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Static Methods of Pile Design

Q+W=Q,+Q,

Total stress Analysis

(a-method)
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Effective stress Analysis

(B-method)



Capacity of Piles in Clay

Ultimate Side Resistance in Cohesive Soil:
Qs = cq(mD AL)

Ca

a=03to0.4 Bored Piles
€, < 100 kPa (1 kg/cm?)

= ac

Ultimate Base Resistance in Cohesive Soil:

wDh?®

Qp = cN, (T

N.=9



ECP 202

Displacement Piles
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VERTICAL CAPACITY OF CFA PILES
FHWA(1999) RECOMMENDATIONS

Ultimate Side Resistance in Cohesive Soil:

Qf = co(mD AL) | e (kPa) 0-150.0 |  150.0-250.0

Ca = Qac a 0.0-0.55 0.55-0.45

If the bearing layer is clay, the side friction at the bottom | D is neglected. If there is
possibility of separation between the top portion of the pile and the cohesive soil
around it, then side friction is neglected at the top .5 m.

Ultimate Base Resistance in Cohesive Soil:

nD? c (kPa 250 50.0 100 200 250
O = CNC( 4 ) ‘

N, 6.5 8.0 8.7 8.9 9.0

If undrained cohesion (c) is higher than 250 kPa, then it is treated as an intermediate
goe-material (soil/rock).

Factor of Safety:

Minimum factor of safety of 2.5 is used. This factor of safety could be reduced if
high quality control and easy construction conditions are met.

Ultimate Unit Side Resistance in Cohesive Soil
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Capacity of Piles in Sand

+ Ultimate Side Resistance in Cohesionless Soil:

Qf = Kyepo tan § (D AL)

Kye = 0.7to 1.5

§ = 0.75¢

for R.C. Piles

* D, is calculated considering the Critical Depth Proposition

* Ultimate Base Resistance in Cohesionless Soil:

mD?
05 = puNg ()
* era = (P —3) for Non Displacement Piles
* pp is calculated considering the Critical Depth Proposition
$ (Degrees) 25 30 35 40
N, IS 30 75 150

Bearing
Layer

:
i
1
1 o
[ “
| \\
! \
! \
i \
I 1
|
[
|
|
[
|

Dc i
i )
[ =
| Y
! !
I 1

L i _— .

' 1}
I \
! i’
I
i A
: \
I s
1

Critical Depth Proposition




ECP 202

(Kar)s (Kue) cdlaleall o8 :(1-£) a8 Jga

Kur Kxe Gajlall ¢ 5
o=u X | Y, v ,0 Htuﬁ&’)&
Y, o=, Y00, aal ) Gs\a
VY=Y, | Y, e-y,0 gLl e dal ) G0l
ST Y | At Sl aladiuly 4al ) G0
Voeme b | Vo=V (e Ve ge Ji k) salsiel s (338

(8) Busad g s Al o SSiaMagl; pb s (V1) 4B dena

(3209 & Gaolal g 5
Yo R TE TN

(@ Ve : LL“J“

(gF + Vo | Culid

Zg fll Jalalt SNSEaYL Ty 1 ) @



VERTICAL CAPACITY OF CFA PILES
FHWA(1999) RECOMMENDATIONS

Ultimate Unit Side Resistance in Cohesionless Soil g :

qr = a' p

qr < 200 kPa

a': effective overburden stress at the level of the mid point of the segment at which the side resistance is calculated

B = K tang¢

[ ranges between 0.25 and 1.20

B =15-0.245\z for N =15

B = % (1.5 — 0.245z) for N < 15

z= Depth in meters to the mid point of the segment at which the side resistance is calculated.
Ultimate Unit Base Resistance in Cohesive Soil:

qp = 57.5 Ng o (kPa) Ng o< 75

qp = 4300 kPa Ng o> 75




What to do with Large diameter

P| I es ? (Reese, L.C., Journal of Geotechnical Engineering, Jan. 1978)
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Axial load transfer

(Reese, L.C., Journal of Geotechnical Engineering, Jan. 1978)

| / LOAD (tons)
Q0 50 100 150 200 250 300 350 400

Pile Load Transfer
Curves

NOMINAL
APPLIED
LOAD

10

20

50
100
150
200
250
300
320 A1

|

DEPTH (feet)

pe > M > D> @ @ O @ O




Strain Co

200

L) l L] 1 ] L

100

Tip Load/Defined Tip Capacity (%)

" Cohesiv

s0H ifl

mpatibility

Cohesionless soils

e soils

i B | fi—1pe 11 | )

2 4 6 8 10
Displacement / Diameter (%)

Reese and O’Neill (1988)

12



Strain Compatibility

* For the undrained loading (mainly fine-
grained soils) beneath the base of drilled
shafts, it is reasonable to assume the full
mobilization of end bearing resistance at
acceptable limits of vertical displacements

(s/B = 0.05, where s = settlement and B =
pile/shaft width).



Strain Compatibility

* For the drained loading (mainly coarse-
grained soils) beneath the base of drilled
shafts, it is unreasonable to assume the
full mobilization of end bearing resistance
at acceptable limits of vertical
displacements.



Concept of Mobilized Resistance

4 143 _
Total Resistance, R;

2+4
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Vertical Movement, z

Resistance

For rigid shafts, z=z,=z,




Friction vs Settlement in Cohesive
Soils
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Bearing vs Settlement in Cohesive
Soils
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Friction vs Settlement in
Cohesionless soils
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Bearing vs Settlement in
Cohesionless soils
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ECP for large diameter piles

The Egyptian code recommends the application of a graphical
procedure in which the following graph is constructed:

_ - |
OBH: end bearing-settlement relationship. :i

OAG: shaft resistant-settlement relationship. B H

OKCJ: total load-settlement relationship.

0 Loyl



End Bearing Curve in Cohesive soils

Movement End Bearing (MPa)
(mm)
0.2 S, 0.50
0.3 S, 0.70
Sg 1.20

S; is the expected pile movement at the ultimate bearing
capacity and is equal to 5% of the pile diameter.



End bearing Curve in Cohesionless
soils

Movement End Bearing (MPa)
(cm)
Enlarged | Regular End
End
1 0.35 0.50
2 0.65 0.80
3 0.90 1.10
15 2.40 3.40




Friction Curve in cohesive soils

Undrained Shear Maximum shaft
Strength (kPa) resistance (kPa)
0 0
25 25
100 40
200 20




Friction Curve in Cohesionless soils

N Depth below natural ground Maximum shaft resistance

surface (m) (kPa)

<10 - Zero
10-20 0-2 0
2-5 30
>0 20
20-30 0-2 0
2—-1.5 45
>1.5 75
>30 0-2 0
2-10 60

>10 100




Important Notes

e According to the Egyptian Code of
Practice, shaft resistance is neglected:
> 2-m below natural ground surface.

> One-pile diameter above pile tip.
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Failed Test vs Successful Test

HEAD SETTLEMENT {mm)

10.0

-=—TEST A
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END
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COMBINED
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...... 1 A P BT
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VERTICAL CAPACITY OF BORED PILES
FHWA(1999) RECOMMENDATIONS

+ Ultimate Unit Side Resistance in Cohesionless Soil ¢r:

qgr=0c'B

a': effective overburden stress at the level of the mid point of the segment at which the side resistance is calculated. It is calculated
considering the Critical Depth Proposition

* B =K tan¢
K=K,
K, = (1 —sin¢) OCRS™®  OCR: Overconsolidation Ratio

/

OCR = a—f’ o',: overconsolidation pressure
a
'y =047p,(Ngo)™ Pa: atmospheric pressure (100 kPa)

m = 0.6 (Clean Quartizitic Sand), m = 0.8 (Silty Sand)
Ngo: SPT (N) corrected to 60% theoretical energy
Ultimate Unit Base Resistance in Cohesionless Soil:
qp = 57.5 Ngy (kPa) qp < 2875 kPa
* Factor of Safety:

Minimum factor of safety of 2.5 for side resistance and 2.75 for base resistance is used. This factor of safety could be reduced if high quality
control and easy construction conditions are met.

30




SPT N-value (blows / 300mm)
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Example

Ngg-Values
Depth, ft 0 10 20 30 40 50
. 0 ] | ] i ]
20 =
- —

""" 40

...... 60 -
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- -4 Limerock
=4 80

Figure 11.6 General soil description of Example Problem 2.



60cm, Friction according to ECP

1. Frictional Capacity

Qf = KHEpﬂ tand ('R'D ﬂL)

Kiic 0.70
Depth AL Po N il i} tand Qs
(m) (m) kN/m2 (Degrees)|(Degrees (kN)
0.563 1.125| 10.367 11| 30.320( 22.740 0.419 b.452
4.314 6.377) 48.061 41 28.034| 21.026 0.384 155.449
8.300 1.594| 8§2.102 14 31.211( 23.408 0.433 74.771
9.566 0.938| 92.767 221 33.730( 25.298 0.473 54.258
13.364| 6.659| 104.992| 12| 30.520| 22.890| 0.422 389.474
17.350 1.313| 113.268 19| 32.824( 24.618 0.458 89.916
770.320




60cm, Friction according to FHWA

1. Frictional Capacity

qr =a' B f =15—-0.245\z for N =15
B =--(15-0.245yz) for N <15

Depth AL o N B Qs Qy
(m) (m) | kN/m2 (kN/m3) | (kN)
0.563 1.125| 10.367 11 0.963 9.924 21.180

4314 6.377( 48.061 4 0.282]| 13.554 162.938
8.300 1.594| 82.102 14 0.726| 59.637 179.224
9.566 0.938| 92.767| 22 0.742| 68.855 121.722
13.364 6.659| 124.760 12 0.467| 58.234 730.921
17.350 1.313| 158.332 19 0.479| 75.919 187.892

1403.877




90cm, Combined Curve
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Zoom In
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Main Ildea of LRFD

zyiQu,' S¢R” (l)
where
%= load factor applicable to a specific load component;
O, = a specific nominal load component;
2%0,; = the total factored load for the load group applicable to the limit state being
considered;

¢ = the resistance factor; and
= the nominal resistance available (either ultimate or the resistance available at a

given deformation).



Bases of approach

Q
5 Load _ P2 & =standard deviationof R- Q
g Dstrbution, @ R e B = reliability index

. P, = ility of fail
S 0 Distrbiitiohi & 'r = probability of failure
>
2
%- Failure

. 0 u
Magnitude of Q or R
g=R-Q

a) Frequency distributions for random values of Q and R b) Dsstribution of limit state function values
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