Definitions:

Bearing Capacity:

Ll Sl Esan s Ayl e Linall 4y Jakcay () (S Jaroia

Ultimate bearing capacity ( qui ):
o=l 4 5l sxie e (ubaY) saclE die IS Jaraza 8
Net ultimate bearing capacity ( qun):
ol 4yl Sl Gy il Jara il
Cun = Cuit— X*Dr
Net safe bearing capacity ( gns):

It is the ultimate bearing capacity over a factor of safety ( F ).

_ qun
" F.OS

Ons

F.0.S=3 hual
Safe bearing capacity ( qs):
ol 4l Sl Egan e el A aleat G (e (Jara) alga) (sl
Os = Cns+ X*Dr
Allowable bearing capacity ( gan):
A Ja s ) el Jledl &g e Al al (Jaa) dleal oaail

Pai= QS*B*L



Terzaghi bearing capacity equation:




Quit = k1C N.+ kle D¢ Nq + k3X2 B Nx

O Cus
ki, ka , ks shape factor from table
shape kq k> ks
Strip Footing 1 1 0.5
daka yd3ac 18
Rectangular Footing | 14032 | 1| 1-0.62
i 3ac |8 L L
Square Footing 1.3 1 0.4
day ya d2c8
Circular Footing 1.3 1 0.3
Ay Ylasacla
C Cohesion Gilnall G Sl
B | Foundation Width (L) 2all) (W) (e
L | Foundation Length (OSY) andl) Gl Jsha
X1 | Soil intensity above F.L | oulill o gusia e 4y yill 48058
X, | Soil intensity under F.L | Gl (o suia Jaul 4y 5il) 4808
Di| Foundation Depth o) (Bac
F.L| Foundation Level O] (o gasia
Nc B/C Factors Nc 4l 2 o3 v Ay Jaai Jeaadl o
N, B/C Factors Ng e 2a 53 v Aaily Ja25 Jsaad) (e
Ny B/C Factors Ny 4ad a8 v Ay Jai Jsaall (1




Nx, Ng, N 4oy §,b 3 s

Ny, “ad da gy dasy Jans Joaall (e 1 sV day lal)

Nx , Nc
Angle of
Internal
Friction Nc Ng N
(v)
0 5 1 -
5 6.5 1.5 -
10 8.5 2.5 0.5
15 11 4 1
20 15 6.5 2
22.5 17.5 8 3
25 20.5 10.5 4.5
27.5 25 14 7
30 30 18 10
32.5 37 25 15
35 46 33 23
37.5 58 46 34
40 75 64 53
42.5 99 92 83
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Ng and N

Y alaall (e cAGIGN day )
Ng=e™t0® * tan? (45 + /2
Nc=(Ng-1) cot ¢

Ny = (Ng-1)tan ¢



Quit = k1C N.+ kzXl D¢ Nq + k3X2 B Ny
Cohesion term (¢ ) — kic N,

Foundation Depth term — k, X; D¢ N,
Dimension and Foundation Soil term (¢ ) — ks X, B Ng

For cohesive soil (clay ) : ( ¢ - soil )
c=M, ¢ =0

Sa = QG ¢ jall A ol A
Quit = ki€ N+ ko Xy D Ng + k3 X><Nx
Quit= ki€ N+ ko X1 De Ny + 0
For cohesion less soil ( sand ) : (¢ - soil )
c=0, ¢ =

Dta = JY) e all Alall o2a 8
e k}@+ kX1 De Ng + ks X5 B Ny
Quit= 0+ ko X1 De Ng + k3 X, B Ny

Aabaalls Al iy Jans Wl ¢ !



Effect of Ground water table on B/c :
Wq, Oslelas Ciliay jlicV) 8 4 gall oluall il 24y
B/C sl B/C Aabas ) wy
Quit = k1€ N+ ko X1 D Ngwq + ks X5 B Ny wy
- ddas D
Wg, Wx<1

el 4 51 8 GUWLT 25 s) VA 4 &llia

Case 1l :

Cguia o S Gee e sl dsagdlls 4 -1
ol

B/C ey ¥ 4 sall oludll o



Case 2 :

il

Dw<B

).15.1 ‘YJ ol ) Sl ;:);S\ lec J.\).a 4\_\55;5\ o\:\.d\
Aalaall (e SE ¢ 3l e

S Wg=1
Wy = 0.5+2%0.5 #1
G RLTEN
D, — sl Jaul e oluall (3ac

B — u.u\.u;Y\ U e



Case 3:

S Wg=1
Wy = 0.5+2%0.5 = 0.5+ %0.5= 0.5
Take X, submerged
Quit = k1€ N+ ko X3 D Ngwq + k3 Xpgup B Nx Wy
Ksub= Lsar— L
JU]RLITEN

Xy=1



Al (e G5 G 6 al) e g A gal) oluall
S Wy = 1
D1
W = 0.5+—*0.5
D2
Take X, submerged

Quit = k1C Nc +( leulk or saturated * D1+ X1sub *DZ)
Nq Wy + k3 XZsub B NX Wy

o) Cua
D1 — G.W.T s gLV mdans (e d8lsall

D2 — G.W.T s Lasldll (0 gusia o Adlisall



Example: 1

Determine the allowable load on a
rectangular footing (2x3) m at depth 1.5 m
below the ground surface if a fill X=1.85 t/m?
used above F.L. and the soil under footing has
X..=1.9t/m>, c=3t/m?, v=22 6 G.W.T was
find at foundation level.

Solution
rectangular footing - B=2m ,L=3m
X,=1.85t/m> X, ;o= K- X, =1.9-1=0.9t/m’

c=3, v= 22 , Df=1.5m, G.W.T was find at
foundation level

%1 =1.85 t/m’

Forv =22



Ng=e™t0® * tan (45 + /2

Ng= e™ 022 * tan’ (45 + 22/2 )= 3.56 * 2.2
=7.82

Nc=(Ng-1) cot ¢

Nc=(7.82-1) cot 22 =6.82*2.4=16.88
Nx=(Ng- 1) tan ¢
Nx=(7.82-1)tan22=6.82*0.4=2.76
For rectangular footing

ki =1+0.37= 140,37 = 1.2

k=1

ks =1-0.6> = 1-0.6- = 0.6

~ G.W.T was find at foundation level
- Case 3

wg=1

Wy = 0.5+7%0.5 = 0.5+ %0.5= 0.5

Take X, submerged



Quit = ki€ N¢+ ks Xl D Nq Wq + ks XZsub B Nxwx

Qut=(1.2*3*16.88)+(1*1.85*1.5*7.82*1)+(0.6*0.9*2*2.76*0.5)
=60.77 +21.7 + 1.49 = 83.96 t/m”

Qun = Quic-X1*Df = 83.96-(1.85%1.5)=81.19 t/m”°

_qun _81.19
" FOS 3

Ons =27.06 t/m2

Qs = Ons +X1*Dr = 27.06 + (1.85%1.5)=29.84 t/m"
Pai=gs*B*L =29.84*%2*3=179 ton

In case of stratified soil



il e il i 3 ga g alla b

|f D, > 2B

O e e ST (Bas e Al dadall 5 ga g alls
Aa,all B/C 3305 G il i Jagy el (e
slsY)

|f D,< 2B
O pe (e B3 ae e Aol Akl &g g alla
3l 4l 5 (A oY) Giidall B/C aa g8 ulud) e
S B/C

How to choose Foundation type:



Type of foundation:
Isolated footing
Raft footing
Deep foundation (piles)
For sand soil:
c=0, ¢ =
P.. = load of floor / No. of floors
load of floor — /sl sall Jes

No. of floors — ) 9 aae

Area of footing = L

qall
If Area of footing < 70% for loaded Area

Use Isolated footing
Ol G
loaded Area = L*B

loaded Area — sl 4aliull

If Area of footing = 70% for loaded Area



Use Raft footing
If Area of footing > 100% for loaded Area
Use Deep foundation
OR

Area of Building = ), pcol

Y. pcol

Area of foundation =
qall

If Area of foundation < 70% for Building Area
Use Isolated footing
If Area of foundation = 70% for Building Area
Use Raft footing
If Area of foundation >100% for Building Area

Use Deep foundation

For clay soil:



c=M, ¢ =0

Calculate the Settlement:

o0+Ac
o0

OR

S=C./1+e *H * Log

S=m,*H* Ao
o) Cus

e — void ratio of compressible layer (clay
layer).

H — Height of compressible layer (clay layer).

00 — effective overburden stress at Midle of

clay layer.
00 = Z Xh

. qs*L*B
Ag = (L+Z)(B+2)

L, B — Loaded area
Z=H/2+heighttoF.L
C.=0.009(L.L% - 10)



m, — coeff of volume change

If the Settlement 0 — 3 Use Isolated footing

If the Settlement 3 — 10 Use Raft footing
+idaa S

s 25l 54 7 samsall o gglly Alalall

o0+Ac

S=C./1+e *H * Log

qs* L * B

A= LT DB D)

Example: 2



Calculate the net safe B/C for the shown soil
formation for a rectangular footing (4x5) m
and choose Foundation type foundation level
at-2.00,v=0.

0.00 = Fill

T=15KN/m?3
-2 00 =

Medium sand
X=18KN/m?=
gall=150KN /m?

Medium clay
Xsat=19KN/m?=
qu=80KN/m?=
mv=3*10"-4

-12.00 =
Dense sand

gall=250KN/m*=

-22 00 =

p=1200 KN
Loaded Area = 4x5

Site Area = 20x25

Solution



rectangular footing - B=4m ,L=5m
Forv=0
Ng=5,Nc=1,Nx=0

For rectangular footing

ki =1+0.37 = 1+0.37 = 1.24
k=1

ks = 1-0.67 = 1-0.67 = 0.52
wg=1,wx=0.5

D<2B

2<2%4

2<8

~.Calculate g, for Medium clay

_au_380_ 2
C=--=—=40KN/m

Quit = k]_C N.+ kz (Xl De + Xz D¢ ) Nq Wy
qult =(1.24*40%5)+(1*(15*2)+(18*2)*1*1)
= 248+ 66 = 314 KN/m”



Qun= Quit- (Xl De + XZ Dr )
= 314-((15%*2)+(18*2))=248 KN/m"

_qun
" F.OS

Qall 2= 9s = qns +(X1 Dr + X, D¢ )
= 82.67+ ((15*2)+(18*2))=148.67 KN/m”

One 2:8= 82.67 KN/m>

Jall2< Jal1
148.67 < 150
s~ take qa = Qa2 = 148.67 KN/m? = 149 KN/m”

p _ 1200 _
gall 149

Area of footing = 8 m?

If Area of footing < 70% for loaded Area
8 <70/100*4*5
8m’<14 m’

~. Use Isolated footing

Check Settlement for clay layer



Ysat=19KN/m?

qu=80KN/m?=
mv=3*10"-4

-12.00 =
Dense sand

gall=250KN/m?=

-22 00 =

p=1200 KN
Loaded Area = 4x5
Site Area = 20x25

S=m,*H* Ao
qs * L * B

A= DB YD)

. 149%5%4 _ 2
Ao = 510 (at0) 27.1 KN/m

S=3x10"%*27.1*8=0.065m =6.5cm

the Settlementis = 6.5 Use Raft footing

Example: 3



Calculate the net safe B/C for the shown soil
formation for a rectangular footing (5x5) m
and choose Foundation type , foundation
level at -2.00 and G.W.T was find at Ground

surface,v=0.
Fill
E=16KMN/m=

Soft clay
X=18KN/m?=
qu=40KN/m=
mv=0_0005

1200 —
Medium sand

-20.00 =

p=800 KN
Loaded Area = 5x5
Site Area = 30x30

Example: 4



Calculate the net safe B/C for the shown soil
formation for a rectangular footing (5x5) m
and choose Foundation type , foundation
level at -2.00 and G.W.T was find at Ground
surface, v = 0.

Fill
T=15KMN/NT
Medium clay
T=8KMN/mMm>

mv=4*10"-4
qu=30KM/m=

M edium sand
gqall="150K. M e
E=9KM/MT

Cense sand
=250k M/m®

-2 0 =
p="1000 KM
Loaded Area = 5x5

Site Area = 26x25

Example: 5



Fill: X =145t/ m’
Sand:X=1.81t/m>,v=30,F.0S5=3
Clay: X =2.1t/ m>, m,=0.038 cm®/ kg

The allowable Settlement =2.5 cm




Strip Footing: :daday Al sac )

working load « alaY)
Ultimate load « waall 5l

working to Ultimate * 1.5 J) (= Jasill



Procedure of Design:

Plain Concrete: Aaalal) Al Al
If t,.>20 cm If t,. <20 cm
Consider p.cin design | Neglect 1 4aldas 4.5

in design
P.=P, *1.1 P.=P, *1.1

Ap.c = Pt/ Jall =1* Bp.c

Arc = Pt/ Jall =1* Br.c

Brc= Bp.c - 2tp.c
to the nearest 5cm

Br .= to the nearest
5cm

t,.c isassumed 10 — 40 cm

maaill Glles B30 Y gadlaiad i

toc =10 —>20cm

.;.M Al Cllus 83353 Lale 3acld yiied

toc =20—>40cm

Minimum dimensions of R.C. Footing:

Brc=80cm
tRc =40 cm

drc=33 cm




If t,. not given take t,.=20cm
Quit = 1-5*pw/ BR.c*l
Muit = Quit * Cz/ 2

C=Bge- bw/ 2
Mult

d=c " =~ to the nearest 5cm
FcuxB

If F., not given take F.,= 250 kg / cm’
C;=5,B=100cm



p.c Plain concrete | 4l dilu )al)
R.C Reinforced | daluwll a3l yAll
concrete
Py wall load il Jea
to.c Thickness of aalu Al dlas
Plain concrete 4l
Ap.c Area of Plain | 4lu all dalus
concrete dalxl)
AR.c Area of Alu Al dalug
Reinforced dalidl
concrete
Bp.c Plain concrete | 4w all (a e
thickness aalall
Br. Reinforced il Hall (m se
concrete daliall
thickness
bw, Wall thickness | Lilall (i e
Osh Actual shear J) Slaleal
stress shear
Qeu Allowable shear | 43lu all 4 5laa
stress shear J
La Available length Zondl Jsha
\Y Diameter of gl ylad

bars




Check shear:

Ll 5 e df2 Alse o 7 )l g Uadll
Critical section
Qsh = Quie( c-d/2)
0sh = Qsn / B*d
9o, = 0.4 Vcu

if gsn < ey Ok safe

if qsn > gy NOt safe increase depth
d= O~sh / Qcu *b
t =d + cover = to the nearest 5cm

cover = (5to 10 cm)



Reinforcement of the footing:
Min5y 12/ m
Max 10y ?? / m

As= Ivlult/J*d*fy """"" (1)
Asmin=5y12/m """"" (2)
A= (0.15/100) *B* d-------- (3)

1,2,3 pll & SV Aol 22l
If As = A min — Ok
If A < A min — take A= Ac in
Check Bond:
Lld=a*B*pu*(f,/Xs)*(v/4auw)

a=1 — plan bars el G
a=0.75 — H.GS & ke
B=1

U= 1

A's = 1.15



F, =3600 kg / cm

,Fcu
Qub = 0.87 E

Xc=1.5
Ld < La



Example: 1
Given : f,,= 200 kg/cm*, P,,= 180 kN / m*,

by = 0.5 m, fy =3600 kg/cm?, t,.= 20 cm , B/C (qay =
100 kN / m?

Req : Design of strip footing that carry the given line
load.

Solution

100kN/m* =10t/ m’= 1kg/cm2
Ve =20 cm
- Neglect in design
Arc=1.1*P,/ qa=1.1 * 180 /100 = 1.98 m°

=1* Br,=1*1.98=1.98 =2 m"

End of working load

Quit =1.5*pw/Br¥1=(1.5 * 18)/(2*1)=13.5 t /m*
C =Bgc- bw/2=(2-0.5)/2=0.75m
My = Quie * €2/ 2= (13.5%(0.75)%)/2 = 3.8 t.m

Mult 3.8x10°
d=c4 =5 =21.8cm= 25cm
Fcu+B 200+100




t=d + cover =25+10 =35 cm
Check shear:
Qsh = quit (c - d/2)=13.5*(0.75-(0.25/2))=8.4ton

8.4x103
100%25

Osh = Qqn / B*d= =3.3kg/cm’

ey = 0.4 Vfcu =0.4+/200 =5.66kg / cm”

Osh < ey Ok safe
3.3<5.66 safe

Reinforcement:

3.8x10°

2
=5.11cm‘/ m'
0.826%25%3600

As1 =Myt / J>Icd*fy =

Asmin2=5y12 /m=5.65 cm?/ m'

. —O'_15* * _0'_15* % — 2 1
Asm'”3_1oo B d_1oo 100*25=3.75cm“/ m

take A, =5.65cm’/ m'

use 5y 12 /m

Check Bond:



ld=a*B*u*(f,/Xs)*(v/4qu)

Qup = 0.87 [~ - 0.87 /20 =10 kg/cm?

Ld = 0.75*1*1*(3600 /1.15)*(1.2/(4*10))
=70.4cm —0.704 m

Ld < La

0.704 <2 ok

0.5m oo 5

-
=,
9
&
o
£
0
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Isolated footing:

Squared Isolated footing .
Al (s paAS
e dsee -]
BNV
Jiade ye A€ Al saee V) ae Say-3
Hunched Squared Isolated footing .
Rectangular Isolated footing .
Al (s paAS
Al 3aae N1
Junde ye A5 Aay pall 32ae Y] ga (Say-2
Circular Isolated footing .
Aol 3aac Yl ae dadd andis






Procedure of Design:

Plain concrete:

If t,.>20 cm If t,. <20 cm
Consider p.ciin design | Neglect Jlas 4dUai 4.5 3
in design
P.=P, *1.1 P.=P, *1.1
Ap.c = Pt/ qallzBp.cz Arc = Pt/ C]aII=BR.c2
Boc=+/Ap.C Brc.=VAR.C
Br.c= Bp.c - th.c Bp.c =Br.c+ th.c

= to the nearest 5cm | = to the nearest 5cm

Check stresses on plain concrete:

rllaall & daladl sac el 24 2ie




Quit = 15*pw/ Bp.c2
Muie = (quie *(X%)) /2
Fe= 6% My / 100*(t,.)°

Fieo = (0.75*(fcu)??)/1.5
If F.< F, Ok safe

If Fi> Fioy NOt safe (X) 4aladl alu Al 54 5 Jlas



Quit = 1-5*pw/ BR.c2

Muie = Quie *( BR.C*C)*(C/ 2)
C= (BR.C' b/ 2)

Mult
d=c = to the nearest 5cm
FcuxBR.c

t =d + cover = to the nearest 5cm

cover = (5 to 10 cm)



Check shear:

Asandl (ig (e d/2 Allss e 7 all gl
Critical section
Qsh = quie (Brc*(c-d/2))
dsh = Qsh /( Brc*d)
Jew = 0.4 Vfcu

if gsh < gy Ok safe

if gsh > qcy NoOt safe increase depth

d= Qsh / (qcu * BR.c)

t=d + cover

cover = (5to10 cm)



Check punching:

Qp = Py - due (b+d)’
dp = Qp/ (4(b+d)d)

fcu

Qpcu = Xc

If Qpeu > 0p Ok safe

If dpcu < gp UN safe — increase depth



Reinforcement of the footing:

Min5y 12/ m

Max 10y ?? / m

As= My /I*d*f,/Bre --------- (1)

Asmin=5y12/m --------- (2)

Asmin=(0.15/100)*B*d--------- (3)
1,2,3 sl 8 SV dall 24l

If As = Ag min — OK

If As < Ag min — take Aq= A min






Procedure of Design:

If t,..>20 cm If tp.c <20 cm
Consider p.c in design | Neglect 1ad dalas 4.5 5
in design
P.=P, *1.1 P.=P, *1.1
Ap.c = I:)t/ qallzBp.c2 Arc = Pt/ C]allzBR.c2
Bp.c =1/ AP. C Brc = VAR.C

Brc= Bp.c - 2tp.c
to the nearest 5cm

Bp.c =Bg.+ th.c
to the nearest 5cm

Jaliceall 3 ganl lla

Check stresses on plain concrete:

rablaadl A dalad) 3aclal) M e




Quie= 1.5%py, / By’

Mute = (G *(X7)) /2

Fe= 6* My / 100%(t, o)’
Feeu = (0.75%(fcu)??)/1.5
If F;< F, Ok safe

If F.> Ficy Not safe (X) dwaladl &l &l) 54 0 Jla



Quit = 1-5*pw/ BR.c2
Otigal) (e dgall i e agiallda all cileUadll 23l
Critical section of bending at R.C Footing .

Direction 1:

C1 = (Bgre- a/ 2)

Myt 1= Quit *( Br.c*c1)*(ca/ 2)



Direction 2:

C, = (BR.c' b/ 2)
Mutt 2= Quit *( Br.c*c2)*(c2/ 2)
Muit1, Murz G 0SU a2l e aeaill o4

Mult
d=c = to the nearest 5cm
FcuxBR.c

t =d + cover = to the nearest 5cm

cover = (5to 10 cm)



Check shear:
Agandl iy e df2 dlis ez jall o Uadll

Critical section

O~sh1 = Quit (BR.C*( Cq - d/z) )
Ash1 = Qsh1 /( Br.c™d)
Je = 0.4 Vicu



Qshz = quit (Brc™( c2 - d/2) )
Ash2 = Qsha /( Br.c™d)

Jdo = 0.4 Vfcu
Take the bigger of Qsp1, Qsh2 and gsh1, Ash2

if gsnh < gcy Ok safe

if gsh > qcy NOt safe increase depth
d = Qs / (deu * Bre)

t=d + cover

cover = (5 to 10 cm)



Check punching:

Qo = Pu - Quit (A'+B")
A'=a+d ,B' =b+d

a— gl Jsh b— dgeall e
dp=Q,/ (2(A'+B')d)

b f
Qocu = (0-5 +E) —

Xc
If Qpeu > 0p Ok safe

If dpcu < gp UN safe — increase depth



Reinforcement of the footing:

Min5y 12/ m

Max 10y ?? / m

As= My /I*d*f,/Bre --------- (1)

Asmin=5y12/m --------- (2)

Asmin=(0.15/100)*B*d--------- (3)
1,2,3 sl 8 SV dall 24l

If As = Ag min — OK

If As < Ag min — take Aq= A min



S







Procedure of Design:

Plain concrete:

If t,.>20 cm If t,. <20 cm
Consider p.cin design | Neglect 18 4alki 4.5
in design
P.=P, *1.1 P.=P, *1.1

Ap.c = Pt/ anI=Bp.cX I-p.c

Arc = Pt/ Ja=Br.c X Lr.c

Boc=+/Ap.C

BR.C =vAR.cC

saclal) alayl oy (38N Aals
3 gaadl Myl (38 =

L,.+Byc=a-b

saclal) alayl oy (38N Aals
3 gaadl Myl (38 =

Lr.c + Brc = a-b

Brc= Bp.c - 2tp.c
Lr.c= I—p.c_ 2tp.c
=~ to the nearest 5cm

Bp.c =Bg.+ 2tp.c
=~ to the nearest 5cm




Check stresses on plain concrete:

rllaall & daladl saclal) 24 e

Auie = 1.5%pw/ (Bp.c * Lp.c)
Mute = (Guie *(X°)) /2
Fe=6* My / 100%(t, o)’
Fieu = (0.75*(fcu)??)/1.5
If F. < F., ok safe

If Fi> Fioy NOt safe (X) 4paladl ala jAad) 54 Jla



Quit= 1.5%pw / (Bp.c * Lp.c)
rasmll da el GleUadl)
My St (6 yla clilia
A 9Y) Ady Hhall
Otigal) (pe dgall iy e agiallda all cileUadll 23l

Critical section of bending at R.C Footing .

Direction 1:




C1=(Lrec- a/ 2)

Myt 1= Quit *( Br.c*c1)*(ca/ 2)

Mult1l
di=c; = to the nearest 5cm
FcuxBR.c

tirc = d; + cover = to the nearest 5cm

cover = (5to 10 cm)

Direction 2:

C; = (Bgrec- b/ 2)

I\/Iult2= Qult *( LR.c*CZ)*(CZ/ 2)



Mult2
FcuxLR.c

=~ to the nearest 5cm

d2=C1

torc = d, + cover = to the nearest 5cm
cover = (5to 10 cm)

Take the blgger of tirc , re— tre

Check shear:
Agandl iy e df2 Alis ez jall o Uadll

Critical section



O~sh1 = Quit (BR.C*( Ci- d/z) )
Osh1= Qsn1 /( Brc*d)

Jo = 0.4 Vfcu



w
A
O

X
N

0

4
¢/P - &9

Qshz = quit (Lr.c*( c2 - d/2))
dsh2 = Qshz /( Lr.c*d)

Jo = 0.4 Vfcu
Take the bigger of Qsn1, Qsh2 and gsh1, Ash2

if 95 < goy Ok safe

if gsh > qcy NOt safe increase depth
d =Qsn / (deu * BrcOR Lg.c )

t=d + cover

cover = (5to 10 cm)



Check punching:

Qo = Pu - Quit (A'+B")
A'=a+d ,B' =b+d

a— gl Jsh b— dgeall e
dp=Q,/ (2(A'+B')d)

b f
Qocu = (0-5 +E) —

Xc
If Qpeu > 0p Ok safe

If dpcu < gp UN safe — increase depth



Reinforcement of the footing:
Min5y 12/ m
Max 10y ?? / m

At =My / J*d*f,/ Bre --------- (1)
A2= My / 5™,/ Lge == ===~~~ (1)
Asmin=5Yy12/m --------- (2)
Asmin=(0.15/100) *B*d--------- (3)

1,2,3 sl 3 SV Al 22l

If As = A min — Ok

If As < Agmin — take Ag= Ag min



Al 4g, ylall

da Al (98a3 e Y (Sl dasd aa

I-p.c' Bpc=a-b

& e 9 Myp1 =My OsS Jilbscy=cp osS8
di=d, OsSe

Quit = 1-5*pw/ (Bp.c * I—p.c) = e t/m2




C=C=C;= (LR.C' a/ 2) OR (BR.c' b/ 2)
Muit1=Mui2= quit * Cz /2 =..... M t/m'

Multlor2
d=C1 ———— = to the nearest 5cm =... cm
Fcuxb

b= 100 cm 4sy )i
Check shear:

Agandl iy e df2 Alis ez jall o Uadll

Critical section

c1

x1=c1 - d/2

LR.C



Qsh = quit (c1 - d/2) = .... ton

Gsh = Qih /( b*d) = .... Kg/cm®

9o = 0.4 Vcu

if gsn < ey Ok safe

if gsh > qcu NoOt safe increase depth
d=Qs/ (g * b)

t=d + cover

cover = (5to 10 cm)

Check punching:




Qp = pu - quie (A'+B') = ..... ton
A'=a+d ,B'=b+d

a— dsedl Jsh b — dsenll e
dp=Q,/ (2(A'+B')d) = .... Kg/cm®

fcu _

b
Jpcu = (0-5 + E) E = ... Kg/cmz

If Qpeu > 0p Ok safe

If dpeu < gp UN safe — increase depth
t=d + cover

cover = (5to 10 cm)

Reinforcement of the footing:
Min5y 12/ m

Max 10y ?? / m

Aa= Ay =My, / J¥d*f=..cm?/m' - - ----- - - (1)
As min = 5 Y 12/m' """"" (2)
A min=(0.15 /100)*b*d=..cm®/m"'- - - - - - - - - (3)

1,2,3 ~dll & Sy dadl 23l



If As = Ag min — OK

If As < Agmin — take Ag= Agmin




Example: 1
Given : f.,= 250 kg/cm?, P,= 1800 kN,

Col 30x70 cm , fy =3600 kg/cm”, t,.=50cm , B/C(qa
=150 kN / m’

Req : Design of strip footing that carry the given line
load.

Solution
100kN/m* =10t/ m’=1kg/ cm’
Put= 1800 KN — 180 ton
Qan = 150 KN/m?*— 15 t/m?
t,c>20cm

50 > 20 cm — Consider p.c in design

p, = Put_180_ 450 Ton
1.5 1.5

P.=P,*1.1=120* 1.1 =132 ton
Aoc= P/ Qa= 132/15 = 8.8 m’
30alal) ac ) dlay) A Alagy iy Hha elilia

Aagitll 5 Al A8 Hhall (e g gl 5 Jend (J5Y1 A8 Ll
_L@-MIS.\..



BRTEARR
a-b=0.7-03=04m

Lpc=/Ap.c+(a-b/2)
Byc=+/Ap.c-(a-b/2)
m =+/8.8=2.97 = 3m
L,.=3+0.2=32m
B,c=3-0.2=2.8m

AUl A8y Hlal)
Aoc= P/ qai=132/15=8.8 m’ = L, * B,
Loc* Byc=8.8



8.8 - (Bpc)*=0.4 B,
B, +0.4B,.-88=0
ax’+bx+c=0

—b+VbZ2—-4ac

2a

B, +0.4B,.-8.8=0

—0.4 +./(0.4)2 — (4 * 1 x (—8.8))
2x*x1

Bp.c =

Bpc=277M=28m

o 5ally 5y 5 Ly 5 g Alslaally iy sl 3
A e bl =3l
Lp.c Sbaa¥ By 4as 2 a8 ) Aaleally (i saiilly
Loc=Bpc+ 0.4
Lbc=2.8+04=32m



Check stresses on plain concrete:

180
Aur=1.5*pu/(Bp.c*Loo)= 5, —=20t/m’
20%(0.5)?

=2.5mt

Mult=(CIuIt*(X2))/2=

Fo=6* M /100 (ty o = S50 = 6 kg/orn”
2 2
Ftcu=0.75*1(.]5°cu)3= 0.75*1(;50)3 - 198 kg/cmz
Fi < Ficy
6 < 19.8 ok safe
4daa M

Check J& Loy (Say Bre slpe 4 sy
2y Waalay) 4 (S g stresses on plain concrete
el check dV sty (e aix Bre 5 L colile

(tp.c) ddledl Bl yall 55 0 J&5 24 un safe
Lac= Lpe-2 te=3.2 - (2%0.5)= 2.2m
Brc=Bpc-2 o= 2.8 - (2*0.5)= 1.8m



180 _ 455t/ m

qu"le'S*pw/(BR.c*I—R.c)= 22%1.8

2.2-0.7

C=(Lpc-a/2)= =0.75

45.5%(0.75)?

Myt = Quit * C? /2 =

Mult 12.8%10°
d=c; =5 =35.7cm=40cm
Fcuxb 250100

=12.8 mt/m'




Check shear:
Ageadl iy (e df2 Adlas ez all g ladl

Critical section

Qsh =qui(c - d/2)=45.5(0.75-0.4/2)=25 ton

25%103
100%40

ey = 0.4 Vfcu = 0.4 /250 = 6.3 Kg/cm®

qsh< qcu
6.25 < 6.3 ok safe

Osh =Qsn/(b*d)= = 6.25 Kg/cm®




Check punching:

Qp = Pu - qure (A'+B') =
A'=a+d=0.7+0.4=1.1m
B'=b+d=0.3+0.4=0.7 m

Q, =pu-qur(A'+B')=180-45.5(1.1*0.7)=145 ton

145%103

_ 2
(2(110+70)%40) 10 Kg/cm

dp = Qp /(2(A'+B')d)=

b, |f 0.3, [250
Qpcu =(0.5 + - ) XC—: =(O.5+O_7) — =12 Kg/cm®

Opcu > Qp

12 > 10 ok safe

t=d+ cover =40+10=50cm



Reinforcement of the footing:

Mult  12.8%10°
Jxd+fy 0.826%40%3600

A=Ag)= =10.76 cm?*/m'
Aq min=5y12/m=5.65 cm?/ m'
Aq i = 15*b*d—0 15*100*40 6 cm/m’

take A, = 10.76 cm?/m’

use 6y 16 /m
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Combined Footing:
Types of Combined Footing:

ol dgee g (A1 3 gery BaclE-]

property line :

Sl I

a2

(b1 bzﬁ]:ﬁ”'

Colamnﬂ Column2

add Bas) g Al e g 0l



Cclumﬁn*l Column2

Oali e g0l
P1 < P2 Jeally J8Y) 2 sanll 43ali (e €1 20

Take C1 =1 m if not given.



Steps of Design:

1) Dimension of Footing ( working Loads ):

property line,

: _J'|_'_'s.|'] BEEN

22

:::'___...-::_______:::- 1 o b2 ]

Cclhmn‘l Column2

P.=(P1+P,) *1.1=.. Ton
(P;+P,)— Working Loads )} ¢us
Working Loads to ultimate Loads * 1.5

Ultimate Loads to Working Loads / 1.5

: _ Pt xR o m
Area of Footing (AR,C)—an—L B=m



Sl Alla b cllal) b dlal) Al ,al) JA Y
Ol 4al (e 5w zlaw a5 paal

Take C; = dsenll (ad A Jladl bl e

C,=Ci+S=..m

C= (c1xp1)+(c2+p2) - m
pt
o) Cas
C — ),ph O
Baclall Caal 8 dliasall (S8 Sa
Lrc=2*C=..m = to nearest 5 cm
AR.C
BrRc=——=.. m = to nearest 5cm
LR.C

End of Working Loads

2) Ultimate stress & Draw B.M.D & S.F.D:



_ (p1+p2)*1.5 _

= =..t/m
Quit = R C+BRC /

Wit = Quit * Brc= ... t/rnl



Q=W *C;y =...Ton
Q,=Q;—Py, =...ToOn
Q3=W 1 *C,— Py, =..Ton
Qs=Q3— Py, =...Ton
M1, My aseall (i 2ie sy Moment

Max Moment at point of zero shear

At p.o.z.s
Xo= Plu_ e M
Wu
X1 = I—R.C_ (C2+ b2 or a2 ) =...Mm

0l s

point of zero shear ) Jlall ba (e 4dlis
p.0.z.s —point of zero shear

a— 2saxdl Jsha

b— el e

b2 or a2— 2saxll sladl s



(X1)% _

M, = W, * (X1+a2 or b2)? P * a2 ozr b2 = mt
Ol G
a— J)A’.M dj.L

b— 2sexll (e
b2 or a2— 2 sexll oladl s

(X0)?

Mmax = P1y *(Xo — C1) — (W, * > )= ... mt
3) Calculation the Depth:
d=cl J Mu
Fcu*BR.C
O G

cl—5

M, — Max Moment



4) Check shear:

.. i d . .
Critical section at E dgardl (g (e

d alora2 or blorb?2
Qsh = Quiax— Wy (E + 5 ) =...Ton
1ol Cua
a— J)A’.M dj.L

Qmax <> s b2 oraz— 3 gaxd) olad) Caus

QMax — Max Of Ql; QZ) Q31 Q4

Qsh
BR.Cx* d

= 0.4 * vFcu = ... kg/cm®

If g >0dsn Ok safe

Qsh = .. kg/cm?

If gcu<gsn un safe increase depth

Take d = Qg / (deu * Bre) =...cm



5) Check Punching:

:‘gjy‘ allall

For Column 1:

QP1= Pui— du (Al' *Bll) =..Ton

A1'=(31+g)=... m
B =(b;+d)=..m
For Column 2:

QP2= Pu— du (Azl *le) =..Ton



Ay =(a+d)=..m
B, =(b,+d)=

QpMax
2x(Alor2’ +Blor2’)*d

dp = .. kg/cm®
Qpmax = Max of Qp; & Qp;

If Qomax — Qp1 Take A;', By

If Qomax — Qpa Take Ay', By

b10r2) Fcu kg/cn1

Opcu = (0.5 +

alor?2

If Qomax — Qp1 Take by, b

If Qumax — Qpa Take a1, a;

If gpcu > qp Ok safe

If dpcu < gp UN safe — increase depth
t=d + cover

cover = (5 to 10 cm)



-4l Al

P . G

b1 Column1

Column2

For Column 1:

Qp;=Py1—qu (A, *B;') =... Ton

(o) i BL



6) Reinforcement of the footing:

in Long Direction:

Mmax

et 2 — 2 1
rdeFy cm®/Bgrc =...cm°/m

As Top =

A min=0.15*d = ... cm?/m'
If AsTop = As min — 0k

If A Top < Asmin — take As Top = As min

M1lorM?2
Jxd*Fy

2 2
A got = =..cm" /Bgc =...cm~/m

Take Max Moment of M; & M,
A min=0.15*d = ... cm?/m'
If As Bot = As min— Ok

If Asgot < Asmin — take Aggot = As min



In Short Direction:

Column1 Column2

« (ylor2)? _
=

Ivlu: Quit .. mt

Take y Max of y; & v,

BR.C-b1
Yi=———=..m
2
BR.C—b2
Y=——=..m

2



Column1 Column2

_ Mu
Jxd*Fy

. =...cm’/m'

If As = Ag min — OK

If As < Agmin — take Ag= Agmin






Steps of Design:

1) Dimension of Footing ( working Loads ):

Pt = (P1+P2) *1.1=..Ton
(P;+P,)— Working Loads ¢} ¢us
Working Loads to ultimate Loads * 1.5



Ultimate Loads to Working Loads / 1.5

: _ Pt xp o2
Area of Footing (AR,C)-an-L B=m

Take C; =1 mif not given.

C2=C1+S=...m

C= (c1xp1)+(c2xp2) _
- pt = eee
ol s
C — ),ph O
3aclal) Caal & dliasall (S5 A
Lrc=2*C=..m = to nearest 5 cm
AR.C
Brc= =..Mm=to nearest5cm

LRC

End of Working Loads

2) Ultimate stress & Draw B.M.D & S.F.D:



(p14p2)*1.5

= =..t/m
Quit = T R C+BRC /

Wit = Quit * Brc= ... t/rnl



Q=W *C;y =...Ton
Q,=Q;—Py, =...ToOn
Q3=W 1 *C,—Py, =...ToOn
Q;=Q3— Py, =...Ton
M1, My aseall (i 2ie sy Moment

Max Moment at point of zero shear

At p.o.z.s

Xo= 1\9N_11111 =..Mm

X1=Lsc— (Co+ b2 or a2 )=..m
Xp=C - 2= m

ol s

point of zero shear ) Jlall ba (e ddlis
p.0.z.s —point of zero shear

a— 2saxdl Jsha

b— el e

b2 or a2— 2saxll sladl s



(X1)% _

M, = W, * (X1+a2 or b2)? _qu*az ozrbz= it
X2)?

Ma= W, * 25 = mt
X 2

|V|3=Wu*(2+alorb1) _Plu*alorbl= mt

2 2
O Cua
a— J)A’.M dj.L

b— 2sexll (e

b2 or a2— 2 gexll sladl Crwa

X 2
I\/Imax= I:)lu *(Xo _ Cl) - (Wu *( (2)) )= .. Mt
3) Calculation the Depth:
d=cl J Mu
Fcu*BR.C
Ol Cas

cl—5

M, — Max Moment



4) Check shear:

.. i d . .
Critical section at E dgardl (g (e

d alora2 or biorb2
Qsh = Quiax— Wy (E + 5 ) =... Ton
1ol Cua
a— J)A’.M dj.L

Qmax <> s b2 oraz— 3 gaxd) olad) Caus

QMax — Max Of Ql; QZ) Q31 Q4

Qsh
BR.Cx* d

= 0.4 * vFcu = ... kg/cm®

If g >0dsn Ok safe

Qsh = .. kg/cm?

If gcu<gsn un safe increase depth

Take d = Qg / (deu * Bre) =...cm



5) Check Punching:

2192 p1|B1" B2] b2 | 4277

Column1 Column2

For Column 1:

Qp1=Py1—qu(A;' *B4') = ... Ton

A1'=(a1+d)=... m
B,'=(b;+d)=..m
For Column 2:

Qp,=Py—qu (A *B,') = ... Ton

Ay =(a,+d)=..m



B, =(by+d)=

QpMax
2x(Alor2’ +Blor2’)*d

dp = .. kg/cm®
Qpmax = Max of Qp; & Qp;

If Qomax — Qp1 Take A;', By

If Qomax — Qp2 Take A;', B;

b10r2) Fcu kg/cn1

Opcu = (0.5 +

alor?2

If Qomax — Qp1 Take by, by

If Qumax — Qpa Take a1, a;

If gpeu > qp Ok safe

If dpeu < gp UN safe — increase depth
t=d + cover

cover = (5to 10 cm)



6) Reinforcement of the footing:

in Long Direction:

Mmax

et 2 — 2 1
rdeFy cm®/Bgrc =...cm°/m

As Top =

A min=0.15*d
If AsTop = As min — 0k

If A Top < Asmin — take As Top = As min

M1lorM2orM3orM3 2 2
A got= TndeFy =..cm°/Bgrc=..cm“/m

Take Max Moment of M; & M, & M3 & M,
A min=0.15 *d
If Asgot = As min— OK

If Asgot < Asmin — take Aggot = As min



In Short Direction:

Column1

« (y1lor2)? _

My = quit >

Takey Max of y; & y,

_ BR.C—b1lorail _

= .. M
Y, »
BR.C—b2ora2
Y2= =..Mm
2
Mu 2 :
= =...CM /m
A= ey = C /
AS min = 0.15 * d

If As = A min — Ok

Column2

If As < Ag min — take Ag= Ag min






Example: 1

The two column shown in fig are to be supported en a
combined footing with the given Dimension.

It is required to:

1 ) Determine the Foundation thickness required to
satisfy Max bending Moment and shear.

2 ) Determine the reinforcement steel in both
direction.

3 ) Draw net sketch a section elevation and a plan
showing concrete dimension and steel details.

'P1= 700 KN

| Icolumn1= 30X40 cm

Column2 = 30X70 cm

Solution
Given: f.,= 250 kg/cm”, qu;= 150 kN / m?,

F,= 3600 kg/cm?, Foundation depth = 2m



P,=700 KN =70 Ton

P,=1200 KN =120 Ton

P:=190 Ton

P1,=70*1.5=105 Ton
P,,=120*1.5=180 Ton

Qan= 150 kN /m°= 15t/ m?’

1) Dimension of Footing:

P;=(P1+P,) *1.1=(70+120)*1.1=209 Ton

_ Pt 209 _ 2
Arc = Sall ~ 15 =13.93 m
C;=0.2m

C;=C;+S5S=0.2+4.5=47 m

_ (c1xp1)+(c2#p2) _ (0.2+70)+(4.7%120) _
- pt - 190 -

C 3m

Lrc= 2*¥*C=2*3=6m

ARC 1393 »32m=~2.35m
LR.C 6

Brc=

End of Working Loads

2) Ultimate stress & Draw B.M.D & S.F.D:



_ (p1+p2)*1.5 _ (70+120)%1.5

=20.21 t/m?

ult = " R C+BR.C 65235

Wit = Quit * Brc=20.21* 2.35=47.5t/m'



Q1 =Wy *C, =47.5%0.2=9.5 Ton
Q,=Q;—P1y, =9.5-105=95.5 Ton

Qs=W* C;—P,=47.5*%4.7-105=118.25 Ton
Qs=Q3—Py,=118.25-180=61.75 Ton

X, = Lpc— (Cy+ b72 )= 6— (4.7 + 02—3 )=1.15 m

(X1)? (1.15)2

Myi=W,* =47.5* =31.4 mt

¥ 22 2 47 5x(LASHOS)
2

M, =W/ »(X1+b2)?
- u

~180* % =23 mt

At p.o.z.s

P1u 105

= =2.2 m
Wu 47.5

Xo=

(X

2
Mnax =P 1s* (Xo— Ca)= (W, * 2 )=105*(2.2-0.2)
(2.2)?

—(47.5%
2

) =05.1 mt

3) Calculation the Depth:



* 5
d =c1 \/ Mu__ g /95'1 10° _63.6cm =70cm
FcuxBR.C 250%235

4) Check shear:

Qun =Quiar=Wo (5 + = )= 118.25-47.5 (2 + =)

=94.5 Ton

Qsh  94.5%103
BR.C+xd  235%70

«=0.4 *+/Fcu = 0.4 * /250 = 6.3 kg/cm*

Qcu 2 Qsh

6.3 > 5.7 ok safe

Qsh = = 5.7kg/cm’



5) Check Punching:

For Column 1:

Qp1=Pu1—qu (A" *By')

Ar'=(as+ )= (0.4+ 2 )=0.75 m
B:'=(b;+d)=(0.3+0.7)=1 m
QP1 =105-20.21(0.75*1)=90 Ton
For Column 2:

Qp2 = Pu2—qu (A2 *B,')

Ay =(a,+d)=(0.6+0.7)=1.3m
B,=(b,+d)=(0.3+0.7)=1m
Qp, = 180—20.21 (1.3 *1)= 154 Ton

_ Qp2 _ 154%103 _ 2
9= 2x(A2'+B2)xd  2+%(130+100)*70 =4.8 kg/cm
b2 Fcu
Opeu= (0.5 +—) [~
_ 0.3, 250 _ 2
=(0.5 o ) i 12.9 kg/cm



Opcu > Qp

12.9 > 4.8 ok safe
t=d+cover=70+10=80cm
6) Reinforcement of the footing:

in Long Direction:

M
S cm’/Brc= cm?/m'

A Top = J+d=Fy =

_ 95.1x10°
~ 0.826%70%3600

A min=0.15*d =0.15 * 70 = 10.5 cm*/m'

=45,7/2.35=19.4cm2/m'

AsTop = As min — OK

Take Astop=19.4 cm’/m!'

Use 6y22/m'
M1 ,
A got = raeFy =...cm”/Brc =...cm”/m
31.4%10°

_ =15.1/2.35 = 6.4cm*/m'
0.826x70%x3600

A min=0.15*d =0.15 * 70 = 10.5 cm*/m'

As ot < Asmin — ta ke As Bot = As min



take A, gor= 10.5 cm?/m!’
Use 6y16/m’
In Short Direction:

« YD

Mu = Quit 2 =..Mmt
Y, = BRC-b1 _235-03 ., oo
2 2
Y, = BRC-a2 _235-06 o ooc
2 2
2 2
M, = que * 22 = 20.21 % £229° _10 62 mt
* 5
Mu _ 1062410° o4 o2

ST Jxd+Fy _ 0.826%70%3600
A < As min — take As= A min
take A,=10.5 cm®/m'

Use 6y16/m’






Example: 2

The two interior column shown in fig are to be
supported en a combined footing with the given

Dimension.
It is required to:

1 ) Determine the Foundation thickness required to
satisfy Max bending Moment and shear.

2 ) Determine the reinforcement steel in both
direction.

3 ) Draw net sketch a section elevation and a plan
showing concrete dimension and steel details.

“P2u = 1650 KN

| Pfu=1200 KN |
Column1= 30X50 cm ICqumn2 = 30X70 cm

Solution
Given: f.,= 200 kg/cm”, qu= 120 kN / m?,

F,= 3600 kg/cm?, Foundation depth = 2m



P1,=1200 KN =120 Ton
P,,= 1650 KN =165 Ton

P.,= 285 Ton
Plu 120
P1w= TRET: =80 Ton
P2u 165
Paw=-—=——-=110Ton

P.w=80+110=190 Ton
Qan= 120 kN /m*=12t/ m?’

1) Dimension of Footing ( working Loads ):

T (o1 N

CcMnﬁﬂ Column?2




Pi =(P1+P5)*1.1=(80+110)*1.1=209 Ton

_ Pt 209 _ 5
Arc= Gl 1z - 17.4 m
TakeC;=1m

C;=C;+S=1+4=5m

(c1xp1)+(c2*p2) (1x80)+(5x110)

C= =3.3m
pt 190
I—R.C= 2*¥*C=2*3.3=6.6 m
ARC 17.4 N
RCTTRE - o6 2.64m = 2.7m

End of Working Loads



2) Ultimate stress & Draw B.M.D & S.F.D:

(p1+p2) _ (120+165)
LR.C*BR.C  6.6%2.7

Wi = Quie * Bre= 16 * 2.7 =43.2 t/m’

=16 t/m*

ult =



Qi=Wy:*C; =43.2*1=43.3 Ton
Q,=Q;—P1, =43.2-120 =76.8 Ton
Q3=Wy:*C,— Py, =43.2*5-120 =96 Ton
Q;=Q3—P,,=96—-165=69 Ton

X, = LR,C—(c2+£)=6.6—(5+°21)= 1.25m

Xz—Cl—_ 1———075m
2 2
My = W, * E 2 g3.9% L2577 _ 33 50 s
2
M, =\NU*(X1+a2) P, * %

x(1.25+0.7)%

=432 ~165* 27=24.38 mt
2 2
M= W, * E2° 2 43 2% 075 _15 95 mt
2
M, =\NU*(X2+a1) P, * a?l

2
=43, 075+05) —120* %5_ 375 mt

At p.o.z.s




(X0)?

Mmax = P1y *(Xo — C1) = (W * )=... mt

«(2.78)%

=120%(2.78-1)- (43.2*=

)=46.7 mt

3) Calculation the Depth:

Mu 46.7%10°
d=cl =5 =46.5 = 50cm
Fcu*BR.C 200%270

4) Check shear:
d
Qsh = Quiax— Wy (E + %): ... Ton

- 96—43.2((’7'5

+ 0'?7)= 70 Ton

Qsh _ 70x10°
BR.C+xd  270%50

Osh = = 5.18 kg/cm’

Jew= 0.4 * VFcu = 0.4 * /200 =5.66 kg/cm’

Qcu > Qsh

5.66>5.18 ok safe



5) Check Punching:

7192 [b1B1' B2| b2 19217,

Column1 Column2

For Column 1:

Qp1=Pu1—qu (A" *By')

A.' =(a;+d)=(0.5+0.5)=1 m
B:'=(by+d)=(0.3+0.5)=0.8 m
Qp;=120-16(1*0.8)=107.2Ton
For Column 2:

Qp2 = Pu2—qu (A2 *B,')

Ay =(a,+d)=(0.7+05)=1.2 m
B, =(b,+d)=(0.3+0.5)=0.8 m



Qp,=165-16(1.2 *0.8) =149.64 Ton

_ Qp2 _ 149.64%10% 2
9= 2%(A2'+B2")xd  2%(120+80)*50 7.48kg/cm
b2 Fcu
Opeu=(0.5+—) [~
_ 03, 200 _ 2
=(0.5 — ) " 10.7 kg/cm

Opcu > p

10.7 > 7.48 ok safe

t=d + cover =50+10 =60 cm



6) Reinforcement of the footing:

in Long Direction:

Mmax

—_— 2 - 2 !
rdnFy cm®/Bgrc =...cm°/m

As Top =

_ 46.7%10°
~ 0.826%50%3600

A, min=0.15 * d=0.15 * 50 = 7.5 cm*/m'

=31.41/2.7=11.63 cm’/m'

AsTop = A min — 0Ok
take Asop=11.63 cm’/m'

Use 6y 16 / m'

_ M1 _ 2 _ 2 |
A got= ]*d*Fy-..cm /Brc=..cm°/m

33.75%10° 2 2
= =23cm*/2.7=8.5cm" /m'
0.826%50%3600

A min=0.15*d =0.15 *50 = 7.5 cm’/m’

As Bot = Ag min — 0Ok
take A, go: = 8.5 cm?/m!'

Use 8y 12/ m'



In Short Direction:

Column1 Column2

1012)2
M, = qult* & > )
Y, = BRC-b1 _27-0.3 _ 19 m
2 2
Y, = BRC-b2 _27-0.3 _ 19 m
2 2
2
M, = 16 *22° _ 17 52 mt
Mu 11.52%10°

2
= = =7.75cm”/m'
Jxd*Fy  0.826%50%3600

Asmin=0.15*d =0.15 *50 = 7.5 cm’ /m'’
As = Ag min — 0Ok

take A= 7.75cm*/m'

Use 8y 12/ m'






Steps of Design:

1 ) Dimension of Footing:

property Line
i i

Pi1= 1.2*P1= ...ton
Pt2= P2= ...ton
o) dus

P, s P;— Working Loads

Take t,.=30cm



Area of Footing (1):

Pt1 2
Af1=_= .. M —>A1’ B,

ol Qs
Ap — () 2l ) (gl
By — ( oSYlaadl) Jshl

Area of Footing (2):

Pt2 2
Af2=—=...m —>A2 B>
qall ’

Ol G
A; — dsaxll aa s Cas Jhall ) gl
B; — el aiza s o Jhall ) [yl

2 ) Determination of eccentricity:




J\.@Ajmujﬁﬂdyﬂ\@oﬁfz\_uu\oLM\
Asand) Jan 5l WS i 8 4 il

Py O Jis i an s dgenl) e 5385 50 e J5Y) sacdll

. Ris
A1l
e=—-Ci=...m
2
C=s—e=..m

3 ) Check Area:

R1U=P1+P1*%=... ton

R2=P2—P1*§=... ton

Rt1x1.1 2
= =..t/m™ #
d1 A1 Bl / Qall
Rt2%1.1 2
= =..t/m *
d>2 A2+B2 / Qall

If g1 > g, increase B4
If g, > g, increase B,

End of Working Loads .



4 ) Design of Strap Beam:

Calculation of Moment and Shear for Strap

Beam:

on

1.5P;=...1

1u

P

=1.5P,=...ton

PZu -



Rlu =1.5 Rl =...ton

R2u =1.5 R, =...ton

R1u
=—=_..t/m'
1=t
R2u
=—=..t/m'
==t/

Point of Zero Shear

At distance X,




Mult
d=c; =..Ccm
Fcuxb

c; =4 — beam
b — strap beam (=_c

b=40— 80 cm

strap beam  ola3) (A 3 saxll aay e JB Y




5 ) Check Shear:
Q1= Wl* C1= .. L

Q=Q;—Pyy=... 1
Qz=W,* =t
Qs=Q3—Pyy=... t
Qp1=Qior Qy, — W, *(g + 4 Ozr b1 )= ... ton
TS FUITEN
Take the bigger of Q; or Q,
a— Jganll Jsha
b— 2saxll e
b1 or al— 2sexll olad) s
Qsho = Qzor Qu — W, *(g 4 & Ozr b2 )= ... ton
o) s

Take the bigger of Qz or Qg4
a— J)A’.M dj.L

b— 2sanll e



b2 or a2— 2 gexll sladl Crwa

Qsh = ngisrz = .. kg/cm2
Ol S
Take the bigger of Qg1 0r Qgn
b— strap beam (= =
Qeu = 0.75% % (for beam ) = ... kg/cm®
Ol G

Xc=1.5

If gcu> gsh Ok ( Use min stirrups 5y8/m')
If 9cu < 9sh ( USe min stirrups 7y10/m')
t=d + cover

cover =(5to 10 cm)

Reinforcement of the Strap beam:

Mmax _ 2

Astop = M =...CMh

AS bott — 20 % As top = - sz



6 ) Design of Footing:

Footing 1 (F):

B=100cm , ¢c;=5 for Footing



Check Shear:
dB1b

Qon = qu1 *(5 + )=...ton
_ Qsh 2
Osh= 5 ,a7 = - kg/cm
O Cus
B=100cm

g =0.4*\Fcu =... kg/cm2

If g >dsn Ok safe

If g < Qsn un safe increase depth
Take d = Qg / (qcy * B) =

t=d + cover

cover =(5to 10 cm)

Reinforcement of the footing (1):

M1
J*d1+Fy

1 = = ...cm’/m'

As min=5y12/m' = ... cm?/m'
If Asl > As min — ok

If A1 < Agmin — take Ag1= Aq min



Footing 2 (F,):

B=100cm , c;=5 for Footing
Check Shear:

d B2-b
Qsh—quz (_

)= ... ton



_ Qsh _
Ush= 5,0, = kg/cm

B=100cm

Jes = 0.4*VFcu = ... kg/cm®

If gc>qsn Ok safe

If gc.<gsn un safe increase depth
Take d = Qg / (Qey * B) = ... cm
t=d + cover

cover =(5to 10 cm)

Reinforcement of the footing (2):

M2
Jxd2+Fy

A, = = ..cm’/m'

Aq min=5y12/m' = ... cm?/m!'
|f Asz = AS min — ok

If Az < Agmin — take Ag= Ag min



Details of Reinforcement:

on de pth

ndatis

Fo

AszBot=02Astop




Example: 1

The two column shown in fig are supported to be
connected with a strap beam passing through the
outer face of footing (1) to the outer face of

footing (2)
It is required to:
1 ) Determine the footing Area.

2 ) Draw bending Moment and shear of the strap
beam.

3 ) Determine the depth & reinforcement steel of the
strap beam wish satisfy bending Moment and shear .

4 ) Draw clear sketch showing dimensions of strap
beam and steel details.

i P1= 1200 KN
iCqumn1 = 40X70 cm

I P2= 1600 KN
|
Column2 =40X80 cm




Solution
Given: f., = 250 kg/cm?, g.i=175kN/ m?,

F,= 3600 kg/cm’, Foundation depth = 2m

P, = 1200 KN = 120 Ton
P, = 1600 KN = 160 Ton
Qan= 175 kN /m*=17.5t/ m°

1 ) Dimension of Footing:

property Line <
B EEN{ICEN

Pyy=1.2%P;=1.2*%120= 144 ton



P;,=P,=160ton
Take t,.=30cm

Area of Footing (1):

Pt1 144
= = =8.3 m2 —> Al Bl
gall 17.5 ’

As
Bl= 3.2m
A;=2.6m

Area of Footing (2):

_Pt2 160 _ 2
Afz = qall =175 9.15m"— Az’ Bz
Bz= 3.3 m

A=2.8m



2 ) Determination of eccentricity:

e=%—c1=22;6—o.35= 0.95 m

C=5s—-e=6-095=5.05m
3 ) Check Area:

Ry =P+ P * 82120+ 120* 222 - 142.6 ton
C 5.05

R,=P,—P;*S=160-120* 222 - 137.4 ton
C 5.05

Rt1+1.1_142.6+1.1
A1¥B1  2.6%3.2

di1 > Gal
18.85 >17.5 increase B4

Rt1x1.1
A1+xB1

=18.85 t/m°

q1=

g1=



142.6x1.1
2.6xB1

17.5*2.6B,=1426*1.1

17.5=

Bl= 3.5m

Rt2*x1.1 137.4x%1.1 2
= = =16.3 t/m > Jall ok
A2+B2 2.8%3.3

o p)

End of Working Loads .
4 ) Design of Strap Beam:

Calculation of Moment and Shear for Strap
Beam:



120*1.5=180 Ton

Plu =15 P1

240 Ton

=1.5P,=160*1.5

2u—

P

*142.6=213.9 Ton

=15R;=1.5

1u—

R

*137.4 =206 Ton

=15R,=15

2u—

R




Point of Zero Shear

At distance X,

X, =P =159 _5 195 m
82

wl

(2 195 )?

Max=180(2.195-0.35)— 82*( )= 135 mt

Mult
Fcuxb

d=C1

Take b =80 cm

135%10°
250%80

d=4 =104 =110 cm

5 ) Check Shear:
Q;=W;*C;=82*0.35=28.7 t

Q,= Q- Py, =28.7-180 = 151.3 t
Qs=W,* ——73 6* =103t
Q.= Qs— P, = 103—240= 137t
QshleZ_Wl*(g + az_l)

=151.3-82 * (12;1+°21)= 77.5 ton



Quno=Qa~ W* (5 + =)

=137- 73.6*(% " 02—4 )= 81.8 ton

Qsh2 81.8+103 2
= = =9.2 kg/cm
h =74 ~ sor110 8/

— % [Fcu _ % [220 _ 2
e =0.75 /MC =0.75 /m.s =9.68 kg/cm

If gcu> gsp 0k use min stirrups 5y8/m'

t=d+cover=110+10=120cm

Reinforcement of the Strap beam:

Mmax _ 135%10°
]*d*fy 0.826%x110%x3600

As top = =41.3 sz

Use1lly 22
Asbort= 20 % Agiop=0.2 ¥ 41.3=8.3cm’
Use5y 16



6 ) Design of Footing:
Footing 1 (F):

Riu  213.9 )
= = =23.5 t/m
Qu1= 3 B1~ 2.6:35 /

(B1—b)2 (3.5—0.8)2
Mi=qu * ZT = 23.5*ZT =21.4 mt
% 5
di=c; /Mlult =5 214-107 _ 46.26 = 50 cm
FcuxB 250%100
Check Shear:
d Bi1-b
Qsh =qU1*(E + 2 )

=23.5*(°é5 " 3'5;0'8 )=37.6 ton

Qsh 37.6%103 2
= = =7.52 kg/cm
Ash=5.d1 ~ 100%50 52 kg/c

Jes = 0.4*VFcu =0.4*\/250 =6.32 kg/cm®

Qcu < Gsh
6.32 < 7.52 un safe increase depth
Take d1 =Qsp /(9cu*B)

_ 37.6%103
"~ 100%6.32

1 =59.49 = 65 cm



ty=d+cover=65+10=75cm

Reinforcement of the footing (1):

M 21.4%10°
Ag=——r—=—2210 1107 cm?/m’
Jxd1*Fy  0.826%65%3600
Usebyl6

Aq min=5y12/m' =5.65 cm? /m'
take A,=11.07 cm’/m’
Usebyl6

Footing 2 (F,):

_ R2u _ 206 _ 5
2= o B2 28433 22.3 t/m
(Bz—b)2 (3.3—0.8)2
My = gy * 2= 22.3%—2——=17.4 mt
«105
d, = ¢ /MZ”” =5 [2Z419° 4171 =50 cm
FcuxB 250%100
Check Shear:
d B2-b
Qsh =qu2*(z + 2 )

=22.3*(°§5 " 3'3;0'8 )=33.45 ton




Qsh 33.45%103 2
= = = . k m
9sh = B.dz Toos0 067 g/c

dew = 0.4*VFcu =0.4*V250 =6.32 kg/cm’
Geu < Qsh

6.32 < 6.69 un safe increase depth

Take d; =Qsp /(Qcu*B)

* 3
d, = 22245197 _ 55 92 =60 cm
100%x6.32

t,=d,+cover=60+10=70cm

Reinforcement of the footing (1):

M2 17.4x10°
 J*d2+Fy  0.826%60%3600

Useby1l6

A, =9.75 cm?/m'

Aq min=5y12/m' =5.65 cm’/m'
take A,=9.75 cm®/m'
Usebyl6



Details of Reinforcement:

on de pth

ndatis

Fo

AszBot=02Astop




Raft Footing:

Calculation of soil pressure under Raft:

Steps of Calculation:

1 ) Determination of C.G of Raft:
Al C.G wass
2 ) Determination of Resultant Load and its
point of application:

L Ll ddati g (3aaeY) Jlaal ) o5l Alana apan



&

o

“ | C.G of Raft
§

N

col 3

N




Col |Load| X | Y P*X P*Y
No. | (p)
1 P1 | X1 |Y1l| P1*X1 P1*Y1
2 P2 | X2 | Y2 | P2*X2 P2*Y2
3 P3 | X3 | Y3 | P3*X3 P3*Y3
4 P4 | X4 |Y4 | P4*X4 P4* Y4
5 PS5 | X5 | Y5 | P5*X5 P5* Y5
6 P6 | X6 | Y6 | P6™ X6 P6* Y6
Yo Yrex Yrer
v _ 2PxX
X= ST m
T _ LPxY
Y = sp m
3 ) Determination the value and direction
determined:
TS A ENPRPNCIRILEN
e=2X=..m
2
e, = g- Y=..m



A ..
EHMHC.GCJ\SA
B ..
EHMHC.GCJ\SA

Ak YA b el olal

My ‘omad i | 0 G afRaft C.G of Raft, [4oodslalm gy

' ima,d i | .G ofRaft C.GofRafl [t mem aim

My=2.P*e,=..KN.m
My=>P*e,=..KN.m



4 ) Calculate the soil pressure at the points

required:
_-N |, Mx MY &
O = A + *y+ Iy KN/m
Ol G
N—>P

(farozn) alls = o) agu (ol ) 4pals ddadil) culS 1))

A — Area of Raft

Area of Raft (A) = (A*B) = ... m”

Ax(B)3 3 gallk | 3
Ix = (B) =.m’Ix= 2l Cole) =.m’
12 12
o) Cas
(X) Dsaall (53l gall 2aall = (g 51 5all
3
Bx(A)3 ) galls \
= (4) =..mIx= el Cole) =.m’
12 12
o) Cas

(Y) Dol (551 sall 2l 6= (5 5) 5al



2yl dasill C.G of Raft (e (ol 5 (88Y) 223l
X,Y — (e Wily) ladie soil pressure «bus

5) If required to Draw the soil pressure on
Nutural axies:

D el &l ghad

Nutural axies (N.A) (Se 22 g

y=v 355 6=0,x=0 (e am -l

-N | Mx M
o=—t+—*y+—=*x
A Ix ly
-N | Mx M
0=—+—*y+—>%0
A | ly

-N | Mx M
o=—t+—*y+—*x
A Ix ly
—-N |, Mx M
0=—4-—*0+-2*x
A | y

435 Da

el dals jeday g adlll spoa = A Hebay — NLA
Aandl el i



L.GofRat




6 )Raft Foundation Design:




Method ( 1 ):

If not given Col strip width take:

Col strip width = E 21501 3aae DU day 48l e e

L S e e

Col strip width =~ BIENRAVES L PN RS
_ 2 Pult
Qun = Area

Wyt = Qun ¥ B = ... t/m'

WE WS ey (WE G

wLz /10 wL2/10

05*wL 05*wL  0.5"wL

0.45°WL g 5qy  0.5%WL

Mmax = take the bigger Moment from B.M.D



Qmax = take the bigger Shear from S.F.D
d=C / Mult _ ... CM
FcuxB

c1=5

B=100 cm
Check Shear:

d
Qsh = Qmax— (E ) * Wyt = ... ton

_Qsh _

Osh=Gog = kg/cm2

B=100cm

g =0.4*\Fcu =... kg/cm2

If g >dsn Ok safe

If g < Qsn un safe increase depth
Take d = Qs / (Qey * B) = ... cm
t=d + cover

cover =(5to 10 cm)



Check Punching:
Qp=Py—qu(A'*B')=... Ton

Py— dndll 4 2gee Jas el
A'=(a;+d)=..m
B'=(b;+d)=..m
a— sl Jsh b — gl g e

_ Qp _ 2
b F
Jpcu = (0.5 + ; ) % = ... kg/cmz

If gpeu > qp Ok safe
If dpeu < gp UN safe — increase depth
t =d + cover

cover = (5to 10 cm)



7) Reinforcement of the footing:

A _ Mutop
sTop — ]*d*Fy
Mubot

As Bot — ]*d*Fy

=..cm*/m'

=...cm’/m'
ol Cua
Mutop « ssle aje el



Method ( 2 ):

W =Z% = . KN/B

W(L3)2 /10 Loy 112 W(LT)* /10

f f
w(L20r3)?/10 w(L10or2)?/10

05*'wL 05wL 05wl

0.45°WL 5yl 0.5%wL

JU]RLITEN
Y Pw « ki Col strip saec! Jlaal ¢ sana
B « Colstrip Jlday b e e
L « Colstrip J4ay i Jsh
Wy=W *1.5



Mmax = take the bigger Moment from B.M.D

Qmax = take the bigger Shear from S.F.D

Mult
d=C / =..Ccm
FcuxB

Ci1 = 5
B « Colstrip Jldsy i e
Check Shear:

d
Qsh = Qmax— (E ) * wyie = ... ton

h
Qsh = g%d = ... kg/cm2

B « Colstrip J 4 i = se

Jes = 0.4*VFcu = ... kg/cm®

If g..>qsn Ok safe

If 9. < gsn un safe increase depth
Take d = Qg / (Qey * B) = ... cm

t=d + cover



cover =(5to 10 cm)

Check Punching:

_ 2 Pult_ ... KN/m?

un =
Area

Qp=Py—qu(A'*B')=... Ton
G| UITEN
P, — ton s s dsy il 8 dgae Jea el
A'=(a;+d)=..m

B'=(b;+d)=..m
8> seall Jsh, b 2seall (= e



Qp

Ao = 2*(A'+B')*d kg/cm
Ol Cas
Fcu 2
Qpcu = (O 5+- ) = .. kg/cm
Ol Cas
If Qpeu > 0p Ok safe
If dpeu < gp UN safe — increase depth
t =d + cover
cover = (5to 10 cm)
Reinforcement of the footing:
Mutop 2 I 1
AsTopl—]d—F .cm”/B'=/m
Mutop -
AsTopZ— ]*d*Fy . CMm /B /m
Mubot 2 /e \
A got = TvdeFy =...cm°~/B'=/m
O G

Mutop « sle oo el



Details of Reinforcement:

As min As bot As min As bot As min

elevation

AT T T T T T T T T T i I R B S S~ S )
nn g o o o0~ w0 a a oo~
3, Figeg R S R -




LI S%

=
L=
=
=3
—
T
5]

strip length




Example: 1
The Raft footing shown in fig all columns 40 X 40 cm .

It is required to:

1 ) Determine the soil pressure under the corners of
the given Raft.

2 ) Make Full design for strip AF take strip width=3m.

3 ) Determine the reinforcement steel of the Raft
footing .

4 ) Draw net sketch showing dimensions of Raft
footing and steel details.



A
‘ = 400 KN P =400 KN

\
.

D

3 =
P=1000 KN P =[1200 KN P= J‘DD KN
|

| .
P=1000KN P i 1500 KN P = mt:u] KN

P=400KN P 3 900 KN
] O

.F_

Solution

Given: f,,= 250 kg/cm?, F,= 3600 kg/cm®



38— 18-122=58

JSEN api aid Jilaie ye JSE o A
A;=6.2*58=3596m"
A,=12.2 %12 =146.4 m*



Area X Y A*X | A*Y
35.96 | 3.1 |15.1|1111.5| 543
146.40( 6 6.1 |878.4| 893
182.36 989.9(1436
> Area > A*X (X A*Y]

1) Determination of C.G of Raft:

Y A*X _ 9899

Xcg=

Y Area 18236

YA«Y _ 1436

Ye=

2 ) Determination of Resultant Load and its

Y Area 182.36

=54

m

=7.87/ m

point of application:

Lo il ddad g ((3aee Y] Jlaal ) (558l Aliane 2

Al C.G s



E
(Lo ]
L

y11=0.2 m




Fu"I}"- :
_Xcg=54m

P =400 KN

Ycg=7.87 m




ColNo| P(KN) | X | Y | Px | Py
1 | 400 |o2[178] 80 | 7120
2 | 400 | 6 [17.8] 2400 | 7120
3 | 1000 [02] 12| 200 | 12000
4 | 1200 | 6 | 12| 7200 | 14400
5 | 400 |118] 12 [ 4720 | 4800
6 | 1000 [02] 6 | 200 | 6000
7 | 1500 | 6 | 6 [ 9000 | 9000
g | 1000 [118] 6 | 11800 | 6000
9 | 400 |o02]02] 80 80
10 | 900 | 6 |02 5400 | 180
11 | 400 [118]02] 4720 | 80
8600 45800 | 66780
TP IPX | IPHY
X — Y PxX _ 45800 -53m
Y P 8600
Y — Y PxY _ 66780 - 777 m

2P

8600




3 ) Determination the value and direction
determined:

2o ad) oladl g dad daas

e,=Xcg—X=54-53=0.1m
e,=Ycg—Y=7.87-7.77=0.1 m

My= P * e, = 8600 * 0.1 = 860 KN.m
M, =Y P * e, = 8600 * 0.1 =860 KN.m

4 ) Calculate the soil pressure at the points
required:

cs='N+M y+Myy* .. KN/m?




38— 18-122=58

JSGEN api i Jilaia jue JSAN () Jaa U
A1=6.2*5.8=3596m"
Ay=12.2*%12=146.4m"

Area of Raft (A) = Y Area = 182.36 m°



For A;:
A1=6.2,B1=5.8, Ycga1=15.1, Ycg=7.87
For A,:
A,=12,B,=12.2, Ycgar=6.1, Ycc=7.87

A1x(B1)3 A2x(B2)3
Ix ={ 1(2 ) +A1 *(Ycen1i— Yee )2 +H 12

+A; *(Ycena— Yeo )2 =..m*

" 3
6.2%(5.8) +35.96%(15.1— 7.87)"}+{

[x ={

12%(12.2)3

+146.4%(6.1-7.87)°

= (100.81 + 1879.73)+ (1815.85+458.66)
= 4255m”



For A;:

A;=5.8, B1=6.2, Xcga1=3.1, Xcc=5.4
For A,:

A,=12.2,B,=12, Xcgp2=6, Xcg=5.4

A1x(B1)3 A2x(B2)3
Iy ={ BL) +A; *(Xc.ga1— Xce )2 }+H 1(2 )
+A; *(Xc.eaz— Xca )2 =..m"
ly ={ 224020, 35 96%(3.1-5.4)+{ 2212
+146.4*(6-5.4)°
=(115.19 +190.23)+(1756.8+52.7)
=2115m*
o=+ Bxy 4 Wy kN/m?
A Ix ly
_ =8600 860 ,
= 18236 4255 2115
=-47.3 KN/ m
5= Z8600 86 ( 860 (12 5.4)
182.36 4255
=-43.6 KN/ m
_ —8600 860 , 860
"~ 182.36 4255 (7. 2115 (5.4)




=-51KN/n¥

~8600 860
(7 87)+ -
~ 18236 4255

=-46 KN/ m’

—*(12-5.4)

6 )Raft Foundation Design:

For strip AF

strip width=3m

Method ( 2 ):

Y. Pw =400+1000+1000+400 = 2800 KN
L=3*6=18 m

YPw _ 2800

T =155.56 KN/B

W =

=15.56 t/B
Wy=W *1.5=15.56 *1.5=23 .33 t/B



W(L3)* /10 \y(L2y2 /12 W(L1)*/10

{ f
w(L20r3)? /10 w(L10r2)2/10

0.5*'wL 05wL 05wl

0.45"WL 5wyl 0.5"wL

_ w(L)? _23.33(6)*

Mult— 10 10 =84 mt

_ w(L)? _23.33(6)*
Mue=—7—= =7,

=70 mt
Mmax = 84 mt

Q=0.45*wlL =0.45*%23.33*6 =63t
Q=0.5*wL=0.5%23.33*6=70t



Qmax=701

Mult 84x10°
d=C =5 =53cm =60cm
FcuxB 250%300

Check Shear:

Qut=Qmax— (5)*Wa =70~(=)* 23.33= 63 ton

_Qsh _ 63x10°
Ash = 5ed ~ 300+60

Jo = 0.4*%VFcu =0.4*v/250 =6.3 kg/cm’

= 3.5 kg/cm’

Qcu 2 Qsh

6.3 > 3.5 ok safe

t=d+cover=60+10=70cm



Check Punching:

Oy = 220t _ 8600 _ 455 KN/mP= 4.72 t/m'

Area 182.36

Qp=P,—qu(A' *B')=... Ton
A'=(a;+d)=0.4+0.6=1m
=(by+3) = (0.4+22)=0.7 m

Qr=100 —4.72(1 *0.7) =96.7 Ton

_ Qp _96.7¢10% 2
9= 2+(A’+B")*d  2%(100+70)%60 4.74 kg/cm
Fcu 0.4, |250
Qpcu =(0.5 + ) (O'5+o.4) —



=19.36 kg/cm”’

Opcu > p

19.36 > 4.74 ok safe
t=d+cover=60+10=70cm

Reinforcement of the footing:

Mutop

_ Mutop _ 2 i et
STopl - ]*d*Fy eoe Cm /B /m

A

84+10° 2 2
= =47cm” /3= 15.6cm“/m’
0.826%60%3600

Use 8Y 16 /m'

_ Mutop _ 2 . 2 |
AsTop2 = edeFy cm”/B'=cm?/m

70%10° 2 2
= =39cm”“/3=13cm“/m’
0.826%60%3600

Use 7Y 16 /m’

Mubot | |
A got = =...cm’/B'= cm?/m
Jxd*Fy

84+10° 2 2
= =47 cm”/3=15.6 cm“/m'
0.826%60%3600

Use 8Y 16 /m'



Details of Reinforcement:

As min Asbot  Asmin  As bot As min

elevation

i N B A R L RN B S Y i B N B BN NN NN S S = A -
Wl @ %NS CO T - .
- wn m oA n N n AR R AR~ -




LI S%

=
L=
=
=3
—
T
5]

strip length




Example: 2
The Raft footing shown in fig all columns 50 X 50 cm .

It is required to:

1 ) Determine the soil pressure under the corners of
the given Raft.

2 ) Make Full design for strip width=3m.

3 ) Determine the reinforcement steel of the Raft
footing .

4 ) Draw net sketch showing dimensions of Raft
footing and steel details.



=500t P=

t

P= 1500t P=1500t P=1200t

Solution
Given: f, = 250 kg/cm”, F,= 3600 kg/cm’

, Qan = 60 KN/m?






P=1500t

= 1500t




[P=s00t P=450t]]

11

Y= 1085 m

1 ) Determination of C.G of Raft:
Adll C.G waas

2 ) Determination of Resultant Load and its
point of application:

L il A g (Baee Y Jleal ) (5 58l dliasa apaas



doll flooll RNl Nop il NGl Ny NTb RN )R N

— -
— | O

—_
| N )

400
500
350
1500
1500
1200
1500
1500
1200
400
500

450

11000
2P

0.25
8.20
16.25
0.25
8.2
16.25
0.25
8.20
16.25
0.25
8.20
16.25

0.25
0.25
0.25
1.05
1.05
1.05
14.25
14.25
14.25
21.25
21.25
21.25

100
4125
5687.5
375
12375
19500
375
12375
19500
100
4125
1312.5

89950
LP*X

ColNo]P(KN) X [ Y | PX [ Py

100
125
87.5
10875
10875
8700
21315
21315
17100
8900
10625
9962.5

119300

LP*Y




X=2P*X=85950 _781 m
YP 11000

7 = Y P+Y _ 110300 _ 10.85 m
Y P 11000

3 ) Determination the value and direction
determined:

2o ad) oladl g dadd daas

X—%X £5-781_044m
ey=>-Y=22-10.85=0.1m

My=> P *e,=11000 * 0.1 =1100 KN.m

M, =P * e, =11000 *0.44 = 4840 KN.m

4 ) Calculate the soil pressure at the points
required:
-N  Mx

6=+~ y+Myy* .. KN/m?




Area of Raft (A) = (A*B)=16.5%21.5=354.75 m?

_ Ax(B)3 _ 16.5%(21.5)3
12 12

Ix = 13665 m*

_ Bx(A)3 _ 21.5%(16.5)3

Iy 12 12

=38048 m




Example: 3
The Raft footing shown in fig all columns 50 X 50 cm .

It is required to:

1 ) Determine the soil pressure under the corners of
the given Raft.

2 ) Make Full design for strip ABDC strip width=2.5m.

3 ) Determine the reinforcement steel of the Raft
footing .

4 ) Draw net sketch showing dimensions of Raft
footing and steel details.



P=1000t

P=1600t P

P=1000t P31200t

Solution

Given: f,,= 250 kg/cm?, F,= 3600 kg/cm®



Example: 4
The Raft footing shown in fig all columns 40 X 40 cm .

It is required to:

1 ) Determine the soil pressure under the corners of
the given Raft.

2 ) Make Full design for strip width=2.5m.

3 ) Determine the reinforcement steel of the Raft
footing .

4 ) Draw net sketch showing dimensions of Raft
footing and steel details.



P=120t

P=120t ||

Solution

Given: f., = 250 kg/cm”, F,= 3600 kg/cm”



Piles:

1 ) Design of piles:

2 ) Bearing Capacity of piles:
3 ) Determination settlement:
4 ) Short and Long pile:

5 ) Design of piles cap:

6 ) Design of steel sheet piles:

Piles:

Column
Column
Pile Cap Pile cap

lt—"

Piles or Other Elevation

Type of Deep .
Foundations l F}lles
. A A ‘I‘J‘

/ \
Column




Main reasons For use piles:

1) In case of the top layers are as weak that
they could not bear the structure , the piles
transfer loads to a good layer at reasonable
depth.

R Y i R Bl kil (555 Lasic

clagall ) Jaal) Jiy (3351 &) 2 585 Liiall Jlaal Jea
6.8 Adrasll

2) In order to resist uplift pressure.
3) In case of structure in water.
Anld) cliidl ¥ i

4) In order to densify the soil as in case of
short stone piles.

Types of piles:

1 )With respect to the method of transform
loads:

A ') End Bearing piles.

il A Jasdl Jaiy & gall Jaa g0 S5 ) (30 ) 52
(Qb) wixcld § o 3K ddas aie 34l giall da slaally



B ) Friction piles.
A sliay Lulusl Jaad) Jay o gil) a5 rellSial (53054
(Qs) anhu e dKiay)

C ) End Bearing + Friction piles.

le A Aau g LS Jaall iy o sill 138
(Qb+Qs) 4i2cld aie HISI )V da sliay Lo ja g 4ndans

fricdion or Ermgdl bfar't.ng
ﬁaaf’zhy/o"fes pretes
G=a
—— A lad
& el { 4 T‘ F!‘ f
A<=
R e




End bearing piles

Friction piles

END BEARING PILE FRICTION PILE



LOAD LOAD

SAND

SOFT
CLAY

I ROCK

End bearing - Friction

2 ) With respect to Material:

DR cadall o aaall o Al A e 81 Al ada
) gall 038 (e Bala (1a

The main types of materials used for piles are
wood, steel and concrete.

(s;,;g @

= 40mmy
f'-"'SOmm I
sald wal‘:r-)

Concr'f{:f steel

el
"ID Les Tirmber "P s
F e




Materials used for piles

1L,

H-pile Concrete Composite

A) Timber piles:
JaA Gl A
A8 el Jlac Y1 8 addding

Use in temporary works.




Length: 9 — 15 m
Max load: 45 Ton

B ) Steel piles:

Ao d Gl (345l

IEENT RPN

B Ladie 2230

Use when the pile cross har

'.

d layers.




Steel Pile — H piles:




Steel Pipe Pile (Tube piles)

- - -H‘L,

—TN
| ‘

T




Pipe Pile

Fillet
Weld

Flat Closure Plate




Steel Pipe Pile

NS ECO pile has a one-round spiral wing at the end of the pile of which diameter is 1.5 to 2.0 times of its shaft diameter, i.e. the shaft
diameter is 1200mm, then the spiral wing diameter is 2400mm so that its end bearing area is quite large and effective to increase its
bearing capacity.

Length: 12 — 50 m
Max load: 35 — 100 Ton



C ) Concrete piles:
Al A Gl
C-1) Pre cast: Driven
AL uall 48l
C-2 ) Cast in place: Driven, Bored

Cuall g sl a8 gall & guas

Size Size Size |
: . ! Core \

- P - ‘\ Diameter |
Continuous
Tie
L2
Prestressing-

Strand* Square Square Octagonal
Solid Hollow Solid or Hollow







OFTIONAL 3-WAY SWIVEL

LEADS

PILE MONKEY —, | i
PILE—_|

PILE GATE —

NOTES: 1. INSTALLATION OF OPTIONAL SWIVELS
GONVERT FIXED LEADS TO CARDONIC

2. SEMI-FIXED LEADS HAVE THE ABILITY
TO MOVE IN THE UP-DOWN DIRECTION,

T8 IF
v = NECESSARY
| -

Installation Equipment for
Driven Piles

e Pile Driving Rigs AbaPTER
e Pile Hammers
BOOM

® Hammer Accessories

[ ] Leaders OPERATING

= i CAB B

e Cushion Material pACHINERY

e Predrilling, Jetting
= d

SPOTTER
/

F? LEADS
A
A
,a
HAMMER




Hammer &
Cuslhion

1 el o = W, o 2
S B e T e e

_
f. 3
i o — T T— T

Leads
Pile &
Cuslhion
Template




234 square Drbven
Fracast Piiing




Hammers

=
3
©
|
5
>
s




é \ | Sl Driven Pile Foundatio

Driven Pile Foundation Construction



C-1) Pre cast:
Ja g Al gl e daalall clalga) el allaty

Handling stresses.

If%S3O—>AS= 1.25 % Ac
If30<%<40—>A5=1.5%AC

If%>40—>AS=2%AC

L — Bl Jsh

D — Gl ki



1By Bl a8 dilec

C-2 ) Castin place:

Types of Cast in place pile:

C-2-1) Simplex piles., C-2-2 ) Frankie piles.
C-2-3) Vibro piles., C-2-4 ) Raymod piles.

C-2-5) Strausse piles.



1 ) Design of piles:
Oy i

bl G AN Lasl aladial -]
Use standard penetration test (S.P.T):

P i I EPIEON | I EVEN N KEAW )
Use cone penetration test (C.P.T):

embatl) (81 Y lial aladial -3
Use standard penetration test (S.P.T):



Assume:

Dpile = ... €M

Lp”e: .. M

Q ||_45*N*1T(Dpile)2 N
all — T

Qi — LBJJ\AM Jadl Jas

E 3 E 3 E 3 —
3 JIA Dp||e Lp||e— cos

KN



N — number of average blows from S.P.T.
tests through depth of 3D above and below
pile tip.

b ol (31 AT A jad b cliall aaed Aass giall Al
Adlual Baiaal) 5 WSS Y Jea e 8 figall 4 il dauda
Wi,V adass Slel (6R) 5 s olall sacld Jaul (2R)

N — average number of blows from S.P.T.

tests throughout the pile length subjected to
shear.

ol Aulie e cladall ) dadall Jals 5 3.l

Dyile — pile diameter.

RETBEN S
Loie— pile length.

Bl Jsh



Example: 1

For the inspection of soil Design of piles
Use standard penetration test (S.P.T)

Ass, Prof. [eorenoe 1 PROJECT Nang - 3ra0uatin projecttor o yaar il [
Sisth of Qckaber trstine CO-CROMATES : DATE 2UDS008 (SHEET Np
H. Arafal CLENT PROJECT o METHOD
CEEXECUTICN  Perswsan  [WATERDEPTH:  080m  |OEPTH RANGE . 1.15m
T
= 2 . :
2 . [H ol 3
E g M E o (Kgiem’) ®  GULKDENSTY Y WATER CONTENT (%)
= |23 2 FELD
i i =1z2 ;; SOIL DESCRIPTION + FIELDVANE 125 15 175 : % WATER CONTENT
E THE ¥ f‘OCKFT PENETROMETER [ 20 | 45 ' &0 | mg | - FLASTIC LT
3 e ® |DRAINED RECT SHEAR TE
E - b - LIGUID LiMT
1~ " :.nzu:‘n‘roav VAKE O ORGAMICCOMIENT ) leme  FLASTIETY INDEX
. . EN 3 A 5|
1 - Brown silty clay, trace of fine sand =9 N
—] and trace of calcareous material
J ]
= mariresha ks uls 5L ;
Soft to Medium stiff Gray silty clay trace of fine sand x[od i i b
and traces of caltarsous material i l
B
- -
I L
: #1 S1x

Light gray clayey silt, some of fine to medium sand

Medium dense to dense graded sand, trace silt

At depth =15.00 m {slightly cemented sand )

Solution




.
: YT ¥
Ass. Prof, PROJECT NAME - G”"E.-ji.‘L"a’Fg';;L;' :Isrn:f;r R T DATE i 2MOAT008 (SHEET Np
v i WMETHOD L
L PROJECT MG oF F-EECJTI(_W Percusion - WATER DEPTH:  DEIm  |DEPTHRANGE. 1-18m
= I TACRATHEN EREAR BTRERCTH = . " "

Elz| |2 frieest ®  OUKOENSITY jum) TER CONTENT %)
El 5 2 - s
IlE |l = |53 © “ + FIELDVAME 125 15 175 2 % WATER CONTENT
3 I A -0 SOIL DESCRIPTION X POCKET PENETROMETER [0 T a5 T 50 i 1o, FLASTIC L
w (E‘ o |- ® LRAINED RECT SHEAR TE - LIGUID LiMT
al g % L LARORATORY VANE O ORSANICCOMTENTCS) |ee  FLASTICYINDEX

- as, 1 2 2 A, 5l Z),

Brown silty clay, trace of fine sand

EL T )
and trace of calcareous material

1 0.5 ® [1ES %
Jz maritesheks TR26

Soft to Medium stiff Gray silty clay trace of fine sand %03
and traces of calcareous material

| i Lt
. . i
N 05 . * f1s1 -

Light gray clayey silt, some of fine to medium sand  |—

Medium denss to dense graded sand, trace silt
At depth =15.00 m {slightly cemented sand )

m(Dpile)> N

3 *r *Dpile >lcl-pile

— 44+5+25+31
N = 3t - = 136

m(0.4)% 13.6,

Q. =45*32* m*0.4 *12=249.4 KN

Qu=25T



2 ) Bearing Capacity of piles:

Methods of Calculation Bearing Capacity of
piles:

1) Static formula.
2 ) Dynamic formula.
3 ) Field tests.
4 ) Pile loading test.
s 1Y) dgy Hall Al Kl
1) Static formula:
For pure clay:

1) Compression:

Jarca Jlal Aia il (350 Al

2
Quir=C * Ne» T2 4 ¢ % 11 * g*L
It
ONaII= S(I;S

m(D)?

End Bearing = C * N¢+

Friction=C,*m *d*L



JU]RUITEN
Qe —
s B Jasip )8
Qal —
Gl WY Jea
C —Cohesion of soil at pile tip.
Bl il Gl Jsa 4 il elulad Jas sl

d — pile diameter.

RCEB S
L — pile length.
Gl Jsh
F.0.S — Factor of Safety.
O Jalasa

F.O.S = 3 if (D.L+L.L)
F.O.S = 2.5 if (D.L+L.L+WIND+EAETHQUAKE)

Nc — Bearing capacity factor (6—9)

Jeenll 3,38 Jalae



Nc=6ifd>100cm
Nc=7if50<d <100 cm
Nc=9ifd<50cm

C, — adhesion

G538 s e Rl Foal) o i

OR

C,=0.3-0.4 (C,) Cu £100kPa For bored
piles.

C,=0.6-0.8 (C,) For driven piles.
OR



For driven Piles Ca could be directly taken as
mentioned in the following table:

Cohesion C,
Pile Type Adhesion Ca
(kN/m?)
(KN/m2)
0-12.5 0-12.5
12.5-25 12.5-24
25-50 24-37.5
Timber or concrete
50-100 37.5-47.5
100-200 47 .5-65
0-12.5 0-12.5
12.5-25 12.5-23
Steel 25-50 23-35
50-100 35-36




*dnh KC, e pa Gkl (e e 2 g Al
Al sda 8 (35l

Car *Li+Cy * L+ Cys * Ls



2 ) Tension:
2l Jlaal dca jaall & ) oAl
Tue=C, *m*d* L+Wp

tult
Tal= 705
Tur—
(Bl alaaty a8 Jaa il
Tai—

W, — Weight of pile.
TS NIEEY

x(d?2
w, = @)

*L* X,

X.=2.5



For Cohesion Less Soil (Sand ):

1) Compression:

Jaica JlaY dca yedl 531 5Al

* 2
Quir =P*Ng* 492 4 Ky *P, *tand * 1 * d * L
Qult
Qan = F.;.s

Tex(d?)
4

End Bearing = P*N,*

Friction = Kyc *P, *tand *m *d * L



D = 20*d

A Yl ) bl saxy Jlay (3l (Baall
P=X.*h;+ X,*h,
P—

) dida el (30 D Gae gl (tlal) sl

_1-sin®
14+sin @

a

N, — Bearing capacity factor function of v

dg.u_d\ BJJ§ Jalas
To get N, from table:
\% 25 30 35 40
Displacement| 15 30 75 150
pile
Bored pile 7 15 37 75
Ifv=0,Nq=0

v =v - 3° (For bored piles)

* v+40°

\% (For driven piles)

Kuc — Coefficient of lateral pressure.

Khuc=0.7 — 1.5 (For bored piles) Take = 1




Kuc=1— 1.5 (For driven piles) Take = 1.5

D el 3 SHED (Kiyp) & (Kic ) kalasll o8

Kt Khic AsJA g o
050-0.30 | 1.0-0.50 H gl 536 s
1.0-0.6 15-1.0 sl Gy
1.3-1.0 20-15 gladll yaie sl ) (358
0.6 —0.3 0.9-0.4 el aladiuls Aa) ) Bl
1.0-0.4 1.5-0.7 (e 0.60 o Jil ki) (saliie) Culi 35 )&

P,—
Jshll O sl Laial) dad Las s
& — Pile-Soil friction angle
Aol 5 B ) G SN 44 5

3 : :
o= " * v (for concrete and timber pile).

5= 20° (for steel pile).
2 ) Tension:
23l Jlaal da jzall 5 5) 6al)

Tult= KHt*PO *tan6 * T * d + Wp

tult
F.0.S

all =

Example: 2



Given :v=30°,d=30cm, Ky:=1,Ky.=1.5,F.0S=3

Req : Determine the allowable Max Load for Driven
pile shown in case of Compression & Tension .

vsat = 14 KN/m?3

Tsub =vsat-1 = 14-10=4 KN/m*®

¥' =10 KN/m?

Dense sand

Solution

100kN/m* =10t/ m’=1kg/cm’



__‘rsat*h 1=141=14T
T rsub2=044=04 T

D=20"d=20"0.3=6m

;x"*hB*Ka =1"6"1/3=2T

20-6=14m

For Cohesion Less Soil (Sand ):
D=L*d=20*0.3=6m
1) Compression:

Tx(d?)

_1-sin® 1-sin30 _

= — = =0.33
1+sin® 1+4sin30

d

§==*v=>%30=22.5
4 4

v =30°— Ng=30 from table

P=14+04+2=38T



1.4+ 04+ 3.8
2

P01=( )*6=16.8T
P,,=3.8%14=476T
Pro=47.6+16.8=644T

M esa IO L dskl (A Py Jded s
Aaleall 8 L Jshall dad aoas

" 2
m03) 1 1.5%64.4%tan22.5% *0.3

Qui:=3.8*30*

=45.77 Ton

Qult _ 45.77
F.0.S

Qa||= =15.26 Ton

2 ) Tension:
Tuie = Kne *Po *tand * m * d + W,
=1*64.4**tan22.5* 7*0.3 +3.89 =29 Ton

Kee=1 ,L=22

tx(d?)

W, = *L* X,

* 2
m(0.3)" % 59 x 2.5-3.89

W, =

tult 29

all = FOS = 3 =9.67 Ton

T




Example: 3

Given:d=40cm, Ky=1,Ky. =1, F.O.S=3, No. of
piles =12

Req : Determine the safe Load capacity of the pile

group.

Sand Soil
|_J'|_:| — 3-|:‘| o
&=20°

=19 KN'm®

Clay Soil
v=20 KNm?®
qu = 80 KN/m*
Ca=04qu

Sand Soil
|_*|_:- =39°

=10 KN/m®

Solution



For Clay Soil:

** Pile Rested on Sand Soil:

- end Bearing =0

Quir)= G * T * d*L

C,=0.4* q,= 0.4 * 80 = 32 KN/m’

Qult(1)= 32* 1 *0.4*8 =321.7 KN

For Sand Soil:
Sand (1):
sl Jall 43k
Friction only:
D=L*d=20*%0.4=8m
Quit = Kyc *P, *tand * T *d * L
- 1-sin@ _1-sin30 _ oo _ 1/3

" 1+4sin 0) " 1+sin 30

Xp=X-%X,=19-10=9 KN/m’



Thf* =16"2= 32 KN/m?

| Sand Sail
| Pot =44 KNim®

D=20"4=20%0.4=8m 1 -7'] Asub*n*Ka = (19-10)°8*1/3 = 24 KN/m*

Clay Soi

Po2 = 56 KNInt

P

Sand Soil

P = 32;56 = 44 KN/m>

P, =56 KN/m®
Quitz) = 1*{(8*44)+(4*56)} *tan20* 7 *0.4
= 263.45 KN



Sand (2):
i ol sk
End Bearing only:

Tx(d?)

Quit3) = P*Ng*

10+(0.4)2

Qult(3) = 56*25* =176 KN

Quitroran) = Quirn) + Quirz) + Quit3)
=321.7 +263.45 +176 =761.15 KN

Qult  761.15
FOS 3

Quii(group) = NO. of piles * Q,=12*%253.72

=253.72 KN

Qai =

=3044.64 KN = 304.46 Ton



Example: 4
Given :d=40cm , F.0.S =3, No. of piles =16,
Friction pile.

Req : Determine the safe Load capacity of the pile

group.

Clay Soil

rsat = 17.9 KN/m®
qu = 60 KN/m?
Ca=04qu

Solution



For Clay Soil:

** Pile Friction:

- end Bearing =0

Quiyp=Cy * T * d*L

C,=0.4* q,= 0.4 * 60 = 24 KN/m’

Quirr) =24* T *0.4*20 =603.2 KN = 60.3 Ton

Qult _ 603.2

= =201.1 KN
F.O.S

Qai =

Quiigroup) = NO. of piles * Q,;=16*201.1
=3217.1 KN =321.7 Ton



3 ) Determination piles settlement:

For settlement of a single pile is considered to
be the sum of three components:

Byl bagaa el adbia o3y 12 jall (3530 dagaa
b pdlie A pan Juala 5a (5 lall 48 5k dic

3

1.The elastic compression of pile shaft (S;):
Glalga) ad 55 Al £ aa JlasdY Aais s sagll
:Jreal)
2.The settlement caused by load transferred
at the pile tip (S pp):
S pp il I Qp JSEY1 Jes JEY dais La g
3.The settlement caused by load transferred
along the pile shaft (S p):
& (e Qp SiaY) Jaa JEBY dagi 353l dasaa
S ps Al ) @l

The total settlement is then equal to:

So=Ss+Spp+Sps



1.The elastic compression of pile shaft (Ss) :

L
AxEp

Ss=(Qp+os*Qi)*

In which:
o) s
Qb — Bearing load at pile tip.
il 53l Ca sl e 3 5l J el IS5 51 s
Qf — Friction load transmitted by pile shaft.

L —Pile length.
Gl Jsh
A — Pile cross-sectional area.
(s )A]) adade Al
E, — Elastic modulus for pile material.
LByl Balad 45 g yall Jalza
ois — Skin friction distribution coefficient.

Gl Jsh



a, =0.33 a, =067 o, =05 ;=05

Skin friction distribution Coefficient ( a )

2- Settlement caused by load transferred at
the pile tip (S pp):

In which:
C, — Factor according to table 9.1.
Gl 2 sl ey A il B 5 e ading alas
Qp, — Bearing load at pile tip.
il 3530 Ca sl e 3y 5l el IS5 Y1 s



d — pile diameter.
RCEB ENIRpY:
g — Ultimate end bearing capacity.
33D Al e Jranl daad iV 2gal

Bearing stratum under pile tip assumed to
extend at least 10 pile diameters below tip
and soil below tip is of comparable or higher
stiffness.

o aat Baien 3y LN LSS Ak )5S 0 il
s JBY) (e o yhad Il 5 yde (6 glad ddludl (55 Al
25 ) ae (ssbui da e I Lgli (Al el ) <

L) oAl Len sliaial) culiudall 44 gléa e

Table 9.1 Values of C,:

Soil Type Driven piles Bored Piles
Loose to dense
sand 0.02-0.04 0.09-0.18

Soft to stiff clay 0.02-0.03 0.03-0.06

Loose to dense

silt 0.03-0.05 0.09-0.12




3- Settlement caused by load transferred
along the pile shaft (Sy;):

In which:
0l s

Cs — Factor from the following relation:

Jalaa
C, =(0.93+0.16 \/%).Cb

Lo — Embedded pile length.
Al o shaall 5g jlall g3 sk
g — Ultimate end bearing capacity.

(B Al Al die Jreatl) daad ol 2gall



Settlement of pile groups:

»
alsinsle pile b pile #1o0D
5:&&'.:#1-1::11!
\ TR /
N\ ff.-’
4[N / [-f
1 \\ N e/ 1 Sand
e | N4
S | | |
NG ISRt




Settlement of pile groups according to
Egyptian code:

In which:
o) Cua
b — pile group width.

G Al e gandd (e Jshall) oY) Lulsal
(88 Ll

d — pile diameter.
Gl ki

So — Single pile settlement estimated or
determined from load tests.

b 63 o) Tanall e e 3 hall 5 Jall Lo gun )l
el Cojlad e B22adll



Example: 5

Given : d=80cm ,L=25m , Qall =200 Ton,

E, = 2000000 t/mz, b=5.6 m, Soil Type is Loose to
dense sand, Bored Piles

Req : Determine the settlement of a single pile & the
Settlement of pile groups.

Solution

For settlement of a single pile:
SO=SS+Spp+SpS

Qall=200 T

Q=150 T




L
AxEp

Se=(Qp+o*Q¢)*

_ (d) _T (0.8) —05m

A
4 4

o= 0.5 from chart

S, = (50+0.5*150)*——>— = 0.00313 m
0.5%x2000000
CbxQb
Spp = d+q

d=0.8m,Q,=0T
Cp,=0.09 From table

b 0
= Q— =—=(0
A 0.5
_0.09+0 _
PP 08«0

S _ CsxQf
ps Lox*q

C. = (0.93+0.16 \/%’)*cb

l,b=18 m,d=0.8,C,=0.09,q=300

C.= (0.93+0.16* /% )*0.09 = 0.15




_ 0.15%150
PS™ 18%300

=0.0042 m

So=Ss+Spp+Spe
=0.00313 + 0 + 0.0042 = 0.0073 m

For Settlement of pile groups:

S = so\ﬁ - 0.0073 * /E -0.02m
d 0.8



4 ) Short and Long pile:

Elastic versus rigid behavior:

T-= 5 |ExI
n
Ol G

T — relative stiffness factor
E — modulus of elasticity of pile
[ — pile inertia
[ = mx(D)*

64
n for clayey or silty soil:
Qun (KN/m?) | 25 50 100

n(KN/m>) | 600 1600 3700

n for sand soil:

Relative Density | 35 65 85 100
(Dr)

n(KN/m3) 4300 | 12300 |18000 22200




For submerged soil "'n'" is reduced to half the

above values. Besides, 'n" must be reduced
to 0.25 the above values if pile spacing in the
direction of loading is three times the pile
diameter (3D), no reduced if spacing = 8D,
values for another spacing values shall be
calculated by interpolation.

If%< 2 — the pile is considered short rigid
pile
If% >4 — the pile is considered long flexible
pile
Ol G

L — pile length (embedded length)



For Short Rigid Piles:
1) Fixed headed piles:
1.1.) Piles in sandy soil:

P,= 1.5*X*L* *D*K,

X — effective unit weight
X =X, under water

L — pile length

D — pile diameter

Kp — passive coefficient

To get Kp from chart



200 i 7
Restrained/ f
// Free headed

160

120

Q
O

h
O

Ultimate Lateral Rcsistoncc,Hu/Kp03Y

(@]

Embedment Length, L/d

(a)

Fig. (2-a) Ultimate lateral resistance of short
piles in cohesionless soils (after Broms, 1964)

1.2.) piles in clay soil:

P, = 9*c, *D*(L-1.5*D)

c, — undrained shear strength of soil



2 ) Free headed piles:

2.1.) Piles in sandy soil:

__&5*D*UJ3*Kp*X

Py

H+L

Ol G
L — is the embedded length of pile
H—

a3 ) e

Take H=2m
2.2.) piles in clay soil:
P, = (L")Z‘i:LI;:L(TSi‘S*(L')Z) x9 % Cu*D

o) s
L=L-1.5*D

(H+2+L)
= 3 k
2xH+L

0]



For Long Flexible Pile
1) Fixed headed piles:

1.1.) Piles in sandy soil:

2xMult resisting

P, =
Pu
H+{O.54*((X’*D*Kp))}

Ol G
M, — is the moment of resisting of the pile

section including its reinforcement.

1.2.) piles in cohesive soil:

2xMult resisting

P. .=
; H+{1'5*((9*(1331111*D))}

The maximum induced ultimate moment in
pile = 0.85*P, *n

The maximum deflection at pile top

= 0.88*Pservice ¥ =

(T)3
ExI

2 ) Free headed piles:

2.1.) Piles in sandy soil:



P = Mult resisting
u=
05— )]
(X" +D*Kp)

o) Eua
M, — is the moment of resisting of the pile
section including its reinforcement.
2.2.) piles in cohesive soil:
Mult resisting

. H+{1'5*((9*(1331111*D))}

P

The maximum induced ultimate moment in
pile =0.77*(P, *nN+Moy )

The maximum deflection at pile top

Pservicex(n)3 N 1.55%«Mox(n)?

=2.4%
ExI E*I

Ol Cua
M, — is any induced acting moment on the

free pile head

Rection
Py=———

" no.of pile

Reaction =/ (Fx)2 + (Fy)?2



From INTERACTION Diagrams:

Mu
K= Fcux(R)3

Getp

A= p * (fou x 107*)* *(R)’

R—

G Al Hhd Caias



Example: 5

Given : D=80cm , L= 25 m, E, = 2000000 t/m*, piles
in clay soil , q,, = 50 KN/m?, C,=5t/m*, F,=327.7,

F,=73.34, No. of piles =11,
F..=30 N/mm?, Pile Rested in cohesive soil

Req : Determine the pile is Short or Long pile.

Solution
T = 5 |ExI
N
[ =008 _ 50y m?

64 64

for clayey soil:

1 = 1600 = 1600 /2 = 800 KN/m> = 80 t/m”
To 5;/2000000*0.03 _347m
80

L=25-2=23m

L_2 _663>4
T 3.47

= the pile is considered long flexible pile

For long flexible pile (Fixed headed )



2xMult resisting

" 15
TakeH=3
C,= 5t/m’
_ Rection
“ no.of pile

Reaction = /(Fx)2 + (Fy)?

=/(327.7)2 4+ (73.34)2=336T

P, =% =30.55T

2+*Mult

3+{1'5*((9ig;50§8))}

2Myr=130.54

30.55=

Myt = 65.27 m.t
From INTERACTION Diagrams:

Mu _ 65.27%107

T Feur(R)3  30%(400)3 0.34

p=4



As=p * (fcu * 1074)**(R)’
=4 % (30 * 10~%)*1r *(40)°
=60.32 cm

Use 20y 25



5 ) Design of piles cap:

Column

Pile Cap

Piles or Other
Tupe of Desp
Foundations

Pile caps are thick slabs used to tie a group of
piles together to support and transmit column
loads to the piles.



Typical Arrangement of Piles:
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14 Piles

C.G of pile cap & 2sendl ¢ sSs o)) =)
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Steps of Design:

1.15%p
Qall + (1 - 2)

approximated to the nearesr bigger no —
min 2 piles
2) Draw pile cap and get Dimention:

1) No.of.pile=

Thickness of PC=10 cm

Smin= 3*v — for friction piles
Smin = 2.5%v — for bearing piles
Smax= 6*V

e =(1—1.5)*v

1.1P
no.of piles

I:)pile =

Pu=1.5% Ppite

v — pile diameter

3)Design for moment:



The critical section for moment is taken
at the column face.

N rpeee sum— T

II O O II
O O

M, = no. of pile*P, *a;



No. of piles —

| IV Jiall (5 )) 3l aae
M, = no. of pile*P, *a,
No. of piles —
IV Jisal) (33 ) sad) 22
h=Cs e
o) s
C;=5
Take the bigger of d,, d|
dmin={(1.5%v)+10cm}
Ol S

v — pile diameter
d,, di, dmin — depth of pile cap
t=d + cover

cover = (10 to 15 cm)



Check Punching:

sz Pu— Pupile
A'=(a+d)=..m

B'=(b+d)=..m

d — depth of pile cap



Pupile — parts of the piles inside the
column, critical section at d/2 from the
column as in shallow footing

X.=1.5

_ Qp
Y 2x(A"+B")*d

/F
Qpcu = % = ... kg/cm2

If gpeu > qp Ok safe

= ... kg/cm”’

If dpcu < gp UN safe — increase depth
t=d + cover

cover = (10 to 15 cm)

Check Shear:



Qsh1= sum no. of piles

No. of piles —

| JV el 81 ) Al Jas & sana

h1
Qsh1 = ?BS*d
=0.4 *+Fcu

if gsn < ey Ok safe

if gsh > qcy NOt safe increase depth



d= Qsh1 / (qcu * B)

t=d + cover

cover = (10 to 15 cm)

Qsn2= sum no. of piles

No. of piles —

I el 3351 Al Jes £ sane

h1
Qsh2 = (iS*d
=0.4 *VFcu

if gsh < gy Ok safe

if qsh > gcy Not safe increase depth

d= Qsh1 / (qcu * L)

t=d + cover

cover = (10 to 15 cm)

Reinforcement of the Cap Pile:



A1 = Multl/J*dl*fy/ B--------- (1)
Asy = Multu/J*dn*fy/ L--------- (1)
Asmin=(0.15/100)*B*d--------- (2)

1,2 o4l A SV Al a8l
If As = Ag min — OK

If As < As min — take As= Ag min

s Jilaie S JEN ¢ sac @) slaal B=L sl s



Check Punching:

Pux(X+-)

A%

v — pile diameter



A'=(a+d)=..m
B'=(b+d)=..m

a— dsadldsh b sl e
d — depth of pile cap

X.=1.5
_ Qp _ 2
Jp = 2+(A' +B)+d = .. kg/cm
F
Qpcu = XL: = .. kg/cmz

If Qpeu > 0p Ok safe

If dpeu < gp UN safe — increase depth
t=d + cover

cover = (10 to 15 cm)

Check Shear:
Qsn= Qp * No. of piles

No. of piles —

| o 11 Y blaall (33 oad) dae



_Qsh
" Bxd

Qsh
= 0.4 *VFcu

if gsh < ey Ok safe
if qsn > qcy Not safe increase depth
d = Qs / (qeu * B)
t=d + cover
cover = (10 to 15 cm)
Reinforcement of the Cap Pile:
A= My / J*d*f--------- (1)
Asmin=(0.15/100)*B*d--------- (2)
1,2 all A SV dagall 34l
If As = Ag min — OK

If As < As min — take As= Agmin



Details of reinforcement:
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Example: 6
Given : Pile Diameter=40cm , Q,;=50T,
F.,=200 Kg/cm?®, Fy = 3600 Kg/cm®,
Column Caring =200 T, Column Dimension =60x60 cm
Req : Design Pile Cap.
Solution

1.15%p _ 1.15%200
Qall 50

No.of.pile= =4.6 = 5 piles

S=3*v=3%04=12m
e=125*v=125*04=0.5m

N
=
| o

05m 12m 0.5m
22 m




1.1«P 1.1%200
Ppile = = =44

no.of piles 5

Pu=15*Ppiie=15*44=66T

n
t 3
N
=
4O
n

Q.5m‘l.2mq.5m
- Doy

Mui-i = My

M, = no. of pile*P, *a=2*66 *0.3 =39.6 m.t

«105
d=C, / Mu_ _g [32849 _ 4743 cm =50 cm
Fcux+B 200x220




dimin={(1.5*v)+10cm}= {(1.5*40)+10} = 70 cm
taked =70 cm

Check Punching:

Pus(X+Y) 66%(0.054+2%
Qp= ) (04 ) _ 4125+

A%




A'=(a+d)=(0.6+0.7)=1.3 m
B'=(b+d)=(0.6+0.7)=1.3 m

_ Qp _ 41.25%10°
" 2x(A'+B)*d  2%(130+130)*70

Qpcu = /FXLCu= /%=11.55 kg/sz

Opcu > Qp

11.55 > 1.13 ok safe

dp = 1.13 kg/cm®

t=d+cover=70+10=80cm
Check Shear:

Qsn= Qp * No. of piles =41.25* 2 =82.5

_Qsh _82.5x10% _ 2
Osh=5oq = Spomrg - 5.36 kg/cm

Jeu = 0.4* V/Fcu =0.4* /200 = 5.66 kg/cm”
Osh < Jecu

5.36< 5.66 ok safe

t=d+cover=70+10=80cm



Reinforcement of the Cap Pile:

Mult 39.6x10°

(= = =19.02 cm?
]*d*Fy 0.826x70%x3600
A= 222 % g xg=212 % 550 %70 = 23.1 cm?
100 10
As < As min

take As= Aqmin = 23.1 cm”
Use 10y 18
T LS bl ) o



If columns subjectedto P & M
"Permanent ":

Steps of Design:

1.15%p
Qall + (1 - 2)

approximated to the nearesr bigger no —
min 2 piles
2) Draw pile cap and get Dimention:

1) No.of.pile=

Thickness of PC=10 cm

Smin= 3*v — for friction piles
Simin = 2.5%v — for bearing piles
Smax = 6%V

e =(1—1.5)*v

S =4/(S)2 + (5)?

v — pile diameter



Case of My:

1.15*P My Mx
.= P P —— + *X +
P| maX, min n0.0fpile —_ ZXz —_ ZYZ
Pall
Pmax pile

Pmin > zero — if Prin (-ve) < Tay (friction)
If unsafe:

Increace no. of pile

OR

Increace S

*Y



OR

Increace length of piles

No. of pile| Y Y2 X X’ Pi
1 Y1 | (Y1)® | X1 | (X1)* | Formeq
2 Y2 (Y2)2 X2 (X2)2 Form eq
3 Y3 | (Y3)° | X3 | (X3)* | Form eq
4 Y4 | (Y4)* | X4 | (X4)* | Form eq
5 Y5 | (Y5)2 | X5 | (X5)° | Formeg

Design for moment:

The critical section for moment is taken

at the column face.




M, =(P1+P¢) *a1+(pa)*ay

Pl) P61 P4_)

My = (Py+P;+P3) *b;

P1 +P2 +P3 —

Mul
di=Cs
FcuxB

Mull
FcuxL

di=C;

| A Jalaall (30 5 gl 2ae

1| I Jalaall (30 5 ol 2ae



C1= 5
Take the bigger of d,, d|
dmin={(1.5%v)+10cm}

v — pile diameter
d,, di, dmin — depth of pile cap
t=d + cover

cover = (10 to 15 cm)
Check Punching:

sz Pu— Pupile
Al=(a+d)=..m
B'=(b+d)=..m

d — depth of pile cap



Pupile — parts of the piles inside the
column, critical section at d/2 from the
column as in shallow footing

X.=1.5

_ Qp
Y 2x(A"+B")*d

/F
Qpcu = % = ... kg/cm2

If gpeu > qp Ok safe

= ... kg/cm”’

If dpcu < gp UN safe — increase depth
t=d + cover

cover = (10 to 15 cm)



Check Shear:

Qsn1= sum no. of piles

No. of piles —

| O Gl 331580 s ¢ sans

h1
Qsh1 = (llgs*d
=0.4 *+Fcu

if gsh < gy Ok safe



if gsn > gcy Not safe increase depth

d= Qsh1 / (qcu * B)

t=d + cover

cover = (10 to 15 cm)

Qsn2= sum no. of piles

No. of piles —

I Jiaal 85 52l Jas & sane

h1
Qsh2 = QLS*d
=0.4 *VFcu

if gsh < gy Ok safe

if gsn > goy Not safe increase depth
d=Qn1/(Qeu * L)

t =d + cover

cover = (10 to 15 cm)



Reinforcement of the Cap Pile:

Asl= I\/Iultl/J*dl*fy/ B--------- (1)
Asy = Multu/J*dn*fy/ L--------- (1)
Acmin=(0.15/100)*B*d--------- (2)

1,2 sl & V) dagll 220

If A = Ag min— 0K

If As < Ag min — take Aq= A min



Example: 7

Given : Pile Diameter=80cm ,Q,;=192T,Q,;=200T
F.u= 350 Kg/cm?, Fy = 3600 Kg/cm”,M, = 290.22 m.t
M, =55.71 m.t, Column Caring =1020 T

Column Dimension =250x120 cm

Req : Design Pile Cap.

Solution
. 1.1*p 1.15%1020 .
No.of.pile= = =6.11 = 7 piles
P Qall 192 P

S=3*v=3*%0.8=24m
e=1*v=1*0.8=0.8m




w

o

Cco

PO
&~
=

o

Co
=

No.of | Y Y2 X X’ P,
pile
1 2.4 5.76 1.2 1.44 | -205.55
2 0 0 1.2 1.44 | -159.83
3 2.4 5.76 1.2 1.44 | -190.07
4 0 0 0] 0 -167.57
5 2.4 5.76 1.2 1.44 | -190.07
6 0 0 1.2 1.44 |-159.83
7 2.4 5.76 1.2 1.44 | -129.59
E 23.04 E 8.64
1.15%P Mx M
Pi = no.of pile = Y Y2 Y+ 2)212 "X




1.15«P _ 1.15%x1020

— = =167.57
no.of pile
My _ 5571 _
YX2 864 6.4
Mx 290.22
YY2 23.04 12.6

Pi1)=-167.57—(12.6*2.4)—(6.45*1.2)= -205.55
Pi2)=-167.57—-0 + (6.45*1.2) =-159.83
Pi3)=-167.57+(12.6*2.4)+(6.45*1.2)=-190.07
Pi4)=-167.57-0-0 =-167.57
Pis)=-167.57—(12.6*2.4)+(6.45*1.2)= -190.07
Pis)=-167.57—0 +(6.45%1.2) =-159.83
Pi7)=-167.57+(12.6*2.4)+(6.45*1.2)=-129.59
Pii1)> Quit

205.55>200 unsafe

Increace no. of pile

Taken 8 piles

Ll da pal) Coplii 3 e JS 51 330 30 (3 ))&l 2ae 33L ) A
a5 Al W) (gaay al ol g (39 sad) dac By 3 el
Gl 11



Taken no. of pile = 11 piles




No.of | Y Y? X X P,
pile
1 3.6 12.96 2.4 5.76 -122.04
2 1.2 1.44 2.4 5.76 -113.71
3 1.2 1.44 2.4 5.76 -105.38
4 3.6 12.96 2.4 5.76 -97.05
5 3.6 12.96 0) 0 -119.13
6 0) 0) 0) 0) -106.64
7 3.6 12.96 0 0 -94.15
8 3.6 12.96 2.4 5.76 -116.23
9 1.2 1.44 2.4 5.76 -107.9
10 1.2 1.44 2.4 5.76 -99.58
11 3.6 12.96 2.4 5.76 -91.25
E 83.52 E 46.08

_ 1.15%P Mx My

Pi= no.of pile = Y Y2 yT Y X2 X
1.15*P.’ _ 1.15%x1020 — 106.64

no.of pile 11

My _ 55.71 _

VX2  46.08 1.21

Mx 290.22

YY2 8352 3.47

Pii1)=-106.64—(3.47*3.6)—(1.21*2.4)= -122.04




Pi2) =-106.64—(3.47%1.2)—(1.21*2.4)= -113.71
Pii3) =-106.64+(3.47%1.2)~(1.21*2.4)= -105.38
Pis) =-106.64+(3.47%3.6)—(1.21*2.4)= -97.05

Pis) =-106.64 —(3.47*3.6) - 0 =-119.13
Pi(6) =-106.64-0-0 =-106.64
Pi(7) =-106.64 + (347*36) -0 =-94.15

Piig) =-106.64—(3.47%3.6)+(1.21*2.4)= -116.23
Piio) =-106.64—(3.47%1.2)+(1.21*2.4)= -107.9

Pii10) =-106.64+(3.47%1.2)+(1.21*2.4)= -99.58
Pii11)=-106.64+(3.47*3.6)+(1.21*2.4)= -91.25

Pi(1) < Quit
122.04 < 200 safe



M, =(Pj1) +Pjs) +Pig) ) *a1

=(122.04+119.13+116.23)*2.35=839.89 m.t
My = (Pi(1) +Pi(2) + Pi3) + Piga)) ) *b1

=(122.04 + 113.71 + 105.38 + 97.05)*1.8

=788.72 m.t



Mul

d|=Cﬁ
FcuxB

«105
=5 J 839.89+10” _ 96.82 cm = 100 cm
350%640

Mull

dy=C
1= ~1/FcusL

%105
=5\/788'72 107 _ 80cm = 85cm

350+880
dmin={(1.5%v)+10cm}
={(1.5*80)+10} = 130 cm
Take d =130 cm
t=d+cover=130+10=140cm



Check Punching:

AT 1=P+q

7=

P
i
3
oo

Qp = Peol— Pis) = 1020—106.64 =913.36 T
A'=(a+d)=(2.5+1.3)=3.8 m
B'=(b+d)=(1.2+1.3)=2.5 m

_ Qp _ 913.36%10°
2+x(A’+B’)*d 2x(380+250)*130

Opeu = /%G /31—10=15.28 ke/em?

Opcu > Qp

15.28 >5.58 ok safe

dp = 5.58 kg/cm”

t=d+cover=130+10=140cm



Check Shear:

Qsh1= (Pi(l) +P;(5) +Pjg) )
=(122.04+119.13+116.23) =357.4 T

Qshl  357.4%103
Bxd  640%130

w=0.4*+VFcu=0.4*+350=7.48

kg/cm Osh1 < Jeu
4.3<7.48 oksafe

= 4.3 kg/cm”

Jsh1 =

t=d+cover=130+10=140cm

Qsho=(Pi(1) +Pi2) + Piiz) + Pi(a)) )
=(122.04 + 113.71 + 105.38 + 97.05)
= 438.18 T

Qsh1 438.18+103 ?
= = = 3.83 kg/cm
Ash2= 74 = T880+130 8/

w=0.4*+Fcu=0.4*+v350=7.48
kg/cm?

Qsh2 < Qcu
3.83<7.48 ok safe

t=d+cover=130+10=140cm



Reinforcement of the Cap Pile:

_Multl _ 839.89%10°
' T xd«Fy ~ 0.826%130%3600

=217.27 cm?®/B=217.27 /6.4 =34 cm”’

Use9y 22

Multll  788.72%10°
J*d*Fy  0.826%130%3600

= 204.03 cm?/L =204.03 /8.8 =23.19 cm”

sl =

Use 7y 22
A= o2 % gxg=2 15*100*130 19.5¢m?
100

T B LS el )y o



6 ) Design of steel sheet piles:

passive

Water press = X, * h,,
o1=1*¥4=4t/m

o, = (1*d)+4 = (4+d) t/m
Take v=30



_ 1-sinv _ 1-sin30

K, = — = _ =0.333
1+sinv 1+4+sIin30

K, = 1+sinv _ 1+sin30 _

1-sinv  1-sin30
Ko=1-sinv = 1-sin30 =0.5
Ow(1)= X*H*K, =0.8%2*%0.333 = 0.533 t/m’
ce@) = oem+ X *d*K;
=0.533+(0.8*d*0.333)
=0.533+0.266d

6,= X *d*K,= 0.8*d*3 = 2.4d




Force Distance Moment
From Point
o)
E@:1=0.5*4*4=8 d 8d+10.666
3
E @2=4d 0.5d 2d°
E@3=0.5%*2%*0.533=0.533 24d 0.35+0.533d
3
E@4=0.533d 0.5d 0.267d°
E@5=0.5d*0.266d=0.133d 14 0.0444d>
3
E,1=0.5*%2.4d*d=-1.2d" 14 -0.4d°
3

Y. Moment

-0.355d+2.267d°+8.533d+11.016 = 0
10.355 e Abad) i

d>- 6.3859 d°—24.03d —31.031=0

d=9.7m

(9.7)>—6.3859 *(9.7)*—24.03*9.7 — 31.031

=47.7

L,=F.0.s *d=1.2%¥9.7 =11.64

L=11.64+4=15.64=16m




Max moment at point of zero shear:
8+(4X)+0.533+0.533X+0.133X*— 1.2X°= 0
1.0667X*—4.533X—-8.533 =0

1.0667 (e slaall aui
X*—4.25X-8=0
__ —b+Vb2-4ac

2a

X

b=-4.25,a=1,c=8

_ 4.25+./(4.25)2—(4%1%8)
B (2+1)

=5.66m

M a2 = -0.355%(5.66)°+2.267*(5.66)
+8.533*5.66+11.016 = 67.47 = 69 m.t/m'

M
F=—
yA¢

F=2.1 atsteel 52
51 = 69+100

ZX
Z,=3385.71 cm>/m!'

Take sec VI from table



L10. Properties of Steel Sheet Piles .
i ) Weight for Im wall
) LARCEN - TYPE . Frodile Dimensions & L 18 A I
mm Ulrir Wit
Bectin ] h [ 1 wgim | KgE® | oem® cm" cim
T g | o | 75 6.3 356 W | oo | 113 | 260
Il 400 2T 5 75 488 112 1100 156 40
I 00 200 ] [UF G2 155 1600 198 Jo2
v A0 qen fo14E | 1o 40 185 | gapy | 236 3w
v 420 0 ms 120 nnn 238 | anon S an
. TEVE | 4w | gy | o2 o | s | 20 | azon | 30 | 368
£ VI 460 | 460 26 14.0 1426 | 3O | 5000 | 3%d -~
1
i HOESCH - TYPE d -
I 425 160 7 7 3R | 101 113 243
LI 415 L&n k] & 415 [{UE] i 1] 17 i ]
11 azs 170 .5 105 5L 122 fsm 155 245
™ 415 200 9.50 B.5 512 122 (§81] 155 TR
¥ A0 23} 12 w5 62 155 1600 197 m
Vi 400 267 14 1ns k| 185 P ] Fi il
vir | oaps | oas | 12 wiz | s | e | s | ;7
Dimensions (mm) Weigh

profile section

b

h

t

t1

g(kg/m)unit

G(kg/m3 wall

VI

420

440

22

14

121.8

290
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