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Bored piles in 
sedimentary Soils



Factor of safety
1. Code of practice normally do not specify a value.

2. Code says that the factor of safety be chosen having regard 
to the nature of the soil, its variability over the site and the
reliability of the method by which the ultimate bearing 
capacity is determined.

3. An appropriate factor for a single pile would be between
2 and 3.

4. The lower values would be justified by pile tests or local
experience; the higher values when there is less certainty of 
the ultimate failure load



Background
1. Over a twenty five year period  foundation 

requirements have demanded higher working loads 
and as such piling works need to accommodate

a. Larger cross section of piles

b. Longer lengths

c. Switch from driven piles to bored piles

2. Carrying capacity of  of friction piles arise from
a combination of shaft load and end bearing



3. In the case of driven piles, spun piles  have larger section
and higher capacity than the ordinary driven piles of  
varying cross section. Large diameter bored piles can
achieve much larger carrying capacity than even the 
largest driven spun pipe piles.

4. In heavily over-consolidated London clay an enlarged 
base is used with the bored pile. Such enlargement is not 
adopted  for bored piles in  sedimentary soils alternating 
as clay and sand layers and when the piles bear in a water 
bearing sand stratum.

5. In the case of driven piles, the pile set is taken as a rough
guide to determine the founding level even in clayey soils.



6. In the case of closely driven piles in soft clays  substantial
excess pore pressure can develop due to pile driving and 
the piles already driven can undergo substantial heave 
and lateral movements.

7. The shaft friction load in clays is estimated by the total
stress method in using an adhesive coefficient α and
this method of calculation is referred to as the α method.
An effective stress approach called the β method is also
adopted lately in estimating the skin friction of piles in 
clays. For offshore works a combination of the total stress 
and the effective stress called the λ method is popularly 
adopted for large diameter open ended steel pipe piles 
driven to great depths.



8. In the case of sand, the skin friction  is estimated with the
use of a lateral earth pressure coefficient Ks, the effective
overburden pressure and a friction angle of the soil -pile
interface taken as a function of the angle of internal 
friction of the sand layer.

9.   The end bearing of both driven and bored piles can be 
determined using the bearing capacity formula for deep 
foundations. The bearing capacity factors of Meyerhof is
popular, but for clays the Nc value is taken as nine and the 
Nq value for sand is obtained from the work of Berezantsev.

10. In the case of soft clays, in-situ test such as the vane test is 
used to obtain the  undrained shear strength in the α 
method. For medium stiff and stiff clays, unconfined 
compression tests can be used while the UU triaxial tests
are preferred.



11.  In the case of heavily overconsolidated clay such as the
London clay, plate loading tests are done to estimate the 
end bearing as well as the undrained shear strength.

12.  Cone penetration tests can be done to estimate the skin 
friction and end bearing loads in clays and sands.

13.  Correlations exist with the Standard penetration tests to
estimate the undrained strength in stiff clays and the
angle of internal friction in sand; alternatively the skin 
friction and end bearing values of the piles can also be
correlated.



14.  Pile testing is of two types. One to determine the load-
settlement characteristic and the other to determine the 
integrity of the piles. For all major projects  load tests are
more or less compulsory and these are divided into 
maintained load test  (both slow and quick) and 
constant rate of penetration tests. The integrity tests range 
from pile coring to vibration and sonic testing as well as 
radiometric logging.

15.  Chin method can be used to check the integrity of driven 
piles as well as  to obtain the ultimate load from load tests
terminated at loads lower than the ultimate one. It is
also possible to separate the end bearing and shaft friction
components.

16.  Fellenius list a number of methods which can be used to
estimate the ultimate loads in driven piles.



15. In the case of bored piles in stiff overconsolidated 
London clay smooth development of shaft friction and 
end bearing with pile displacement  was noted and this
was used to establish simple load settlement graph for skin
friction and end bearing and hence the overall load
load settlement characteristics. However in the case of 
sedimentary soils, all types of curves are obtained due to 
poor construction methods. Nevertheless it is possible to
determine the load transfer characteristics from 
instrumented piles and establish how the skin friction 
develops in each layer as well as the end bearing.

16.   Base grouting is used in bored piles to strengthen both the
end bearing as well as the skin friction in sandy 
formations. However the method calls for very careful 
grouting techniques.



Mobilization of 
shaft load load 
and end bearing 
with pile 
settlement



Load Mobilization in straight shafted and 
under-reamed piles



Whitaker and Cooke’s
observed and predicted 
mobilization of shaft and
base loads



Total stress analysis -α method

Qsf = As τsf ------- Shaft Load

Qbf = Ab(su)base Nc ---- Base Load

Pf = Qsf + Qbf
τsf = α su



Undrained strength
1. Stress path --strength in plane strain  or triaxial extension

is lower than triaxial compression

2. Orientation-- depends on the orientation of the principal
stresses; anisotropy

3.  Size --- In stiff fissured clays, depend on the fissure pattern
and amount

4.  Rate --- usually slower rate gives lower strength

5.  Sample disturbance-- it can operate both ways;
some time reducing and some time increasing.



Undrained strength

1. Different type of tests and different size of samples can give 
different values. In particular the values of su from in situ
tests such as vane, cone pressuremeter etc will frequently
differ from values measured in say triaxial apparatus.

2. So in the α method a clear understanding of how su were
measured is important, when α values are selected.
For soft clays the su come from field vane tests and for stiff
clays from 38 mm diameter samples and from UU tests 
or more usually from unconfined compression tests.



Values of α
1. The values of α vary from 1.5 for soft sensitive clays

to as low as 0.2 for very stiff clays.

2.  α reduces with su and thus when su depends on so many 
factors; the choice of α is rather difficult to be very precise.
Tomlinson goes on to say that α depends on pile length and 
the overlying materials through which it has been driven.
The sand dragged down increase the value where as soft
clay dragged down reduce the value.

3.   It has been reported that α values can vary very widely even 
in one site. For soft clay the variation is reported as 0.4 to 1.0
and in stiff clay from 0.25 to 0.45.



Effective stress 
approach-- the β method

1. For most buildings and also for pile testing, the 
piles  are installed long before the subsequent 
activity. Thus the excess pore pressure 
during  installation would have dissipated. Thus a 
drained condition prevails.

2.  The shaft friction at failure is

′+δ′σ=τ shssf ctan
where  is the effective angle of interface friction

cs
' is the effective interface cohesion

is the effective horizontal stress



Dividing by the overburden pressure σv
’

β=′σ

′
+δ=′σ

τ

v

s
s

v

sf ctanK

In the β method

′βσ=τ vsf

In the α method

usf sα=τ



For normally consolidated clay

′φ−= cv0 sin1K If 
′φ=δ cv

then
′φ





 ′φ−=β cvcv tansin1

For φcv varying from 200 to 400

β varies from 0.25 to 0.3. Surprisingly
within small range



β values
from
0.25 to 0.4

Burland’s
β values from 
full scale pile
load tests from 
various sites



β values from 0.25 to 0.4



Kentledge pile test  set up



Four tension pile reaction system



Plotting load settlement curve



Ultimate load from
graphical methods



Ultimate load from
graphical methods



Ultimate loads by 
graphical 
methods



Second stage expressway-- pile load test data
Load -settlement Details



ρ,mm

Load-settlement data



Chin’s
Stability
Plot







Chin’s 
method
for
ultimate
load



Chin’s method 
for damaged 
reinforced 
concrete
pile



Chin’s method
for
pile diagnosis;
steel pile with toe
badly crushed



Fellenius paper
on 
interpretation of
load
settlement
curves



Grouted bored pile



Grouted pile with low performance in end bearing



Bored pile with 
Base defects



Ks tan δ

for skin

friction in 
Bored 
piles



Bearing 
capacity

factor Nq

in end

bearing



Test terminated before
base load mobilization





Adhesion 
factor
for
Bored
piles



Skin friction
from cone
penetration tests



Base resistance
from cone
penetration tests



Skin friction
from cone test
to 40 m depth



Base resistance from
cone tests up to 40 m
depth



Skin friction
per linear 
meter
in medium
stiff to stiff
clay

0.8m diameter
spun piles



Skin friction per linear meter in first sand
layer for 0.8 m spun piles



Base resistance 
of 0.8m diameter 
spun piles with 
tips in the
first sand layer



Recommended values of Ks and δ



Recommended values of Nq for

bored piles bearing in sand



Friction and end bearing factors for driven 
piles to be used with cone penetration test data



Details of pile load tests data for 
driven piles from Ding Daeng - Dong Muang 
Tollway Project



Ks  tan δ
for bored piles
in estimating 
skin 
friction
in sand



Bearing 
capacity
factor Nq
for bored 
piles bearing 
in sand layer



Skin friction
in bored piles
mobilized in
small pile
movements 
of 1 to 13 mm



Adhesion factor 
for bored
piles in stiff
clay layer



Franki piles in 
Penang

Defects in 
enlarged 
Pile base

Shaft load  and end bearing calculated
as straight shafted pile. Balance load
to be carried by micro-piles



Excessive column settlement 150 mm

Building
underpinned
with
micro-piles
in Penang



Case history with
Y.S. Lau in Penang

Structural defects
due to foundation
failure

Defects in enlarged
pile base



Observed settlement of columns 180 mm

Bored piled Foundation bearing in sand with clay layer below



Correcting tilt and
raising a building 
by 500 mm with 
underpinning
techniques. 
In-adequate pile 
capacity



Building on hydraulic jacks and being raised, 
while the staff are busy working inside



Bored piles and pile caps arrangement



Theory while
Standard 
penetration
test is used 
to obtain 
soil parameters

Sophistication 
must go
hand in hand



Soil profile
1. Upper clay
2. First sand
3. Second clay
4. Second sand

Maximum load
reached in
each founding
level



Founding level 
before
1973

1. First stiff clay

2. First sand layer



Short piles
founded in 
soft and 
medium
stiff clay 
layer

Longer
piles 
founded in
stiff clay
and sand
layers



*Wooden piles
*Reinforced

concrete piles
*Pre-stressed

concrete piles
*Steel piles

Length up to
30 m



Pre-stressed concrete piles



Full Record

1. Type of test
2. Driven date
3. Date tested
4. Max. Load



* Cone resistance

* Driving Resistance

* Ultimate Load
measured



Pile driving details



Use of pile driving Formulae



Pile
Driving
Resistance



Jacket
friction
in Cone 
penetration
test



Cone resistance in t/m2

Cone
Resistance



Adhesion factor α



α  Method
short piles

Vane strength
used



Total stress method-- long piles



Total
stress
method
long piles



Dutch cone test used in pile 
capacity determination



β method
Effective stress
analysis

Only few sets
of c’ and φ’

No definite
pattern of
variation



Very few test
data for
c’ and φ’

Effective 
stress
analysis
β −method



More c’s and φ’s
at AIT Campus
but unfortunately
no pile test data 
to analyze

Effective 
stress
analysis



Back calculated
β values from 
full scale
pile load tests

Cluster of values
around 0.33 for β



Estimated β values from full scale pile load tests

Effective stress analysis- β method



Effective
stress
analysis
short
piles

β method



Effective stress analysis 
on long piles- β method



Effective
stress
analysis
on long
piles

Calculated load, tonf



Mobilization of skin friction in stiff clay



Instrumented pile load test program



Acceptable load settlement graph



Acceptable load settlement graph



Acceptable boundary for load settlement graph



Acceptable boundary for load settlement graph



Acceptable boundary for load settlement graph



Load transfer graph for BP 14



Load transfer graph for BP2



Skin friction mobilization in stiff clay



Skin friction in soft and medium stiff clay layer



Skin friction parameter first sand layer



Development of bearing capacity at pile toe





Load capacity 
of piles founded 
in different layers

Higher load 
capacity
with large 
diameter piles
founded in 
deeper stiff
layers



Bored piles founded in second sand layer



Longitudinal section of 
soil profile in the 
second stage 
expressway project
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