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ABSTRACT

Soil is unpredictable and pile design usually depends on results of Soil Investigation
(S.1) and Standard Penetration Test (S.P.T). Basically the main problem is how to
derive the parameters from the early stages of construction in order to maximize
benetits. Besides from load test results, parameters from the actual on-site results can
be obtained. Theretfore this study is to evaluate and perform an analysis to determine
the reliability of soil properties toward pile bearing capacity and skin friction
capacity. This project starts by collecting and summarized all soil data pertaining to
the site and all pile load test results. Studying all driven pile and pile test results is
essential along with the parameters as well as to analyse the results by the analytical
method through the Microsoft Excel, Surfer and MATLAB 7.0.1 software by
comparing the actual curve with S.I result. Furthermore, the findings that coincide
with the project are the Load Settlement Curve which coincides with the Pile
Dynamic Analysis (P.D.A) and the Maintained Load Test (M.L.T) results can be
used to compare the result. Then, all data collected will be trained by using neural
network under back propagation method. This tool is very useful to determine the
hidden layer and determine locations which don’t have sufficient data. The last
finding would be that every pile has ditferent soil characteristics which may increase
or decrease the pile’s bearing capacity and skin friction capacity. Other scopes would
include finding out the parameters that are the most important and can be used as a

reference for the same type of soil in future.
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CHAPTER 1

INTRODUCTION

L.LO INTRODUCTION

1.1 Background of Study

Brunsfield Construction has successfully undertaken residential and commercial
properties. including some of the nation’s most complex construction challenges.
Brunsfield Construction Sdn Bhd is registered with the Governments under Pusat
Khidmat Kontraktor (PKK) as a Class A" contractor. and with the Construction
Industry Development Board (CIDB) under Grade 7. which allows Brunsfield 1o
undertake construction projects of unlimited size and value. Therefore in
collaboration with Brunsfield Construction Sdn Bhd. the author had obtained the data
needed in his research of FYP title of evaluation of properties from pile load test
responses. An important factor in the author research is that the ability to analyze and
determine soil characteristic, pile bearing capacity. skin friction capacity and

parameters that can be used for future references.

1.2 Problem Statement

The site which the author going to study consists of bored pile and reinforced
concrete pile. Total bored pile points are 312 in 600 mm diameter. For reinforced
concrete pile. total pile points are 1140 in square and the dimension is 400x400 mm.
The piles are subjected to a series of test includes M.L.T and P.D.A test. A certain
criteria such as maximum displacement under twice of working load and maximum

residual displacement have been used as acceptance criteria for the pile.
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Figure 1: Pile Layout Plan

1.2.1 Problem Identification
The main problem while designing bored piles is that it is hard to predict the Bearing
Capacity and SKin Friction Capacity each piles. Bored piles are designed normally
according to soil strength as well as Rock Quality Designation (RQD). These two
variables are normally very unpredictable as Soil Investigation can only give limited
information and it is not encouraged to do too many S.I as it too costly and only
companies which are capable financially can attempt it. In addition, pile foundation
is very important structure since it is used to carry and transfer the load of the

structure to the bearing ground located at some depth below ground surface.



1.2.2 Significance of Project
In the future. consultant and piling companies would be able to refer to this project as
a benchmark and able to design piles which same soil characteristic with the data that
is founded in this project. Companies as well as universities would be able to use this
research to update the uncertainties when dealing with soil areas and be able to
design piles with lesser Factor of Safety. Failure to design correct ultimate pile
capacity will cause a problem such as settlements on the pile. Therefore it is
important  to evaluate the soil properties from Engineering Bore Hole site
investigation, reinforced concrete driven pile result and study data from pile load test

response.

1.3 Objectives and Scope of study
I'he main objective of this project is to evaluate and perform an analysis to determine
the reliability of soil properties toward pile bearing capacity and skin friction
capacity. The pile design will be compared to actual design parameters based on pile
load test results.
The objectives to be achieved by the end of this project are:
a) To evaluate soil properties based on site investigation (Engineering Bore
Logs) and compare with reinforced concrete driven pile data.
b) To determine the bearing capacity and skin friction capacity based on
Maintained Load Test and Pile Dynamic Analysis Test.
¢) To analyze and establish the correlations of each pile soil characteristics
which may increase or decrease the pile’s Bearing Capacity and Skin

Friction from the results of pile load test responses.

The scopes of study involved would be towards on the various pile tests which
include the M.L.T and P.D.A test. All driven pile and pile test results will be analyse

by using Microsoft Excel software and MATLAB 7.0.1.



1.3.1 Relevaney of Project
This project is relevant to the study of foundation and earth structures as well as the
study of underground soil structures. This project is also relevant to the recent
constructions where people are paying more attention to the foundation of the
buildings as to prevent any risk and disaster in future. A well design foundation
structure is very essential to ensure sufficient pile bearing capacity and support

structural loads of the buildings.

1.3.2 Feasibility of Project within Time Frame
The project is feasible as it utilizes and analyzes the data which can be obtained from
the existing projects at Brunsfield Construction Sdn Bhd. This project is low in cost

for analysis and can bring huge benefits for the future.



CHAPTER 2

LITERATURE REVIEW/THEORY

2.0 LITERATURE REVIEW/ THEORY

2.1 Bored Piles Theory and Methodology

According to Muni Budhu, (2007) Soil Mechanics and Foundations. a pile is a
slender structural member installed in the ground to transfer the structural loads to
soils at some significant depth below the base of structure. Structural loads include

axial loads. lateral loads. and moments. Pile foundations are used when:-

a) The soil near the surface does not have sufficient bearing capacity to support
the structural loads.

b) The estimated settlement of the soil exceeds tolerable limits (i.e.. settlement
greater than the serviceability limit state).

¢) Differential settlement due to soil variability or non-uniform structural loads
is excessive.

d) The structural loads consist of lateral loads and uplift forces.

Bored Piles are also called drilled piers or Cast-in-drilled-hole piles (CIDH piles).
Rotary boring techniques offer larger diameter piles than any other piling method
and permit pile construction through particularly dense or hard strata. Construction

methods depend on the geology of the site.

Dry boring methods employ the use of a temporary casing to seal the pile bore
through water-bearing or unstable strata overlying suitable stable material. Upon
reaching the design depth. a reinforcing cage is introduced. Concrete is poured in the

bore and brought up to the required level. The casing can be withdrawn or left in situ.

Wet boring also employs a temporary casing through unstable ground and is used
when the pile bore cannot be sealed against water ingress. Boring is then undertaken

using a digging bucket to drill through the underlying soils to design depth. The



reinforcing cage is lowered into the bore and concrete is placed by tremmie pipe.

following which, extraction of the temporary casing takes place.

Chean Sin Chen and Lee Ching Hiew (2006) describes that, bored piles generally
have high capacity, easy length adjustment, and low noise and vibration during
construction. They are commonly used to support heavy structures in the city areas in
Malaysia. They are also very suitable in residual soil. where the hard soil layer or
boulders may hinder penetration for most driven piles. The design of bored piles in
residual soil is based on the empirical method. This is due to the difficulties in
obtaining undisturbed soil samples in residual soil. The empirical approach makes
use of the results of standard penetration tests (SPT-N) for assessment of the soil
strength. Static pile load tests have been carried out on many fully instrumented
bored piles.

The empirical correlations of the unit shaft friction (f5) and unit base resistance (fb)
with the SPT-N values, established regardless of” the construction method, are as

follows:-

a) fs=KN
b) f=KpN
C) Qllll = Q\ o Ql)

2.2 Pile Load Test
According to Muni Budhu, (2007) Soil Mechanics and Foundations, the purposes
of pile load test are:-

a) to determine the axial load capacity of a single pile

b) to determine the settlement of a single pile at working loads

¢) to verify estimated axial load capacity

d) to obtain information on load transfer in skin friction and end bearing



2.2.1 Maintained Load Test Methodology
Maintained Load Test (MLT) is to load the pile to twice the working load with
specific load increments and used to determine its settlement while undertaking that
load. The test is done for two cycles with the first cycle done to 100% working load
of the pile. It is done at 12.5% working load increments at 15 minute intervals, after
each load increase the operator has to look at the gauges to check the settlement of
the pile. The operator has to use leveling to check the datum level and make sure that
it is almost the same. If it is not. then there might be problems in the case of human
errors or mechanical errors where the operator may have took the wrong level or the
dial gauge may be experiencing mechanical failures. After the pile load reaches
100% working load the load is maintained for 12 hours and then only the load is
released by 25% working load decrements until the load reaches zero again. After
that the test is restarted for its second cycle, but this time the load is increased by
50% of working load increments until 200% of working load is reached. Then the
load is also maintained for 24 hours before releasing it slowly again until it reaches
zero again. If at any time the settlement of the pile exceeds 38mm then the pile is
considered as failed and consultants have to be informed to set new points. The pile
is done to a maximum of 200% load as the Factor of Safety (FOS) that the

consultants used is 2. (Refer: Appendix A for details)
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Figure 2: Maintained Load Test diagram [llustration



2.2.2 Pile Dynamic Analysis Test
According to Soil Dynamics PDA Test report (2009) a Pile Dynamic Incorporated
Model PAK Pile Driving Analyser (PDA) and its associated pile top force and
velocity transducers were used to conduct the dynamic pile test. Two strain
transducers and two accelerometers were attached to the pile head. They were
mounted opposite sides of the pile for cancellation of bending effects during each
strike of the hammer. The signals of strain and acceleration were conditioned and
processed by PDA. The PDA is a microprocessor based signal conditioner and digital
computer. Signals of pile top force and velocity were measured and analysed during
each strike of the pile driving hammer and stored in the analyser. The pile top force
and velocity-time curves were displayed on the LCD screen. Real time analogue
signals of pile top force and velocity were also recorded on the PDA static memory
facilities as well as on a field unit for further analysis. The PDA uses a program
based on the closed form Case-Goble solutions to compute static pile capacity from

the pile top force and velocity data.

Dynamic pile test will be conducted on the cast-in-situ piles after a period where the
concrete is allow to set or at re-strike for selected piles. The gauges are then attached
to the pile using Ramset plugs. Prior pile head preparation during casting or before
testing is required. This shall include a permanent steel casing of at least one pile
diameter. Further details of the pile head preparation shall be submitted later. The
client will supply and operate the crane to lift and drop hammer to induce a driving
force on to the pile. Dynamic measurement of force and velocity will be collected by
gauges attached to the pile. This data will be processes by the PDA to give
immediate visual and permanent record onsite. The PDA will also provide onsite
results such as:-

a) Mobilized static load capacity based on the CASE method

b) Pile integrity — location and extent of damage

¢) Pile stresses — maximum compression forces at pile top/toe

d) Hammer Performance — maximum energy transferred to the pile
£) p



Figure 3: Processes for Pile Dynamic Analysis Test

2.3 Standard Penetration Test (SPT) and Rock Quality Designation (RQD)

The Standard Penetration Tests aims to determine the SPT N value which gives an
indication of the soil stiffness and can be empirically related to many engineering

properties.

The test is conducted inside a borehole. A 'split spoon' sampler is attached to the
bottom of a core barrel and lowered into position at the bottom of the borehole. The
sampler is driven into the ground by a drop hammer weighing 68 kg falling through a
height of 76 em. The number of hammer blows is counted. The number required to
drive the sampler three successive 150mm increments is recorded. The first
increment (0-150mm) is not included in the N value as it is assumed that the top of
the test area has been disturbed by the drilling process. The SPT N is the number of

blows required to achieve penetration from 150-450mm.

After the test, the sample remaining inside the split spoon is preserved in an airtight
container for inspection and description. Besides that the SPT values enables
engineer 1o know what type of soil is located underground from the disturbed

samples collected in the split spoon and whether is it a hard or soft layer.

The recording of RQD has become virtually standard practice in drill core logging
for a wide variety of geotechnical investigations. The RQD values provide a basis for

making preliminary design decisions involving estimation of required depths of



excavation for foundations of structures. The RQD values also can serve to identify
potential problems related to bearing capacity. settlement. erosion. or sliding in rock
foundations. The RQD can provide an indication of rock quality in quarries for

concrete aggregate. rock fill, or large riprap.

The RQD has been widely used as a warning indicator of low-quality rock zones that
may need greater scrutiny or require additional borings or other investigational work.
The RQD is a basic component of many rock mass classification systems for
engineering purposes. The RQD is sensitive to the orientation of joint sets with

respect to the orientation of the core.

Core sizes from BQ to PQ with core diameters of 36.5 mm (1.44 in.) and 85 mm
(3.35 in.) respectively are normally acceptable for measuring RQD as long as proper
drilling techniques are used that do not cause excess core breakage or poor recovery.
RQD value is very important to calculate skin friction and end bearing resistance in
determine the socket length required for bored piles. From obtained RQD index we

can classify rock mass:-

ey Fooe S R S oot 1 T i,
})
0

23'/ Vc_\ pu}r
25-50%  Poor
50-75%  Fair
75-90% Good
90-100%  Excellent

Table 1: Rock Quality Designation classification

Eissa Elsayed A. and Zekaisen (1991) observed that when the core reaches rock
layer, it would normally encounter a slime layer first, the starting cored rock may be
quite fragile. The RQD will be used to test rock fragility, the higher the RQD. the
better the rock quality. When taking RQD. any rock length which is less than 4
inches or 100mm would not be considered unless it is due to mechanical breaking
which may happen when the workers try to pull out the rock or switch gear while
rock coring. If the rock is less than 4 inches by causes such as normal rock

weathering then that particular length of rock can be ignored. The percentage of

10



RQD obtained is determined by summation of total length of rock cored more than

100mm over the total core length (CL) for each 1.5-meter.

2.4 Case Pile Wave Analysis Program (CAPWAP) Method

According to Soil Dynamics PDA Test report (2009) the soil reaction forces are
passive and up 1o now it have been found sufficiently accurate to express them as
function of pile motion only. The soil reaction consists of a static (elastoplastic) and
a dynamic (linear damping) component. In this way the soil model has at each point
three unknowns (elasticity, plasticity and viscosity). A reasonable assumption is
made regarding the soil parameters, and then the motion of the pile is assumed using
the measured pile top acceleration as a boundary value. The results of the CAPWAP
analysis then are the magnitude and location along the pile of both static and
dynamic resistance forces. Static computations can be used to predict the static load

test curve of the pile. (Refer: Appendix B for details)

2.6 Backpropagation— Function Approximation Method

According to Simon Haykin, (2009), Neural Networks and Learning Machine.
Pearson Prentice Hall company, a neural network has a natural ability for pattern
classification. The network is trained by presenting it with a number of different
examples of the same object. In this case, pile bearing capacity data from M.L.T and
P.D.A. soil characteristic data from site investigation and no of blows for reinforced
concrete data will be trained by using function approximation to determine the
hidden layer within the function. The training of the network is repeated for many
examples in the set. until the network reaches a steady state where there are no
further significant changes in the synaptic weights. Thus the network will learn from

the data during training session.



CHAPTER 3

METHODOLOGY
J.OMETHODOLOGY/PROJECT WORK
3.1 Methodology

The methodology is as follow:

Firstly. collect and summarized all soil data pertaining to the site and characterize
soil layering system along the site. The entire soil stratum can be obtained from
Engineering Bore Hole from Site Investigation. Secondly, all data from Reinforced
Concrete pile driven result need to collect and will be summarized points which are
near to Bore Hole only. Site Investigation and Reinforced Concrete data have
relationship based on number of blows and both of data can be compared to
determine the significant different. Thirdly, determine and summarized pile bearing
and skin friction capacity based pile load test results. Ultimate, skin and bearing
capacity can be determined from PDA and MLT. Fourthly. the Ultimate Load
Capacity from Site Investigation can be compared with Load Test. Site variation of
load significant different can be obtained by using Surfer software. Finally all the
result obtained and analysed will be trained by using neural network under back
propagation method in Matlab software. Ultimate load required can be predicted by
using neural network based on data that have been trained. From the results, the
author should be able to determine correlations between soil properties and pile

bearing capacity as well as draw conclusions.
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Figure 4: Methodology used in this project
3.2 Tools/Equipment Required

The tools and equipment which are required in this Final Year Project are Microsoft
Office Excel, Surfer and MATLAB which is used to evaluate and analyse the data
obtained. The driven pile data or reinforced concrete pile driven result. site
investigation and pile load test response will be analysed in order to determine the
correlation between soil properties and pile bearing capacity. Surfer software version
9 will be used by the author to plot the load distribution in contour format for
comparison between Qu from load test and Qu from Site Investigation. By using this

software, the pattern of load from actual can be compared with design parameters.

3.2.1 Artificial Neural Network (ANN) Training
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Figure 5: Example of Function Approximation Network



The training procedure will optimize the hidden layer size and also other parameters
such as learning rate. momentum and training cycles. For example, initially by
looking at the overall selected ANN. the hidden layer can be set to 5. momentum rate
at 30% and then try to optimize the learning rate. The initial training parameters are

set as in script in Matlab shown as below.
For example. here input P and targets T define a simple function which we can plot:-

p=1012345678];
=10 0.84 0.91 0.14 -0.77 -0.96 -0.28 0.66 0.99];

plot(p,t,'o")

Then, newft is used to create a two-layer feed-forward network. The network will
have an input (ranging from 0 to 8), followed by a layer of 10 tansig neurons, and
followed by a layer with | purelin neuron. Trainlm back propagation coding is used.

The network is also simulated.

net = newff(|0 8,[10 1],{"tansig" "purelin'},"trainlm');
vl =sim(net,p)

plot(p,t,'o".p,y1,'x")

Here the network is trained for up to 50 epochs to a error goal of 0.01, and then

resimulated.

net.trainParam.epochs = 50;
net.trainParam.goal = 0.01:
net = train(net,p,t);

y2 =sim(net,p)

plot(p,t,'o',p,y1,'x',p,y2,'*")

Source: Neural Network Toolbox : Train a Neural Network (Matlab 7.0.1)



3.3 Gantt Chart and Key Milestone
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CHAPTER 4

RESULTS

4.0 RESULTS

The data on the selected pile load test reports and site investigation were compiled.
The information and data regarding the project, soil stratification and properties, pile
characteristics, and load test data were processed and transferred from each load test
report to tables, forms, and graphs. The following data and information below shown
on how the author compiled, and analyzed each data that are going to use in this

project.
4.1 Site Investigation Data

Data and graph shown below are regarding site investigation that had been carried
out at the site. There are 10 engineering borehole points that can be observed and
analyzed. This data is very essential for studying the soil condition and very
important to refer for designing pile at certain location. The soil properties are

mainly sand or clay layers which therefore explain the low N-values during SPT.
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Figure 6: Engineering Bore Hole 1 (Refer: Appendix C1 for details)
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As it is observed through Figure 6, the SPT values for the first 3 meters are not
relatively high and range from 0-10. From 0 until 7.5m depth, the soil properties
were medium sand. After 7.5m, the properties were silt. When reached 21m, the SPT
value was more than 50 and the properties was hard silt with some quartz gravel. The
boring for BH1 end at 30.07m depth.

No. of Blows
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Figure 7 : Engineering Bore Hole 2 (Refer: Appendix C2 for table)

Graph at Figure 7 shown that the soil properties were hard light brown sandy silt at
1.5m depth. This result is very essential in predicting the soil stratum of the area.
From 4.5 to 12m the soil properties were medium sand. After 13.5m depth, silt can
be found again. Hard light grey sandy silt with some quartz gravel can be found at
18m depth onwards. Furthermore, at this depth the SPT value was 50 and it can be

concluded that the soil properties were hard. The boring for BH2 end at 27.06m
depth.
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Figure 8 : Engineering Bore Hole 3 (Refer: Appendix C3 for table)

As it is observed through Figure 8, the SPT values for the first 3 meters are not
relatively high and range from 0-10. At this depth the soil properties were light grey
medium sand. The silt can be found at 4.5m depth onwards. The SPT value already
reached 50 at 12m depth. From 0 until Even the N 50 value at the end was due to the
fact that the SI machine had hit the rock layer and therefore it cannot be considered
as a potential pile sitting zone. The RQD values in the site are founded to be quite
high ranging from 13% to 42%. This fact encourages the consultants to go forward
with their plan of designing the piles to sit on the rock surface. Rocks in the site are
mostly granite and range from in colour to whitish or greyish in colours. The whitish
and greyish rocks are normally the better ones and produce higher RQD normally.
The boring for BH3 end at 27.4m depth.
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Figure 9 : Engineering Bore Hole 4 (Refer: Appendix C4 for table)

Graph at Figure 9 shown that the soil properties were light grey silty medium sand at
1.5m depth. At 6m depth, the properties changed to light grey clayey silt with some
gravel until 10.5m. After 15m onwards, the soil properties were hard light grey fine
sandy silt with some quartz gravel. At this depth, the value of SPT already reached
50. The boring for BH4 end at 25.59m depth.
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Figure 10 : Engineering Bore Hole 5 (Refer: Appendix C5 for table)



As it is observed through Figure 10, the SPT values for the first 3 meters are not
relatively high and range from 0-15. At this range of depth the soil properties were
light grey sandy silt with some gravel. At 6m depth onwards, the properties were
hard light grey fine sandy SILT with some quartz gravel. At this point, the SPT value
already reached 50. Even the N 50 value at the end was due to the fact that the SI
machine had hit the rock layer and therefore it cannot be considered as a potential
pile sitting zone. The RQD values in the site are founded to be quite high ranging
from 8% to 48%. The soil properties were light grey moderately weak & weathered
highly fractured granite. The boring for BH5 end at 18.6m depth.
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Figure 11 : Engineering Bore Hole 6 (Refer: Appendix C6 for table)

Site investigation at Bore Hole 6 shown that the soil properties were firm light grey
gravelly sandy silt from 1.5 to 7.5m depth. The SPT value were range from 4-13. At
9m depth, the result of SPT was more than 50. This is because the soil properties at
this stage were hard layer. While boring, the soil properties were hard yellowish
reddish brown sandy silt and hard light grey gravelly sandy silt. The boring for BH6
end at 18.295m depth.
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Figure 12 : Engineering Bore Hole 7 (Refer: Appendix C7 for table)

Graph at Figure 12 shown that the soil properties were firm light grey sandy silt until
7.5m depth. The SPT value were range from 3-17. At 9m depth, the properties
changed to hard light grey reddish sandy. At this point, the SPT value already
reached 50. At 12m onwards, the soil properties were hard yellowish brown sandy
silt. At this depth, conclusion can be made that the stratum was in hard layer. The
boring for BH7 end at 18.05m depth.
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Figure 13 : Engineering Bore Hole 8 (Refer: Appendix C8 for table)
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As it is observed through Figure 13, the SPT values for the first 6 meters are not
relatively high and range from 0-7. At 7.5 to 9m depth, the soil properties changed to
stiff light grey yellow sandy silt. From 10.5m onwards, the SPT values were more
than 50. At 10.5 to 12m the properties were hard light grey yellow sandy silt. At
13.5m onwards the properties were hard light grey gravelly sandy silt. The boring for
BHS end at 19.785m depth.
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Figure 14 : Engineering Bore Hole 9 (Refer: Appendix C9 for table)

As it is observed through Figure 14, the SPT values for the first 3 meters are not
relatively high and range from 0-9. At this range of depth the soil properties were
firm to stiff light grey sandy silt with traces of gravel. At 6 to 9m depth the soil
properties were very stiff light grey sandy silt with traces of gravel. The value of SPT
reached 50 at 10.5m depth and the properties were hard light grey sandy SILT with
traces of gravel. At this point, the SPT value already reached 50. Even the N 50
value at the end was due to the fact that the SI machine had hit the rock layer and
therefore it cannot be considered as a potential pile sitting zone. The RQD values in
the site are founded to be quite high ranging from 16% to 56%. The soil properties
were light grey, strong, moderately weathered, moderately fractured granite. The
boring for BHS end at 20.5m depth.
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Figure 15 : Engineering Bore Hole 10 (Refer: Appendix C10 for table)

Site investigation at Bore Hole 10 shown that the soil properties were loose to
medium dense light brown-silty medium SAND from 1.5 to 7.5m depth. The SPT
value were range from 7-11. At 9 to 21m depth, the result of SPT were range from
20-38. The soil properties were hard light grey fine sandy SILT with quartz gravel.
After 22.5m onward, the stratum was hard layer. The soil properties were hard light
grey sandy SILT with traces of gravel. The boring for BH6 end at 43.85m depth.

4.2 Reinforced Concrete Driven Pile Result

There are 1,140 reinforced concrete pile points at this site. From reinforced concrete
driving record, the author can determined the effective depth of location and no of
blows required. The analysis is essential to points which are near to each Engineering
Bore Hole area. The result obtained will be compared to engineering Bore Hole data
to determine the accuracy of soil properties. In addition, there is constraint in this
analysis because the maximum numbers of blows are range from 80-90. Based on
Standard Penetration Test (S.P.T), when the number of blows ever reached 50, the
test will be terminated and corresponding penetration will be recorded. This is
because number of blows more than 50 is considered as hard layer, very dense soil or

rock. Therefore, the number of blows at 50 from SPT will be compared with RC
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driving record and find the correlation between this data. Referring to RC pile data,

points which are near to Engineering Bore Hole are as below:-

a)
b)
)

d)

e)

f

BH1 : 3/G-1, 3/G-2, 3/G-5, 1/G-1, 3/F-1, and 3/F-2

BH2 : 3/H-3

BH3 : 7a/A-1, 6a/A-1, 8/A-1, 6/C-1, 6/C-2, 6/C-3, 6/C-5,7/C-1, 7/C-6, and
7/1C-7

BH 4 : 7/L-1, 7/L-5, 5/J-1, 5/)-2, 5/3-3, 5/J-4, and 5/]-5

BH 5 : 8/F-3. 8/F-6, 8/F-8, 9/F-5, 9/F-8, 8/E-1, 8/E-3, 8/E-7, 9/E-13 and
9/E-16

BH 6 : 10/L-1, 10/L-2, 10/L-4. 10/L-6, 10/M-2, 10/M-5. I l/L-1, 1 1/L-7,
9/1.-2, and 9/L-5,

BH 7 : 13/)-1, 13/1-2, 13/)-3, 13/)-5, 13/)-9, 14/)-2, 14/1-6, 12/)-3, 12/]-8,
and 13/1-3

BH 8 : 15/A-1. 16/A-1, 14a/A-1 and 16/B-1

BH9: 11/A-1, 11/C-2, 11/C-6, 11/C-9, 11/C-12, 12/B-1, 12/B-3, and 12/B-5
BH 10 : 1/B-1, 2/A-1, 3/C-1, 3/C-2, 3/C-3. 3/C-5 and 3/C-6

(Refer: Appendix D for details)



4.3 Data comparison between RC Pile and Engineering Bore Hole
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Figure 16 : Comparison between BH1 and RC pile points

Based on Engineering Bore Hole from Figure 16, soil properties at 1.5m is light
brown-medium sand and before reach SPT 50 the properties change to light grey
sandy silt with some gravel. Actual result from RC pile data shown consistent value
number of blows compare to SPT. Comparison between RC pile points and BH1 are
significant different esspecially from depth 1.5m until 15m. Number of blows from
SPT are high probably because of high underground water table at the site location.
Furthermore, weathering process can also be consider as a factor affected the
significant different of soil particle at the location. During installation of RC pile, the
soil was totally compacted. Therefore the void size of soil particles structure was
totally compacted compare to SPT.
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Figure 17 : Comparison between BH2 and RC pile points

Based on Engineering Bore Hole from Figure 17, soil properties at 1.5m is hard light
brown sandy silt and before reach SPT 50 the properties change to very stiff light
grey fine sandy silt with some quartz gravel. This location consist more Bore Pile
than RC pile. Only one actual result of RC pile can be obtained and analyzed based
on site condition. Comparison between RC pile point and BH2 are significant
different esspecially from depth 1.5m until 11m. Number of blows from SPT are
high probably because of high density of soil structure and weathering process of

soil particle at the location.
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Figure 18 : Comparison between BH3 and RC pile points

Based on Engineering Bore Hole from Figure 18, soil properties at 1.5m is loose
light grey silty medium sand and before reach SPT 50 the properties change to hard
light grey fine sandy Silt with some quartz gravel. Actual result from RC pile data
shown consistent tabulation value number of blows compare to SPT. Comparison
between RC pile points and BH3 are significant different esspecially from depth
1.5m until 10.5m. Number of blows from SPT result are high probably because of
high density of soil particles. In addition, weathering process can also be consider as
a factor affected the significant result between SPT and RC pile points.
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Figure 19 : Comparison between BH4 and RC pile points

Based on Figure 19, soil properties at 1.5m is medium dense light grey silty medium
Sand and before reach SPT 50 the properties change to hard light grey fine sandy Silt
with some quartz gravel. Actual result from RC pile and SPT data shown consistent
value. The most significant different between RC pile points and BH4 are at depth
6m to 11m. At 15m depth, the value of SPT already reached 50 and already consider
reached hard layer.
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Figure 20 : Comparison between BHS and RC pile points

Based on Engineering Bore Hole from Figure 20, soil properties at 1.5m is medium
dense, light grey silty medium Sand with some gravel and before reach SPT 50 the
properties change to hard light grey fine sandy Silt with some quartz gravel. Actual
result from RC pile data shown unconsistent value number of blows compare to SPT.
Comparison between RC pile points and BH5 are significant different esspecially
from depth 1.5m until 5Sm. Number of blows from SPT are high probably because of
the soil condition and properties. Furthermore, N 50 value at depth 6.0m was due to
the fact that the SI machine had hit the rock layer and therefore it cannot be
considered as a potential pile sitting zone. The RQD values in the site are founded to
be quite high ranging from 8% to 48%. The rock properties were light grey
moderately weak & weathered highly fractured granite.
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Figure 21 : Comparison between BH6 and RC pile points

Based on Engineering Bore Hole from Figure 21, soil properties at 1.5m is soft to
firm brownish grey sandy Silt and before reach SPT 50 the properties change to hard
light grey yellow sandy Silt. Actual result from RC pile data shown consistent value
number of blows compare to SPT. Comparison between RC pile points and BH6 are
significant different esspecially from depth 1.5m until 6m. Number of blows from
SPT are high probably because of high underground water table at the site location.
Furthermore, weathering process can also be consider as a factor affected the
significant different of soil particle at the location. During installation of RC pile, the
soil was totally compacted. Therefore the void size of soil particles structure during

RC pile installation was totally compacted compare to SPT.
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Figure 22 : Comparison between BH7 and RC pile points

Based on Engineering Bore Hole from Figure 22, soil properties at 1.5m is very
loose light grey, silty coarse Sand and before reach SPT 50 the properties change to
hard light grey reddish sandy Silt. Actual result from RC pile data shown consistent
value number of blows compare to SPT. From 1m until 4m depth, the soil properties
are consistent and the tabulation of data from RC pile and SPT are not much dfferent.
Comparison between RC pile points and BH7 are significant different when reached
depth 4m until 7.5m. Number of blows from RC pile are low at this stage probably
because of weathering process effect. Thus, during SPT the soil were probably in
high density and totally compacted compare during installation of RC pile. Therefore
the void size of soil particles structure will also be considered as factor for significant
different of data from 4m until 7.5m depth.
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Figure 23 : Comparison between BH8 and RC pile points

Based on Engineering Bore Hole from Figure 23, soil properties at 1.5m is soft light
grey sandy Silt and before reach SPT 50 the properties change to very stiff yellowish
brown sandy Silt. Actual result from RC pile data shown consistent value number of
blows compare to SPT. The soil properties are consistent and the tabulation of data
from RC pile and SPT are not much dfferent. At 10.5m depth, the value of SPT
already reached 50 and already consider reached hard layer.
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Figure 24 : Comparison between BH9 and RC pile points

Based on Engineering Bore Hole from Figure 24, soil properties at 1.5m is firm to
stiff light grey sandy Silt with traces of gravel and before reach SPT 50 the properties
change to very stiff light grey sandy Silt with traces of gravel. Actual result from RC
pile data shown unconsistent value number of blows compare to SPT. Comparison
between RC pile points and BH9 are significant different esspecially from depth
1.5m until 9m. Number of blows from SPT are high probably because of high
underground water table at the site location and weathering process can also be
consider as a factor. Even the N 50 value at 10.5m depth was due to the fact that the
SI machine had hit the rock layer and therefore it cannot be considered as a potential
pile sitting zone. The RQD values in the site are founded to be quite high ranging
from 16% to 56%. The rock properties were light grey, strong, moderately
weathered, moderately fractured granite.
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Figure 25 : Comparison between BH10 and RC pile points

Based on Engineering Bore Hole from Figure 25, soil properties at 1.5m is firm to
stiff light grey sandy Silt with traces of gravel and before reach SPT 50 the properties
change to very stiff light grey sandy Silt with traces of gravel. Actual result from RC
pile data shown consistent value number of blows compare to SPT. The soil
properties are consistent and the tabulation of data from RC pile and SPT are not
much dfferent. At 21m depth, the value of SPT already reached 50 and already

consider reached hard layer.
4.4 Pile Load Test Responses Summary

In this section the author will discussed regarding Maintained Load Test and Pile
Dynamic Analysis Test. The pile bearing, skin friction and ultimate bearing capacity
can be determined from both tests. For PDA, bearing and skin friction can be
determined from CAPWAP Analysis. For MLT, the bearing and skin friction
capacity can be determined by using Chin’s Plot analysis. Chin Plot analysis enable
us to detemine pile bearing capcity, skin friction and ultimate pile capacity. 1* cycle
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data represent ultimate skin friction capacity and 2™ cycle data represent ultimate

pile capacity. Bearing capcity can be determined by below equation:-

Qull = Q-. I Qh

Therefore, Qp = Quu - Q.

I'he summary of Maintained Load Test is shown as table below:-

Pile Location

11/G-10 9/C-4 6/1-1 '
Date of Testing 22/04/09 5/5/2009 8/6/2009
Pile Type B - ~___RC | RC BP ;
Total Length (m) 12 12 19.9
1" evele _ _
gy ——— 7.395Smm 6.735mm 3. 13mm
Settlement
Residual Settlement 3.65mm 2.363mm 1.65mm
__2“(1 crele 21.7Imm 20.855mm 7.92mm
Settlement
Residual Settlement ~ S.445mm 9.408mm 0.62Zmm
Skin Friction Qq 192 150 420 J
End BearingQ, 158 | 270 __:__ _ll_(n___ﬁj
Ultimate Load Capacity Q 350 420 l 536 i

Table 2: Summary of Maintained Load Test

(Refer: Appendix E for details)
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Figure 26: Settlement graph for grid line 9/C-4

Based on Figure 26, the M.L.T the working load is 135 tons and the ultimate load is
2 times working load which is 270 tons. The 1% cycle result of settlement until 135
tons is 6.735mm. After released to 0 tons, the residual settlement is 2.363mm and
the rebound is 4.372mm. For the 2™ cycle, the settlement is 20.855mm at 270 tons
and the residual settlement is 9.408mm after released to 0 tons. The rebound for 2™
cycle is 11.447mm.
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| 0.0700

‘ 0.0600 ,"/'/."

0.0500

0.0400

Settlement/Load

0.0300

0.0200

0.0100

0.0000
0.000 5.000 10.000 15.000 20.000 25.000

Settlement

Figure 27: Chin’s Plot for grid line 9/C-4

37



Based on Chin’s Plot analysis the 1* cycle gradient represent ultimate skin friction
capacity while 2™ cycle represent ultiamate pile capacity. Based on Figure 27, the

ultimate pile capacity (Qu) is 350 tons, ultimate skin friction capacity (Q) is 192

tons and ultimate bearing capacity (Qp) is 158 tons (after 0.7 correction factor).

Load(Ton) VS Settlement(mm)

50 0 50 100 150 200 250 300 350 |
0.000
5.000
10.000
15.000

20.000

25.000

Figure 28: Settlement graph for grid line 11/G-10

Based on Figure 28, the M.L.T the working load is 135 tons and the ultimate load is
2 times working load which is 270 tons. The 1* cycle result of settlement until 135
tons is 7.395mm. After released to 0 tons, the residual settlement is 3.365mm and
the rebound is 4.03mm. For the 2™ cycle, the settlement is 21.710mm at 270 tons
and the residual settlement is 5.445mm afier released to 0 tons. The rebound for 2™
cycle is 16.265mm.
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Figure 29: Chin’s Plot for grid line 11/G-10

Based on Chin’s Plot analysis 11/G-10, the ultimate pile capacity (Qu) is 420 tons,
ultimate skin friction capacity (Qy) is 150 tons and ultimate bearing capacity (Qp) is

270 tons (after 0.7 correction factor).

Load(Ton) VS Settlement(mm)

-50 aQ 50 100 150 200 250 300 350
0.000

1.000
2.000
3.000
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5.000
6.000
‘ 7.000
1 8.000
‘

9.000

Figure 30: Settlement graph for grid line 6/1-1

Based on Figure 30, the M.L.T the working load is 150 tons and the ultimate load is
2 times working load which is 300 tons. The 1* cycle result of settlement until 150
tons is 3.13mm. After released to 0 tons, the residual settlement is 0.04mm and the
rebound is 3.09mm. For the 2™ cycle, the settlement is 7.92mm at 300 tons and the
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residual settlement is 0.67mm after released to 0 tons. The rebound for 2™ cycle is
7.25mm.

0.0300

0.0250 /
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= 0.0100 |

0.0050

0.0000

0.000 1.000 2.000 3.000 4.000 5.000 G.000 7.000 8.000 9.000
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Figure 31: Chin’s Plot for grid line 6/1-1
Based on Chin’s Plot analysis 11/G-10, the ultimate pile capacity (Quy) is 536 tons,

ultimate skin friction capacity (Qs) is 420 tons and ultimate bearing capacity (Qp) is

116 tons (after 0.7 correction factor).
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The summaries of Pile Dynamic Analysis test are as below:-

" Pile Locanon [ $cC-2

TE2 | 10E-7 |

:

113-7 | 1371-3 | 13G-5 |

12D-7

12 B-1

14C-2

12:¢-1

Pile Type RC RC 2C RO J RC RC J RC RC | BP BP BP BP
- e e — ey A — = Pr— - e = l“‘ T - — T T TR "7
Sk Fricnon Qy 20 14 Gl o | 230 144 | 2% Ul 6 163 Ly 68
e » = S f A ' ¢ -
Eud Beanme Q. m s 234 & 2% i3 35 | 9 26 66 T 9.
Ulnmate Load Capacin Qg 288 R 20 | 385 | 2300 | 366 IET 3 73] 3 360
e l | | ! — -
Settlement at WL (mm) - L TR B - i A R
Settlement at UL () 10 i s | 6 | Tf_i N o | T [ 1 4
i = 1 | —————— e —— i ——

Table » Pile Danamic Analvsis Test Summan

Pile L.ocaton 10B-2| 2B-1 | §G-4 : SB-2 | 6B:1 | 3K3 | 6)-) 101 9:0-P(2) | 12.Q-2 | 14P-Q(3)
Pile Trpe BP BP BP BP BP BP BP BP BP BP BP
Skin Friction Qf S R S N EIEEEEE E N T [T 43
BdBanm Q. | v | w | @ | % W[ W [ e | W W@ T

Ulnmate Load Capaciy Q. 379 30T 308 [ 325 1o el i3 | 32} A0S LR 304

Sertlement at WL (mm) 2 2 3 f 3 3 2 ’ - | d ! 4
Semlement at UL (mm) | * | 9 | 10 | - | - | f | & ]””_5 —i’ IR D :

| E— = A | PR SR T I

3 Pile Dinamic Analvsis Test Summan
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4.5 Comparison between Ultimate Load Capacity (Q,) from Load Test and SI

mom- /
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Figure 32: contour lines represent Qll from Load Test (PDA & MLT)
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Figure 33: contour lines represent Q, from Site Investigation

Based on Figure 32 and 33, the contour had been plotted by using Surfer software

version 9. The X and Y axis represent the distance of the site location and Z axis

42



represent Ultimate Pile Capacity (Q,). By plotting this contour line, the author is able
to differentiate the different between actual Q, actual from Load Test and compare
with Q, from Site Investigation. The different of load pattern can be determined by
comparing both patterns of contour lines. From figure 34, there are significant
different between actual and design parameters. Therefore, the author should be able
to determine factors that affect huge significant by using back propagation method in
Matlab.

110

1004/

Figure 34: contour lines represent Q, from SI & Load Test

4.6 Training data by using neural network - back propagation method

Furthermore, training data by using back propagation method will be used to
determine the hidden layer and location which don’t have sufficient data. According
to Mohd Nasir, Ramli Adnan & Mohd Hezri Fazalul (2007), Practical System
Identification, hidden layer is named because the network can be regarded as a black
box with inputs and outputs that can be seen but seen but the hidden layers cannot be
seen. This network is very powerful and has been shown in many cases the ability to
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learn any arbitrarily complex non-linear input-output mapping. It also has a capacity

much greater than the dimensionality of its input and output layers.

Input

Hidden

Output

Figure 35: General structure of a multilayer neural network

The data from Load Test and Site Investigation will be trained and hidden area can

be predicted later. Once the network weights and biases have been initialized, the

network is ready for training. The network can be trained for function approximation

(nonlinear regression), pattern association, or pattern classification. The training

process requires a set of examples of proper network behaviour. The sample of
coding that the author obtains from Neural network Toolbox are as below:-

load datal.mat

net=newff (minmax (inputl), [10,1],{'logsig’', 'purelin'}, 'trainlm');
net=init (net) ;

net.IW{1,1} = [0 O0; O O; 0 O; O O; 0O O; O O; D O; O O; 0 O; O O);
net.b{1l} = [0; 0; O0; 0; O; 0; O0; 0; 0; 0];

net.trainParam.show = 50;

net.trainParam.lr = 0.2;

net.trainParam.epochs = 2000;

net.trainParam.goal = le-5;

[net, tr]=train(net, inputl, outputl);

a= sim(net, inputl);
plot(a, 'r');

hold

on;

plot (outputl, 'b');

In batch mode the weights and biases of the network are updated only after the entire

training set has been applied to the network. The gradients calculated at each training

example are added together to determine the change in the weights and biases. The

performance and errors can be reduced by testing or trial an error of each training



code using several different sets of initial weights and biases. The example of data

training result can be referred as below:-

} Training with TRAINLM 4 '[m’}(
~

Fle Edt View Insert Tools Desktop Window Help

280

240 -

Figure 36: Training of Qu from SI by using back propagation method
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CHAPTER 5§

CONCLUSION AND RECOMMENDATIONS

5.0 CONCLUSION

[n a nutshell, the methodology which is used in this project can support the
objectives in the project which are to evaluate soil properties. determine pile bearing
capacity. skin friction capacity and compare pile design with actual design
parameters based on pile load test results. The outcome of this project is that in
future, consultant or piling companies able to reduce Site Investigation experiment at
site location because S.1is very expensive. Therefore by using tools which are found
in this project. consultant as well as university students able 1o design piles with
same soil characteristic with lesser factor of safety. In addition. data which are found
in this project can be as benchmark and the parameters are useful for future

references.

5.1 RECOMMENDATIONS
Even though the project has achieved its goals and objectives. it still has some room
for improvement that can be worked on so that a better product or modeling can be
achieved.

These are the recommendation work that can add into the current project to enhance
the project even further. Among the improvement su

ggestions are:

-
(—

* lo improve the accuracy of programming in neural network. The current
network function still can be improved by adjusting the number of neurons
and epochs. The prediction will be more accurate if the learning and training
process in the network are consistent to design data.

e Testthe accuracy of prediction network by comparing with actual parameters.

e Tocreate a Graphical User Interface (GUI) for user friendly and who are not
familiar with Matlab programming. By having GUI. the product founded in

this project probably can be widespread used and commercialized.
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CHAPTER 7

ECONOMIC BENEFITS

7.1 Capital Cost Considerations

This project is low in cost for analysis and brings huge benefits for the future
reference. Capital cost that the author had spent is more on photocopy of raw data
from his collaboration company. All site investigation data. reinforced concrete pile
driven record. maintained load test and pile dynamic analysis data are very essential
in accomplish the objectives of project. Cost for analysis is low because required
skills of using Matlab software and the software can be obtained easily from
laboratory. The modelling the author had studied and designed by using Matlab 7.0.1

is relevant to the study of foundation & earth structures.

In addition. the author had also spent cost on travelling for meeting and to get advice

from contractor firm. Current costs that the author had spent are as below:-

e e LT = — —

No | l)cscriFtiun " Amount (RM)
| Photostat and lﬁﬂﬂiﬁg data or raw materials | 88.60 '
'-72 | Printing A1 poster | 35.00
3 | Transportation cost i ' 47.00
15 sl TG 0 | 17060 |

Table 5: Total cost used to analyze the project

7.2 Business Element and Others

Soil is very unpredictable and site investigation is very expensive to study. In
common practice. site investigation is not encouraged to do too many because it is
costly and only companies which have good financial are able to attempt it. Soil
properties or stratum is very important to get sufficient information in order to design
good foundation. Site Investigation is essential to design and know sufficient pile

capacity to support structural loads of the buildings.

I'herefore by using modelling which founded in this project. consultants and piling

companies are able to reduce cost and design pile with sufficient ultimate pile
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capacity and pile bearing capacity. Site investigation still need 1o be conducted at site

but require less investigation of points in order 1o use the model

ing founded in this
project. Morcover. piling companies can reduce cost in site investigation and this

project can bring huge benefits in Geotechnical field.
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APPENDIX A:

Loading Cycle and Holding Time for Maintained Load Test



Loading Cvcle for Maintained Locad Test at
Sime Plantation

Project : Sime Plantation, DBl Engineering S/B
Sile Location : 9/C-4

Pile Size © 400mm x 400mm

vWorking Load : 135 Tons

ttimate Load ( 2.0 times w.l.) : 270 tons
Hydraulic jack model : CLS 5006 (500 tons)

Frequency of
Readings

evary 15 minutes
every 15 minutes
every 15 minuies
every 15 minutes
every 15 minutes
avary EC minuies
sverv 15 minutes

[{}]

very 15 minutes
avery 15 minuies

_ycle Test Load | Pressure | Holding Time
(Ton) (PSl) (hours)
1 i 0 0
L 27 525 1
54 1061 1
g1 1576 1
108 2102 1
i 188 2827 12
101.25 1670 1
8775 1338 1
33,75 BEY 1
2 C 0 1
i CE.75 857 1
; CI. 15 1315 1
101.25 167G 1
i 135 2627 1
168.75 3284 1
202.5 3841 1
216 4204 1
228.5 4436 1
243 4725 1
256.5 4082 1
270 5265 24
202.5 3941 1
135 2627 1
67.5 1314 1
0 0 1

avary 18 minutes
avery 15 minutes
avery 15 minutes

(8]]

evary 15 minutes
every 15 minutes
every 12 minutes
every 15 minutes
every 15 minutes
eveary 15 minutes
every 15 minutes
every 15 minutes
every 60 minutes
every 15 minutes
every 15 minutes
every 15 minutes

every 15 minutes

~ormulz for cenversicen frem Metrnic Ton to PS|

Metric Ton x 2204
Cylinder EFF. Area

Note : Cylinder effective area for hydraulic jack Enerpac msdel CLS 5006 is

113.25 square inch




APPENDIX B:

CAPWAP Analysis Using the Continuous Pile Segments
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CAPWAP/C
(Capwap Analysis using the Continuous Pile Segments)

CAPWAP/C s a program that in general works like CAPWAP, except that it uses the
characteristics method rather than the lumped mass approach for analysis. The characteristics
method divides the pile into Np segments which are of uniform cross-section. Each element, 1,
has a length, dti, equals the analysis time increments, dt. Thus for variable pile properties E:,

W1 (elastic modulus, specific weight), the wave speed of a segment is
C = (E g/W)?
Where Ci, Ei, and Wi, may be average propernes over a segments length if the properties

change within the corresponding length increment, dLi, and g 1s the earth gravitauenal
constant

dL, = (dt) ¢,
Note that the segments are not of equal length. Resistance forces Rk may act at the bottom of

any segment. They are the sum of the usual elasto-plactic and linearly viscous resistance
values

[ i For variabia gila propertes Z,, o, (elastc
= -
|P“e Schematic CAPWAP modulus, mass Jansity), the wava soead
Pile Model c,. Of segment 1 is
_~ Matorial 1

=,

Naote that c,, E, and p, may be avelage
properties owver a segment's lengli f e
propertias change within tha sagman,
Each sagrment. i, has a length 4L, such
intal s wave (ravel ume, 41, equais he
anatysis ima increment, It

T

aL, = 4ot

The sum ot all AL, equats the 1otal il
- length L ana ™, {4t) is equal 1o the 0fa

= MRS AAE wave travel tume (L/c tor piles of umnitorm
ViRl maternal) Since each pile segmen! 1o
' & uniform and tnearty elastic, the magrilude
Nysi) ot a downward travaling wave, F,, at time |

| N, = at the top of a segment | s equal (o the
— E wave at tha cotiom of the same segQmient

Raisd time | — 1

Pile Segment i

— Soil Segment K

it (= ===l
1: / o e \\ l |
- SRS |
dk = Juld
R |
I
Ak Displacement, u, Velocity, U, !

(Viscous gamping model instead of a sirict Smith cameing is shown)

-
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APPENDIX C:

Site Investigation table for:-
~ BHI
~ BH2
~ B3
~ BH4
~ BH3
r I;ll(l
~ BH7
~ BHS
~ BHY
» BHI0
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Appendix C1: BHI

Drill Method

: Rotary Wash

Ground Level :15.250 m
Water Level :3.0m
. Depth (m) i Description of Strata SPT RQD
| 00 | light brown-mediumSAND ’ | o -]
T 15 | looseto medium dense light brown-medium SAND I 10 -
B 3.0 light grey silty-medium SAND 12 -
4.5 Ditto 11 -
6.0 Ditto H 25 =]
i 7.5 Ditto 28 =0
| 9.0- "ol very 5ti.f;,Tght grey fine SILT with some quartz gravel T 26 ) -
105 | Ditto 25 | - |
‘ 12.b_ Bk ve-ry_s_iiff, light g}éy fine san_d\-/E!LT with_son-”le_g-ravel a 25 -
135 | Ditto 27 -
717507 | pitto - 6§ =
165 oMo 25 | - |
-18.0 Vsti!;,rhgf’\t grey sa;(QQ_SiLT with son;égr;\;ei s E
- 195 | Ditto ok 12 =
| 21._0_ hard, Iigtgé;ey?i:eaa_i_SILf;vith some gravel 1[ O I
225 | hard, light grey fine sandy SILT with some quartz gravel | 50 2l
240 b0 [
i 255 Ditto 150 r
' 72777.0 Ditto : il 50 =
| 285 | Dpito 50 al
| 300 |Diwo i L 50 - |

End of BH1 at depth 30.07m

n
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Appendix C2: BH2

Drill Method : Rotary Wash
Ground Level :17.160 m
Water Level :5.0m

Depth Description of Strata SPT ] RQD |
i 0.0 light brown-medium SAND 0 = |
15 | hardlight brownsandy SLT as = |
| _3.0 -ﬁwedium dense, dark brown light grey silty fine SAND 13 -
a5 Medium dense, light grey silty medium SAND E 12 | -]

6.0 Ditto 15 T =

75 | Ditto i - o | =

‘ 9.0 | pitto o 18 =
| 10.5 Ditto 15 -
120 oo S A e

13.5 | ;f;::liif(,Tight grey fine sandy SILT with some quartz 19 o | 7_ ¥
| 15.0 7' Ditto _ - 20 J =
| 165 |Dito I SN PR L LN S
.\ 18.0 hard, light grey fine sandy SILT with some quartz gravel 50 __]
| 19.5 Ditto 50 _—
; - 210 hard, light grey sandy SILT with some quartz gravel 50 2 !
! 25 Ha;aiightgrev sandy SILT with some Erz;\;'el =0 0 ] = _
240 |pito _ i) S [P T S
| 355 Ditto 50 | -
| ‘2-7_.0 Ditto 50 | -
| i E

End of BH2 at depth 27.06m




Appendix C3: BH3
Drill Method : Rotary Wash
Ground Level :9.20m
Water Level : Full

[ _D-é_p_th- Descriptioin of Strata SPT _R(_JD{%)- ,

| 0.0 light grey-medium SAND 0 - !

_h ___E____ _Ioose light grey silty medium SAND 5 - i

T — I ¥ T - 1

: 4.5 medium dense, light grey silty medium—SﬁIND Kl 20 [ B

E 6.0 E hard light grey sandy SILT with some gravel 4 @I _37- A

7.5 Ditto 36 - ’

T 9.0 B _hard lipht grey fine sandy SILT with some quartz gravel 38 [ e

s Jowe s |-

120 |Dite 50 - J
135 Ditto i = . | 50 |

| 14".17 =l VIi:g_Htﬁgﬁngﬁtgly_wgak_& weat_herea:;;@Tyi:;Etu_réd_;__G:R_}%:hllIé__ , 85 _ 2Q7 1

| %5.67 L Iiﬁghrt grey, very weak, moderately weathered, highly fractured; GRﬂJIIE_ o B i 1 0

3{ 7.0 light grey, moderately weak_é;e_athered, highly fractured; GRANITE - 17
18.6 Ditto - 13

I 26; | light grey, strong, moderately weathered, moderately fractured; | | i

GRANITE

B 7;2?67 i iiégt grey, very weak, moderately weathered, highly fractured; GRANITE LN 7()

W 2_3_._1__*_|ig_ht5rey, moderately weak & weathered, highly fractured; GRANITE R R - |
2400 |, Ettgl N SRR el g e ey e . 9 i

) 2@1 . light grey, \.v?e_ry:vieglf,rgoderately weathgﬁd, highly fractured; GR&NITE_ ___-___{ 0 |
IS 274 | Ditto - | 0 ) ]
L ) i e ER R AR i

End of BH3 at depth 27.40m



Appendix C4: B4
Drill Method : Rotary Wash
Ground Level :9.53m
Water Level :1.0m
" Depth Description of Strata SPT | RQD
00 light grey medium SAND ; 0 ) iri = |
| 15 medium dense light grey silty medium SAND 1 = =
3.0 Ditto i 2 | = |
\ 4.5 Ditto 9 -
6.0 N v;r_y;tﬁ light grey cia\;ey SILT with some gravél 16 -
75 Ditto 18 :
9.0 Ditto 22 -
10.5 Ditto 26 -
;.2.0 ';rér\} stiff, ﬁght érey fine sandy SILT with some anrtz N _2[; _ B
gravel
135 | Do 23
| 15.0 hard light grey fine sandy SILT with some quartzgravel | 45 | -
- 16.75 E)itto 7 50 =
~ 18.0 | Ditto i B T
. 185 Ditto - 50 P |
21.0 | pitto - 50 -
| 225 Ditto 50 | -
24.0 | pitto . 0 1 - |
. 255 | Ditto = 50 L]

End of BH4 at depth 25.59m




Appendix C5: BHS

Drill Method

. Rotary Wash

Ground Level :9.35m
Water Level :0.0m

' Depth Desléription of Strata SPT RQD(%)
'ki 0.0 light grey-medium SAND L 0 | - |
fﬁﬁ 155 medium den;e, light grey silty medium SAND with some gravel | 11 ' [

3.0 | stifflight grey sandy SILT with some gravel | 13 | n
. as bitte s | - |
| 66 . hard light grey fine sandy SILT with some quartz gravel I 50 I [
|, 7.5 | Ditto |/ 5 i -
T o0 Jowe — | o ||
105 Ditto - - o 50 =l
' 12.0 Ditto 50 ‘ A
{ 13.5 Ditto 50 | -
| 150 | Ditto e Y s -
.l 15.6 g}:fﬁg strong, moderately weathered, moderately fractured; | 48.0 ‘
[ 17.71i_ ] _Iight grey, moderately weak & weathered, highly fractured; GRA_NLTﬁ o = = | 8.0 “
\ 18.6 GitEe] w1, ! - | 0.0 |
| ] 1l |

End of BH5 at depth 18.6m




Appendix Co: BHO Drill Method : Rotary Wash
Ground Level :9.86m
Water Level :1.6m
Depth_ : Des_c;iption of Strata ] SPT  RQD
| 00 |lightgreymediumsan0 0 =l
15 soft to firm brownish grey sandySiT | 4 | - |
' 3.0 stiff light grey sandy SILT 12 -
™ as Ditto N -]
I -__65 firm light grey gravelly sandy SILT a N R e |
O N ' 5 -
9.0 “hard light grey yellow sandy SILT 50 -
s 10.5 | hard yellowish reddish brown sandy silt 50 = _l
‘ 12.0 Ditto 50 c n
. -13.5_ Diuo- : SER AT 50 =
I _—_15.0 hard light grey;;;ravellv sandy SILT o 50 | -
16.5 Ditto 50 [
180 |Ditto s | -

End of BH6 at depth 18.295m
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Appendix C7: BH7

Drill Method : Rotary Wash
Ground Level :9.60m
Water Level :1.6m
Depth ] Description of Strata SPT RQD
. 0.0 . very Iooselightrgirie;,zltv coars;e_STNI-D =T bl 77077*
15  Dito 3
Hﬁﬁi Mfirm light grey sandy SiLT____ e - 767 BB
45 firm to stiff light grey reddish sandy SILT 8
| 60 | verystiff light grey yellow gravelly sandy SILT 17
| 7.5 | Ditto 16
9.0 I hard light grey reddish sandy SILT 50
i 10.5 hard light grey sandy SILT B N o 50
12.0 +hard yé-ilo_\-n:ish_br_ov_\;i{ sa;1dy SILT 50
85 Towe ECT
l 150  Ditto 50
1} 165 hard darkigrey, gravelly sandy SILT 50
180  Ditto 50

End of B;'; at ciéptﬁ iB.USm
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Appendix C8: BHS

Drill Method : Rotary Wash

Ground Level :9.79m
Water Level :0.9m

7Depth : Description of Strata SPT RQD
0.0 soft light ;t-ey sandy SILT 0 [ i
1.5 Ditto N 7 3 -
3.0 firm light grey yellow sandy SILT = 5 _-_ r PR
4.5 firm light grey sandy SILT 5 | -
~ 6.0 Ditto L l =% |
| 7.5 stiff light grey yellow sandy SILT 10 g ! -
[ a 9.0 very stiff yellowish brown sandy SILT \- 18 ' -
. 10.5 | hard light grey yellow sandy SILT - 5 50 L = |
| 12.0 Ditto ] - 50 o=
. 135 hard light grey gravelly sandy SILT 50 i o
?_ 15.0 hard light grey sandy SILT 50 | -
L 165 |hacldarkgreyseadySy . 4 S50 ) -
18.0 Ditto 50 -
e . T
\
V. L —

End of BHS at depth 19.785m
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Appendix C9: BHY

Drill Method : Rotary Wash
Ground Level :9.345m
Water Level : Full
Depth Description of Strata SPT RQD(%) |
1 0.0 light grey medium SAND with traces of gravel [ 0 | = |
L 15 | firmto stiff light grey sandy SILT with traces of gravel | 8 ! B
30 Ditto e - 19 -
45 |ow 2 | -
L 6.0 very stiff light grey sandy SILT with traces of gravel 21 - |
|75 | Ditto s |-
' 9.0 Ditto 20 -
| 105 | hard light grey sandy SILT with traces of gravel i 50 -
‘ 12.0 light grey, very weak, highly fractured, moderately weathered GRANITE | - | 0.0 |
[ 71375_ | light grey, moderately weak, highly fractured, moderately weathered 1 2‘;0 I‘
ol GRANITE

k_ 150  [Ditto | 160

16_.5 Iught grey, ;m—ng,-m;iera—tel\r—u-r;-t_h_er?d moderately fractured; GRANITE ‘ —"Eoij

18.0 light grey, moderately strong & weathered, fractured; GRANITE = 2:00 ;

197.577 light grey, strong, moderately weathered, moderately fractured; GRANITE | N 45.0 '

20.5 | pitto 5 0.0

" End of BH9 at depth 20.5m




Appendix C10: BH10

Drill Method : Rotary Wash
Ground Level :16.329 m
Water Level :6.1m
Depth Description of Strata !77 spT [ RaD |
0.0 | light brown-medium SAND [ 0 S
1.5 I loose tormeaiur_!; a.e_n;eTgh:a\;ﬁ_-sil-l-y rr]edium SAND 10 el
\I 3.0- loc}séi)rown silty medi;m SAND with decayed \A—fO(;)d : 8 -
| 45  |loosebrownsitymedumsano | 7 =
k __ﬁ loose light brown grey silty medium SAND N 9 =
! 7.5 Ditto 11 -
Dy ron y ———————————
| 9.0 | very sEuff,lﬂgr_gY sandy SILT with traces of gravel 20 =
‘ 10.5 | Ditto re = 21 =
i 12.0 ' hard light grey sandy SILT with traces of gravel 35 | =
en 135 | Ditto et 1 38 | |
15:0) | hard light grey fine sandy SILT with quartz gravel 35
165 oo B . TR
18.0 | very stiff, light grey sandy SILT with quartz gravel ' 28 [ -
i 19.5 l Ditto R =T A 20 | -
‘ 21.0 | Ditto 21 -
‘ 2255 ' hard light grey sandy SILT with quartz gravel i 36 =
‘ 24.0 | very stiff light grey sandy SILT with quartz gfav? : ' 21 ] ]
255 | hard light grey sénV_SIL_T wi?h}nﬁ'ééeE_ojfnga_E_ :_ W_ 3_4 A 47 7_-_ B
| 27.Q | hard light gr_e_yﬁnisandy SILT with quartz gravel - 48 ]
L ; 285 | Ditto & 56 <

End of BH10 at depth 28. 5m
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APPENDIX D:

Example for RC Pile Driving Record
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No of Blows

T
Qe 12
207 ~ -z — o
| Depth(m) | Noof blows | 72 6 14.4 22
0.3 1 | 7.5 6 sy | a3
0.6 1 | 7.8 7 15.0 24
o9 | 8.1 7 15.3 24
1.2 1 8.4 8 15.6 25
15 1 8.7 8 159 29
1.8 1 | o0 | o | [ 162 [ 30 |
S N S T Y
R J- 96 | 10 168 32
2.7 1 o - e (o & Y 32|
D30 2 : RNl 11 | 174 33
3.3 ey 105 | 11 17.7 35
36 3 10.8 13 18.0 39
ST 111 13 e
| a2 | 114 14 18.6 45
| as A 11.7 15 18.9 a9
faol | 12.0 15 19.2 56
[ R 12 T SRR 62
S N R 12.6 17 e N0
5.7 5 12.9 17 20.1 75
6.0 5 13.2 18 204 80
I ETETE e 18 207 90
6.6 6 138 19 21.0 95
69 R ey O e ST
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APPENDIX E:

Data for Maintained Load Test:-
 Gridline 6/1-1 (BP)
» Gridline 9/C-4 (RCO)
» Gridline 11/G-10 (RC)
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