


Design of piled foundations
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Load transfer From pile to soil.
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I- End bearing only (End bearing pile)
2- Side Friction only (Friction pile)

3- End bearing + Side Friction.




Normal Force diagrams during load transfer :

1- For Friction pile.
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2- For end bearing pile.
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3 - For bearing - Friction pile.
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Slip Surfaces in case of piles.
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® Failure at pile tip. ® Local Failure
® For end bearing ptile ||® For Friction piles and
| bearing — Fraction pile




Pile capacity (Q..,)
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Pile capacity (Qall) >-

Is the maximum safe axial Force ( compression or tension)
can be carried safely by a single pile.

Methods of pile capacity determination.
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1 - Structural Formula.

2 - Statical Formula.

3 - Pile capacity and pile settlement For large

- diameter bored piles.

4 - Dynamic Formula.

5 - Field tests. (S.P.T — C.P.T — Pile load test)
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Methods of pile capacity determination.

1 - Pile capacity From structural Formula.
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a-In case of Compression pile.

Quneits = A pitex e,

Where: Qau(p'ile) = allowable compression load per single pile.

A pile = cross sectional area of pile.

Apile =—Z— dzy@/ Ap'i,le: dz % Id
_ “d-

_E. = axial compressive strength of concrete.
= 4.0—> 5.0 N/mm®

b-In case of Tension pile.

T

a

u(pile) =N *A ¢*-F,15-

Whé’)‘@.‘ Tall(pile) = allowable tension load per single pile.
n = number of R.F.T. bars.

Ag = sl i ol (N4 g =As)
F, = 160 N/mm For ¢ Fy, 360 N/mm_
= 140 N/mm  For ¢ K, —240 N/man”




Example.

For the shown pile cap if the total column load is 2000 KN
determine the pile diameter if F, =4.50 N/mnl

Solution.

o The used No. of piles =4 piles

f:l—ZOOO KN | /Q.w pile cap
.« Load per pile = 1. 154*2000=575KN
Qau(pue) =875 KN =Ap'ile* k.,

- 575%10°=T dy 4.5 —d =403 mm

Co [ Pile diameter =450 mm




Methods of pile capacity determination.

2 - Statical Formula. .ssi.y doled) Gs,b

e For Bored or Driven piles.
o For piles diameter { 60 ecm
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where _F;.: Side Friction resistance
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ult = Qb + QS

Where : Qult= Ultimate pile capacity.

Qb = Bearing resistance Force.

Qs =

Side Friction resistance Force.

allowable pile capacity

F.0.S = Factor of safety
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= 3.0
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a- For (C-soil.) C=vv
-

Yy

Where : Ab = area of pile base.
=T
4

= dz For square pile

dz For circular pile

As =area of pile sides.

= T dL — For circular pile

= 4 dL — For square pile

* Q= CxNe while s | C=Coour

* Fg = Cq= adhesion strength of soil.

100 kN/m®
»
1 Kg/m?

Where: |CX = 0.35 For bored piles

For driwen piles
HKCgoiT YV From table (4—4)
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* § = Effective stress at pile tip.
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Nq — From table (4-5) ¢\ vVIVIVIVIV
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5 For driwwen piles

For bored piles
#| Fo= Ko O » tan 8

While : Ky, 1S the Coefficient of earth pressure on pile
in case of compression loading.
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* § = effective stress at the middle of pile length
subjected to the soil Friction.

D24
L/2 c\=6€f}t L/2

C- For (C-@ soil.) C=vVv

Where :

* qb= C*Nc+q*Nq
# | Fo=Kyo x O x tand + Cq,
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soil @
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Example (1):

I — For the shown soil profile, Find out the maximum allowable

compression load For a square pile (400mm x 400mm)

2 — IF the pile will be a bored pile of diameter (500 mm )

Calculate the allowable pile capacity if seismic is considered in loading.

> 3
g Fill §= 1.6 t/m
) Stily clay
O= 1.75 t/m
5.00 C=1.0 t/m"
B=20°
—_ k ____________
clay
4.00 = 1.90 t/m’
C=5.0tm
1 11 Sand
2.00
= 1.82 t/m®




Solution.

A-From structural Formula.

I-In case of square pile (400mm x400mm)

Qall(pile) = A pile* Eo
= (400 X 400) % 5.0 = 800000 N

= 800 kN
= 80 ton

2-In case of bored circular pile ( d =500mm)

2
Qantwio = A pires Foy = % d’s F,

2
=(gx5oo )% 5.0 = 981747 N
= 981 kN
= ,98 ton




B - From statical Formula.

I-In case of square pile (400mm x 400mm)

The pile is Driven pile.

th= Qb+ ( Q31+ Qsz+ st)

Qb = q *Ab — in sand layer
¢— soil

Ay =0.4%0.4=0.16 m?
qb =‘Q*Nq

Q=1.60%1.50+0.75 ¥5+0.90 4+ 0.82 % 2=11.39 t/n+

Nq —— From table (4-6) at @ = 33540=36.5°,
. Ng=97.5 |
S Qy=11.39 % 97.5 % (0.16)=177.7 ton

Qs, = (Kg*C'*tan §+Ca)* Asi — inC—@soil
Where: A31=4*0.4*5m=8ﬂf

Mo bl ode (o I agde Sl okl

at Cy ,=1.0 t/mi=10 kN/m# (Driven slos> gsts)

‘. From table (4—4) — |Cy,=1.0 t/ni




KHc—_: 1.0
C =1.60%1.50+0.75%2.5=4.83 t/n’

Lala)) uaine (o8

c Qs = [1*4.3*tan(%*20) +1]*8= 17.22 ton

* QSZ-':FS*A.S'z — n C-soil
Asz =4%0.4%4=6.4m¢
FS = (4
at C=5t/m =50 kN/m
From table (4-5) — (o =837.5 kN/m’

=3.75 t/m’
Qsz = 83.756%6.4 = 24 ton

'QS'3= -F;‘*Asg — n ¢-— sol
AS3= 4%0.4%2=38.2 nt

=1% [1.651.5+0.76+5+0.9% 4+ 0.82+ 1] tan ( +33)
=4.87 t/m’

e Qgg = 4.87%3.2 = 15.6 ton




th: Qb+ ( er+ Qsz+ QS.S')

=177.7+[17.22+24+15.6] =234.5 ton

. Q _ QUlt =234.5
*cvall™ po.S 3

=78.17 < @ =80 ton

structural Formula




2-In case of bored circular pile (d=0.50mm)

th: Qb+ (Q51+ Qsz+ st)
Qb = qb*A b —— in sand layer

, @ - soil
. Ab= T d

Q=1.60%1.50+0.75 *5+0.90 % 4+ 0.82 * 2=11.39 t/m+
Ng — From table (4-5) at @ =33-3=30"
- Ng=30

ce Qy=11.39 x 30%(0.196)=67.1 ton

Q5.1=F.5'1*A,gf:(KHc*o'\*tan8+Ca)*A5-1_> inC—@soul
Where: Asi=TU *0.5%¥0m =7.85 it

| e addall ode @8 ISV le Saladl Jelall
F51=(KH¢,*O'\* tan O + Ca,)

b
bt bbadit .

Co=Cx * Cspi =0.35% 1.0 =0.35 t/n*
Kye=1.0 O =1.60%1.50+0.75%2.5=4.3t/n

~Qsy=[1%4.3%tan (g— %20) +1] *7.85 = 16.90 ton




% QSZ::F:SZ *ASZ — wn C-sol
Asz =T +0.5% 4=6.28 m*  vored pile

Fy, = Coq =Cx % Cspi1 =0.35% 5.0 =1.75 t/ni

v Q,=1.75%6.28=11.0 ton

Q.= Fs3 *Ags — in g — soil
Ass =TC+0.5+2=8.14 m*
FS3 KHC*G*tanS

=1% [1.6%1.5+0.75¢5+0.9+ 4+ 0.82¢ 1] stan (2 +33)
=4.87 t/nf

" Qgg = 3.14%4.87= 15.3 ton
th": Qb+ (Q31+ Qsz+ Qsa)
=67.1+[16.9+11+15.3] =110.3 ton

' Qe 11
0.3
Q= o=y =66.15 <Q_=98ton

st'ructwral Formula

. take Qall =55 ton
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Statical Formula For pile subjected to tension.
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Negative skin Friction.
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How to reduce the effect of -Ve skin Friction.

1- By pre-loading. G+.J) Joood))

Fill p2o 45 plasanl Lall Juss 525k (e -
G5 lsadl dads Jus <lS

lase Sl gy 5 st bogun ole <l Jocy -
Sand drains J¥> o Consolidation

191 5 aspllaall Goploidt dais e JWL 5 -
Lgall 555 g2y Joo ol a2l 5 Soa
9925 4oy o HE Lo lax jutuo ¢ gial
— Ve Skin Friction ¢Se sl

2- Using bored piles.
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3- Using bitumen.
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4- Using wide end.
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5- Using double casing.

o Qe th'JL.v 9 ,63}&‘ ..3...\.’..\.’?"' A ")..3.531.&..3 OJ}wLo r‘dﬁﬁw‘ & &.'P”

aeg Lae 051 5 GayJl G 153 Al 555 G5B L aey o) gl
Gaobdl e Lils U] L8

Vo d

/

ok

No Friction

double <—
casing

VR4
Soft clay

Sand




