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ABSTRACT: Geotechnical engineering is one of the oldest branch of civil engineering, which continues to evolve along with the level of
human civilization. In the practice there are much uncertainty in the geotechnical field, both in terms of design and the inherent variability of
the soil material. This uncertainty, coupled with the limited soil data available, makes the geotechnical engineer assumed over estimates or
under estimate the soil parameter. The safety factor (SF) assumptions is one method to reduce the risk of such design error, but the FS can be
misleading as it is usually recommended or used without specific reference. One of the alternative approaches is the Reliability Based Design
(RBD), RBD is a design methodology that summarizes and incorporates key factors of uncertainty. RBD incorporates the cause and effect of
every variable and hence the possible consequences, making the eventual results more accurate. In this study the authors will discuss about
uncertainty analysis of pile settlement based on soil investigation data. The result is calibrated with the data of static axial loading test based
on existing projects in Jakarta. The use of RBD results in a more optimal and economical design, while maintaining the required safety

design consideration.
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1. INTRODUCTION

Geotechnical engineering is one of the oldest branch of civil
engineering, which continues to evolve along with the level of
human civilization. Before the 18" century the period of
geotechnical engineering development was divided into 4 main
phase, they are pre-classical, classical soil mechanic phase 1,
classical soil mechani phase 2 and modern soil mechanic
(Skempton, 1985). In the practice, soil as heterogeneous material
have much uncertainty in terms of design, the inherent variability of
the soil and also other factor such as design method, variations of
loads occurring, variations in the strength of the soil material,
inaccuracies in designing, variations in method analysis, the quality
of the soil investigation, land degradation, soil expansion and
shrinkage and the use of construction methods . This uncertainty,
coupled with the limited soil data available, makes the geotechnical
engineer assumed over estimates or under estimate the soil
parameter. Uncertainty in geotechnics has long been recognized
(ENR, 1963; Casagrande, 1965). Engineers understand directly or
indirectly that there is always the possibility of failure to achieve
design objectives during the design life time. Therefore the safety
factor (FS) is used in the design as a solution to reduce the risk of
design failure, Safety factor (SF) generally used 2 ~ 3, this value is
generally adequately assumed in most foundation designs (Focht
and O'neil, 1985). Safety factor serves as a solution to reduce design
failure, but (FS) can be misleading as it is usually recommended or
used without reference and is very subjective

One of the alternative approaches is Reliability Based
Design (RBD), RBD incorporates the cause and effect of every
variable, key factor of uncertainty and hence the possible
consequences, making the eventual results more accurate. In this
paper, the authors will discuss about uncertainty analysis of pile
settlement based on soil investigation data and the result will be
calibrated with the data of static axial loading test based on some
projects in Jakarta, it is expected by using the key factors of
uncertainty which is the initial step of the RBD will make the result
more optimal and economical design while maintaining the safety of
design.

The paper will discuss the first step of RBD that is about
the analysis of the uncertainty of the elastic settlement of pile
foundation based on the soil data of field investigation and pile
static loading result as calibration on several projects in Jakarta,
random number method and statistic and probabilistic method will
use to develop the data. When pile is loaded the settlement will
increased. The settlement increase in the pile is caused by 2 (two)
factors, the compression due to the structure of the pile itself and the
settlement of the surrounding soil around pile and also the bottom of

the pile. In this study is assumed that the soil around the pile skin
perimeter is bound or moped perfectly on the surface of the pile
through friction and adhesion, each settlement of the pile is assumed
by the settlement of the soil around and at the bottom of pile. Based
on classical soil mechanic “Poulus HG, Davis EH. Pile foundation
analysis and design. New York: John Wiley & Sons; 1980, soil can
be assumed to be linear elastic, the decline that occurs will be able
to return to its original position with a force that is proportional to
the modulus of soil elasticity and decreased magnitude

2. METHODOLOGY

The purpose of this paper to find the coefficient of
uncertainty factors and determine the empirical relationship between
one variable with other variables, key and factor so it is expected to
provide a coefficient factors that can make the calculation method of
pile settlement is more accurate. The field information and data such
as soil investigation data (SPT) and the pile static axial test of three
projects in Jakarta will be used as input, parameter and boundary in
analysing the pile settlement in compression with spring stiffness
method and elastic settlement analysis by Poulos & Davis, then to
develop distribution data and uncertainty analyzes were analyzed
using random variable with 100x iteration and lognormal
distribution for 50%, 100%, 150% and 200% from loading plan.

2.1 Pile Settlement Analysis
Spring Method

The pile settlement formula with spring stiffness method is
calculated based refer to Skempton formula below :

Pile Stiffness :

Kpite == (M)
Soil Stiffness :

frriction = Askin X Sy 2
frip = Atip X I X Sy (3)
K=f/L “)
Where :

K = Stiffness of material
E = Modulus of elastiscity
A = Area of element

L = Length of element

f = Soil resistance
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Agin = Parameter area of pile

Agp = Tip area

S = Shear undrained

L = Pile settlement, use 1%d for friction and 4%d for tip

Where rigid local coordinate matrices are used as below:

E4 _E4
fal_| L L |
fo) |_EA EA Y,

L L (5)

Which then assembled into global coordinates K system which is the
sum of Kpile and Ksoil with the following equation:

{fsystem} = [Ksystem] X {Usystem} (6)

{Usystem} = [Ksystem]_1 X {fsystem} (7)

Poulos and Davis

Estimation of pile settlement on homogeneous soil will be used in
this study based on the following formula:

F

L= Ea P (3)

Where :

L = Settlement at the top of pile

F = Loading on the pile

Es = Modulus of soil elastiscity

d = Pile diameter

Ip = Settlement influence factor based on soil poison ratio

Random Variable

Random variable is a variable that has a probable value or chance is
a numerical result of a random phenomenon. The probability
characteristics of the random variable have a probability
distribution, which determines the possibilities occurring in the
intervals determined by the key factors and the key descriptions
specified. Random variable can analysis by formula below, but for
this paper author use excel formula that refer to algoritma Mersenne
Twister to generate radom variable.

X, = (ay_1 + b) mod m ©)
Where :

o = Multiplier
b = Increment
m = Modulus

Statistics and Probability

Statistics is a collection of data, information or results of application
of statistical algorithms in the form of numbers arranged in the form
of tables or lists and or diagrams that describe or relate to a
particular problem, while probability is an opportunity or being
probable or something to happen or be is a way of expressing
knowledge or believing that an event will take effect or has
occurred.

This paper will used lognormal distribution, where the distribution
of lognormal associated with the normal distribution. Lognormal
distribution in the simplest form is a density function of a random
change whose logarithm follows the normal distribution law. The
basis for calculating variant and standard deviation is the desire to
know the diversity of a group data.
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v _ xlogxi
logX = — (10)
slogX = yZUosxi-log)® an
CoV =2 x 100% (12)
Where:
s = Standard Deviation
X; = X value at-i
n = Sample size
X = Mean

Number of Iteration Cycle

The number of samples is plays an important rule to provide
accurate data. To obtain accurate analysis results in a statistical and
probabilistic method, a minimum size of the repetition or sample
process is adequate and can represent the model to be analyzed.
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Figure 1 N-Sample vs COV

3. RESULT AND DISCUSSION

Spring Method

Based on the analysis from the spring method, there is has graphic
correlation between Su and N-SPT value for the three projects
reviewed based on 50%, 100%, 150% and 200% from loading plan,
the analysis result have been verified using pile static axial loading
test result.
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Pile Load Test

Figure 2 Pile Load Test vs Su/N-SPT (Spring Method)

Based on the figure 2 above, author have the data below :

Table 1 Correlation Value of N-SPT vs Su for Spring Method
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Loading 50% 100% 150% 200% Table 3 Mean, Standard Deviation and COV Resume analysis
Mean 11.87 6.33 5.30 3.47 LOADING —50%
STDV 3.76 0.06 1.44 0.59 Project Arcade Batiga The Jewel
- - - - Mean 171 131 147
Cov 31.65% 0.91% 27.217% 16.90% Spring Method STDV 0.00 0.07
cov 500% 180%
. Mean 1.63 1.78
POUIOS & DaVld MethOd Poulos & Davis STDV 022 025
cov 13.70% 1430%
Based on the analysis result from Poulus & Davis formula (Figure _ Mean 1.75 173
3), provide the correlation between Es and N-SPT values for the File Loading Test Sggs 90;0;, 4_0':;“,
. . 00% 7.68%
three projects reviewed for 50%, 100%, 150% and 200% from Soil Tovestization Cov 30.25% 35.07%
loading plan and the analysis result have been verified using pile LOADING -100%
ol . . Spring Method Mean 174 303 112
static axial loading test result : v 538 T8 31
cov 580% 610% 590%
6.0 Poulos & Davis Mean 476 297 3.85
STDV 0.65 0.2 035
cov 13.70% 2410% 1430%
5.0 Pile Loading Test Mean 477 299 425
STDV 116 036 153
cov 1U1T% 1867% 3304%
&0 Soil Investigation cav 30.25% 11.55% 33.27%
LOADING - 150%
5 —+—Batiga Spring Method Mean .70 535 629
z30 —8- Avcade STDV 038 035 037
N The Jewel cov 6.60% 6.60% 600%
Poulos & Davis Mean 8.56 34 641
i STDV 118 13 002
cov 13.70% 2410% 1430%
10 Pile Loading Test Mean 872 346 6.15
: STDV 167 150 156
cov 19.19% 20.10% 23543%
0.0 Soil Investigation Cov 30.25% 41.55% 3527%
0% S50% 100% 150% 200% 250% LOADING - 200%
Loading Spring Method Mean 1432 869 11.03
- - - STDV 108 062 0.80
Figure 3 Pile Load Test vs Es/N-SPT (Poulos & Davis) cov 730% 7.10% 730%
Mean 1343 776 1131
Based on figure 3 above, author have the data below : Poulos & Davis STDV 184 187 1.62
cov 13.70% 2410% 1430%
. . Mean 1439 787 036
Table 2 Correlation Value of N-SPT vs Es for Poulos & Davis Pile Loading Test STDV 275 2.07 215
Loading 50% 100% 150% 200% cov 19.10% 2628% 2180%
Mean 420 360 310 257 Soil Investigation cov 30.25% 41.35% 3527%
STDV 1.04 1.31 1.28 0.85
cov 24.86% 36.43% 41.18% 33.14% Uncertainty Factor

Resume for Data Analysis

The results of analysis from two different methods, soil data and pile
loading test will be evaluated use statistic and probabilistic methods
for every phase of loading 50%, 100%, 150% and 200%, the result
is resume in Table 3.

Based on the results of the design analysis, both using the method of
spring method and the elastic settlement formula by Poulos & Davis
obtained a value of COV smaller than the results of pile loading test,
it is caused by the limited data of pile static axial test results.
Therefore need an uncertainty factor that is incorporated into the
analysis or formula in order to obtain the results of the analysis that
can cover the actual conditions on the field. Therefore author use a
constable X, where the constable X has an average value equal to 1
with a certain COV value so that it can cover the pile settlement
conditions based on the actual conditions.

Thus, the value of X constant for loading phase 50%, 100%, 150%
and 200% from loading plan below :

XSpring =1
Xpring COV =21.21%~27.69%
Xp&a =1
Xo&d cOV =13.50% ~22.75%
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4. CONCLUSION

Based on the information from the field data both soil
investigation data (SPT) and the static pile loading test of three
projects in Jakarta as an inputs in analyzing the reduction of the pile
settlement with the spring method and the elastic settlement by
Poulos and Davis and using the random variable probability method
with 100x iteration and lognormal distribution it can be made the
following conclusion:

1. The results of the analysis in this study have similar
results with pile loading test, but to obtain better results, is
require more data and distribution of samples are evenly
distributed in Jakarta (both ground investigation data and
pile testing).

2. The result of the analysis using spring method increased
COV along with increasing loading, whereas in Poulos
and Davis method got uniform COV for each loading with
the quantity ranged between 2 ~ 3 times from COV value
with spring method. This result explains that using the
assumption by the soil along the pole as homogeneous soil
in poulos & davis will increase the value of variability.

3. The correlation value of N-SPT with Su (undrained shear
strength) using spring method with 100 times cycle in this
study shows that the greatest variability occurs when the
load condition is 50%, and the smallest variability value
occurs at 100%. With variation values ranging between N-
SPT = 2.80 ~ 15.50 Su, for loads of 50%, 100%, 150%
and 200% from the loading plan.

4. The value of N-SPT correlation of Es (elastic modulus)
using Poulos & Davis formula with 100 times cycle in this
study shows that the greatest variability occurs when the
load condition is 150%, and the smallest variability value
occurs at 100%. With variations in value ranging between
N-SPT = 1.70 ~ 5.40 Es, for the load of 50%, 100%,
150% and 200% from the loading plan.
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