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SYNOPSI S An extensive research program has recently been completed on the behaviour of more than forty full scale 
driven piles in twelve projects in the Bangkok plain. The ultimate bearing capacity of the piles was evaluated using 
Dutch cone test data as well as total and effective stress methods. Wave equation analysis was also carried out as an 
improvement on the normal use of dynamic pile driving formulae. Dutch cone test data are found to be most useful in 
predicting the ultimate bearing capacity of driven piles varying in lengths from 6 to 30 m. The total stress method is 
found to estimate reasonably well the bearing capacity of long piles bearing in stiff clay and in the sand layer. The 
effective stress method is also found to be promising for long piles. The wave equation analysis indicated that the 
ultimate bearing capacity as measured from test loads is about 1.22 to 1.4 times the predicted soil resistance. A pro
babilistic analysis carried out using Dutch cone test data indicated that the bearing capacity can be fitted to normal 
and lognormal distributions. Thus, the expressions derived by Harr (1977) can be used to obtain a relationship between 
the central factor of safety and the probability of failure.

I NTRODUCTI ON

Driven piles of various sizes and lengths are used 
extensively in the greater Bangkok plain area to support 
important structures. The design practice of pile foun
dations for these structures is largely empirical and 
load tests are always carried out in most projects to 
confirm the design loads. The Chao Phraya Plain on which 
Bangkok is situated is covered by a surfacial deposit of 
marine clay overlying a sand stratum. The driven piles 
in this profile vary from 6 to 30 m and often bear in the 
stiff clay or in the first sand layer.

Recently an extensive research program was completed at 
the Asian Institute of Technology to study the bearing 
capacity of driven piles wherein comparisons were made of 
the test load value of the ultimate bearing capacity and 
those computed by several methods. This study included 
an analysis of the bearing capacity of piled foundations 
using total stress as well as effective stress methods.
In the total stress method, undrained strength as obtain
ed from field vane tests in soft and medium clay and UU 
tests performed on stiff clay were used in the analysis. 
For piles extending into the sand layer, standard pene
tration tests data were used to evaluate the load 
carried in shaft friction and in end bearing. It is also 
customary to carry out Dutch cone tests in the Bangkok 
subsoils to evaluate the bearing capacity of driven piles.

Due to the lack of strength parameters of the Bangkok 
sub-soils under effective stress conditions, it has been 
somewhat difficult to carry out accurate analysis of the 
bearing capacity of pile foundations using effective 
stress method. However, with the limited data acquired 
over the years, an attempt was made to employ the effec
tive stress analysis in determining the bearing capacity 
of driven piles. Dynamic pile driving formulae are 
seldom used in Bangkok to evaluate the bearing capacity 
of driven piles. Wave equation analyses are now becoming 
increasingly used to evaluate the bearing capacity of 
driven piles. A parametric study using the wave equation 
analysis was made and it enabled the selection of appro
priate soil parameters to be used in the estimation of 
the bearing capacity of driven piles in Bangkok sub-soils.

A reliability based method was attempted to establish 
probability models for Dutch cone test parameters and use 
these models to derive probability distributions for the 
bearing capacity of piles driven in the Bangkok sub-soils. 
Thus, the authors have attempted to compare the test load
ed ultimate bearing capacity of more than forty piles from 
over twelve different projects with those predicted by 
employing total and effective stress methods, wave equa
tion analysis and also a reliability based probabilistic 
approach.

DATA RELATED TO SI TE CONDI TI ONS AND PI LE DRI VI NG

The test data refer to steel, concrete and wooden piles 
with different cross sectional areas and lengths. All 
the pile load tests were carried out in the Bangkok Metro
polis with the exception of those at the RTN-Dockyard 
site, the AIT site and the ones on the Bang Na-Bang Pakong 
site. The sites are about 40-60 km from Bangkok.

The surfacial clay of the Chao Phraya plain is essentially 
divided into soft Bangkok clay, the surface of which is 
weathered to form a relatively hard crust about 2 m thick, 
and stiff Bangkok clay. At each site, the soil profile 
is approximately the same as mentioned above with the 
thicknesses of the layers somewhat different. A typical 
soil profile of the Bangkok clay is shown in Fig. 1.

Most of the piles in the Bangkok area were driven by means 
of standard piling frames which can accommodate piles of 
lengths up to 30 m. They employ a hammer of the drop type 
lifted by a wire winch. Occasionally, at Some sites 
diesel hammers and pneumatic hammers were used. Usually, 
when driving starts, each pile penetrates.a considerable 
distance into the ground under its static weight and that 
of the hammer weight, only short drops of the hammer are 
required to cause penetration down to the surface of the 
stiff clay layer. Beyond this depth, the driving resis
tance was recorded for the hammer weight falling through 
a specified height of drop.
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BEARI NG CAPACI TY OF PI LES BY TOTAL AND EFFECTI VE STRESS 

METHODS

In the total stress analysis, the expression used for the 
bearing capacity of piles driven in clays is as follows:

0 , = S a 7  A + s N A, (1)
T i l t  U S U C Tj

where S is the shape factor for the pile and is taken as 
1.0 for plain sha£ts and 1.2 for tapered shafts; a is the 
adhesion factor; su is the average undrained strength over 
the embedded shaft length of the pile; As is the surface 
area of the pile; su is the undrained strength at the tip 
of the pile; Nc is the bearing capacity factor, and A^ is 
the base area of the pile.

In the effective stress method for piles driven in clays, 
the expression for the bearing capacity is,

0 = K tan6 a A + a (N - 1)A, (2)
nilt v,ave s v q T>

where 6 refers to the effective angle of friction between 
the clay and the shaft of the pile; K is a lateral earth 
pressure coefficient; N is the bearing capacity factor 
depending on the effective angle of shearing resistance of 
the clay, 0; a is the effective average overburden
pressure over ’ the shaft length, and a is the 
effective overburden pressure at the base of the pile.
It is common to define a factor g, as 8 = K tan 6; average 
values of 6, B, can also be obtained empirically from pile 
load tests, provided sufficient time has been allowed 
after installation and the tests were carried out slowly. 
For normally consolidated cla^s, 8 can be obtained from 
8 = (1-sin (4,) tan (4̂ ; where is the drained angle of 
internal friction of the clay.

In the case of piles driven in sand, the bearing capacity 
can also be evaluated from Eq. (2). The angle of friction 
between the pile and the soil is normally taken as a pro
portion of the angle of shearing resistance of the sand.

Presentation and Discussion of Results

For the purpose of discussing the performance of test 
piles, the piles are divided into two groups; short piles 
and long piles.

(a) Group A (Short Piles)

All these test piles were embedded in soft and medium 
stiff clays. The total number being 18 and the lengths 
varying from 6 m to 12 m.

(b) Group B (Long Piles)

Most of these piles embedded in stiff clay. There were 
altogether eleven test piles and the lengths varying from 
21 m to 31 m.

(c) Predicted Ultimate Loads

For piles driven in clays, the bearing capacity is usually 
predicted on the basis of undrained shear strength, which, 
for Bangkok clays, is usually determined from field vane 
tests and unconfined compression tests. The bearing 
capacity factor, Nc, is taken as 10 (see Holmberg, 1970). 
In calculating the shaft adhesion of piles in clays, the 
adhesion factor (a) is also taken from an average curve 
presented by Holmberg (1970). If the pile was penetrating 
into the sand layer, then the value of the lateral pres
sure coefficient (K) for driven concrete piles in sand is 
assumed to be 1.0. The value of the angle of friction 
between the concrete pile and the sand is assumed to be 
equal to 3/4th of the angle of internal friction of sand.

Total Unit 
Weight

Woter Content , %  Liquidity Index t/m3

Fig. 1 A Typical Bangkok Sub-soil Profile

The angle of internal friction (0) was estimated from SPT 
test data in sand. Nq values were then obtained from the 
relationships proposed between NQ and (4 (see Tomlinson, 
1969). 4

In the total stress analysis, for piles in soft clay, the 
field vane strengths were used in the calculation of the 
bearing capacity. However, in the case of piles which 
were driven through soft and stiff clay, vane strengths 
were used in soft clay and strengths from unconfined com
pression tests were used for stiff clays. At the RTN- 
Dockyard site, the unconsolidated undrained triaxial 
strength was used in the estimation of shaft adhesion of 
piles in stiff clay. For short piles it was found that 
the end bearing contributed approximately 5 to 10% of the 
bearing capacity of the piles. For the long piles it was 
found that,

(i) the end bearing contributed approximately 15% of 
the total bearing capacity for concrete piles 
bearing in stiff Bangkok clay, with the exception 
of one pile of large cross-section area (0.45 m
x 0.45 m), where the contribution was nearly 30%.

(ii) for driven steel piles embedded in stiff clay, the 
contribution from end bearing was nearly 25%.

(iii) the end bearing contributed approximately 45% of 
the total bearing capacity when the concrete piles 
were bearing in the sand layer.

All the predicted ultimate loads are found to be over
estimated when compared to the measured test loaded 
values. It is of importance to note that all the predict
ed ultimate loads are based on the assumption that the end 
bearing and shaft resistance yield the ultimate value at 
the same time. However, many authors have concluded that 
the two components are mobilized at entirely different 
rates of settlements. From the analysis, the following 
relations were obtained.

Short Piles: (^(measured) = 0.67 (^(predicted)

Long Piles: (^(measured) = 0.9 (predicted)

In the effective stress method of analysis with clays, 6, 
a dimensionless side friction factor, which is similar to 
the adhesion factor (a), is evaluated. B is related t<3 
the fundamental effective stress parameter K and also 6. 
For Bangkok clay, the drained angle of friction, (4̂ , is 
assumed to be equal to that for remoulded samples.
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Remoulding and softening usually reduce the cohesion con
siderably without markedly influencing the angle of shear
ing resistance. For soft Bangkok clays, the effective 
angle of shearing resistance varies from 20 to 25 degrees 
at the Rangsit site. The corresponding value of 8 ranges 
from 0.24 to 0 .7 J. For soft Bangkok clay at the RTN 
Dockyard site, 4> varied from 25 to 30 degrees and gave 6 
value in the range of 0.27 to 0.29. Even though the 
existing data on soft Bangkok clay indicate i  values in 
the range of 20 to 30 degrees, the calculated 8 values lie 
in a narrow range of 0.24 to 0.29. This observation is 
rather encouraging in the sense that the average shaft 
friction, T , can be evaluated with reasonable accuracy as 
a function of the effective overburden pressure. The 
value of 
of Vesic.

was also estimated using an alternative formula 
The latter values ranged from 0.28 to 0.35.

Average values of 8, 8, can also be obtained from pile 
tests provided a sufficient length of time has been allow- 
.ed after installation and the tests have been carried out 
sufficiently slowly. These conditions are fulfilled in 
maintained load tests. The point bearing capacity, Q,, 
was first calculated by using the expression for point 
bearing. For the shear strength, the average values found 
from the vane tests were used. Then the shaft friction, 
Qs, was computed from the difference of the measured 
ultimate load and the calculated point bearing load. 

Finally, the average shaft friction (t ) was obtained by 
dividing the mantle friction by the embedded area of 
the pile. _Figure 2 shows the plots between average shaft 
friction (ts) and average effective overburden pressure 
(C ). The 8 values lie in a wide range of 0.17 to 

’ 0.48, with an average value of 0.33. The 
average value thus computed seems to be slightly higher 
than the values computed before. It should be noted that 
in the previous calculation, the lateral earth pressure 
coefficient (K) is assumed to be equal to the coefficient 
of earth pressure at rest, K0. But for a driven pile K 
might be expected to be somewhat greater than K0, so that 
setting K = KQ, would be giving a lower limit to the 
shaft friction.

In estimating the_shaft friction for short piles, an 
average value of 8 = 0.33, as obtained from pile load 
tests, was used. The results are presented in Fig. 3.
The full line represents the 45° line. The points are 
scattered, especially for loads greater than ten tons. For 
the long piles, a 8 value of 0.33 was used for soft clay. 
However, for stiff clay 8 was calculated using K0 = 0.72 
and 0 = 21 degrees. For piles penetrating into the sand 
layer and bearing in sand, the methods of calculating end 
bearing load and skin friction are the same as those 
adopted in the previous method using SPT test data. The

results obtained for the long piles are presented in Fig.4. 
Good agreement is found to exist between the measured 
loads and the calculated loads.

ULTI MATE LOADS PREDI CTED BY USI NG DUTCH CONE TEST DATA

The method by which the bearing capacity of a pile may be 
calculated from Dutch cone penetration tests has been 
modified with increasing experience. The end bearing is 
estimated from the product of the area of the pile tip and 
the average cone resistance around the pile tip. The 
average cone resistance is taken over a shaft length of 
3.75 times the pile diameter above the toe and one pile 
diameter below the toe. The skin friction on the pile can 
be estimated from the cumulative local friction at the 
pile tip multiplied by the pile perimeter. The formula 
used in calculating the ultimate load is,

Quit - a p qt f  ♦ X qc Ap- w (3)

where P is the perimeter of the pile in m; is the 
cumulative local friction (q^) in t/m; a is the friction 
factor and \  is the bearing factor; Ap is the area of 
the tip in m2; qc is the average cone resistance in t/m^, 
and W is the weight of the pile in tons. The friction 
factor, a, and the bearing factor, X, as obtained by 
various authors are summarized in Table I. The computed 
bearing capacity and the measured ultimate test loads are 
plotted in Figs. 5 & 6. The agreement between the mea
sured loads and the calculated ones is good.

TABLE I

Friction Factors and Bearing Factors for Driven Piles in 
Bangkok Area

a X

Investigator Soft
Clay

Medium
Stiff
Clay

Stiff
Clay

Sand Clay Sand

Pham, 1972 1.4 1.4 0.7 _ 0.33 1.0

Juta-Sirivongse,
1972 1.0 1.0 1.0 1.0 0.33 1.0

Chotivittayathanin,
1977 1.1 0.7 0.5 0.5 0.33 0.5

Phota-Yanuvat, 1979 1.0 0.7 0.5 0.8 0.33 0.5

2 3 4 5
Average Effect ive Overburden Pressu re,

(crv

Fig. 2 Estimation of 3 from
Pile Load Tests

Fig. 3 Measured vs. Predicted 
Ultimate Loads

Fig. 4 Measured vs. Predicted 
Ultimate Loads

Predicted Ultimate Load ,tons

a  Steel Pile 

o Concrete Pile
- ,  : 1____________
200 300 400
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TABLE XI

Summary of Soil Quake and Damping Values

Fig. 5 Measured vs. Pre
dicted Ultimate Loads

100 200 300 40C 
Predicted Ultimate Load , tons

Fig. 6 Measured vs. Predicted 
Ultimate Loads

WAVE EQUATI ON ANALYSI S OF THE PREDI CTED LOADS

A wave equation analysis was carried out to evaluate the 
performance of 31 test piles. A parametric study was 
first made to study the effects of the soil parameters used 
on the solutions obtained by the wave equation analysis. 
This study helped in the selection of the appropriate soil 
parameters and also the ratio of point resistance to total 
resistance. Accurate determination of the blow count is 
required for the use of the wave equation analysis. The 
authors do not intend to go into the details of the theory 
behind the wave equation analysis which in fact will form 
a separate research program in itself. Instead, they will 
concentrate on the application of the method in obtaining 
predictions of the bearing capacity of piles and how these 
predictions compare with the actual test loaded values.
In carrying out this work, the computer program developed 
by Hirsch et al (1976) is used here. In the wave equa
tion analysis, the soil conditions have to be known in 
order to assign the soil parameters. The estimation of 
quantities, such as soil quake, Q, soil damping, J, the 
distribution of side friction, the percentage of the 
point resistance to the total resistance, and the set up 
factors, forms an important part in this analysis. The 
soil parameters recommended by Lowerly et al (1969), 
together with those suggested by Hirsch et al (1976), are 
compiled in Table II.

(a) Parametric Study with Wave Equation Analysis

In order to determine the values of the various soil para
meters suitable for the analysis of piles in the Bangkok 
area, and to study the effect of the variation in these 
parameters on the computed values of the ultimate loads, 
a parametric study was first made. This study revealed 
that the important parameters involved in the prediction 
of the ultimate loads are (i) the set up factors of soils,
(ii) the ratio of point resistance to total resistance, 
and (iii) the soil parameters Q and J, namely soil quake 
and soil damping, respectively. The set up factors pro
posed are 2.0 for soft and medium stiff clays, while for 
stiff clay and the sand, the corresponding values are 1.3 
and 1.0 respectively. Depending on the strata through 
which the piles penetrated and are bearing, the ratio of 
point resistance to total resistance will vary. The 
recommended ratio for piles entirely embedded in clay is 
25 percent. However, if the piles penetrate through 
layers of clays interbedded with thin layers of sand and 
finally bear in stiff clay, the ratio of point resistance 
to total resistance was found to be about 30 percent. The 
ratio, however, increased to 50 percent when the piles 
penetrate through clay and sand and bear in the first 
sand layer. The side quake and the point quake are taken 
as 0.1 inch, while the side damping and point damping are

Reference

Parameter

Lowery et al 
(1969)

Hirsch et al 
(1976)

Sand

Quake
(in)

Side

Tip

0.10

0.10

0.10

0.10

Damping Side 0.033 0.05
(sec/ft)

Tip 0.10 0.15

Quake
(in)

Side

Tip

- 0.15

0.10
Silt

Damping Side - 0.10
(sec/ft)

Tip - 0.15

Clay

Quake
(in)

Side

Tip

0.10

0.10

0.10

0.10

Damping Side 0.10 0.20
(sec/ft)

Tip 0.30 0.01

taken as 0.2 sec/ft and 0.01 sec/ft, respectively, in the 
computer program developed by Hirsch et al (1976). The 
corresponding values for the program developed by Lowery 
et al are 0.1 sec/ft and 0.3 sec/ft, respectively. The 
above parameters can be used for piles embedded entirely 
in clay. However, for those penetrating thin layers of 
sand in addition to clay layers and also bearing in stiff 
clay, the side damping in sand can be taken as 0.05 sec/ft 
for the computer program developed by Hirsch et al (1976). 
The corresponding value for the program of Lowery et al 
(1969) is 0.033 sec/ft. The values to be used in the clay 
are the same as those proposed earlier for the piles 
embedded entirely in clay. For piles penetrating through 
clay layers and sand and bearing in sand, the point damp
ing in sand is to be taken as 0.01 sec/ft, while the side 
damping is 0.033 sec/ft.

(b) Discussion of Results from Wave Equation Analysis

Figure 7 illustrates the variation of the static soil 
resistance with the dynamic driving resistance for ten 
test piles embedded entirely in clay. The corresponding 
variation of the soil resistance at the time of driving 
with the predicted soil resistance is shown in Fig. 8. 
Finally, Fig. 9 illustrates the relationship between the 
measured ultimate load and the predicted soil resistance. 
The measured ultimate load is higher than the predicted 
soil resistance, and is given by:

Measured Ultimate Load 1.40 times the Predicted Soil 
Resistance

However, for piles driven through layers of clay 
interbedded with sand and bearing in clay the correspond
ing coefficient is 1.25. When the piles are bearing in 
sand, the coefficient is 1.22.

PROBABI LI STI C APPROACH TO THE BEARI NG CAPACI TY OF PI LES

In the conventional approach, the reliability of a piled 
foundation with respect to the bearing capacity is mea
sured by a factor of safety defined as the ratio of the 
ultimate bearing capacity of the pile to that of the 
externally applied load. As an alternative, a formal 
representation of each uncertainty encountered in the
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Fig. 7 Static Soil Resistance vs. Dynamic Driving 

Resistance for Ten Test Piles Embedded 

Entirely in Clay

bearing capacity equation can be made by a probability 

equation. It is assumed here that the deterministic 

model given by Eq. (3) is valid for the probability based 
analysis also. This would imply that some of the parame

ters on the right hand side of Eq. (3) are probabilistic, 

Among these parameters, the most important one is the 

soil strength obtained by in-situ tests. Other factors 

like a and X can be considered deterministic despite the 

fact that they too can be treated probabilistically.

This assumption is justifiable in the light that the above 

empirical factors are obtained only after many correla

tions with the actual field behaviour of piles, thus 

making the uncertainties associated with them much 
smaller when compared to those of the undrained strength. 

Moreover, by this assumption, the analysis is also some

what simplified.

In this study only q ^  and q are treated probabilisti

cally. Two cases were considered. In one case the cumu

lative distribution functions of the empirical distribu

tions of qc and were incorporated (as piece-wise 

linear relationships) while in the other case, beta dis

tributions were assumed for both of qc and q^£* In the 

first case, the Monte CaTlo simulation technique was 

employed in conjunction with the empirical distributions 

to generate q and qp_ independently for each layeT. This 

procedure was repeated to cover the entire embedded 

length of each pile to get a single value for the bearing 

capacity of the pile. This cycle was repeated a number of 

times to yield sufficient number of values of the bearing 
capacity thereby enabling the construction of empirical 

distributions. In the second case of analysis, Johnk’s 

method of simulating 8 variates was used to obtain 3 dis
tributed values for qc and q^.

If the probability of failure can be evaluated in quanti

tative terms, then the probabilistic formulation will be 

useful. In this study the working load, Q, was assumed 

to be deterministic since the uncertainties associated 

with it are small when compared to those used in the 

evaluation of the ultimate bearing capacity. The rela

tionship between the probability of failure and the factor 

of safety can then be established using the empirical 

distributions of the bearing capacity.

(a) Results and Discussion of Probabilistic Analysis

Eight piles from two sites were analyzed for the bearing 

capacity using the probabilistic approach. Histograms 
which indicate the distribution of the bearing capacity 

with its mean and standard deviation were obtained for 

each pile for the two cases considered in the analysis.

The generated mean values are in good agreement with the 

failure loads obtained from load tests.

Fig. 9 R
dr we 

Relationship

Fig. 10 Correlation between
Measured Ult.Load and 

Predicted Soil 
Resistance

A major application of the probability analysis is accom

plished relating the probability of failure, p^, to the 

central factor of safety, CFS, by:

CFS (4)

where
It

is the mean value of the bearing capacity dis-

tribution and Q is the externally applied deterministic 

load. From the relationship established between CFS and 

pf using empirical capacity distributions, it was found 

that the maximum values of CFS obtained for various piles 

lie between 1.15 to 1.22, when qc and q£f are beta dis

tributed and the corresponding p^ values are falling in 

the range between 0.004 to 0.03. Investigation of the 

region of very low probability of failure was difficult 

since it requires a lot of computer time. Meyerhof (1970) 

recommends pf values in the range of 10“^ to 10-5.

In order to analyse the very low region of the probability 

of failure, p,;, normal and lognormal distributions were 

tested for fitness with the histograms of the bearing 

capacity. It was found that these two distributions were 

fitting well, at 5% significance level, the empirical dis

tributions of the bearing capacity. Harr (1977) pointed 

out that from a practical point of view it is necessary 

and desirable to have simple formulations to evaluate the 

performance of designs. The distributional insensitivity 

of probabilistic models within the range of interest (i.e. 

the tail ends of both capacity and demand distributions), 

coupled with the uncertainties in the soil properties, 

limit reliable measures of probabilistic parameters to 
their mean values and coefficients of variation. In 

accordance with the above statement, by making use of the 

following equations, the relationship between p^ and CFS is 

established corresponding to normal and lognormal bearing 

capacity distributions. For normally distributed bearing 

capacity with determistic load.

CFS >
1

i - v c n Pf )

and for lognormal distribution of bearing capacity,

l„2n
CFS > exp ( n Pf) Vc+ -±V‘}

(5)

(6)

3 9 -0 1 7 1 1 1 609
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Fig. 10 CFS -

where Vc is the coefficient of variation of capacity (<30%) 
and ^(pf) depends on the particular distribution function 

prescribed for the safety margin (SM = Quit" Q) *

Figure 10 shows the relationships of CFS with p£ for three 
test piles as obtained from Eqs. (5) § (6). Listed in 
Table III are the observed settlement values of the test 
piles at failure loads together with those values 
corresponding to the central factors of safety when the 
probability of failure is 10"^ and the bearing capacity is 
assumed to follow normal distribution. It appears that 
the settlement values are tolerable even at a factor of 
safety of 1.5 which is rather low when compared to the 
normal value of 2.5 to 3.0 used in the Bangkok plain.

TABLE III
Summary of Observed Settlement Values of Test Piles

Observed
Normal--Capacity

Pile

No.

Settlement 
at Failure 

Load 
(mm)

CFS at Pj = 10

. Settlement 
-4

Corresponding 

to pj = 10"4

(mm)

TP1 8.0 1.32 4.0

TP2 12.0 1.32 8.0

TP3 16.0 1.33 9.8

LP1 15.0 1.36 3.5

TP-2T -16.0* 1.35 -10.5*

TP-3T -20.0* 1.33 -12.5*

*Negative sign indicates pull-out test. 

CONCLUSI ONS

This paper summarises an extensive research program 
carried out at the Asian Institute of Technology on the 
performance of driven piles in Bangkok subsoils. Full 
scale pile load tests carried out in more than forty piles 
from twelve different projects were analysed with respect 

to total and effective stress methods. The bearing 
capacity of the piles was also evaluated using the data 
from Dutch cone tests. Wave equation analysis was carried 
out as an improved method on the normal use of dynamic 

pile driving formulae. Also, a reliability based method 
was attempted to establish probability models for Dutch 
cone test parameters for use in devicing probability dis

tributions for the bearing capacity. The following con

clusions were reached.

1. Dutch cone test data can be used successfully in the 
Bangkok plain to estimate the bearing capacity of 
short and long piles ranging in lengths from 6 to
30 m.

2. The total stress method is found to estimate reason

ably well the carrying capacity of long piles bearing 
in the stiff clay and sand layer. The effective 
stress method is also found to be promising in the 
case of long piles, even though the scatter in the 

data obtained for the parameter 8 was large.

3. The wave equation analysis indicated that for piles 
bearing in stiff clay,the measured ultimate load is

1.4 times the predicted soil resistance. The 
corresponding value in the case of piles bearing in 
sand is 1.22.

4. The probability distribution obtained for the bearing 
capacity is found to fit normal and lognormal distri

butions. Thus, the expressions given by Harr (1977) 
can be used to obtain a relationship between the 
central factor of safety and the probability of
failure.
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