71:50

Solution.

Data given:

column dimensions (300%x800) mm

P (working) = 1900 kN P _ (1) =1900%1.5= 2850 kN

col.
Bearing capacity of the soil = Qoi=120 kN/m?
F,,=30 N/mm? Fy= 400 N/mm?

1— Calculate the Footing area ( Width & Length of R.C. Footing.)
Choose tP.C. = 30 em > 20 cm

LP.(-:.— BP.C.= b—0o =0.80—0.830 = 0.50 m

L,.=B, +050m --—- 6

P.C.

A E, 1900 (kN)
P.CT ., ~ 120 (kN/mi)

AP.C.=BP.C.*LP.C. = 15.88 mz —‘“'@

= 15.83 m
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Bpe*Lpe =Bpg+ (Bp.c.+0.50) =15.83 m
ch 3.73 m

|Bpc=3.80m| |Lpc=4.30m]|

|Brc=3.20m| |Lgc=23.70m]|

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

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

F 3 Py, _ 2850 _ 240.7 kN/m?
el = B L., 8.20%3.70
\ 0.80
3.20 0. 30¢ //

el 2

L —B =b-o| Ly gle tlasls 13
a =dII ()35-'..-6{3[)*3 %=%’I 085 JUL » 27 =25 o558
C Sl Y S5 g dals aaly olasT ey T oS 1

4
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Force = Stress+Area ‘
0.80

030o // .

Csasm | 25 b

Force =Fact,* Z*B 3.20

moment = Force « Distance

Mact. = (Fact. * 2 * BR,C,) %

=(240.7+ 1.45 + 3.70 "% = 936.2 kN.m
936.2 kN.m.
A

_

936.2 kN.m. | 3700 |
-—3.70—-
s d-= C M o ‘Choose Ci;= 5.0‘
cu*b
0 =25.0 v9362*’0‘ — 459.2 mm
30 *3700

Crc —=d+70mm = 459.2 + 70 = 529.2 mm,

‘ tR.c. =550mm ‘ ‘ o = 480 mm
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3_ Check Shear.

o ———— " T
Q+2d =0.30+2+0.48=1.26m || 030 || |
| |
P TEmoss) | S
b+2d=0.80+2+0.48=1.76 m | 10.80 Y
- |
L ose )|
l— —
xCritical section For Shear. a+2d
‘=== Critical
l — Z — d T seclztion
|
|l =1.45_0.48=0.97m -d L
I shear
'fQ; Force
{TT g .
* Actual shear Fo'rce.(Qu) For 1.0m ae
Q,=Fprsxl «1.0m =240.7 x 0.97 +1.0m = 233.48kN
* Calculate Actual shear stress. (qu) _ /-d-7
qQ 233.48+10° >
Q=2 = t = 0.486
1000 = 480
bxd * N/m'mz AQOI// \‘/OJW'(("
o0
* Allowable shear stress. (qw !
—016‘\/ = 0.16 \/ 30 = 0715 N/mm
) Safe shear stresses
| qu < qsu | No meed to increase dimensions.
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4 — Check Punching Shear.

0.48\2 0.48\2 d2 d\2
LU I O ]
R G
I 1 S 1 / [
0{"% S ibL e
£ R ol I -G
0.30+0.48 —a+d-

O+d=0.30+ 0.48= 0.78m
b+d=080+ 0.48= 1.28m

* Calculate Punching Force. (Q p)
Qp=Pyr— (Fact.) [(a+d)(b+d)]

Q,= 2850 — 240.7 [0.78+1.28 ] —2609.7 kN

% Calculate Punching shear area. (Ap)

Ap = |:2(a+d)+2 (b+d):|* d

Ay = [2(300+480 )+ 2(800+480 )] * 480

Ay = 1977600 mm®

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. Page No. 68

Printing is allowed for personal use only. (www.yasserelleathy.com )



* Calculate Actual Punching shear stress. qpu

qpuz Qp
[2(a+d)+2(b+d)]+d

qpu: 2609.7 * 103 — 1.3’9 N/mmz
1977600

* Calculate allowable Punching shear stress. qpcu

(0.5+%) = (0.5+ 229 )= 0.875 <1.0

0.80
30

Qpen.= 0.316 Fow _ 316 \| == = 1.413 N/mm’
Be 1.5

q q ____y Safe punching shear.
py < peu No meed to increase dimensions.

5_ Reinforcement of the Footing.

Tt
Moot My, 320 |
////////// Wi 1 il_"'ﬂ
-—8700——— - <_3.70| —
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1.45

I l
MIact.=(Fact.*z *BR_G)E —\
< N\
1.45 0.725 3.90
—(240.7+ 1.45 « 3.20) _°2 N 3

— 809.7 kN.m - &

- 370 — -

AS_MIact. 809.7+10°

2
- —5105.5
J F,d  0-826+400+480 mim

A A 5105.5 2
2 S . N
T = B | 8.20 /
Check Asmin
1.50 =1.5+480="720 ,
As, .. - % g 720mm:
512/m'= 565
oo AS>ASmin —> o.k.
Ag=15955 mm |5522/m|
© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.

Reproduction of these notes in part or as a whole for sale is strictly prohibited.
Printing is allowed for personal use only. (www.yasserelleathy.com )

Page No. 70



1.45

I

Mﬂact.= (Fact. *Z *Ln.c.) E | _t
3.20
—(2407*145*370)725 ” S
\\0.725\
— 936.2 kN.m
\\\\ |
370 —-
J=0.826
6
A Mzact 936.2+10  5903.2 1

J F d 0.826‘* 400 = 480

A , As 5903.2

2 N
S (mm/m) = B, =370 - 1595.5 mm/m

Check A

Smin
A 1.50 =1.5+480="720 ,
512/m'= 565
“ As>Asin — 5 0.k.
Ag=15955 mm |5522/m|
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6 — Details of Reinforcement.

(£0.00) T
. 4

(- 0.50)
T __ Vv__

(—17.00)
(—1.30) ———wr___|es2e2ess9n _
— . et e AT e

S QO
r
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Important Notes.

s O

check shear s s 4

(9saedl oy (ol iluse dey (I ) eritical section JI gius g35

vad slaat e (55 ¥ WU aodudd) saclil) &,

:

g

check punching Jec s 9

(Sgaedl o9 (o g VBl wew Ul ) eritical section J| ggiuwe g3y 4

‘Ap:Zy*d‘

 dodsad) cas il gyl

l'-‘i-}----'l

1 2] :

‘Qp=PU.L.—(Fact.) [X*y]‘ "_1* ¢d|
32 iE

0 l % l

qpu= p | d] 1
Zy*d P X E—

Samy I g0 Lais Y sl X=a+d

oaclil e JUais ¥l ayle
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doLued) oacll ) check shear Obgiwe JS o3y 131 -V
I

i
No need to check shear :
- !
_ EAT
! .
/R /

dobuadl oaclll o) check punching &hgiue JS a3y 13

| ey wl |

| (_iT |

I 2 I

. 1 d dl!
No meed to check punching o —o 11
I I

I I

I I

I d I

1L 2 I

| I T——
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4| Design of Isolated Footing subjected to

Moment and Normal M & N

Dl oae bl o aclyll) glo pgie Wgm
- (Fized Frames J) 3 odacd) Jio) - 9sacdl gle poyo p3e =)

—p —p J%i\v
””‘AW

codell) 0.6, oo lue ole Sgacdl glo 355 asly 48l 655 04y =Y

’LH ————— 1
Y > [u
| 4Th}

C.G.

X wias o 851 Jod o) laple an gy Hinged oacls sya 5 -V

__: N
b M
—» —»
B 5

—»TN
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(Center of Mass Jla¥) 35,0 of )l C. M. JI €
LAl paie cuw lee eccentricity cuwd oaclil 0.6, ol Galay ¥

1Y
|

P,‘
C.G

—— = — - ——
ey
‘e IR

Bl
y

‘R=p1+p2‘ ‘Mx =R*ex‘ ‘My =R*€y
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Types of moments on Footings.
cael il gle 355 of oSadl o @) pg3ed) )l
1- Permanent Moment. RO KV PSS |
Cravity loads & Dead loads Jio aslil Jlx 3l ye 4231 pgsell o
o3 ¥l 5 Hlada) Al S5 pore g2
- moment Jl olil (uSe € Al oaclill Joo 55 Giyb oo LS| JLady 4

2-Temporary Moment. - 48ls ne)l of o pzial pg3el

L.L., Wind load & Farth quake loads.

Al daly 5 5 ¢ Nor Yy olas ) oy PIIE 2 9
1 ol saclill) Jiul slaa 1 (55 Cumy caclil prads o g

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited.

Printing is allowed for personal use only. (www.yasserelleathy.com ) P, age NQ‘ 77



1 -Design of isolated Footings subjected to permanent moment.

- moment JI &J¥ s y moment JI oLs3) oSe € ilius oucli)l Jin s Jiads

__ N _ My
PN, M
oaclll Joo3 oy o 1)
M
N
N
mM
| Y |
N N
F=—2 LTI F=-%
MYy
Fe-T
__N_My
AT
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sel gl o3

W) Jsled) o a3 453l gle (Normal stress) aad
~qﬂl¢le(Tension)4$JuruJM|b4,

B.M. ) 48 oaclWl Jas 3 Jlo (o

M;
N, M,
| v |
IR
!
M;

M;=Nee e a5c N Jass

ed aad LasS 131 M, J pSlew

poe dls 4685 o8 Mz= M,
Ll Laco 593 555

(Normal stress) F=—Aﬁ dard 455 4

C3 3
lAlDD
“ o

compression 4IS stressJl yf emus

| Y |

N
| F=-1
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cJadsd da", o@' O r}&”

T.c..oM, Nolas) ¢ Reactions lasle ax g () oaclE) _‘
(@) Lle B.M.D. ) %uw) o3 Moment J) olo3| ;S oacl Jo 3

N il ge uniform stress Jeed

N} {«4 B.M.D.

|
|
|

|

ic.c. A
! N
e

3 MC.G.= Zero -~ M_ N(e) = Zero

ﬁ.caM.,N., Xolas| 43 Reactions laale wa gy ) oncllll -
(€) Yl B.M.D. J) 4ussy ¢ Moment I ola3) uSe saclB Jo i3

L gle uniform stress Jood

| M
/1\1 > l 2 MC’.G.= Zero
| X

|
L
t ™
2 Cocoii N

© X(t+t)+ M-N(€) = Zero . e - X(t+t) 4 M

N
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a3l G p3ell

ex&' ey b..).bt.?~'3"5| d‘é Moment Ji uAS& oac i) ‘J“.\:n').‘" &

] Yy
M ex ] €z !
z k= 7]
o R > " +M_y_g: = _EV_‘_+____
C.G.| C.G.
Y M,

| |

Y e |
Y Y
|- ssaedt Ui ol 5 ool Juomss e dala aogols |

el Al gonle
- paaadl oy dan f Moment J1 ols) 8o sacldl) oo 5 o
¢ o sl oacl@l C.G. e atladl Moment J! dase 5SS &b

M, . of the Footing = /, €70
cJdads Nd.lco..\.cl."mra..gmf&r-’}
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Example.

It 48 required to design a rectangular Footing to
Support a R.C column of thickness (40x 70)cm.

The column working load is 71500 kN

+450 kN.m
and permanent moment T May= 450 kN.m 1500Vin 600 kN.-m
0.40 / =
and permanent moment —p My= 600 kN.m !
-—o0.70—

The allowable net bearing capacity in the Footing site is

150 kN/m~. (Fw= 25 N/mm?, Fb: 360 N/mm?).
and draw details of RFT. to scale 1:50

Solution.

Data given: Column dimensions (400*700) mm

P (working) = 1500 kN P _ (0L) =1500%1.5= 2250 kN

Mxz= 450 kN.m My - 600 kN.m
Bearing capacity of the soil = 9qu= 150 kN/m?

permanent moment py>eJl H¥

o3l e oaclll Jom 5wy oaclill (gle pgiedl 530 IV (S

ep=Mz _ 450 _ 30

N 1500
ey-My _ 600 _4 40 m
N 1500
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moment JI ,uSe ose)l i3 dic
moment JI L3 )l ks

goluie Lyl e stresses JI S JBIL
uniform stresses 4, e S ol

. d_e_aL...Jl Ua“JLJL IXVIRT] r.u.mf' In'.ig r~3

1— Calculate the Footing area ( Width & Length of R.C. Footing.)
Choose {,. = 30cm > 20 cm

LP.&.— BP.C.= b—0O =0.70—0.40 = 0.30 m

L =B, +030m ——— @D

P.C.

B 1500 (kN)
A, .=5"

2
¢ Qo ~ 150 (IcN/mZ; =10.0m

Ap.c.":BP.c.*Lp.c.: 10.0 m2 ———

Bpc*Lpe =Bpe* (Bpe+0.830) =10.0 m
Bpc=3.01m

|Bpc=3.10m| |Lpc=3.40m]

|Bpc.=2.50m| |Lgpc=2.80m]
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27=2.8-1.4 +0.8-0.85 =1.85m o T
Z=2.5-1.25+0.4-0.2 =1.45m 1.25 E :
2.50 |} —-N—r-i- ------- Tlo.40
Jpi— . .
10.40 4 !

1.25| i
3 0.70|

‘——1 40——L— 1 40—J

| 2.80 |

2— Design the critical sections For moment. (Depth of R.C. Footing.)
—Actual Normal stress on R.C. Footing (U.L.)

P
Fuot = —— 25— 2290 _ 3214 wmd

BR.C'.* LR.C'. 2.50%x2.80 0. 30

—
| -
| I‘i 35

Zr= %89 ,030-27% _ 1.35m 'l
I 2 2 //////\ 2.50

///'7// 0. 675

Direction 1

Force = StressxArea 0.70
. o |
Force = Fa,ct, * ZI *'BR.C. ' 1.402.80 .40 :

=321.4% 1.35 +«+ 2.50 = 1084.7 kN

moment = Force « Distance
M; et = (Fa.ct. * 21+ BM,) %’

=(321.4+ 1.35 + 2.50 ’Zﬁ =732.2 kN.m
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732.2 kEN.m.
A

2500

dI _:01 M oot ‘C’hoose Ci= 5-0‘
Feu*b

O = 5.0 v732-2*10° _ 541.2 mm
25 ¥2500

2.80

|
2.50 0.40 a8 ¥
— _ Y =1.45m A AN NN NN =
D.404 - L+ — ——|
1.25 Y'Y Z *
° } I |

o
N

Direction II e
5

0.70

Force = Stress+Area
Force = Fa,ct, * ZII *BR.C.

=321.4» 1.45 + 2.80 = 1304.9 kN

moment = Force « Distance
MIaCt. = (Fact. * ZII % BR.C'.) g—”

=(321.4+ 1.45 + 2.80 ’éﬂ =946.05 kN.m
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<SRN

946.05 kN.m.

oo =5.0 V946.05*10" =581.2mm
25 * 2800

Take Ol The bigger of d[&‘ du =581.2mm

Crc —d+70mm —581.2 +70=651.2mm

| tre. =700mm| | = 630mm)|
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2.80

3_ Check Shear.

0+2d =0.40+2+ 0.63= 1.66m jl”:o 8:
[ |r--"-""-"==" 1
b+2d=070+200.63-1.96m 250 070 g7y
0.63 S
1.66]! N
i_ 0.63 j
*Critical section For Shear. 4.9
Take | The bigger of lrd& Ly o crisiont
setlztion
1 1-0.82 mm dil
Qe Foros
L)

* Actual shear Fo'rce.(Qu) For 1.0m
Q,=Fope sl «1.0m =321.440.8241.0m = 263.55kN

* Calculate Actual shear stress. (qu)

3

10
q - _ 26355:10°
“ bsd  1000+630 2

N/mm

* Allowable shear stress. (qw

—016‘\/ = 0.16 \/25 0.653 N/mm

Safe shear stresses
—>
| qu < qsu | No meed to increase dimensions.
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4 — Check Punching Shear.

2.80

?l\zl |d\‘?

il Al I
_0.70+0.63 _ d\zh r :L

" 070712 .
200| hoolP0 12 || B ] i
I ]5: . d\z{n 'J

10.63)\ 1S | I — J

oo —a+d~

O+d=0.40+ 0.63= 1.03m
b+d=0.70+0.63=1.33m

* Calculate Punching Force. (Q p)
Qp=Pyr— (Fact.) [(a+d)(b+d)]

Q,= 2250 - 321.4 [1.08+1.33 ] =1809.7 kN

% Calculate Punching shear area. (Ap)

Ay = [2(a+d)+2(b+d)]* o

Ay = [2(400+630 )+ 2(700+630 )] * 630

Ap = 2973600 mm?
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* Calculate Actual Punching shear stress. qpu

qpuz Qp
[2(a+d)+2(b+d)]+d

qpu: 2250 x 103 —0.756 N/'m,m
2973600

% Calculate allowable Punching shear stress. qpcu

qpcu-'—_ 0.316 (0.5+Q) F—cu =
b/ \ Oc

25
qpcu— 0.316 (0 5+ g‘;%) 15 = 1.38 N/mmz

Safe punching shear.
q q — >
pu < peu No need to increase dimenstons.

5_ Reinforcement of the Footing.

Miact, Miact.
|
| 2800~ | - ——— g,

Reprod f h tes in part h l f l tl prohibited.
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Direction [

'ZI 1. 35

Mlact,=(Fa,ct.*zI*BR-0o) %’ \\\ .50
//

—(321.4+ 1.35 + 2.50) 1-;‘5 67

=7832.2 kN.m
2.80
J= 0.826
6

0.826 « 360 « 630
JF,d

A A 3908.5 2
2 S . N
mm/m BR.C'. 2°50 /
Check Asmin
1.50 =1.5+630 =954 ,
Ag . - % g 945mmn
512/m'= 565
w As > As, — 5 0.k.
Ag=1563.4 mm |7#18/m|
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Direction Il 2.80

AIII act.= (F act. * Z IT * Bn.c.) z” \
k ;
_

—(327.4+ 1.45 » 2.80) R

2
=946.05 kN.m
J=0.826
6
A Mlact 946.05 10 _ 5050 'mfm?
J F d 0.826* 360 « 630
A 5050 2
2 _ S _ _ »

Check A
A % 1.50 = 1.5*630=954§ ,

Smin

954mm

Smin =

512/m'= 565
. AS>ASmin — » o.k.
Ag=1803.6 mm (8818,/m|
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6 — Details of Reinforcement.

(£0.00)

Shallow Foundations.
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2-Design of isolated Footings subjected to temporary moment.

- aBlo yab of oyaite pg3ed Abyen)) Abaiia) sl yil wrads

T
- |

Jio optiall Jloa ¥l e a3l pg3el] B

L.L., Wind load N M f
i
& Earth quake loads.

Case of single moment. ]lV

odcllll (devariable axly pie 952y o (43 /-_' i M
VAR of N o) ol &3 ge 5

055 Suos oaclill aleyl gy Jiads FE[[[‘[‘I:‘I:‘I:‘
moment J) o3 3lse oaclill LSl joyedl 2 F

1

gl e Slilaad) Clus wie pyedl 58 Gng

F_N _ MYy
T4 T
E_N _MY
oy §

(+Ve) ——» Compression stress.
(—Ve) —» Tension stress.
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B, L oaclil sleof jLanl oy

)
A\
] .

JUJ| by, o)) ai-ul

1 F1< Allowable bearing capacity q 4y

No Tension on soil. Dw
F

3| Fp = 11 Jaiy \]{L

2 / L\\..,

oaclll )90 pac e S

to avoid tilting of the Footling.

L_B=b—0a Lb,a gl LlsJ) Jyloe g
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Steps of design Footing subjectedto M , N

For rectangular Footing. | L |

055 S saclill oleof g ks s | —EHH D
moment JI oL?.S'X d:)‘."" oae L8l )*\S” U.o‘).t.” )

Area of the Foot'ing=A= B:L 3

B-.L

Moment of Imertia For the Footling = I.

12

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

IF t,, > 20 cm

get BP.C. ’ Lp.c. From

LP.&'— BP.C.= b-a --—-—-- ) Bprc s Lpc

Actual Normal stress on soil = Bearing Capacilty of soil.

E= N + 6 M i qall -2 Bpc s Lpc
B L BP.C.* LP.C'.

r.c*p.c.

Brc.s Lpc g ¥S aad wus3 5 gl gane 6 oiidoles Jo o

|°dle:>J‘e o oiby BpogLlpy ol *“—fl

‘BR.C.=BP.C._2 tP.C.‘ ‘LR.C.=LP,C,_2 tp.c.‘

Check .

Fé= N _ _6M > Zero &E[E[[[[U

2
B,csLp, B+ L, Fy
syl ge tension s oS5 Y g
F;
IF Fé < Zero —». il gle tension tw
I’nC’re ase Bp.c. b L P.C. F1
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IF t,, < 20cm

get Bpc s Lpe From

LR.(,T BR.C-'f b-a --—-- 1) Brec s Lre

Actual Normal stress on soil = Bearing Capacily of soil.

E= N + 6 M > = qall -2 Brc s Lgec
By oLy By L.

R.C.*
Bre s Lre oo 5 4ad 0055 5 Gdgaoa @ gidolen Jo oy

|°4‘:'3Jle e 00 89 Ly BR,(:, & LR.C. ol -‘-=-'|

‘ BP.C'. =BR.C.+ 2 tp.c.

‘ L P.C.— LR.C.+ 2 tp.c.

Check .

E= N _ _6M > Zero &EE[[[[[D

2
B, oLy Byes Ly, F;
-4yl e tension s oS F g

F;
IF E<Z€7‘O —>~-=\..sJ:iJld.lstenswng;1 tw
Increase Bgp;s Lg. F,
© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. P N,
Printing is allowed for personal use only. (www.yasserelleathy.com ) age (N0, 96



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

The actual ultimate limits stresses on R.C. concrete.

Lge

F Nu.t. 6 My.;.
1 2
BR.c."‘LR.c. BR.c.*LR.c.

Ve
=

N
—
F Nui 6 My, ,
BR.c.*LR.c. BR.c.*LRi'.

an

_b-j \\\ ‘

o \\\
i \

Caleulate F3 SURJI LS I
‘ L R.C.
zn c.—2r i
Fy= 2Bty (F-F)+ P A
R.C.
F,
F3 F;
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Lge

Get the average stress Ffa:u.

I -
Fia'v. = Fit B *b*
2 a# BR.C.
Force= Stress+Area \\\ -
Force = [y, * 21 +Bx. L
Moment = Force s Distance F3 F,OWD F;

MlaCt-’:(Ffa'v.* 2r *BR.C'.) % (kN.m/B)
AMI act.
tR.c.t V

- Bpe — —

6
dI (mm) = C, Moot (l:N.m) * 710
Foo W/mm) * Bp o (mm)

Choose C, = (3.5—> 5.0) Get d[ = vV~ (mm)

Take cOover = 70 mm

tIR.Q = d[ + cover (70 mm) 0oLl A2 00 ,BY oyl
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Lpe.

Direction II |

\\ \
ZH.’: BR.C._a/ (m) II \ I \ II
2 at ////// R.C.
Get the average stress FZa:v. -b- l
-FZa'v. = F’g Ee ‘ LR.C.
I
Force= Stress*Area W‘
Force = F'gcw. «* Zrr*Lgc F2 Fou F,

Moment = Force « Distance

dII (mm)= C MHMt. * ’0 Choose C, = (3.5—> 5.0)
ou* Lpe

Get dnz\/\/ (mm) Take cover = 70 mm

tIIR.c. — Olpr+ cover (70mm) byl 0. 0y3Y Gy

tR.C. p 953 tIR.C.& tHR.C. oo »SY 3k
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3_ Check Shear.

boabid |
* Calculate ‘l_-_—ZI_ d ‘ () b T N Bro

* Calculate the shear stress at

critical section. ‘ Le.
-2
~d1-
Fy= Lec=l ((F F), F
Lgec F
F,
Get the average stress FSwu. ————— Critical
seftwn
F. - Fy+ Fy d-i1
av. 2 :} _ shear
:% Force
% Calculate Actual shear Force. (Qu) El” ‘ ‘ I
1

od&LﬁJlb.odJ‘,br\)— J (RCPEE

|Qu=ﬁ.‘3av.*l* 1.0 ’rnl (kN )

* Caleculate Actual shear stress. (qu)

b+d
3
q Q,kN) 410 2
u = (N/mm)
1000 (mm) @ (mm)
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* Calculate Allowable shear stress. (qw)

g —o.16\[Eew | @/mmd
su 60

* Compare between

Actual shear stress (qu) &‘ Allowable shear stress (qw)

x IF 5 Safe shear stresses
qu < qsu No meed to increase dimensions.

x IF 5 UnSafe shear stresses
qu > qsu Fe have to increase dimensions.

IF UnSafe shear stresses increase trc by 100 mm

then ReCheck:
Actual shear stress (qu) & Allowable shear stress (qw)
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4 — Check Punching Shear. . oS jaill

The concrete area which resist punching shear.
- Sl Gall) 4w ylidl slu il sl Wass

il ole 3 ganl Lagmy Lasoo o 0ylie BB palll (o5 g yad) ¢ Uaill

Caan S e sgandl By or @

- ) 2
dz d 10T
asl; T d ¢ d
R " I~ 1
4 B s
deli H
'—a + d— —d ! l—g_!
Fw
¢ Fqn,

Get the average sitress FZa;u.

% Calculate Punching Force. (Q p)

Qp=PU.L.— (F'Zav.) [(a,+d)(b+d):| ‘ d[

(kN)
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% Calculate Punching shear area. (Ap)

Lol G|

q.. — Punching Force
Pu =

Punching area

q Qp (kN) 5 103
Pu—
[2(a+d)+2(b+d) ]+ (mm)

(N/. mmz)

* Calculate allowable Punching shear stress. qp ou

a
[T S
Qo= 0.316 (0.5+ £) 5. (N/mm) bf

AN

Tak F 2
IF |(0.5+ %)<1.0| ﬂ, qp,,,,,: 0.316 5—": (N/mm))

% Compare between

Actual punching shear stress (qpu) &' Allowable punching shear stress (qp cu)

xIF q q ____y Safe punching shear.
pu < pev No need to increase dimensions.

«IF Qou >Upew —» UnSafe punching shear.

We have to increase dimensions.
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5— Reinforcement of the Footing.

|I

b |
Mraot Myaot _‘_lt__l _ __B R.C.
///// //// ftae] //// //// T

Bk.c. Lrze
Sec. 1

From Step @) We Choose C, = (3.5-» 5.0)

From C { —>» Getl J ITact.

A Miact. 2 //////// Ltnc
Get SI—JF d (Tmm) | B..
Check A

Smin

A Smin ('mm?/'m ) =

g 1.5 o (mm)

5412,/m' %xss”

IF Ast > Aspin — » 0.k.

IF As[ <A3min —» Toake AS: Asmin

©
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Sec. I]

From Step (@) We Choose 01 = (3.555.0)

From C { —)» Getl J M1 act.

A Miraet. p _ //// |tre
Get II_JF d (i) -
Check A

Smin

1.5 0l (mm)

5812,/m g,ﬁn

ASmin (mm?/m) -’-'{

IF Asgp>As,in —» 0.k.

IF AsII<ASmin —>» Take AS-: Asmin

ol goLe
L—B=b-0| L, 333 Jln 3

b3l BA g olus JSedl o JWG s MIact _ MIlact. 4Se
B L
Agr=AgIl vl gub 53 olo3¥l 565 4l asl,

©
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6 — Details of Reinforcement.
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Example.

It 48 required to design a rectangular Footing to
Support a R.C column of thickness (40x* 70)cm.

The column working load is 71500 kN -

and temporary moment —» My - 400 kN.m 0.;10—-/

1500°kN7] 400 kN.m

-—0.70—
The allowable net bearing capacity in the Footing site 1is

150 kN/m2. (E., = 25 N/mm?, Fy= 360 N/mm?).
and draw details of RFT. to scale 1:50

Solution.

Data given: Column dimensions (400%700) mm

P (worting) = 1500 kN F, | (01) =1500 +1.5 = 2250 kN

co

My= 400 kN.m My (v1) =400+1.5= 600 kN.m
Bearing capacity of the soil = Qqu= 150 kN/m®
E,, = 25 N/mm? E, = 360 N/mm?

1— Calculate the Footing area ( Width & Length of R.C. Footing.)
Choose {,. = 30 em > 20 cm
L,-B =b-0=070-040=0.30 m

L c.= Bp.c. +0.30 m  -———- 20)

P.C.
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Actual Normal stress on soil = Bearing Capacity of soil

F-_N , M __Hu--
1 Bp.c."LP.c. Bp.c.*L 2 ’ _®

1500 6 +400 150 ___@
+ -
Bp.c.*LP.c. B L

1500 4 6+400 =150

B, ox (BP-C- * 0.30) B,.* (Bp.c. * 0°30)2

Bp¢c=3.607m

|Bpc=3.70m| |Lpc= 4.0 m|

|Brc=3.10m| |Lpc=3.40 m|

Check . N

Bp.c.*L P.C. ‘BP c.!

F- 1°00 ,  6.400 > = 141.9 kN/m?

3.70 * 4.0 3.70+(4.0)
< qau o.k.

< qau— 150

N  6M

Fg = > > Zero
Bp.c.‘Lp.c. Bp.c.* Lp.c.
1500 6400
-F;.’= - 5 = 60.81 kN/m?
3.70 * 4.0 3.70+(4.0
(4.0) > Zero|p k.
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R— Design the critical sections For moment. (Depth of R.C. Footing.)

The actual ultimate Limits stresses on R.C. concrete.

Lge

Z%_ﬁ[ Bre.

F _ Ny " 6 My,

2 A
BicsLge BpesLyge &%
F

1
Fj- 2250 _ 6.600
3.10+3.40  8.10+(3.40)

= 313.9 kN/m?

F _ Ny _ 6 My,
2 = 2
BR.c.*LR.c. BR.c.*LR.c.

2250 «600
F- ~ _6 5 = 113.0 kn/m?
3.10 * 3.40 3.170+ 3.40
— 3.40 —
)
‘0. 70
0.43 3.10
|
A
113. o%
313.9
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Direction [

\
Lec-b 1.

_ Lpc B , A
=Ty S 40 BB \\
ZI: 3.40-0.70 =1.35m \ .

2 \
i F3=2341 4,44
F3= R.C. I*(Fi—FZ)-FEZ
LR.C'.
F;_ 3 ;040’ 35 | (313.9 _113.0) +113.0 =234.1 k1/m?
Fy+ F: N7 35 B
Fian. = ’2 g 0-70
Fay. = 813.9+ 234.1_ 274 0 snyme  [0-401EEE R\3.70
2 0.675
9

moment = Force « Distance 113.0
234.1

M;act.=(Figp.s 21 +Bre) % Figp.= 274

éNW

313.9

M;get =(274.05 1.35 « 310)’35 — 774.0 kN.m
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774.0 kN.m.
A

tV

d, :01 M ‘C‘hoose C;= 5~0‘

3100

Feu*b
s o =50 v774-0*’0" — 499.6 mm
25 x3100
Direction II ——3.40——
bR.c.—a “
<= 5 = 0.70
1)0.- 4907 Jig

0.%\\75 v .70

N

\ 1.35 ‘

Fequ = £1112
113.0
Foay.— 21373139

Foqp.=313.9+ 113.0_ 213 4 kn/m?

2
— <
My act. =(213.44 1.35 « 3.40) ’% — 661.1 kN.m
@ Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. Page No. 111

Printing is allowed for personal use only. (www.yasserelleathy.com )



661.1 kN.m.

A
ﬁ tR.C'.J V /‘
| 3400 |
d:C, M oot ‘Choose Ci;= 5.0‘
Fcu*b
s ol=5.0 VGG’-’*’O‘ — 440.9 mm
25 %3400

Trc = d+70mm — 499.6 + 70 = 569.6 mm

‘ tre = 6‘00mm‘ ‘ d = 530mm‘

8 _ Check Shear.

* Critical section For Shear.
l=2/-d
l =1.35_0.53=10.82m

% Calculate the shear stress at
critical section.

R.C. Fy=265.4 313.9

Fy 3";04’0“82 % (318.9 _113.0) £ 113.0=265.4 kn/m?
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Get the average siress F.'?a,v.

----- Critical
section
F,+ E. '
F:‘B‘av.= —12 4 <d>i—q°q—2|
I _ shear
: Force
Fb =313.9+ 265°4=289.6' IcN/mz HH

* Calculate Actual shear Force. (Qu)

Q,=Fspsl+1.0m =289.640.8241.0 m =237.47 kN

* Calculate Actual shear stress. (qu) d
—
g - % _ 287.47410° 0 446 2
“ bed 1000x530 T,
N/mm
o0
* Allowable shear stress. (q_, ) A
Feu 25 2
q.=o0.16 5, - 016 \; 5 = 0.653 N/mm,
) Safe shear stresses
‘ qu < qsu | No meed to increase dimensions.
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4 — Check Punching Shear.

0.53\2  0.58\2 d i d
AT — 1
S P AR
°_:|::_____-‘_:n:}%m l—d— g

0.70+0.53 w
F;
2 F F

av.

Frou- £1212 - 3199+ 115.0 213.4 kay/m’

O+d=0.40+ 0.53=0.93m
b+d=0.70+ 0.53=1.23m

* Calculate Punching Force. (Q p)
Qp=Pui— (Fze) [(atd)(b+d)]

Qp=2250_ 213.4 [0.93%1.23 ] =2005.9 kN

* Calculate Punching shear area. (A p)

Ay = [2(a+d)+2(b+d)]* d

Ap = [2(400+530 )+ 2(700+530 ) ] * 530

A, = 2289600 mm?
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* Calculate Actual Punching shear stress. qpu

qpu = Qp

[2(a+d)+2(b+d)]+d

qpu: 2005.9 * 103 — 0.876 N/mmz
2289600

* Calculate allowable Punching shear stress. qpcu

Fou

Dpeu= 0.316 (0.5+ &) N
C

Vpew= 0.316 (0.6+ 249 ) \|-Z2 — 1.38 N/mm

q q ___, Safe punching shear.
pu < peu No meed to inecrease dimensions.

5_ Reinforcement of the Footing.

Tact. MI act.

M, | .
- S

l\
_

-——3.100—— ——3400—
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R 3.40

‘Mlact.: 774.0 kN.m L —

¢>70§§j€§
= 0.826 T \
J 0.40[% + |4 10

0.765 ‘

—4911.1 e

6
A MIact 774.0 x10
J F d 0.826* 360 * 530

A , As  4911.1

2 N
= = = 1584.2
S (mm/m) B.. 370 mm,/m

Check A
A i 1.50 = 1.5*530=790§ ,

Smin

790mm

Smin =

5412/m' = 565
. AS>ASmin — » o.k.
Ag=1584.2 mm’ |78 18/m|
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-840

MIIact.: 661.1 IcN.'m‘

0. 70
11 0. 40¢ // II

J = 0.826 0\6‘\75 1\} 3.10

6
A Mlact 661.1+10

2
—4194.7
JF,d = 0.826+ 360 + 530 mim

As  4194.7

" B,, 3.40

= 1233.7 mm/m

790mm

Smin —

A ) 3 1.50 = 1.5*530=7902 ,
5¢12/m' = 565

. AS>ASmin — » o.k.
Ag=1233.7 mm [58418/m|
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6 — Details of Reinforcement.

(£ 0.00) —r T
. 4

(- 0.50)
T __ Vv__

(= 1.10)
(—7.40) ——wr___|eoses o _
—w gt e AT e ]
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3| Design of Combined Footings.
. 4533.:3.4” ac | 44l sl

0acl ;e o,lie 4o (Combined Footing) aS s eacli)_
cdabitins LSS 0S5 W 5 sy g (o AST Lesd 0,8 oasly

- alaiie o0l o ST Jihws wie 4S5l aelsd Jaed pliss oole

Sooslaie a0 saed Guibadie Goacll) R.C.JI oleol wass wie

odais (Sa ¥ Lo 9o 5 Low HUn I Bgns Gaclil) ol any
05158 odoly oaelis gitbaiiadl Goaelil Jlauind b <l

¢ eosacd) o aS il

r——- - = 1

I |

| |
| | | |
i N T - |
" | | "

I I | I | [ |
I | I
| - |

| | | |
| |
I |
L ___ J

R.C. Isolated Footings R.C. Combined Footing
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The basic concept to design Combined Footings.

c aSadal el Bl psaat) gt y)) Tasd)

Jla ¥ 3550 (655 of plaiusd) Ha8 Jyloo

c dodusa) oaclill C.6. wie Lils gy

Uniform stresses auline Slolas) 4yl gle oS b

2 T 2 Pi R P
P! |'B ! :
i |F c.*c.

oaclill S5 o oo Jo
s odacd) g I5Y 43yl s

oacli) o3l 565 of Jaws) Jo
Plan » Gadseed) Gay Juol ol dasd) (5] g0
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Steps of design of rectangular combined Footing.

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

R=P;+Ps| R jd ot w55 cls

X Jlea¥l adass (50 waos &y

P
R*X=P1*S —> X'—_ﬁ’*s
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o) Ssacd) By s Lablas (S5 Guse doduwedl sacl@) Job a5
st ¥l Jasdl az o (0.50m —1.0M) alisas

siodl g Po Judl 1aa o5 i

T

a1

o

=t

(0.50 —» 1.0) m

|

1tpc.
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Calculate the width of the Footing. B

IF tpe > 200m get By . From

A = Rw =\/m2 =BP.C.*LP.C. —> Bp.c.=\/

P.C.
Qou

BR.C'. = Bp.c. - 2 tP.C'.

IF t,, < 20cm get B, . From

A = Ry, =V = Bge*Lpe —» BR.C’F‘/

R.C.™
Qon

BP.C’. = -BR.C. + 2 tP.C'.

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

P1yp=1.6+Pryy , Poyp=1.5+P2y, , Ryp=1.6+Ry,

—Actual Normal stress on R.C. Footing (U.L.) 3“3,.

Ruy..
BR.C.* L R.C.

Foct. = (kN,/riy)

— Actual Uniform Load on R.C. Footling (U.L.) as a beam. Y‘o.‘"
Brc vores 058 5o 05lie saclill ol jues

Wy.L= 5| (kd/m)
UoLo - L m
R.C. 5’{\‘, "
s/ a)u-
44
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Drawing U.L. BM.D. & S.F.D. on all R.C. Footing.

Longitudinal direction.

B ooses 038 o oylae oaclll ol e

Pyl Psy1.
B.M.D. , S.F.D. pwy p

0548 W3lS LalS ouc il ﬁ -ﬁ

BR.C. UaJ'c"’

B.M’ S.F. (5:3-.9. "JLM} ra:;:: K| wU,L, kN/'m?
Codac ¥l by e Py, Pzy..

M3 oxelWl daive (45 ToOMment ).5‘ L
Xo Gl Gl (zero shear ahd oS wuos &

Piyr= Wy X, | — | Xo=v"| — M3=\/
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Get Mmax

Mmax . LnJSo..\.cGJ' &;J.D mament_,.;ﬁ SPE )
M o is the biggest moment of My, M2, M3, M4, M5

d (mm) = C, \/FMmaz(kN.m) * 106

ow (N/m'rrf) * BR.C. (mm)

Choose C, = (3.6—5.0) |Ciess J:;s Jt:;'af.a:f" ; ya
0D ode L&) ) S

Get d — // (mm) Rigid cucld) ;S5 ol olesl
Take cover = 70 mm 25 wslyll b cover N ;5% ol Jady

<hual) o wasdl Gled

tR Cc. = d + cover (70 mm)
oLyl A2 0: oH8Y o)
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Check depth in Transverse direction. Short direction.

As a Hidden Beam.

(Hidden Beam) 43530 0,08 WilS Sgae JS Jhool oae W) uics
L+ Bp oseedl Jin] Loled

Hidden Beam 1 Hidden Beam 2
i i i Co]
] z, ] ] z ]
id ' di ia 1°d
| | |
— __l_____ _.I_ |
A CEE T Pre
! p : v b
i ’UoLo i ] PzU.L [
| | | |
: : : A
I I I

Li-b1+2d Lz-bz2+20d Prus.
Hidden Beam 1

odase 2
Fact = BprexLq o ‘%‘/ \‘4

N a1
= T
Zi: rc.—Ol1 (m)

_ ~ Fiaot.
Miact.— (Eact.*z1 *1.0'm,) 7’ W
(EN.m/1.0m) M1 act.
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Hidden Beam 2 Pzy..

(kN /1)

P, 2U.L.
Féact.= BR.C.* Lz

B, —
zz: R.C. a/2 (m) )

2 _»"L'gz

22|
MZact.= (Féa.ct *xZox1. Om) % !

(EN.m/1.0m) W
M

2act.

-FZact.

Choose Mbigge,. The bigger value of M, y0t & Msyot.

d_: C Mb‘o’gger *10° Getl C
"V .+ 1000 > L1

Then Check on (7 <4 3.0

IF C; < 3.0 —» Increase d

and Recheck the transverse direction.
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3~ Check Shear. gt long direction

Critical section For Shear.

Qmax, odie ) Bgacdl 59 o d Ao oo

I —

/ I\ / \

// ! \\\ /// \\\
e e e e e e e e e e e e e e e
\Wy.L. kN/m
| | Q’
Q | :
S.F.D <\ ' //\K/
" Qor. %

-

ch. = Qmax — Wy, * d
* Calculate Actual shear stress. (qu)

3
_ ch, (kN) x 10
B (mm) x g (mm)

(N,/mar)

u

* Calculate Allowable shear stress. (qw)

_ Fou | v/ mnd)
q.=0. 16\/ 5,

* Compare between
Actual shear stress ((Q,) & Allowable shear stress(Q,,,)

x IF 5 Safe shear stresses
qu < qsu No need to increase dimensions.

UnSafe shear stresses
IF —>
* qu > qsu We have to increase dimensions.
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Pyt Pays.
adgall T g
B (s MBS
i.__l: ______ ; L_.b R
'<—b1+d—>'J '=— bg+d —

Column 1

% Calculate Punching Force. (Q,p)

Qp=P v (Faot) [(ar+d) (br+d)]|
(kN)

% Calculate Punching shear area. (A 1p)
Lol Gac))

‘A,,,: [2(as+d)+2 (bs+d)]+

2
] %’x ‘b‘)(
% Calculate Actual Punching shear stress. q, Pu
1Pu= (N/mm)
[2(as+d)+2 (bg+d)]*d (mm)
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Column 2

* Calculate Punching Force. (sz)

| 9p=Prus- (Faet) [azrd) (b2+d)]|
(kN)

* Calculate Punching shear area. (Azp)

Laaall Gasd)
‘Azp:l:Z(azﬂLd)'/‘z (b2+d):| * d
(Tmm)

* Calculate Actual Punching shear stress. quu

[2(a,2+d)+2 (bz+d):| « 0l (rnamd)

quu-'—' (N/m'm,z)

Choose 9 p, . the bigger value of q1pu & Q,gpu

* Calculate allowable Punching shear stress. qp cu

a
_ +a F—w' m'm,z r|
qpcu_ 0.316 (0.5 b ) Bc (N/ ) bL

Tak F 2
IF|(0.5+%)<1.0|£, Qpeu=0.316 T | w/mam)
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* Compare between

Actual punching shear siress (q pum) &‘ Allowable punching shear siress (qp cu)

xIF 9Qoors <o —> Safe punching shear.
N No meed to increase dimensions.

x IF 4 9,c. — 5 UnSafe punching shear.
Pumaz > P We have to increase dimensions.

5— Reinforcement of the Footing.

Longitudinal direction.

Sec. D

From d = C \/ Moz 1op  Get ,
1 Fou * Bge. 01 J
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M
Get Astopz max Top | mnc)

A Smin (mwf/m ) =

IF AStOP >Asmin —> o.k.

IF AStOp <ASmin —» Take AS - Asmin

&
&
%
Aol g8l (b goled) wasd) o) 4 sule
L oamly daa (0 4S) Joo o Cusy
Aax (o 0ye S G5 Suay pdgil

555 JWI gandl 5 - ] omd
( Ll an 4SSl

2
ez
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Sec. @ Mmax bottom

From d — c,\/ Mrazrotom | ||tre

Fou * Bro ——— Bre _

Get
— C,—> J

Cet A _ Mmax bottom 2
€ S bottom — (mm)

JE,d
Check A

Smin

1.5 o omm)

g LS4l

ASmin (m'm?/m) =§
5412 /m

IF ASt°1° 2Asmin — » o.k.

IF AStop <ASm'o'm, —» Take AS = Asmin

<

del i) g5 plind) Wl &60
. &
sl oo 4S5 Jas i of ik %05,

( )
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Transverse direction. Short direction.

Hidden Beam 1

From d = C, \/ M, get.
Fou* 1000

Get
= C,— J

Get AS": Miact. (m'n%/’m?)

r Asy >Aspin —» 0.k.

IF A81 <ASmin —>» Take A81 =A3m'o'.n
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Hidden Beam 2

F’)"O’I’n d = 01 MzaCt'
Feuw * 1000

Get
— C’—)J

Get A S2= MzaCt. (WL?’Y%/’YI’?:) '

Ve

2act.

E?act.

Check A

Smin

1.5 0l (mm)

ASmin (mr/m) :3 %).SSH

5412 /m

r Ass >Aspin —» 0.k.

IF ASZ <A3min —>» Take ASZ =A3m'o'.n
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6 — Details of Reinforcement.

Shallow Foundations.
Page No. 136
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6 — Details of Reinforcement.

A

| — e | /™ 1
| | | |
| | | |
| N | | aN |

<l | =l <[
el N
| | N | o _1

. | g5l | 0 TX
- !
| | O | |
| | | |
| | | |
| | | |
I ) I S N— I ) U I Y
Y
| , | | |
| - v |
Plan
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Example.

It i8 required to design Footings to support a R.C.
column C1 (45 70) ecm. and carrying working load 2400 kN and

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

as shown

C’ |<ﬂ>| Cz |<0._5>|
0.45%- — --%ﬂ0.45
- 2.50 -

and the allowable net bearing capacity in the Footing site is

150 kN/m?~. (Fcuz 25 N/mm?, @: 360 N/mm?*).
and draw details of RFT. to scale 71:50

Solution.

Data given:
Column (1 dimensions (450%700) mm

Py (working) = 2400 kN Py w1) =2400 1.5 = 3600 kN
Column (2 dimensions (450+500) mm
Py (working) — 1800 kN Po (v1) =1800%1.5= 2700 kN

R (working) = Py+Po = 4200 kN

Rwi) = 1.5« 4200 = 6300 kN
Bearing capacity of the soil = o= 150 kN/m?

E,, =25 N/mm? F, = 360 N/mm?
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Use Isolated Footing. First.

1— Calculate the Footing area. (Width & Length of R.C. Footing. )
Choose {,. = 30 cm > 20 cm
Column. C1 (450%700) mm Py (working) — 2400 kN
L,— BP.C.= b—0o =0.70—0.45= 0.25 m

L,.=B, +025m - @

P.C.

B 2400 (kN) 2
A, .= 4 = 750 G/l = 160 ™

AP.C'.=BP.C.*LP.C.= 16.0 mz —_———

Bpc*Lpe = Bpe* (Bpe+0.25) = 16.0 m

Bpc=387m

‘Bp.c,= 3.90 m‘ ‘L pc=4.15 m‘

|Brc.=3.30m| |Lgpc=3.55m]|

Column. C2 (450+500) mm  Po (working) = {800 kN
L, —-B, = b—0O =0.50—0.45 = 0.05 m

L C=BP.C'.+0'05 mooomees 20,

P.C.
A B _1800KN) 0w
_— —_— 2_ -_ °
P.C Q. 150 (kN/m)
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Ap.c.=BP.C'.*LP.c.= 12.0 mz e

Bpc*Lpe =Bpe*(Bp+0.05) =12.0 o~

Bpc=3.43m
‘Bp,c,= 3.50 m‘ ‘L p.c.=3.55 m‘

|Brc.=2.90m| |Lgc=2.95m]|

2.95

- 3.55 g

L—2.50 —»‘

doluad) acl il (@9 S Sasaw dladie acled Luoasiw! 13)
Combined Fooling . 45 il sasly sacls Jood plisaw 14
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Use Combined Footing.

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

R =4200 k~
Py — 24oi) kN i Pi = 1800 kN
+ + +

25— x—-
—2.50——

‘

3

(X)+ %2+(0.50—>1.0)m

C. - (1.43)+ %8 10.75 —» Lpc.= 4.86

Lrc=4.90m

Lpc=Lpc+2tpe=4.90+2(0.3)=4.80m

)

[Lp.c.-5.50m]
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Calculate the width of the Footing. B

A - R, _ 4200 _ 5, 2
e g 150 28.0 m

A

P.

c— 28.0 = BP.C.*LP.(:. = Bp.c.* 5.50 — Bp,c,= 5.09Mm
Bp,c,= 5.10 m

|Bpc=5.10m| |Lpe=550m]

|Brc.=4.50m| |Lpc=4.90m]

% L
i 4.50

|

- 4.90
5.50

|

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

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

Foot — Ru.. _ 6300 — 285.7 6w it

Bec*Lp, 4.5+4.9

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

Wy .= Ros _ 63_30 — 1285.7 kN/m

Lgc.
0{\‘, <V A%

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

Point of Zero Shear (X)) = 3600 _ 2 80 m
1285.7

Py = 3600 kN P2 =2700 kN

Y- _yY_
1.03 | 017

1224.2
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M oz.=682 knm
CP 72.05 Jgacd] g dic

7 Ava
I I
I I
682 4663.9 361.8668 8381.1

1224.2

<S>

682 kN.m.
A

| 4500 |

d=01\/ M g5t. Choose C1= 5.0
Feu*b

oo d= 5.0 \/ 682 + 106 = 389.3 mm
25 *4500

Crc =0 +70mm = 389.3 + 70 = 459.3 mm

tR.C. =500 mm I I o = 430 mm
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Check depth in Transverse direction.

As a Hidden Beam.

Hidden Hidden

) Beam 1 Beam 2
Hidden Beam 1 : T 1 : ]
| | | |
; - hed
%0 220 4| §eso ]
I 1 1 I I
: - % 'l 4.50
E Py, E E PZU.L.E
1 =3600%  1-2700"
| | | |
! 1 ! !
|

I—

»/5?6 Li-bs+20d  Lz-b2+:2d
‘\ R

—0.7+2(0.48)  =0.5+2(0.43)
—1.56m —1.36m
By~ Tdve _ 3600 W [
1065 = Brot L1~ 4.541.56 oy

12.025
EIIIEIEIEE)
Miget.=(512.85 2.025 +1.0m) 2925 "512.8 kn/m

2
| Myqot.= 1051.4 kN.m/m] W

1 act.
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Hidden Beam 2

P 2700 ‘ ’
F _ 2U.L. _ _
200L= BoosLlz 4.5+1.36 g \‘6:’
Moot = (441.1% 2.025 +1.0m) 2:925 I L _
2 12.025
— EXEEEEIEEE)
| Mgt = 904.4 kN.m/m | T
Mbiyyer From Mia,ct. & M2act. ‘W :
act.

‘ Myigger =1051.4 lcN.m/m‘

430 = C, v;gﬁfozéo‘ » C,=2.09<3.0

. | We have to vncrease the depthl

o= 4.5 v 1051.4 +10° _ 922.8 mm
25 +1000

Crc =0 +70mm —922.8 170 = 992.8 mm

Trc=1000 mm d =930 mm
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Recalculate the B.M. For Transverse direction with the new depth.

Hidden Beam 1 Hidden Hidden
Beam 1 Beam 2

i i i ! A
| | | |

: 12.025, :

| | | |

| 220 | | 1050

| [ | |

: % P '] 4.50
. Pror. | : Pour.,

1 =3600 ; 1=2700;

| | | |

: : : : !

I 1
1=b1+2d La-b2+2d

=0.7+2(0.93) =0.5+2(0.93)
=2.6m =2.36 m
_ 3600 arns -‘ [
= 4b5e2.56  21%0 M/ R
12.0%5
M got.=(312.5% 2.025 +1.0m) 2929  errrretermy
2 812.5 kN/m

| Mygot.= 640.7 kN.m/m) Q=

Hidden Beam 2

2004.= B oLz 45+2.36

= 264.2
kN/m

S
Moot = (254.24 2.025 +1.0m) %’25 o ;
‘L.

| Mygor.= 521.2 kN.m/m]
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3~ Check Shear. gt long direction

Critical section For Shear.

Py =3600 kN P2 =2700 kN

. A .
1.03 | 0!7]0.93
|~ | | =| 0.'5 Q.7Z
I
AN AN
7 | N 7 | | \
L N S TN
I I I I

Wy.r.= 1285.7 kN/m
| ) |
|
| |
| |
| |
|

|
1324.3 1067.1: i
S.F.D M
" Qor.=630.0 V990

1875.7

Qcr.= Qunor.— Wyp+ Ol =1375.7—1285.7+0.93 = 180 kN

* Calculate Actual shear stress. (qu)

3
o Qor.  _ 180.0410° _( 145

B «d 4500 + 930 kN /m

* Allowable shear stress. (qw)

qsu=o.16\/ﬁz;°“ = 0.16 \/12—2 = 0.653 N/mm
c .

‘q <q | Safe shear stresses
u su >

No meed to increase dimensions.
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4 — Check Punching Shear. . oS jaill

A

0.7+0.93=1.63 0.56+0.93=1.43

ey | < I
MF==————- M = =
Vh. 1 | | Y | []
o | 77 | on I :
S 4G | 4.50
SLL__ ... S E 3
S S
Py =3600 kN| |P2=2700 kN

4.90
Column 1

* Calculate Punching Force. (Q,p)

Q,p=8600- 285.7 (1.38%1.63)
=2957.3 kN

A1p= |:2( 1380 )+2(1630):| * 930
=5598600 mm”

x Calculate Actual Punching shear stress. Q..

quu_.__ 2957.3 = 103 = 0.528 N/mmz
55698600
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Column 2

% Calculate Punching Force. (Q 2P)

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

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

% Calculate Actual Punching shear stress. Q.

quu____ 21836.2 % 103 = 0.408 N/mm2
5226600

D pumas the bigger Vipuw & Yopu = 0.528 N/
* Calculate allowable Punching shear stress. qu

9pou= 0.316 (0.5+2) \/F—“‘ =
b’ \ 5,

0.45 25
qpcu= 0.316 (0.5+m) ﬁ = 1.47 N/mmz

Safe punching shear.
q q —»
pu < pcu No need to increase dimenstions.
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5— Reinforcement of the Footing.

Longitudinal direction.

Sec. D 682 @

~—4500 —

930 = G \| 22500 | jew

— (,=36.7 —J=0.826 72.05K.m

6
Ag- Mact.  72.05+10
J F d "~ 0.826+ 360 * 930

—260.58 mni

As 260.53

2 A
B, ~ 450 - 57.9 mm/m

As (mamy/m) =

1395 mm

Smin =

A % 1.500 =1.5+930 = 1395§ ,
5¢12/m' = 565

" As <A3m'o',n —» Take AS=1395 mm

|7 #16,/m|
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72.05

q?v ! \V/
W

682 kN.m

930=C, \/ T |50

—C,=11.9 —J=0.826 ——4500—

Sec. @

— 2466.1 mnit

6
Ag- Mact. 682 +10
J F,d ~ 0-826+360+930

2466.1
AS (mwf/m) = 1‘?8

re 450
Check A

— 548.0 mm/m

Smin
1.50 =1.5«930=1395 ,
As. . =§ g 1395 mmh
5612/m'= 565

As <Asm'o',n —» Take AS=1395 mm

|7 #16,/m|
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Transverse direction. Short direction.

Hidden Beam 1 ‘Mfact. = 640.7 IcN.m/m‘

%//%%////% :L 930 m
-—1000— Wﬁﬂ[y :

930 = C, \[8407+19° _, (¢, _ 5,81 — J = 0.826
25 %1000

6
Ag- Mact.  640.7 +10
- ~ 0.826+ 360+ 930
J F,d

Check A

—2316.8 mm/m

Smin
A 1.500 =1.5x930=1395 ,
Smin =§ g 1395 mm

5412/m' = 565

As> Asmin —» o.k.

Ag=2316.8mm |7#22/m]
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Hvdden Beam 2

| Moot = 521.2 kN.m/m]

521.2 kN.m I [

7771930 m

-—1000— W
M.

2act.

930 = C, \[821:2+10° _, (', _g 44 — J = 0.826
25 *1000

6
Ag- Mact.  521.2+10
J Fty d 0.826 = 360 = 930

Check A

— 1884.7 mm/m

Smin
1.500 =1.5+930=1395 ,
As,in =§ % 1395 mm

5412/m' = 565

AS>ASmin —» 0.k.

Ag=1884.7mm |§5$22,/m
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6 — Details of Reinforcement.

(£0.00) R ]|
(- 0.50) VOO VO
- VW __ R \Y /
B e e <e]e |
(- 1.50) — —— g
(180 T o :

7H22,/m
5¢12/m

g
N
R
A3
©

N

O

(=]
5412/m'

7%16,/m'

—
s

" NV \———

2.66 - 2.24—~
- 4.90 -
- 5.50 ~
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6| Design of Footings For column near an existing ( property line )

P PU RV FPRR VX I% 1] RO

—1 ) G gasl o8 Lol ax edasd aclsd Jao

O o5 Sgas .
Sl o Jladlas (o cuy8 gae Ss2g wic )
e = iLaiie oaels Jacs o Y0 Jobow
/
7 |l | = | Y G PN W PR P
2 N Y
3.; - ol ogas (o5 aqledl
14
A0 S gac
N oac Ll sleof @aly 131 S0 4
|
1 B “a .
L1 B Ly wind Hladl sgan Sacs
i e -1 |
Ry 23l (oo g gacy Hladl g gee
')Ll/
aS e 0aeB 3,k e Lol
Combined Footing Combined Footing
ol 6 o f
:%, B P, p23oil) 0 S 0545
2@ ——-B Strap beam
4
Strap beam
rz \
| \
bite U I[7
4 B0
.l
|
‘)ll/
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oymlie Hlodl ax die B gec Vg g Gic =Y
s S gacs Hladl 0 gae day,y aly
“A4-—-—+4 U el

JL?.Jlla,Aa

aS yidie 0ael3 5,b e Lol
P Combined Footing

R :
BB Jlax ¥ adans (80 555 Suoy
' ool C.G. 5o juds oo

sladl 5 an

Strap beam oyl 0508 0,08 f
\ P Strap beam

B
er-—-—

J‘..?.”ld‘,-.\.h

oede @Il ssecdls Hldl as s gae dayys g (Al oacldll g Hlan) A8
Cr, Gy - oslaadl iladl sgacdl o 5ladl as S gae G lusddl )

P, Py - osaedl gle acdlydl Jlnd) aas _ Y

Bearing capacity of soil 453 e slanl 58T _ ¥
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el am e 9 gacd Aliaiie 0asl5 sl Sk I YL

Sl asd Lils 30l Ssacdl 505 ¥ 5l cau )

JBJ' 39>
7/
e
t,.
<

(D) las 5l an

@ L col.
iz D> 3

i Qoii
D

BENIIRPRES

adaiio 0aclB Jac gabiivs o) byyd)l ods s o 13
J sl ol 0 geedU o gacd) lin Loy Hlais

F,
g

.0
L

ol s
oladl g gaa

Strap beam
Combined Footing
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Types of Foundations used For Column beside property line.
ol Ssed deasiud! welylll ¢l ol

I - Strap Beam. ay353 038

Al GLw ) ganl Ssa g abaiial asl il Ja gl o 13

B PV JXPXPS
I

-

D> %\/5““ bl asd Lils Gwode 3 gasd)
all

AN
f
S
L
1PN [ JRPRPN

Strap Beam alaxiv) b ,Si) o,

¥ ol g Strap Beam JI cslS 1)y -
Fiys F2 alaind) sel i)l sley] Glus auid J—.T -H_
s o welylll (3 gl Sas 13 R N
Combined Footing Jess> 5 Strap Beam J|
—Lt——X——Lz—

dodoced) del o8l o adludl colS 13) I |
o

oo . L’ Lz . M T
X Xx} L, =< mmy,
Strap Beam g5 () T d R B i —

Combined Footing Jec> o

|
| |
IFX 2> Iz—" or Iziz — use strap beam Fy F
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2 - Combined Footing. 45 il cac3

Strap Beam JI J> ¢y o) 13)

| | XLz

|

| |
FX < Ltg L2 oS boe — f——-JIF
2% 2 ! ——

IF1 le

/- IF P; < Py use Rectangular combined Footing.

PI PZ
7 A
-8
P, < P;

2_ IF P; > P5 use Trapezoidal combined Footing.

P 1 P 2
-
IO
P 1 > P 2
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Design of Strap Beam.
c bl LW i) acl il Jo gy o 1)
4

|
e —_ L I’col.
% D> 2\Nq,,

D~

e )
3T s e s

ol s gas

Strap Beam plaxiu) b ¥l S

Fys Fz daisd) soly@l) sleg] Glus 1 ¥ o pis Strap Beam J) cslS 131 wasd)
Combined Footing Jacs 5 Strap Beam J) g5 o aelylll (o8 Jo>los Sas 15)

Ié’ and Lz oo siel X asduad) aclyill g 3Ll eslS 13
Strap Beam g5 )
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Strap Beam ,Lix¥ a.led) o,Sil

| P; P syacdl o (S) Gl 5,8 Lusie
%_ ......... 0508 i ladl 9 gacd) 5 H Ll 4sls
|

| oy 3 aSyile 0aeB Jao oyidall
S oacli)l cda Job (U Leo (o0 gecd) s

J//TAN laale 055 UL 5 ha a8 555
max

ol s gaa

_.-T "'l‘ Strap Beam JI 0,58 ,Lols <UUJ
Yol U3 oaae ¥l Jlaaf oF a4

N - 3 vare S13) 08 05eS (e
FZSotifri;]/s oael Jao (b (3 (O2mS Ges

Gl LS o gacd) Jau!

oyl I reactions JI JiJ oS0 supports

P BB G5 veed) oo JB aBi s

Columns —» Strap Beam —» 2 Footings—» Soil

Strap Beam

.. Strap U7
i Beam
1

N

%%
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ooaelE)l 5 Strap Beam JI JSal

O‘)—QSJ‘ &L‘) uw kY

TTT OBae i) e o guio )

sisdl Gac b ,daf ¥ Lolasiw! ASY) o2

TT siaelill g O gunie Y
| o3eS)) gl G gusiio Jiof

Strap Beam

F1 Fz

oS o Gao glisy Y Jade i JoJl 1e
.h‘gwumiwéé&tm lliny

1T TTT oSac il g Ggaaia —Y
| Comio (o S5 Ji]
. O‘)ASJ‘ &L‘)

| Strap Beam

| ] oo o0
L1117 77777777777/

s afsae i) Al 5055 Laie dJ s JoJ) lis
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Important Notes. . asla absgola

s
g'e

coyilie Sgacdl Hame Jiuwl 5% i ladl o gecd) Jiul sacli)) 35,0 =)
- C2 99aed) C. L. g aishiio 55 F2 oaclill C.G.

(€) wle wey yle 555 (1 Sl sgae Jiw F7 oaclitt 55,0 =Y
cSgacd) Haome (e

bl e o3 FYoeasl@) Jows ¥ g S
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611@| Design the Strap Beam and the two Footings.

o
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1— Calculate the Footing area. ( Width & Length of R.C. Footings.)
- Take e€=0.1+0.2(S)

= Calculate the reactions on Footings Rj) Rg

P1+P2=R1+R2 —» Rz: R1—P1 —Pg
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Footing F T

IF tpg>200m pr.c.=2(e+%1) ____Iij_ﬁ_'__i !
1

get B,p. From

A - (f VT
all

AP.Co: BipcrLipe —> B1p.c.=\/

G

+C. .

sl (2 0. 0¥ LB
~ Lip.c. -1

Laled) saclil 54,0 g ¥
aodusad) 0aellll C. G, e Galay oled) sacllll €, G, o5 b

IF S—
tp.c.<20 cm L,R.c.=2(e+%’) T |
——Li——

R _ i AFi | '.'

Get Bypc From AR.C.= q
all

AR.C'.: BiR.C.*L1R.C. —> Bm.c.-—-\/
Birc= Binct2 tre

—~ Lip.c. -
——— Lm.c. -

Jladl s Laaie (53 L ldl (Y oanly 4l e 590

oduad) 5 oled) 0aclil C.6. Galay of ULl ods (65 pay ¥
7

cadls 4, bl sda (g asaled) cacldll ¥ —

Shallow Foundations.
Page No. 167
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Footing F> -‘-T"Cz
IF t,,>20 cm ' |_

get Bpc s Lpe From

A, .= Re =V nf = BypcrLgpo————- 20

P.C.
qau

L, _-B, =b-a--—- 2

2 P.C. 2 P.C.

sl (4 00033k Bopo & Ligpo oo ves]

‘BZR.C.=B2P.C._2 tP.C. ‘LZR.C'.= LZP.C._Z tP.c.

IF 1,.<20cm

get Bpc s Lpe From

A= Re vV o = Bopc*Lgpe-——-- -@

R.C.
Qau

L,-B, =b-0--—- 2

2 R.C. 2RC.

o2l 2 0 w33k Bope & L gl “—el

‘ Bspc.= Bagpct 2 tee ‘ ‘ L2P.0.= Lopct 2 tec. ‘
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2— Check the validity of using Strap Beam .
- ¥ ol Strap Beam Jae asolows o St

coxcls JSJL:.:»T«dJ.p..s..\p.s’ Fo, F; o59eBl sketch s 3

IF 15 >20cm Ly XLz

- Strap Beam J) plasiw) by %

Fj, Fz Ol o Jalas &gan pac -\

o) a oladl (6 SV AWt ¥l L) Y saclill sleol o555 of =T

T ek g L>B;
K 6y

| |
N ° WwR e
B, 17 T ] bt e LI sEeay 1)
- Fy | Combined Footing
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3 — Dimensions of the Strap Beam. ( Width & depth )

0 0 B O e e e e e 0 0 B B
W1 kN/m W2 kN/m

I—LfR.L._l L—LZR. C.A’l

Stresses on Footings.

Wiy = — | (kN/m.)

(kN/m.)

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. Page No. 170

Printing is allowed for personal use only. (www.yasserelleathy.com )



Drawing B.M.D. & S.F.D. For the Beam.

=

[
Lg
[
»
[
»

g
N
3

LN
3
S

) \ea,'r Suld s
SFD < k
kN L~

>

B.M.D
kN.m.

To Calculate the point of Zero Shear.

Wi=P; (X,) —» X,=V

To Calculate the max (-Ve) Moment.

2
M max ve) = P, (X, - 1) — wy (zio)

M max Ve
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M. max the bigger From M maz ve) & M maz ¢ve

Choose b = (400 —1000) mm
— C1 0_2;._.

——t— [ e—

b{ Cior Co

Lasle (c9gaedl Sgacdl yoye o o8l yoye JE ¥

b b

vV vV vV
ke i

d
2

Recommended b =

d (mm) = C, \/ Mm (kN.m) * 106

Fcu (N/mwf) * b (mm)
Choose C’ = (3.5—»5.0)

Get d =vV_ (mm)

Take cover = 70 mm

t = d + cover (70 mm) oa LWL 2 O o,8Y oLl
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4 — Check Shear For Strap Beam. as beams.

Q,, Ymas

S.F.D {/

ch. Sgaed) g (e

ad
2
Qc'r. = Qmax._ w (%)

—
d
2

d&g,_;.].c

@ Calculate Allowable Shear Stresses.

g -024 \[Fu Nmm’
cu 50

g -o070\/Fu  Nmm

maox. 0

@ Calculate Actual Shear Stress.

N\mm®

q — Qc'r.
" bd

@ IF IF

Yy < Yow Yo <Yy < Wyma. Y5> Qymas.
Use min. Stirrups. We need Stirrups Increase Dim.

54%7_22}’:: More Than 5@ 10\m bord
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* [F 9, <9, <% maz
We need Stirrups more than 5¢8\m

_ n As (E/\ﬁs)
o b S

Where : qsu = Shear Stress Taken by Stirrups only.
qu = Actual Shear Stress.
q%“ = Shear Stress Taken by Concrete only.

— TV = No. of Branches.
= IF b > 400 mm oR b>t &,_,,J_.

I | 1 Take n =4
L 1
X450 mm ‘ 1

n=2 n =4 XPR50mm

—Ag S e aalyd) gl gl anliss
IF using g8 — > Ag-50.3 mnf As;//>

IFusing ¢10—> Ag=78.5 mnf

)

— Fy = 240 Nmm® Mild Steel

F, - 360 Nmm® HT.Steel

—_— S = Spacing between stirrups in the Long Direction.
Holall ola3¥) (3 SLE Ga UL

T

N S 1.

S, i = 100 Mmm

S, 0= 200 mim
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5 — Reinforcement of Strap Beam.

Get ASTOp = (Tmm)

Check (Ao . _ 1y 4

dc, \[ Mo 0 g

M max (+Ve) 2
Get ASbOtt = (mm)

Check A

Smin
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6 — Design of Footings. as a strip Footing.

Footing. F; —B1r.c—

Koot = — (kN /i)

— Critical section of bending at R.C. Footing.|Z 1= - ’R°2C-‘b (m)

— moment = Force « Distance

M1a0t. — (-Fia,ct. * Zi * BfR.C’.) %’ (kEN.m)
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Mac
o1 = C, 9%t rake C, = (3.5 5.0)

cet OL1= i/ mm) Take COver = 70 mm

t]R.C. = d] + cover (70 mm) | esbL L r—O 0 o,y3Y o,

Check Shear.

* Calculate — _ - 2 —

li=2¢—d| ol [T
* Calculate Actual shear Force. (Qu) i Sl W jr

< il

/ |
Q1u=Fact.*l1* 1.0m| (kN) gtg;/l// Fot

* Calculate Actual shear stress.(q,,) d
~3

3 15l
Q... (kN> 4 10

qui_ Q
b *d1 1000 »d 4 (mm) /J
107

* Calculate Allowable shear stress. ((,,,) q —o.16 Feyu

su ZSc

* Compare between
Actual shear stress (Q,) & Allowable shear stress(q,,,)

x IF qu p < qsu 5 Safe shear stresses
X

No mneed to increase dimenstons.

x IF qu p > qsu 5 UnSafe shear stresses

We have to increase dimensions.
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Reinforcement of the Footing.

From C, GLt} J

Get

Check

A81 Miact.

2
(mm)

ASmin (mwf/m) :g

1.5 0 (mm)

g LS9

5412/m

IF A312A8min —> O.k.

IF A81<A3min —» Take Asfz Asmin
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Footing. F),

b r—BZR.C’.—j

- L2r.c.

Foact. PN NP
- Ll
M 2act.

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

Footing. F’

Rau..
BzR. c.* LG. C.

Fract. = (kN /)

_ Critical section of bending at R.C. Footing.|Z 2= Lena=b|

— moment = Force « Distance

MZact. = (FZact. * 22 * an.c.) %2 (kN.m)

A M2act.

/
- Bape—— L(A"c"
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dz = C, MzaCt' Take 01 = (3.5—> 5.0)

cet OL2 = /i mm) Take COver = 70 mm

tch d2+00’ve7‘(70mm) osbLylb A2 0. o, 83 o,

Check Shear.
* Calculate = — — 2
l2=2Z2—d| m d Ld_ 1l
* Calculate Actual shear Force. (Qu) i \,\" \"'\" jr
i Y
7 x
Qoum Fo » 2w 1.0 ] e s/ o
* Calculate Actual shear stress. (qu) ds
3
q, - Qz, _ Bou e 510
“ bsdz 1000 sdgzmm)
* Calculate Allowable shear stress. ((,,,) Feyu
q.  =o0.16 3
c

* Compare between
Actual shear stress (Q,) & Allowable shear stress(q,,,)

x IF 2 < qsu 5 Safe shear stresses
X

No mneed to increase dimenstons.

x IF qu2> qsu 5 UnSafe shear stresses

We have to increase dimensions.
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Reinforcement of the Footing.

From C, GLt} J

Get

Check

AS 5= MZact.

2
(mm)

JE,d;

ASmin (mwf/m) :g

1.5 0 (mm)

g LS9

5412/m

IF As,g)ASmin —> O.k.

IF Ase<Asppin — » Take Asq= As min
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7 — Details of Reinforcement.
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Example.

It s required to design Footings to support a proterty line
column C1 (45%50) cm. and carrying working load 1000 kN and

interior column C2 (45 % 70) cm. and carrying working load 2200 kN
the spacing between the C.L. of the two columns is 7.0 m

as shown

7.0 -

and the allowable net bearing capacity in the Footing sile is

200 kN/m~”. (Fcu= 25 N/mm?, Ey= 360 N/mm?).
and draw details of RFT. to scale 71:50

Solution.

Data given:
Column (7 dimensions (450%500) mm

Py (working) = 1000kN Py @wi) =1000+1.5= 1500 kN
Column (2 dimensions (450+700) mm
P (working) = 2200 kN Po (v1) =2200 1.5 = 3300 kN

R (working) = Py+Po = 3200 kN

R@wi)y = 1.5 « 3200 = 4800 kN
Bearing capacity of the soil = Qqu=200 kN/m?

E,, =25 N/mm? F, = 360 N/mm?
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For property line use
Strap Beam or Combined Footing.

Start with Strap Beam.

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

Take €e=0.1+0.2 (S)=0.1+ 0.2 (7.0)= 1.50 m

1000{ "0 12200
e e

1.5 T
Ry R:
L 70 0 L
1000l ¢2200
l—I- 5.50 ~|
1.5 T T
Ry=1272.7kN R2=1927.3kN
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Footing F ol
Choose {,. = 30em > 20 cm _———L—L}i_‘_—l ,i
| 1 I :

Lypc=2(e+%) = 2(1.5+0.25)= 3.50m = 15A ’

A R’ = AP.C'.= Bip.c.* pr.c.

get B, p . From o=
qau
A= 12727 _ By 3.50 — Bypo = 1.82m

|B1P.c.= 1.90 m‘ ‘LiP.C.=3-50 m‘

\Bigc=1.30m| |Lipc=3.50m)]

Footing F)
B =b-0 =0.70—0.45 = 0.25 m

sz.c? 2P.C.
+£0.25 M ——emm @

Lz BZP.C'.
Rs 1927.3(kN) 2
A, = 4. = 200 Gn/md =963 m

P.C.T

Azp.c.=BZP.C.*L2P.C. = 9.63 mZ —-—==

|Bopc= 3.0 m| |Lzpc=3.25m)|

|Bep.c.=2.40m| |Lapgc=2.65 m|

Shallow Foundations.
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X=2.12

‘<—3.50 —— 2.25 -
k

- 0.7
1T9f | ~i= | ‘3.0
‘ 1*3 %#5- ] e i _*45 2'70
|

-~ 2.65
- 7.0 -

X>Lana L2l - yse Strap Beam.

_ Rjyw.) l1500 3300
L1R.C'. -".[

Wyq= LE12727 545 44

Fy A!'g

3.50 A
(eN/m ) T 1909.05 4 2890.95
R l-3.50- . 2.65 I
= 2 (U.L) e e O TITTTTTTTTY
w2 B L 2 W1 kN/m W2 kN/m
R.C.
1.5x1927.3 LITTTTTY e B e e A O
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Drawing B.M.D. & S.F.D. For the Beam.

| |
| o 35
l |

I I

0. . 325 1.825_
I I—Il—s 25 —:~ 2.215 —i t
1500 kN | . 3800 kN
| i ]
B : LA
o B 0 0 e O e O O O
| 1645.44 wym |  1090.9 ye/m
o | | |
- Zero | 14727,
| Shear | 409.04 |
| \ ' '
S.F.D v i |
| I I :
I : i
|
I
I
I

M oz ¢v0=957.6

. — 1500 _
Point of Zero Shear (X.) = 54544 - 2.76 m
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Take b < Cior C2 Toke |b=0.7m
v d=C,

Choose Cy= 4.5

*b

oo d= 4.5 \/1687'5* ’03 = 1397 mm
25 *700

Crce = 0l+70 mm — 1397 + 70 = 1467 mm

trc = 1500 mm d = 1430 mm

4 — Check Shear For Strap Beam. as beams.

Q 1472.7
=692.7

|

=0.715m 409 04

S.F.D

kN Q
1227.3 cr.=837.3

Qo =Q,e _w(i) = 1472.7-1090.9 (143 ) — 692.7 kN
Q.r. = Q. _w( = 1227.3 -545.44 (1:33) = 837.31n

— Actual Shear Stress.

g .. Qor. _837.8.10°
act.~ Jod ~ 700+ 1430

— Allowable shear stress.

\ /Fcu \ /25 2

=0. = 0. — =0.98 N

— qw 0.24 5 0.24 = \mm’
\’Fcu \’ 25 2

“ Daet. < Dew. —» use min. stirrups

Use Stirrups |5 10\n| 6 branches

— 0.886 kN/nf
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5 — Reinforcement of Strap Beam.

1687.5 1534.2

kEN.m. |
17.04 d}
M oz ¢v9=957.6

Sec.D Moz vy — 1687.5 kN.m.

1430 = Cy v1687-5* 10° __, Cy=4.60 —J=0.818
25*700

M 1687.5 410
S_JFyd ~ 0.818+ 360 + 1430

— 4007.83 mmni

Check As,,. _ Libd = LL (700) (1430) = 3058.6 mm®
I’}

wAg> As - Ag=4007.3 mm (11922

S€0.® Moz evo — 957.6 kN.m.

1430 = Cy v 967.6 +10° _ _ (Cy=6.11 —»J=0.826
256%700

As M 957.6 »10°

- = — 2252 et
J F'y d 0-826+360+ 1430 mm

Check As,, _ 1y g L (700) (1430) = 3058.6 mm®

F,
o As < Asmin. . Take AS _ Asm'l'm.
As = pd = L (700) (1430) = 3058.6
m'in._ F 360 )
L] 3 2927.6
’°3A8req. = (1°3) (2252 )= 2927.6 32927 GmW%
st. 360/520 910 b o = %15 (700) (1430) = 1501.5 822
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6 — Design of Footings. as a strip Footing.

- ‘_
:10.3 | - !
- 1.8 —0.7 —
T e e T NN
419.5 \_0-3¢_\\§"-’5%\\\\ X

WMW Footing. F
66.07

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

Fpopr Ruwe  _ _1909.05 o . e
Bigc*Lyge. 3.5+ 1.3

— moment = Force « Distance

Mia,ct. = 4719.5+ 0.3 » 3.5+ 0.15 = 66.07 kN/m

d:C, Moot ‘C’hoose C,;= 5.0
Fou*d

s d=5.0 v66-07* 10° _ 187.4 mm < 330mm
25 %3500

tR.c. = d+70 mm =330 +70=400 mm

tR,c, =400 mm d =330 mm
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Check Shear. osl los
No shear on the Footing. W W
f.d* ~d-
Reinforcement of the Footing.
J=0.826
6
A M qct. 66.07 +10 673.3 2
S= ~0.826+360+330 ~ ™M
JFE,d
673.3 <
AS (mamy/m) = gls =350 - 192.3 mrm?/m
R.C. *

Check A
A { 1.50 = 1.5*330=495§ ,

Smin

565 mm

Smin =

512/m'= 565
AS <Asmin —>
Ag=565 mm |5412/m|
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Footing. I, 0.7 -
il . |
- R
10.85 BT 2 40
et 0es | 8%\
454.5 T oes o

W y Footing. F),

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

E Ray.r. _ _*830.95 =454.5 kN/nt

%t BonotLanc,  2.65+ 2.4

— moment = Force « Distance

Mza,ct. = 454.5 % 0.85+ 2.65 « 0.425 = 435.1 KkN/m

XN

A435.1

d:C, Moot ‘Choose C,;= 5.0

Fou*b

s d=5.0 v435-’* 10° _ 405.2 mm
25 +2650

trc = d+70mm = 405.2 + 70 = 475.2 mm

tR.C. =500mm o = 430 mm
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3 — Check Shear. '==r Critical
seftion
*Critical section For Shear. “V a1
}
l=2-d ol et
l =0.85_043=042m Mg

* Actual shear Fo'rce.(Qu)
Qu=For+l+1.0m =454.5 40.42 +1.0=190.9 kN

* Actual shear stress. (qu) /

q_Qu _190.9 =10° 0.44 Qy;
= = =
1000 * 430 |
bsd * N/m'mz 30£
A
* Allowable shear stress. (qw ‘000

o = 0 16\/F"“ = 0.16 \/25 0.653 N/mmr

Safe shear siresses
—>
| qu < qsu | No need to increase dimensions.

Reinforcement of the Footing.

M 6 2
JF d T 0.826+ 360+ 430

As 34028

2 N
As onipm) = 55 = 272 = 1284 mi/m

|7 #16,/m|
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7 — Details of Reinforcement.

(% 0.00)

——2.425 —*r—z 65 —
1
t | R :E ‘ 3
1.9 ? B N B B | [
1.3W 05412 /m s )7 P 2.4
r =1 (6§#12/m =] ) ‘
— ]
- 7.0 -
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2 - Combined Footing For column near an existing ( property line )

Strap Beam JI J> ¢y o) 13)

IFX<IZL’&%2C)33L°M — V- —-—-
iF1 le

: @“3‘5‘..]5& [,é, 4543&.0 ouc s ‘J.a.cr’.ig

a- IF P; < P> use Rectangular combined Footing.

P, P;
7= —— B
P, < P;

b- IF P; > P> use Trapezoidal combined Footing.

Py P,
P 1 > P 2
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Q| Rectangular Combined Footing. P, <P
1 2

JLmJ'..\.cs_)“,x ‘LJ.:Ja.a.w.o ‘\S).\.:.u ode U8

ol
T
<

A
]
t~
=
P
N\
!

1
e~
o
R
‘

R =P;+P; R‘Ju,wlumuﬂsgu,rzg
X Jlea ¥ ddass (150 wass o3

R*X=P1*S —> X':ﬁ
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1— Calculate the Footing area. ( Width & Length of R.C. Footing.)

L a Tl o
%:. - (S-X) + 71 Qs R

—> LR.C.z v~ lC.G.

P.C. I 3550 poeme 2 3 U3

o0 LP.C.: LR.C. ‘_;JBJL: K ‘)L?J' ‘LA.? ‘:’ARoC.J' C,.G
s> ¥ amadl o 5950l 7 aanse a2
C.G.rc.at C.G.pc.at C.G.p Jb: &>

Calculate the width of the Footing. B

IF o0 > 20em  get Bp From

Ap.c.= % =V 1’ = Bpo*Llp, —» Bpc-v~

all

BR.C.=BP.C._ 2 tP.C.

IF tP.C. < 20em get BR.C'. From

An.c.= % =V 1 = Bpe*Lpe —» Brc-vV~

all

BP.C. = BR.C.+ 2 tP.C.
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2— Design the critical sections For moment. (Depth of R.C. Footing.)

P’U.L.=1°5*P1w 9 PZU.L.=1°5* PZ’LU ’ RU.L.=1°5*R’LU

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

Ru.r.

(kN/r7)
BR.C.* L R.C.

F, act. =

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

B ooses 08 po oylie saclil of e Y‘“,&-
Ry.:.
Wy.L.= T (kN/m)
R.C.
<S>{\A/ "
% V-
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Drawing U.L. BM.D. & S.F.D. on the all R.C. Footing.

Longitudinal direction.

B ooses 038 o oylae oaclll ol e

Pyl Psy1.
B.M.D. , S.F.D. pwy p

038 WS LalS ouclal 'T -ﬁ

BR.C. UaJ'c"’

R.C.

B.M. > S.F. pad ) WS 28 Wy.L. kN/m

Codec Yl By e P1y.1. P2y,

| | I
| | | |
| _ | #ero shear 1
SFD & k-4
’“: .
|
|
|
|

B.M.D

T Mave

M(—Ve) ode ) i atue d—é moment )45‘ d:g..\a.’.iJ
Xo Gl Gl (zero shear ahd oS wuos &

PfU.L.= wU.L.*Xo —> X=\/ —> M(—Ve)=\/
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Mmax. is the bigger moment of M +Ve & M (-Ve)

A oy = C1 \/FMm(kN.m) %108

o, W/ma) % By o (mm)

Choose C, = (3.5—> 5.0) Get d = vV (mm)

tR.C'. = d + cover (70 mm)

Check depth in Transverse direction. Short direction.

As a Hidden Beam.

(Hidden Beam) 4 990 o,.cS ALY 3 gl JS J.LJ oacli)) e
Lx By ssecd) Jiut ool

Hidden Beam 1 Hidden Beam 2
' ' i ]
Zs i ' 25 :
| | |
i i T
a,,[ T T T BR.C.

&
1
-
L

4

P 1U.L. P 2U.L.

[ TLE

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

&[T
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Hvdden Beam 1

Py

P,
Figot = TUL | Gon )
1act. BR.C.* L1
L
X0 a1
2, = Brc.-0lq (m) “ A — P
2 2
IXIESEEEER)
Miget= (Ffact. * 21 * 1.0m) % WF’““
Hidden Beam 2 P2y
PZUL. 2
F = : (kN/m)
2act. Bn.c.* Lz
N o
zz_: BR.Cgaz (m) e \‘{: IE-az
i‘z,z“
MZact.=(Féact. *Zz*i.Om) %2 EELILELLE '&Mt

(kN.m/1.0m) HJJH]M

2act.

Choose Mygger The bigger value of M, g0t & Mogot

d=C,\/ Mueeer +10°

Feu * 1000

Then Check on (7 ¢ 3.0

Get > 01

IF C; < 8.0 —» Increase d
and Recheck the transverse direction.
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3~ Check Shear. gt long direction

Critical section For Shear.

Qmax, odie ) Bgacdl 59 o d Ao oo

* Calculate Actual shear stress. (qu) /«‘17
3 -~
q ch (kN) 10 2 © /,
w = B ed ) (N/mam) 1 3
mm) % mm - “/6

* Calculate Allowable shear stress. (qsu)

Fcu (N/" z
=0.16 mm)
qsu 60

* Compare between

Actual shear stress (qu) & Allowable shear stress (qsu)

% IF 5 Safe shear stresses
qu < qsu No need to increase dimensions.

* IF qu > qsu 5 UnSafe shear sitresses

We have to increase dimenstons.
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Pros.__ _Pas
dgeld adg
"4[ s ] 1§
—0 | Lo bz ]
g e

Column 1

% Calculate Punching Force. (Q,p)

Q1p=P1 U.L— (Fact.) [(ai'/‘d)(bi"" %):l‘

(kN)

% Calculate Punching shear area. (A 1p)
Lol Gac))

‘A,p:[(aj'/‘d) +2 (b1+g ):l* d
2

(Tmmm)

% Calculate Actual Punching shear stress. quu

qip _ Q1p (kN) % 10%
"=
[ (ag+d)+2(br+ g )]+ d nm

(N/rnard)
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Column 2

* Calculate Punching Force. (sz)

| 9p=Prus- (Faet) [azrd) (b+d)]|
(kN)

* Calculate Punching shear area. (Azp)

Laaall Gasd)
‘Azp:l:Z(azﬂLd)'/‘z (b2+d):| * d
(Tmm)

* Calculate Actual Punching shear stress. quu

[2(a,2+d)+2 (bz+d):| « 0l (rnamd)

quu-'—' (N/m'm,z)

Choose 9 p, . the bigger value of q1pu & Q,gpu

* Calculate allowable Punching shear stress. qp cu

a

9po.= 0.316 (0.5+%) g—": (N, /) bF

N

Tak F 2
IF |(0.5+%)<1.0|ﬂ, Do = 0.316\/6—": (N/mm)
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* Compare between

Actual punching shear siress (q pum) &‘ Allowable punching shear siress (qp cu)

xIF 9Qoors <o —> Safe punching shear.
N No meed to increase dimensions.

x IF 4 9,c. — 5 UnSafe punching shear.
Pumaz > P We have to increase dimensions.

5— Reinforcement of the Footing.

Longitudinal direction.

1 As botto'm\, ]

MmaxTop i @

| | I max bottom

Sec. D

From d = C \/ Moz 1op  Get ,
1 Fou * Bge. 01 J
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Get AS top = (m'n%)

IF ASt"P 2Asmin — » o.k.

IF AStop <ASmin —» Take AS = Asmin

Sec. @ Mmaa: bottom

From d = C, v Momaz bottom %//%%//%

Fou * Bge.

Get
=0, —J

tre.

~— Bpe—"

M max bottom 2
Get AS bottom — (mm)

JF,d
Check A

Smin

1.5 0 (mm)

g LS9

Asmin (mmy/m) =§

5412,/m

© Copyright Eng. Yasser El-Leathy 2010 . All copyrights reserved. Shallow Foundations.
Reproduction of these notes in part or as a whole for sale is strictly prohibited. Page No. 206

Printing is allowed for personal use only. (www.yasserelleathy.com )



Transverse direction. Short direction.

Hidden Beam 1

From d = C, M, et
Fou * 1000

Get
— (,—> J

cet | Agy= Miact, (mrfs/mm)

Check A

Smin

Hidden Beam 2

From d = C, M,qet.
Feu* 1000

ﬂ>C’i—>‘f ‘%‘/\4

Get A-S'Z: M2act. -‘ [

(/) :

J By d (ILIXEILLL)

FZact.
Check A Sond UIH IHI
mmn M
2act
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6 — Details of Reinforcement.

o
V4 ifl il i _“
| | |
i N S ]
|| K
| | |
| Y R
l w | |
| | |
N W ) e N
_ 1

Plan
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Example.

It s required to design Footings to support a proterty line
column C1 (45%50) cm. and carrying working load 1000 kN and

interior column C2 (45 % 70) cm. and carrying working load 2200 kN
the spacing between the C.L. of the two columns is 4.5 m
as shown

4.5 -

and the allowable net bearing capacity in the Footing sile is

200 kN/m~”. (Fcu= 25 N/mm?, Ey= 360 N/mm?).
and draw details of RFT. to scale 71:50

Solution.

Data given:
Column (7 dimensions (450%500) mm

Py (working) = 1000kN Py wi) =1000+1.5= 1500 kN
Column (2 dimensions (450+700) mm
P (working) = 2200 kN Po (v1) =2200 1.5 = 3300 kN

R (working) = Py+Po = 3200 kN

R@wi)y = 1.5 « 3200 = 4800 kN
Bearing capacity of the soil = Qqu=200 kN/m?

E,, =25 N/mm? F, = 360 N/mm?
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For property line use
Strap Beam or Combined Footing.

Start with Strap Beam.

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

Take e=0.1+0.2(S)=0.1+ 0.2 (4.5)=1.0m

4.5
1000l l2200
| | [

— 4. 5 =
1 OOOl ¢22 00
JAN JAN
- 3.50 y
120T; T
R=1285.7 kN Ro=1914.3kN
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Footing F ol
Choose {,. = 30em > 20 cm _———L—L}i_‘_—l ,i
| 1 I :

Lypc=2(e+%) = 2(1.0+0.25)= 2.50m = wé ’

A R’ = AP.C'.= Bip.c.* pr.c.

get B, p . From o=
qau
1285.7
A= 12857 _ Bypox2.50 —> Bypo = 2.57 m

|B1P.c.= 2.60 m‘ ‘LiP.C.=2-50 m‘

\Bire=2.0 m| |Lipc=2.50m)]

Footing F)
B =b-0 =0.70—0.45 = 0.25 m

sz.c? 2P.C.
+£0.25 M ——emm @

Lz BZP.C’.
Rz 1914.3(kN) 2
A, = 4. = 200 Gn/md =967

P.C.T

Azp.c.=BZP.C.*L2P.C. = 9.57 mZ —-—==

|Bopc= 3.0 m| |Lzpc=3.25m)|

|Bep.c.=2.40m| |Lapgc=2.65 m|

Shallow Foundations.
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X=0.625
-~ 2.50 - 3.26 —~

-—2.65——
- 4.5 =

X=0.625m .. |X<Lilfor L2

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

R =3200kN
Py =1000 kN i P2 =2200 kN

v v
+ + +
——¢5-x—-—x—

| 4.50 |

' %*S= 1990 , 4.5 1.40 m

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

~4.5—

Lrc =2(3.1+0.25) o0 -
- 6.70m 0.25] |_ ¥
IC.C. ]|
Lpc=6.70m By Miase
— Lpe . Lpe
Lpc=6.70m N Al A S
- Lpc -
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2— Design the critical sections For moment. (Depth of R.C. Footing.)

Piyr.=1.5+1000 = 1500 kN
Poy1.=1.5+2200 = 3300 kN

R y1.=1.5+3200 = 4800 kN

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

Ru..
Fhmh=
BR.C.*LR.C.
F B 4800 _ 2
act. = 8267 398.0 KN/

Foct. = 398.0 IcN/mZ

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

48°

Rur.
Wy.1.= T L (EN/m)
R.C.

4800

Wirr = = 4 kKN/m
U.L. 67 716.4 kN/m
&/ L
Wy = 716.4| kN/m o VU
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Drawing U.L. BM.D. & S.F.D. on the all R.C. Footing.

Longitudinal direction.

1500 3300
Y..

03; -JL-5 0.:;5 OI 35

I
|
: zero shear
! _\
i

S.F.D

mp 3Ll v
N-T917
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d=01 \/F—M“t' ‘C'hoose C;= 5.0\
cu*b

~0o=50 \/”95"3*’06:814.9 mm
25 %1800

Crec =d+70mm —=814.9 + 70 = 884.9 mm

‘ Trc = 900mm\ ‘ d =830mm\

Check depth in Transverse direction.

As a Hidden Beam.

“ 6.70 -
Hidden Beam 1 Hidden Beam 2
|0-5| 0.83; 10.83 0.7 0.83;
1.80 /BLU.LLE_ _____ _E_ _ Pé__i__
2 1500; ' 33‘33.
0. 67% ' '10.675 = '
L7183~ -}-2.36—-
Li-0.5+0.83 L2-0.7+2+0.83
Li=1.33m L2-2.36 m
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Hidden Beam 1 & T[

10.675

LI IEEEEEE

7, 626.5 kN/m
d’a \.‘/g‘.’: /

P, 1500 ]
Flact. = 1% = 626.5 M

Bpe+L1™ 1.841.33 o 1 act.
Migct.=(626.5+0.675 x1.0m) %75

M, ot = 142.7 kN.m/m

Hvdden Beam 2

Ll

10.675
EXIIEXIILX)
. 776.8 kN/m
Py 3300 ' UIUI ﬂﬂﬂ
F -_— tI.L. -_— -_—
200t = B +Lz  1.8+2.36 kf&ﬂa M; qct.

Mzact.= (776.8+ 0.675 41.0m) 0:575

Myyor = 176.9 kN.m/m.

M bigger From M 1act. & MZact.

| Muigger = 176.9 ktim/m

_ 176.9+ 10° _ .
830 = C, V% 210" 5 Cy=9.86> 3.0 ~ok.
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3~ Check Shear. gt long direction

Critical section For Shear.

1500 3300

S.F.D

|
I
I
I
N
- '1141.8

Qcr.= Qrax.— Wy Ol =1652.3-716.4 x0.83=1057.7 kN

* Calculate Actual shear stress. (qu)

B+«d 1800 «830 KN/

3
q — Qc'r. 1057.7+« 10 =0.707

* Allowable shear stress. (qw)

qsu=o.16\/ﬁz;°“ = 0.16 \/12—2 = 0.653 N/mm
c .

‘qu >q., | » UnSafe shear stresses
We have to increase Depth
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Increase the depth of the Footing.
Check Shear Jes pi o3 V. cacllldepth ooby) ab

Take ItR,c,z 1000 mmI I o =930 mm I

o.?s}%s o.%- 035
. 1
‘ i \\\\\R. C / AN

¢ v | | \

S.F.D

|
I
I
I
N
- '1141.8

Qcr.= Qrax.— Wy Ol =1652.3-716.4 %0.93 = 986.05 kN

* Calculate Actual shear stress. (qu)

3
q _ 9 _ 986.05410°_, .o
1000 +d ~ 1800% 930 4y /2

* Allowable shear stress. (qw)

qsu=o.16\/ﬁz;°“ = 0.16 \/12—2 = 0.653 N/mm
c .

Iqu< qsul —> Safe shear stresses
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4 — Check Punching Shear. . oS jaill

‘= 6.70 -
Py =1500 kN P> =3300 &~
B ERE O
e ) Y B s B

10.45" S N 1 a
1\80 Ar 3 ENE
1 o) ol I |
B N1 I
|| p====- J S Ly T ot
I I I
0.5+0:2i?=0.965 0.7+0.93-1.63
Column 1

% Calculate Punching Force. (Q1p)

Q,p=1500- 398 (0.965+1.38) = 967 kN

A1p= [2(965 )+ (1380) | * 930
= 3078300 mm”

% Calculate Actual Punching shear stress. 9.,

qipu= 967.0 x 103 —=0.314 N/mmz
3078300
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Column 2

% Calculate Punching Force. (Q 2P)

Q, ,=3300- 398 (1.63%1.38)
=2404.7 kN

Azp=[2(1380)+2(1630)]* 930
=5598600 mm”

0@P
% Calculate Actual Punching shear stress. q1 Pu o*\

quu____ 2404.7 * 103 = 0.423 N/mmz
5698600

D pumas the bigger Vipuw & opu = 0.429 N/
* Calculate allowable Punching shear stress. qu

9pou= 0.316 (0.5+2) \/F—“‘ =
b’ \ 5,

0.45 25
qpcu= 0.316 (0.5+m) ﬁ = 1.47 N/mmz

Safe punching shear.
q q —»
pu < pcu No need to increase dimenstions.
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5— Reinforcement of the Footing.
1195.3

@
@
Sec. D W

~—1800 —

930 = Cr \ s’ e

— C;,=5.70 — J =0.826 1195.3 kN.m

Ag- Mact. 11953 +10°

_ — 4322.2 mnt
J 'F'.:l d 0.826* 360 * 930

A , As 43222

2 N
S (mm/m) B, 780 mm,/m

check A Smin.

1.50 =1.5+930 =1395 ,
As, .. - i g 1395 mm
5¢12/m' = 565

2

v As > Aspin —» Take Ag=2401.2 mm

|7 #22,/m|
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Sec. @ 917 kN.m

930 = C V 917 +10° 1930

25 * 1800 -—1800—-

—C,=6.51 — J =0.826

Mact. 917 *106 2
J F;, d :
A A 3315.9 2, <
2 _ S _ -
S (mm/m) = BR.C' = 1.80 = 1842.1 mm/m
Check Asmin
1.50 =1.5+930 =1395 ,
As,in =g % 1395 mm
5#12/m'= 565

" As> ASm'o',n —» Take AS=1842.1 mm

6#22,/m|

©
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Transverse direction. Short direction.

Hidden Beam 1 ‘Mmct. = 142.7 IcN.m/m‘

142.7 kN.m I L-

7 Mesoe QALY

~—1000— W
M

1act.

980 = C,\[1#27+19° _, (¢, _ 12.3 — J = 0.826
25 %1000

6
Ag- Mact.  142.7+10
B ~ 0.826+ 360+ 930
J F,d

Check A

—516.0 mm/m

Smin
1.50 =1.5+930=1395 )
As,in =§ g 1395 mms

5412/m' = 565

As <A3min —» Take AS=1395 mm

16#18/m
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Hidden BeamZ [ M, oot = 176.9 kN.m/m)

176.9 kNm I L-

-—1000—- W
M.

2act.

930 =C,\[1789+19° _, (/17,0 — J=0.826
25 %1000

6
As _ Mact.  176.9+10
= ~ 0.826+ 360 * 930
J F,d

Check A

—639.6 mm/m

Smin
1.500 =1.5+930 = 1395 ,
ASmin =§ % 1395 mm

5¢#12/m' = 565

As <A3min — Take AS=1845 mm

164 18/m|
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6 — Details of Reinforcement.
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b| Trapezoidal Combined Footing. P, > P
1 2

. OJJU Jls

Strap Beam J| Jo gin ol 15}
~Lt——X—Lz—

| |
: [
FX < IZL’& 1242 0555 Lesie —%‘ - l—%

Fy F»

IF P, > P> use Trapezoidal combined Footing.

P;! P, T
7777/ . _ _ ]
1 _ % B2
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1— Calculate the Footing area. ( Width & Length of R.C. Footing.)

—_—

I-I{ - PZ% IBz

IR~
N
LLLL Ll
|
|
Y
><

S
Lrc.=Lp.c.

0. 5—»1 0)m

|<— ——

LR,c, =Lp,c, D+ S+ 05>1.0m

oac Wl Jobo wasd aly

ol as W) 5N Ssas duatie o 4dluadl oo [) Gus
c opdsaed) daitie o bl 2 S

R=P1+P2 Rdua'xlum.ou;ﬁgu,.&

~JL?.Jl4_,.o.cs_§..a‘$:uQ.oXR Jlea ¥ ddaows aew wasd oy

R+ Xp=Ps+«S 5 |Xp= }k*”g

R

Xr=Xp+D | s o= 5o X7 Jln ¥l ddans aey wao3 o
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Calculate the width of the Footing. B
IF tp.c. > 20 cm

A Ry _ /nt = L, ( Bip.c. +BZP.C.) _____ @

P. C._
qau

LP.C'. B’P.C'.'I' ZBZP.C.) _____ O yoaal) ud aliase 15,
XT_ 3 Bipc+B:zpe. @ ’

F'rom@ ®_> |B1pc \/l&lBZPC ‘/l

| Birc.= Bipc— 2 lpc | | Bzre.= Bzp.c— 2 lpe. |

IF tp.c. < 20em

AR.C’.= £: = v — LR.C.(31R°C°+BZR°C') _____ _@

LRC B’RC+232RC _____
XT 3 Birc+Bzre. ) @

From@:®—> |BiR.c.=‘/| & |BZR.C.=‘/|

| Bip.c.= Birc+2tpc | | B2pc.= Borc+ 2 trc. |
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Calculate the average width of the Footing.

(Bavrc s LRe.) ooleof Jiliis 5o o)l Gymin 4l oaclil 5l ies

Bow,R.c. _ BiR.C.+B2R.C.
2

N

— -
J T T
J P P; _\
~N %

B B3 —+——H 5 Bov

e iy

HRN I

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

Ry..
By re*Lpe

F, act. = (kN/n%)

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

By U1 of 2
R.C. wares 0548 e oylae sacldl o jues
Ru..
Wy.L.= I (kN/m)
R.C.

A <\\hg

2,
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Drawing U.L. BM.D. & S.F.D. on the all R.C. Footing.

Longitudinal direction.

B ooses 038 o oylae oaclll ol e

Pyl Psy1.
B.M.D. , S.F.D. pwy p

0548 W3lS LalS ouc il ﬁ -ﬁ

BR.C. UaJ'c"’

B.M’ S.F. (5:3-.9. "JLM} ra:;:: K| wU,L, kN/'m?
Codac ¥l by e Py, Pzy..

M3 oxelWl daive (45 ToOMment ).5‘ L
Xo Gl Gl (zero shear ahd oS wuos &

Piyr= Wy X, | — | Xo=v"| — M3=\/
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Moz is the bigger moment of M, My s Mg, M, &M

A oy = C1 \/FMm(kN.m) %108

2
cu N/mm) *_l?wm}LG.annJ

Choose C, = (3.5—> 5.0) Get d = vV (mm)

tR.C'. = d + cover (70 mm)

Check depth in Transverse direction. Short direction.

As a Hidden Beam.

e

Bia'v _ B3+B4
2

E——

// /////% /0101
R S
<—-$—>

|
oo
I v
]

L | La-b2+2d Bsao. Bs+Bs
Li-bs+2d 2

Hidden Beam 1

Hivdden Beam 2

LLLLLLLL L
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Hidden Beam 1 Pro..

Fact. = =GN/

B _ 2 ‘o a1
2= ’“"2 L1 (my u
—r=

XS L)
Migot.= (Fiaot. 21 +1.0m) 21 Fiact

(kN.m/1.0m) M, act.

Hidden Beam 2

P
Foaot = —=2E | ey
BZa,v* L2
2= 2 ) E
22"
_ 4 EIIIEEILEE)
Mgt = (Egact. xZ2x1. Om) 7‘2 Fogot
o
2act.
Choose My g er The bigger value of Mqot & Moot
d- C, Mygger +10°  Get > C
Fou + 1000 !
Then Check on (7 < 3.0
IF C; <83.0 —» Increase d
and Recheck the transverse direction.
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3~ Check Shear. gt long direction

Critical section For Shear.

Qmax, odie ) Bgacdl 59 o d Ao oo

ch. = Qmax — Wy, * d
* Calculate Actual shear stress. (qu)

3
_ Q... Ny 4 10
B (mm) « g (mm)

u

* Calculate Allowable shear stress. (qw) &'ﬁ\"

_ Fou | v/ mnd)
q.=0. 16\/ 5,

* Compare between

Actual shear stress ((Q,) & Allowable shear stress(Q,,,)

x IF 5 Safe shear stresses
qu < qsu No need to increase dimensions.

UnSafe shear stresses
IF —>
* qu > qsu We have to increase dimensions.
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4 — Check Punching Shear. . oS jaill

T- |
-

Column 1

% Calculate Punching Force. (Q,p)

Qp=P v (Faot) [(ar+d) (br+d)]|
(kN)

% Calculate Punching shear area. (A 1p)
Lol Gac))

‘A,,,: [2(as+d)+2 (bs+d)]+

2
(Tmm) 3
. %'x ‘b\)(
% Calculate Actual Punching shear stress. q 1 Pu
q Q,p (kN) % 103 2
1Pu= . | (N/mm)
[2(a1+d)+2 (b1+d):| 0 (mm)
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Column 2

* Calculate Punching Force. (sz)

| 9p=Prus- (Faet) [azrd) (b+d)]|
(kN)

* Calculate Punching shear area. (Azp)

Laaall Gasd)
‘Azp:l:Z(azﬂLd)'/‘z (b2+d):| * d
(Tmm)

* Calculate Actual Punching shear stress. quu

[2(a,2+d)+2 (bz+d):| « 0l (rnamd)

quu-'—' (N/m'm,z)

Choose 9 p, . the bigger value of q1pu & Q,gpu

* Calculate allowable Punching shear stress. qp cu

a
_ +a F—w' m'm,z r|
qpcu_ 0.316 (0.5 b ) Bc (N/ ) bL

Tak F 2
IF|(0.5+%)<1.0|£, Qpeu=0.316 T | w/mam)
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* Compare between

Actual punching shear siress (q pum) &‘ Allowable punching shear siress (qp cu)

xIF 9Qoors <o —> Safe punching shear.
N No meed to increase dimensions.

x IF 4 9,c. — 5 UnSafe punching shear.
Pumaz > P We have to increase dimensions.

5— Reinforcement of the Footing.

Longitudinal direction.

[, As votiom ]

|
: Mmax Top
|
|

_@__

B.M.D
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Sec. D <—B’—’

e B 8
17

oot |Astop= % o
1.5 dl omm)
Check As . ASmin (m'rrf/m) = _’..\Sg'
mn 5¢#12/m

IF AStop 2Asmin —» o0.k.

IF AStop <A8m1‘m —>» Take AS = Asmz'n

Sec. @ Mma: bottom
From d - C, \/ Momaz vottom V l//H tre
* B N
ﬂ, C — J |<—Bz\—>|
Mmaa: bottom 2
Get Sbott = J’ F‘y d (mm)

1.50d tmm
Check A | )E)'.‘Sy'

2 —
Smin Asmin (mm/m) = {

5¢412/m

IF ASbott 2 ASm{n —> O°k°

IF Agpons < ASmin —» Take Ag = Ag i
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Transverse direction. Short direction. Py

Hidden Beam 1

From d = C, M, et

Fou* 1000
N ‘%‘/
Get @, ‘) 4

— (,—> J

1 a
Cot A81= Mgt (m'rr%/nfi) L-'
JE, d !

A Fia,ct.
Check Smin \WW
M
1 act

Hidden Beam 2 Pay..

From d = C, Msqct.
Feu* 1000

ﬂ>C'i_’J ‘.%\b‘/\a&

Get A-S'Z: M2act. ] [

(/) :

J By d EELEELELLE)

FZact.
check A S =
mwn M
2act
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6 — Details of Reinforcement.

4182 |

-
oy 1

Plan
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