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ABSTRACT

With urbanization, space available for construction is limited and available space has to be
used very effectively. As a result, people tend to use underground spaces for parking and other
service requirements. Accordingly, deep excavations with several levels of basements have
become a standard practice in the construction of high rise buildings in urban areas. Any
excavation which extends beyond the ground water level is required to be supported by an
appropriate earth retaining system to retain the soil and ensure the water tightness of the
retaining system while proceeding with the excavation. The main purpose of the retaining
systems is to maintain both horizontal and vertical ground movements within allowable limits
to avoid any damage to the adjacent built environment and the excavation itself. To achieve
the main purpose of retaining walls for deep excavations, the estimation of lateral deformation
is required to be done very precisely during the design stage. Further, the estimated
deformations are required to be compared with the actual monitoring data during the execution
stage. In this research, monitoring data of an excavation supported by a diaphragm wall
laterally supported at several levels were compared with the results of the numerical
simulation obtained by the finite element method, and for the first analysis Mohr-Coulomb
model was used as a constitute model. Then the finite element modelling method was
streamlined to obtain more accurate results. Two modifications were adopted for the basic
model to improve the performance. First, the elastic modulus of soil was increased considering
the unloading effect of soil and next the small strain theory was used. The results of the
analysis showed that the model with the combination of both modifications provides more
sensible results. There were some anomalies in the actual monitoring data.

Keywords: Deep excavation, Earth retaining system, Diaphragm wall, Lateral deformation,
Monitoring data, Elastic modulus, Small strain theory

v



TABLE OF CONTENTS

DECIArAtION ...eiiiiiiiicie e 1
DeAICAtION ..ouiiicieic e et i
ACKNOWIEAZEMENT .....ooviiiiiiiiieiteeeee ettt eenes il
ADSITACE ...ttt et et v
Table Of CONLENLS ......eouiiiiiiiiiiriiee ettt s v
LISt OF FIGUIES ..ottt ettt ettt et r e et aee b e ebe e aneennas vii
LSt OF TABIES ..ttt 1
List Of ABDIEVIAIONS ....cueiuiieiiiiiriiiiieiicteeeee ettt il
LiSt Of APPENAICES ....eieeieniieiieeit ettt ettt ettt et e e e e aeenneas v
CHAPTER 1 Lottt 1
INTRODUCTION ..ottt ettt ebe e ene e 1
1.1 Background .........ooooiiiiiieieiee e e 1
1.2 Problem identifiCation ..........cccceeeviiriininieniiiccsccecce e 2
1.3 ODJECLIVES cueievieetietieciie ettt stee et e ettt et e e s e eseesteeesseesbeesseesseessseesseenseennns 3
1.4 Methodology APPLIEd .....cccvieiieiieiiieiieeee e 3
1.5 ThesisS OUINE ....ccooiiriiiiiiiiiie e 4
CHAPTER 2 .ottt 5
LITERATURE REVIEW L..coiiiiiiiiiiiiiiiccteeceeetetetet ettt 5
2.1 INErOAUCTION ..ottt 5
2.2, Types of Embedded Walls .......c.ccoocvieiiiiiiniiiiie et 6
2.3, Sequence Of CONSIIUCTION. ....cc.titirtieieriieiente ettt 8
2.4. Conventional Design of Embedded Retaining Walls............cccoecveveniininnene 9
2.5. Analytical Methods to Design of Embedded Retaining Walls ..................... 9
2.6. Back Analysis and Monitoring of Deep Excavation.............cccceeveeeveeennnen. 19
CHAPTER 03 ..ot 25
INITIAL DESIGN AND DETAILS OF THE PROJECT ......ccoceviiviiiiiiirieieneeene 25
3.1.  Site Location and General Environment .............ccccocevirienenicncniencnnene. 25
3.2.  Details of Soil INVEStIZAtION .....ccueiieiiiiieiieiiecie e 26
3.3. Details of the Earth Retaining SysStem ...........cccoocvevieviieciieiieeieeieeieeee 30



3.4, MONIEOTING . ...veevieieieeieeieeceteete et eeteeeereeseesteeeeeeeseeseesesessseesseesseessseesseeseens 34

CHAPTER 04 ...ttt 44
IDEALIZATION PROCESS ...ttt 44
4.1, Selection Of SECHIONS ......ccveruiriiriiriiriirieieteeteeee e 44
4.2.  Idealization of Soil Properties .........cccoovvevviieviierieiiecieeieeeeeee e 45
4.3. Idealization of Rock Properties .........cocueriieiieniienienie e 51
4.4. Idealization of Temporary Supports and Permeant Supports of Earth
REtaINING SYSLEIM ..c.uviiiiiieciii ettt ettt e e sab e e eereesssaeenereas 52
4.5. Idealization of Earth Retaining SysStem..........ccccevviieiiiiiieiieneeeeceeee, 60
4.6. Idealization of Loads from Adjacent Environment............c.cccccovveveennnnnnnn. 61
4.7. Details of the Finite Element Model ............cccoooeviiiininiininiicceee, 61
CHAPTER 05 ..ottt 65
RESULTS OF THE ANALYSIS ...ttt 65
5.1. Lateral Deformation of Diaphragm Wall for Initial Stiffness Values
CONAITION. ¢+ttt ettt sttt b et eaes 66
5.2. Lateral Deformation of Diaphragm Wall for Modification 1...................... 71
5.3.  Analysis Methodology for Modification 2.........c..ccccveeeviveeriieerieeeiie e 76
5.4. Lateral Deformation of Diaphragm Wall for the other sections under the
selected combination of E in Modification 2........c..ccceevevenieninencneiciciceee, 79
5.5.  Comparison of Analytical Results with Monitoring Data........................... 83
5.6. Lateral Deformations Further away from the wall at the Retained Side..... 88
5.7.  Comparison of Vertical Settlement ...........cccoevvvevirieninieneniencnieeseene 93
5.8.  Comparison of Bending Moments of Diaphragm Wall .............................. 97
CHAPTER 00 ..ottt 98
SUMMARY AND CONCLUSIONS ..ottt 98
REFERENCES ...ttt 100

vi



Figure

Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 4.1

LIST OF FIGURES

Description

Bottom up construction sequence
Top-down construction sequence
Subgrade Reaction Model

Mistakes in modeling ground anchors

Mohr Coulomb Model

Loading unloading modulus of soil

Stress path under a typical excavation problem

Expected material behavior in excavation problem

ko procedure for horizontal geometry
Cases where k, procedure is inaccurate
Impermeable wall and bottom seepage
Groundwater flow through permeable wall
Two strain zones of an excavation

Lateral deformation curves

Site location

Borehole locations

Levels of temporary and permanent supports
Temporary support arrangement of level 1
Temporary support arrangement of level 2
Temporary support arrangement of level 3
Temporary support at site

Zones during excavation

Details of inclinometer

Inclinometer readings — Section 1
Inclinometer readings — Section 2
Inclinometer readings — Section 3
Inclinometer readings — Section 4

Selections of sections

vii

Page

12
13
14
14

16
16
17
18
19
23
25
26
30
31
32
32
32
33
35
37
39
41
43
44



Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 5.20
Figure 5.21
Figure 5.22
Figure 5.23
Figure 5.24
Figure 5.25
Figure 5.26
Figure 5.27

Idealization Method 1
Idealization Method 2
Idealization Method 3

Two strain zones of an excavation
Results of the analysis

Lateral deformation — Section 1
Lateral deformation — Section 2
Lateral deformation — Section 3
Lateral deformation — Section 4
Lateral deformation — Section 1
Lateral deformation — Section 2
Lateral deformation — Section 3

Lateral deformation — Section 4

53
54
55
62
63
67
68
69
70
72
73
74
75

Comparison of results with different stiffness modifications 77

Comparison of results with different distance

Lateral deformation — Section 1

Lateral deformation — Section 2

Lateral deformation — Section 3

Lateral deformation — Section 4

Comparison of Monitoring Data with Analysis — Section 1
Comparison of Monitoring Data with Analysis — Section 2
Comparison of Monitoring Data with Analysis — Section 3
Comparison of Monitoring Data with Analysis — Section 4
Lateral deformation away from the wall — Section 1
Lateral deformation away from the wall — Section 2
Lateral deformation away from the wall — Section 3
Lateral deformation away from the wall — Section 4
Vertical settlement- Section 1

Vertical settlement- Section 2

Vertical settlement- Section 3

Vertical settlement- Section 4

Relative earth pressure coefficient for three scenarios

viii

78
79
80
81
82
84



Figure 5.28
Figure 5.29
Figure 6.1

Pressure distribution- Section 1
Bending moment of diaphragm wall- Section 1

Comparison of lateral deformations of the wall

X

96
97
99



Table

Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10
Table 3.11
Table 3.12
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 4.9
Table 4.10
Table 4.11
Table 4.12
Table 4.13
Table 4.14
Table 4.15

LIST OF TABLES

Description

Rinter for different conditions
Details of the depths of drilling
Summary of subsurface profile
Rock coring parameters

UCS values of rock samples
Details of temporary supports
Details of permanent supports

Construction sequence

Inclinometer related to analyzed sections

Construction sequence for Section 1
Construction sequence for Section 2
Construction sequence for Section 3
Construction sequence for Section 4
Selected sections to analysis

Shear strength properties of BH 01
Shear strength properties of BH 02
Shear strength properties of BH 04
Stiffness parameters of BH 01
Stiffness parameters of BH 02
Stiffness parameters of BH 04

Flow parameters of BH 01

Flow parameters of BH 02

Flow parameters of BH 04

Rock properties of BH

Idealized properties of temporary supports
Idealized properties of temporary support
Properties of temporary support at Section 1

Properties of permanent support at Section 1

Page

12
26
27
29
29
31
33
34
35
36
38
40
42
45
46
47
47
48
48
48
50
50
51
52
53
54
56
56



Table 4.16
Table 4.17
Table 4.18
Table 4.19
Table 4.20
Table 4.21
Table 4.22
Table 4.23
Table 4.24
Table 4.25

Properties of temporary support at Section 2
Properties of permanent support at Section 2
Properties of temporary support at Section 3
Properties of permanent support at Section 3
Properties of temporary support at Section 4
Properties of permanent support at Section 4
Idealized stiffness parameters of diaphragm wall
Details of applied loads as surcharge

Various E values used in the analysis

Various He values used in the analysis

i

57
57
58
58
59
59

61
64
64



Abbreviation

AAA
BH
CIRIA

ELS
FEM
HSS
PSZ
SPT
SS
SSZ
ucCs

LIST OF ABBREVIATIONS

Description

Alert, Action, Alarm
Borehole

Construction Industry Research and Information
Association

Earth Lateral Supports
Finite Element Method
Hardening Soil Model
Primary Strain Zone
Standard Penetration Test
Small Strain

Small Strain Zone

Uniaxial Compressive Strength

il



Appendix

Appendix - A
Appendix — B
Appendix — C
Appendix — D

Appendix — E

LIST OF APPENDICES
Description

Vertical Sub-surface Profile

Borehole Investigation Report
Details of Temporary Supports
Details of Permanent Supports

Monitoring Data

v

Page

102
104
152
156
162



CHAPTER 1
INTRODUCTION

1.1 Background

With urbanization, there is a scarcity of space available for construction, and available
space has to be used very effectively. As a result, in the construction of high rise
buildings developers are compelled to use the underground space for parking and other
service requirements. Accordingly, deep excavations with several levels of basements
have become a standard practice in the construction of high rise buildings.
Construction of these causing minimum disturbance to the existing structures is a great
challenge faced by the construction industry.

Most of the said deep excavations extend below the groundwater level and thus the
retaining structure supporting the excavation needs to be watertight. Unexpected water
leakages through the retaining system would cause damage to the adjacent structures
due to subsidence which will occur with the movement of soil partials with the seeping
water. Considering this aspect “diaphragm walls” and “secant pile walls” were
considered to be the most appropriate form of excavation support systems under these
circumstances. These retaining structures can be designed to be a part of the final
structure and a skin wall may have to be constructed in the final stages to avoid any
minor water leakages and to enhance the aesthetics.

The most critical concern during the execution of deep excavations is the control of
excessive ground movements to protect the adjacent structures. Estimation of
deformations can be done by numerical techniques such as the Finite Element Method
in the design stage. In this regard, it is very important to idealize the subsoil conditions
and to obtain the foundation details of the structures in the close vicinity. An
understanding of their structural integrity and ability to withstand additional
settlements is also critically important.

A practically plausible construction sequence should be planned and the same should
be numerically simulated in the design stage. Critical locations could be identified with
this analysis and an appropriate instrumentation plan should be developed to monitor
the deformations, stresses, and pore water pressures at appropriate locations and
elements. This will enable a comparison between theoretical predictions and the field
observations at each construction stage. Observations in the initial construction stages
may be used to calibrate stiffness parameters in the subsoil layers. Also, any anomaly
in the observation would be able to indicate or provide early warnings of any flaws in
the construction process. As there is a possibility that some instruments may
malfunction with time it would be necessary to install an additional redundant number
of instruments initially.



The scope of this study is to re-analyze the earth retaining system that has been used
to retain the 15.75 m deep excavation for the substructure of ODEL Development
project at No.10, Ward Place, Colombo 07 using the Finite Element Method. There
will be five levels of basements. The basement slabs will act as lateral support for the
diaphragm wall finally. In the excavation stage, there are three levels of temporary
supports.

The complete stage by stage construction which involves installing temporary supports
as excavation progresses and the installation of basement slabs and removal of
temporary supports process will be simulated by the finite element technique. As there
was no detailed testing to determine the strength and stiffness of subsoil layers the data
from initial stages would be used to calibrate the model. The appropriate method of
finite element analysis, to model the actual behavior of earth retaining systems is to be
selected from the literature.

The probable reasons for any differences between values obtained from analysis
results and monitoring data are to be discussed. A series of remedial actions will be
proposed for probable unexpected behavior of the structure during the excavation.

1.2 Problem identification

Limiting the ground movements due to deep excavation is very important since it is
the main cause of the disturbance and failures of the adjacent structures during the
excavation. To minimize those problematic scenarios, deep excavations should be
supported by a properly designed earth retaining system. The retaining system may be
a temporary or permanent support system which needs to be decided considering the
requirements of the project and geological conditions at the site.

A proper monitoring system should be implemented during the excavation to monitor
the critical conditions that were identified in the design. However, due to the lack of
experience of Sri Lankan contractors regarding the monitoring process, few problems
have already occurred.

The monitoring data are required to be collected at pre decided time frequencies and
they can be analyzed considering the construction sequence and compared with
estimated values. When the data on the strength and stiffness of the subsoil layers are
not obtained through an extensive test program, the monitoring data in the early stages
can be used to calibrate the model parameters.

Further, the data acquired during monitoring should be promptly analyzed and
graphically presented to identify any anomalies.

The lack of attention to the finer aspects of monitoring and necessary corrective actions
would lead to catastrophic failures.



The analysis of monitoring data is helpful to assess the acceptability of the
construction. If the data collected during monitoring is different from the designed
values at the considered time, it indicates that the actual behavior of the structure is
different from the anticipated behavior. Accordingly, if the actual behavior of the
construction is unsatisfactory, immediate remedial actions should be taken to avoid
probable failures.

1.3 Objectives
Objectives of this study are,

e Conduct a Finite Element Method for the earth retaining system that has been
used to retain the deep excavation of the ODEL Development project at No.10,
Ward Place, Colombo 07

e Compare the analysis results with the actual monitoring data

e Identify the probable reasons for any differences between the two results

e Recommendations on the methods to be followed for a proper monitoring
system for deep excavation

1.4 Methodology Applied

The first step was to develop a Finite Element Model for simulating the earth retaining
system support for a 15.75 m deep excavation. In this regard, the diaphragm wall used
was idealized as a plate element, and permanent and temporary supports were idealized
as fixed end anchors. The behavior of soils was modeled with the Mohr Coulomb
model and stiffness parameters of soils were assigned using the empirical relationships
present in the literature. In the analysis the construction stages used for the actual site
conditions were closely simulated Plain strain model was considered for the analysis.

The second step was to idealize the stiffness properties of permanent and temporary
supports since they were not perpendicular to the earth retaining system. To satisfy the
requirement of plain strain behavior the supports need to be perpendicular to the earth
retaining system. Then four sub-soil profiles were selected for analysis by considering
the locations of boreholes and inclinometers to cover the four sides of the retaining
system.

Predictions made with the Finite Element Modelling were compared with the observed
deformations.

Attempts were made to correct the differences between the two sets of values by
modifying the stiffness parameters of the soil layers as appropriate.



1.5 Thesis Outline

Chapter 2 of the thesis is a review of the available literature related to the types of
retaining structures, construction sequences adopted for deep excavations, the
conventional method of designing embedded walls, and the finite element method of
designing embedded walls.

Chapter 3 of the thesis presents the details of the project including site location, details
of the borehole investigation, details of the earth retaining system, details of both
temporary and permanent supports, and details of monitoring.

Chapter 4 of the thesis illustrates the details of idealization and adopted methods to
idealize the diaphragm wall, temporary and permeant support systems, and subsurface
profile.

Chapter 5 of the thesis presents the results of the finite element analysis and a
comparison of the results of the analysis with actual monitoring data.

Chapter 6 of the thesis is summarizing the findings of this research and makes
suggestions for further studies in this research area.



CHAPTER 2

LITERATURE REVIEW

A literature review was conducted on past studies of numerical modeling of deep
excavations and comparison with monitoring data. Aspects such as types of embedded
walls, the conventional approach to designing the embedded walls, and the use of finite
element analysis to model the behavior of deep excavations supported by embedded
walls and the comparison of monitoring data with numerical modeling were mainly
discussed.

2.1. Introduction

The fundamental objective of the support of deep excavation is to keep the surrounding
ground environment stable during and after construction by carefully controlling the
movements of the sides of the excavation. Endicott (2020) elaborated that, to achieve
this, the adjoining ground needs to be fully supported with an Earth Lateral Support
(ELS) system during the excavation process. An ELS system normally consists of a
robust wall around the perimeter of the excavation and shoring to prevent the lateral
wall movements. As illustrated in Simpson and Powrie (2021) the walls that penetrate
the ground are considered as embedded retaining walls. Also, they heavily rely on the
passive resistance of the ground.

When the ground is strong and space is available, excavation can be done in the form
of a sloping ground without using an ELS system. However, when the groundwater
table is high and space is limited, ELS systems are essential.

Whittle et. al. (1993) highlighted that when deep excavations are done in an urban
environment, it is important to make a reliable prediction of the ground movements
and a realistic estimation of the effect of ground movement on the adjacent structures.
It further highlighted that, even though numerical methods like finite element analysis
can be used to estimate ground deformations, it is difficult to obtain reliable analytical
predictions of soil deformations due to the factors highlighted below.

e Deficiencies in the available data from the site investigation and geometric
approximations considered in analytical model

e Uncertainties in the selection of engineering properties. There are two major
uncertainties involved in the analysis, such that inadequate laboratory and
field tests relevant to the engineering properties of all soil layers and the use
of approximate representations of constitutive behavior in finite element
model

e The construction process can be complex and involve activities which cannot
be analyzed easily from a finite element model



e Most of the finite element software relevant to geotechnical applications falls
to satisfy the principle of uniqueness for unloading in an elastic medium

2.2. Types of Embedded Walls

Endicott (2020), illustrated that, several methods of ELS systems have developed by
considering various factors such as soil condition, level of water table, existing
adjacent structures, etc. The five common methods mentioned there were,

e Driven steel sheet piling

e King post and lagging

e Contiguous bored pile walls
e Secant piled walls

e Diaphragm walls

As highlighted in Simpson and Powrie (2021), soldier piles and steel sheet piles were
used as embedded retaining walls in the first half of the twentieth century but with the
development of the concrete walls formed either in slurry trenches or by contiguous or
intersecting (secant) piles became increasingly common in second half of the century.

Endicott (2020), elaborated that in deep excavations ensuring water tightness during
the process is very important. Water leaking through the earth lateral support system
will carry the soil partials in the adjacent land causing ground subsidence. Secant pile
walls and Diaphragm walls are the most effective watertight earth lateral support
systems.

Secant Piled Walls

As elaborated in Endicott (2020) secant piles are formed as a row of bored piles and
they overlap with adjacent piles by creating a wide contact zone between adjacent
piles. They are primarily cast in-situ bored piles with alternate primary unreinforced
weak piles and secondary reinforced concrete piles. Normally, primary piles are
formed from plain concrete, cement-stabilized soil or jet grout. The secondary piles
are conventional bored piles usually filled with strong concrete with steel
reinforcement. The main structural element is the secondary pile and the primary piles
used as a support for the ground between the secondary piles and to act as a water seal
between two secondary piles. Endicott (2020)

Normally, low strength concrete is used to cast the primary piles as they are to be cut
by the secondary piles. When primary piles are too strong, the drilling for the
secondary piles tends to go off-line resulting in an unacceptable lack of verticality and
gaps between the primary piles and the secondary piles. Endicott (2020)



Diaphragm Walls

Endicott (2020) illustrated that, Diaphragm walls are formed with panels of reinforced
concrete. Since it has a large structural capacity they are used for very deep
excavations. Diaphragm walls are generally made from cast-in-situ reinforced
concrete and when it uses precast panels smooth formed inside face can be obtained
for permanent uses. Diaphragm walls are built with a wide range of capacities from
plain concrete walls about 600mm thick up to reinforced concrete walls more than
1500mm thick. Another important fact is that, Diaphragm walls can be used for shafts,
in a circular layout requiring no bracing because of the circular arching action of the
completed wall. Endicott (2020)

To construct diaphragm walls, first guide walls are constructed along the alignment
for the diaphragm wall with reinforced concrete up to a depth of 1.2m. The purpose of
the guide walls is to provide locations for excavating deep trenches and provide
support at the edges of the trenches where heavy plants will be operated. After
constructing the guide wall short panels are excavated up to the final excavation level.
Normally width of the excavation varies from 2.8m to 6m. While being excavated,
trenches are kept filled with bentonite slurry. After the completion of excavation, steel
reinforcement cages are installed and the trench is filled with concrete using the tremie
method. (Endicott,2020)

Endicott (2020) further illustrated that, for deep excavations bracing system is required
to limit lateral deformations within acceptable limits. Bracing can be used as a
temporary structure or permanent structure as per the design of the structure.

Bracing is commonly provided by struts spanning from one side of the excavation to
the other. However, when the walls of excavation are too wide, it is economical to use
inclined struts or tieback anchors to the surrounding ground. Endicott (2020)

When inclined strutting is adopted, support of the strut is important. The top of the
inclined struts must be restrained to prevent sliding up the walls. Also, the bottom
should be supported with a foundation. There are several foundation methods to
support struts such that, cast a reaction block of concrete, constructing part of a base
slab for the inclined strut to bear against and providing piles at the toes of the struts
Endicott, (2020).

Tieback anchors are formed by drilling through the walls into the ground outside the
excavation area for a distance far enough to achieve reliable anchorage. High strength
steel bars or bundles of high tensile steel cables are threaded through the walls and
grouted into the ground. A bearing plate is added to the inside face of the wall Endicott,
(2020).



2.3. Sequence of Construction

As elaborated in Endicott (2020), there are three major method of sequence of
construction.

Bottom — up sequence of construction

In this method, first excavation is completed to the final level with lateral support
provided by temporary systems and then the permanent structure is built from the
bottom to up. The temporary support system is dismantled with the introduction of
permanent supports which are usually in the form of basement slabs. The sequence is
illustrated in Figure 2.1.

Figure 2.1
Bottom up Construction Sequence (Endicott,2020)

Excavate Strut Struts

Build Slab and Wall Build Up

Top-down sequence of construction

In the top-down approach, the permanent underground structures are built
simultaneously as the excavation is carried out. First, the outer walls are constructed.
While excavation is progressing, permanent structures are constructed and hence
temporary bracings are not needed. Figure 2.2 illustrates the sequence of top-down
construction.

Figure 2.2
Top —down Construction Sequence (Endicott,2020)

P Column Excava Ground Floor




Hybrid sequence of construction

Some projects are carried out by adopting hybrid schemes using partially top-down
and partially bottom up sequences of construction.

2.4. Conventional Design of Embedded Retaining Walls

The stability of the embedded retaining walls in the cantilever form or with a single
level of support could be assessed through conventional design approaches through
methods such as “Free earth support method” and “Fixed earth support method”. When
there are multiple levels of support system becomes statically indeterminate and the
conventional methods cannot be used. Struct load envelopes by Peck (1969) were used
to estimate the load on lateral supports in such cases. However, all these methods are
developed with many assumptions and their applicability to a complex ground
condition is questionable. Furthermore, these methods do not provide any information
about the deformations associated with the embedded wall or in the surrounding
ground. Considering these limitations in the conventional approach methods to
numerically simulate the actual process of excavation and lateral support were
developed over the last few decades.

2.5. Analytical Methods to Design of Embedded Retaining Walls

In the initial stages of the development of the analysis of embedded retaining walls the
soil mass was represented by a series of springs while modelling the wall and the lateral
supports through appropriate structural elements. The values of stiffness in the springs
were evaluated through soil characteristics (Liong, 2022). Computer software
(WALLAP) was developed under this approach. Although it could estimate the
deformations of the wall no information could be obtained on the deformations in the
surrounding ground.

As elaborated in Potts and Zdravkovic, 1999 only a single structure can be
accommodated in the analysis. Further approximations must be introduced if more
than one structure is involved. Figure 2.3 illustrates the idealization of the soil spring
concept.

Figure 2.3
Subgrade Reaction Model (Potts and Zdravkovic, 1999)
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As illustrated in Liong, 2022 another limitation of the spring constant model is that the
behavior of soil is assumed as linear or elastic. In addition, when the soil is layered
and with different elastic parameters, an equivalent model must be developed to derive
a representative modulus of subgrade reaction. Another limitation is that the effect of
variation of the water table such as dewatering cannot be simulated in this method
(Simpson and Powrie (2021).

However, from 1970’s numerical procedures were developed idealizing the soil
medium also through the finite element approach adopting appropriate soil constitutive
models. Nowadays, commercial finite element software specially developed for
analyzing geotechnical problems such as PLAXIS, CRISP, and SIGMA are available
(Liong, 2022).

As elaborated in Simpson and Powrie (2021), using Finite Element Method (FEM) it
is possible to study the behavior of complete problem of a strutted excavation. This
method facilitates the analysis using 2D and 3D. Also, the ground movements, and
behavior of both the wall and other connected structures in a complete interaction
analysis can be done in this method.

Liong, 2022 elaborated that PLAXIS 1is the widely used software for geotechnical
problems and it facilitate both beam type and slip/interface elements which is very
helpful for modeling of structural element and the relation of soil-structure interfaces.
Furthermore, there are different types of soil models which can be used to simulate the
behavior of soil continua and they are illustrated below.

e Linear Elastic Model
Hooke’s law of isotropic linear elasticity represents this theory. However, linear elastic
behavior is minimal to simulate the soil behavior.

e Morh-Coulomb Model

In general, this well-known model is used as the first approximation of soil behavior.
This consists of five parameters namely Young’s modulus, Poisson's ratio, cohesion,
friction angle and dilatancy angle.

e Hardening Soil Model

This is an elastoplastic type of hyperbolic model. It is formulated in the framework of
friction hardening plasticity. To simulate the behavior of sands, gravel, and over
consolidated clays, this type of second order models can be effectively used

e Soft Soil Model

This is a Cam-Clay type of model, which can be used to simulate the behavior of soft
soils like normally consolidated clays and peat. The model best suited in situations of
primary compression.
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e Soft Soil Creep Model

This is a second order model formulated in the framework of viscoplasticity. The
model can be used to simulate the time-dependent behavior of soft soils.

Lade 2005, illustrated that parameters for a model required to derive from any set of
experiments which have data on the compression and shearing behavior of soil. This
is due to the fact that, the mathematical expressions in an ideal constitutive model may
be specialized and correspond to the particular tests available for parameter
determination. Conventional triaxial tests and isotropic compression tests are the
simplest and most appropriate experimental results that provide the necessary
information.

Liong (2014) elaborated that, to use sophisticated geotechnical software, there should
be a sufficient geotechnical background. Otherwise, there is a possibility of making
mistakes that will cause a catastrophic failure.

Following are the common mistakes found when applying the PLAXIS 2D as
elaborated in Liong (2014).

e Failure to identify the right model of plane strain or axisymmetry

In plane strain it is assumed that strains can only take plain in Xy plane and along the
out of plane direction strain is assumed to be zero. Also, length of the excavation
should be significantly larger compared to the width of the excavation. In the
axisymmetric model, it is considered that, radial strains of the model are equal in all
directions. Also, the structure is symmetric along the Y axis. And it is rotated at the Y
axis in left boundary. The failure to identify the correct model will result in an incorrect
output.

e Interface Element

The interaction between the soil and structural element is modeled as an interface. This
is used to minimize the friction between the soil and structural element. The interface
value is used to minimize the friction between the soil and structural element and the
interface value is varying from 0.01 to 1. The lower limit of the value indicates that
there is no friction between the soil and structural element. The upper limit of the value
indicates that, the soil and structural element cannot slip relative to each other as they
are completely rigid. Values in between lower limit and upper limit mean that the
friction is reduced by the given number and soil mass and structural element able slip
relative to each other.

It further illustrated that, lower interface value results a larger bending moments.
Hence it is very important to estimate a reasonable value for the interface. Liong
(2014) suggested interface values for different conditions are elaborated in Table 2.1.
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Table 2.1

Riner for Different Conditions

Condition Rinter

Interaction sand/steel 0.6-0.7

Interaction clay/steel 0.5

Interaction sand/concrete 1.0 -0.8

Interaction clay/concrete 1.0 —0.7

Interaction soil/geogrid (grouted body) | 1.0 (Interface is not necessary)

The common mistake of the application of interface is when modeling the pressure
grouted anchors. As the node to node anchor is connected to structural elements at
both ends, there is no contact with the surrounding soil. Therefore, there is no need of
application of interface along the body of the node to node anchor. Another thing is
that, the bond length of the ground anchor is modeled as a geogrid element. In normal
practice, the bond length is pressure grouted and thus the soil around the grouted body
is totally in contact with the grouted body. In that case, applying interface element and
giving value less than 1 is incorrect. The correct way is to not applying the interface
as indicated in Figure 2.4.

Figure 2.4

Mistake in modeling ground anchors (Liong (2014)

e Material Models

There are several options available in PLAXIS to simulate the soil behavior as follows.

- Mohr-Coulomb model
- Soft soil model
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- Hardening soil model

- Soft soil Creep

- Hardening soil with a Small strain
- Modified Cam-clay

Liong, 2014 describes the common mistakes when applying the Mohr Coulomb Model
for deep excavation problems.

Mohr-Coulomb model models the non-linear behavior of the soil into two bilinear lines
as illustrated in Figure 2. 5. In this approach it is considered that soil stiffness Eso is
constant at elastic region while soil actually has a non-linear behavior. With that, when
the stress level is less than 50% the model over predicts the ground movement while
when the stress level is higher than 50% model under-predicts the ground movement.

Figure 2.5
Mohr Coulomb Model (Liong (2014)
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One other drawback of this model is that, the assumption of soil unloading —reloading
stiffness modulus is equal to the loading stiffness. In actual case, in the unloading
reloading condition soils have a much stiffer modulus compared to the loading
condition and this is normally of 2 to 5 times the loading stiffness. This is illustrated
in Figure 2. 6. Due to this effect, Mohr Coulomb model is over predicting the soil
heave in excavation. To avoid this, it is suggested to use a greater unloading —reloading
soil stiffness rather than loading stiffness of soil.
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Figure 2.6
Loading unloading Modulus of soil Liong (2014)

Perfectly Plastic

q4

L 2

e Material Behavior

Figure 2.7 illustrates the stress paths experienced by soil mass below the excavation
level and behind the retaining wall in typical excavation problems.

Figure 2.7
Stress path under a Typical Excavation Problem Liong (2014)
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Accordingly, below the excavation level (point B) soil is undergoing unloading in all
construction stages. And behind the retaining wall (point A) soil is subjected to several
changes. At Stage 1, soil undergoes unloading, Stage 2 it undergoes reloading and
Stage 3 again it undergoes unloading. Hence it is very important to use different soil
stiffness when dealing with excavation problems. Figure 2.8 illustrates the predicted
behavior of material at various zones in a typical excavation.
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Figure 2.8

Expected Material Behavior in Excavation Problem Liong (2014)
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When deep excavations are modeled with Mohr Coulomb model, it uses only one E
value for these complex behavior of soil and therefore it provides unrealistic
deformations, overestimated bottom heave, and sometimes predicts unrealistic heave
of' soil behind the wall. However, this behavior can be modeled by using the Hardening
Soil Model and can predict more accurate wall deformations, bottom heave, and
settlement trough behind the wall. The improved version of this model behavior is
Small Strain Hardening soil model which gives far filed small strain behavior with
more realistic settlement trough behind the retaining wall.

e Initial Condition

In the initial condition, original stresses within the soil body are calculated. There are
two processes to calculate this. The most common method to calculate the initial
condition is the use of ko procedure to obtain the initial water pressure and the initial
effective stress of the ground. However, this method is valid only when the geometry
of the ground surface, ground layers, and the groundwater table are horizontal. Figure
2.9 Illustrated the valid condition for use of ko procedure.
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Figure 2.9

ko Procedure for Horizontal Geometry, Liong (2014)
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Another method that use of gravity loading procedure which have to use when ground
surface, the sub soil layers or the ground water level is not horizontal. These conditions

are illustrated in Figure 2.10.

Figure 2.10

Cases where ko procedure is inaccurate, Liong (2014)
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If the ko procedure is used for such situations, it will lead to the existence of unbalance
forces or non-equilibrium of initial forces within the soil body. This is incorrect and
shear stresses should be developed within the soil body to maintain equilibrium. And

this is considered when using the gravity loading procedure.
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e Ground Water Pressures

The effect of groundwater seepage toward the excavated area should be properly
modeled otherwise it will lead to the instability of the earth retaining systems.

First, it is very important to identify whether water can penetrate through the retaining
wall or not and whether the retaining wall is installed as a water cut-off system. Even
though diaphragm walls or secant piles are considered as impermeable retaining walls,
when the toe of the wall is located in a relatively permeable soil layer, during the
dewatering and excavation process, water can seep from retained side the walls into
the excavation area through the permeable soil layer below the toe of the wall as
illustrated in Figure 2.11.

Figure 2.11

Impermeable Wall and Bottom Seepage, Liong (2014)

The effect of water seepage, increases the effective overburden pressure in the active
side of the walls and reduces the effective stress in the passive side. A heavy seepage
can reduce the effective overburden pressure and subsequently may lead to piping and
boiling.

To analyze the behavior of groundwater table in PLAXIS 2D the initial step is to
activate the interface along the wall. Activation of the interface in soil mode does not
mean that the interface of water mode also activated. The interface in soil mode
indicates the reduction of the contact friction and allows slippage within the soil and
wall. However, in the water mode active interface means the wall is impermeable, and
inactive interface means water can pass through the wall.

In the case of permeable walls such as soldier piles, an inactive interface should be
used in water mode. In this case, the leaked wall causes deeper water drawdown in

17



unexcavated area as illustrated in Figure 2.12. However, PLAXIS do not predict
whether there is any erosion of soil particles behind the wall or not.

Figure 2.12

Groundwater Flow through Permeable Wall, Liong (2014)
|

T

Another aspect to be considered when analyzing the effect of groundwater table is that
it restricts the groundwater flow along the boundary of the system considered. The
flow boundary should be closed along the symmetric line and the opposite line the
flow boundary should not be closed as it is the side where water comes from. As the
water will not flow out to the bottom, the bottom boundary has to be closed.

There are some limitations in using 2D models for the analysis of deep-embedded
retaining walls. Amarasinghe. et al, (2017) illustrated that determining the maximum
wall deflection from 2D plain strain analysis gives an overestimated value. Another
point highlighted is that, neglecting the corner effect of excavation. The corner effect
is the effect of wall deformation and ground movements being smaller close to the wall
corner than around the wall center.

Hsiung and Dao (2015) illustrated that, it is difficult to do a proper prediction of ground
surface settlement by using a basic constitutive model of soil. It further highlighted
that, to achieve the proper prediction of wall deformation and ground settlement, an
advanced constitutive model of soil, which considers the small strain characteristic of
soil should be used during analysis. However, input soil parameters of such type of
advanced models are not available and they can only be derived from the complex test
procedures in comparison to the conventional test method.

To avoid these difficulties, Hsiung and Dao (2015) suggested a simple method to
estimate the ground surface settlements during deep excavation using a basic
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constitutive model of soil. In this method, excavation was divided in to two zones
primary strain zone (PSZ) and the small strain zone (SSZ) as shown in Figure 2.13.
As there is a small strain in SSZ the soil stiffness can be increased compared to the
PSZ.

Figure 2.13

Two strain zones of an excavation, Hsiung and Dao (2015)
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Ene et.al. (2015) also illustrated that, for the effective design of earth retaining
systems, it is required to use advanced soil models. Because, some of the soil
parameters defining non-linear behavior, plasticity criterion and their variations are
highly sensitive for the results of the analysis. Another point is that soil structure
interaction phenomena are also very complex and it is very difficult to control by
theoretical modeling. It further elaborated that, using the advanced constitute soil
model with uncertain geotechnical parameters may not necessarily give realistic
results.

2.6. Back Analysis and Monitoring of Deep Excavation

Kuleaza, et al., (2018) illustrated that, using finite element analysis the displacements
are over estimated and following are the reasons highlighted by them.

e Difficulties in determining the strength and compressibility parameters for
hard desiccated soils

e Lack of information on the stiffness anisotropy of soil

e Conservatism in selecting the soil parameters to predict excavation
performance for design purposes that would not be exceeded in construction

Ene et.al, (2015) further illustrated that, it is difficult to accurately assess the behavior

of earth retaining systems during excavation even when design has been done using
complex constitutive models. Because, there are uncertainties in soil parameters for
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the advanced calculations, limitations of the numerical model, and unexpected events
that will occur during project execution phase.

Due to this phenomena, it is important to conduct a back analysis while the excavation
is going on. Bhatkar, (2017) illustrated that monitoring deformation in the initial stage
of excavation provides important information for back analysis. It further illustrated
that, the method of back analysis helps to re-assess the already determined soil
parameters from laboratory and field investigations. Also selection of soil parameters
is an iterative approach to minimize the uncertainties involved by comparing predicted
and measured soil behavior during excavation. Particularly those parameters, that are
case-sensitive and could be affected by excavation method, excavation size, and any
other project specific parameters. Thus on most occasions, this approach could result
in considerable cost effectiveness by optimizing the design.

Ene et.al, (2015) illustrated that, monitoring work should include the proper
arrangement of a number of monitoring instruments and the location of monitoring
instruments. Also, monitoring data must be correlated with the execution stages and
they must be clearly stated in the monitoring reports. It further illustrated that, the
monitoring results should be compared with the results of the design and also with
similar works to validate and calibrate the design model.

Endicott, (2020) illustrated that performance evaluation during the construction
process is the best practice to validate assumptions that were made during the design
and make necessary adjustments for ground conditions that are encountered.

One concern during the monitoring process is that the deciding when to stop the
monitoring works. For that purpose, three limits have been defined as follows.

e Check the design assumptions and the trend of the variation of actual readings
obtained from monitoring and decide whether the work can be continued
safely. Otherwise, continue to work on keeping the monitoring results under
review

e Check the design assumptions with the designer and decide what action needs
to be taken

e Stop work and revise the design or method of working, and do any necessary
remedial work until it is safe to proceed

The same is defined as Alert, Action, and Alarm Limits (AAA)

As per the Endicott, (2020). The following parameters need to be monitored during
deep excavations.

e Lateral deformation of the wall (several points at around 5m horizontal
intervals should be established along the wall and coordinates (x,y and z)
should be established by surveying techniques to an accuracy of 1mm or better)
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e Lateral deformation profile along the depth of wall (several inclinometers shall
be installed through the retaining wall or just outside the wall and monitor the
lateral deformation profile of the wall regularly)

e Ground settlement (several survey points or settlement plates shall be installed
near important structures and the ground settlement shall be monitored
regularly)

e Ground water level (several observation wells shall be installed to monitor the
groundwater table variation with dewatering. The same can be used for
groundwater recharge if necessary)

e Condition of adjacent structures (pre-excavation condition of the adjacent
structures shall be established before commencing the excavation and
propagation of existing cracks, any structural distress, etc. shall be monitored
during and after the excavation)

Instrumentation and monitoring are not only means of control; they can be used
positively when the Observational method is adopted.

The Observational Method

The observational method suggested by Endicott, (2020) is a very pragmatic means of
risk reduction inherent in ground engineering on account of uncertainty about the type
of ground, its properties and how it will behave during engineering works. The
observational method is particularly useful for deep excavations where the
consequence of unanticipated performance could be of great consequence.

The principle of this method is, to design according to the behavior of the ground and
associated structures after estimating the ground condition. Variations from the design
assumption of the performance of ground and related structures will be monitored in a
systematic manner by instrumentation during the construction period. Then
monitoring results are compared with design assumptions and if there is a difference,
the designer evaluates the reason. The next step is to decide whether the design or the
method of construction needs to be modified to comply with the required standards of
safety and protection of property or whether the construction work can be continued
with further monitoring. When using the observational method, it is prudent to plan on
what performance might be different during construction and what remedial works
would then be needed in advance of construction. An additional consideration is
whether to have equipment and materials on hand in case they are needed for a short
period of time. (Endicott,2020)

Wu and Chern (2016) described the details of two cases of back analysis conducted
for gravel layers on Taiwan. The first analysis was conducted for 17.3m deep
excavation supported by a 27 m depth diaphragm wall located at the southern side of
Minquan Road in the Xindian District of New Taipei City in Taiwan. As per Wu and
Chern (2016) five bracings were used with maximum vertical spacing of 4.4 m. The
second analysis was conducted for a 13m deep excavation supported by a 20m depth
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diaphragm wall located at the eastern side of Zhongzheng Road in the same district.
Three bracings were used with a maximum 3.8m vertical spacing within the bracings.
PLAXIS 2D software was used for numerical analysis. As the diaphragm wall was
socked into the rock, in the model horizontal displacement of the wall bottom was
restrained. For case 1, lateral deformation was estimated approximately as 12 mm and
in case 2, 23 mm lateral deformations were obtained. Wu and Chern (2016) concluded
that, the elastic modulus of the gravel layer in the Xindian district ranged between
7.84MPa and 9.8 MPa, which is in the acceptable range as per the literature.

Another study was carried out by Hsiung, (2009) in Taiwan for a 19.6 m deep
excavation supported by a 36m deep diaphragm wall. Five numbers of bracings have
been used with a 3.8m maximum vertical spacing within the bracings. It illustrated that
predictions based on constant soil elasticity overestimated the lateral deformations
below the excavation level. Moreover, Hsiung, (2009) elaborated that surface
settlement are also not estimated correctly in both closer or far away from the
excavation. It further illustrated that, analysis using small strain parameters provided
more consistent predictions. Moreover, Hsiung, (2009) indicated that excavation
induced seepages have only a limited effect on vertical displacement.

Wang et.al., (2023) has carried out another study. In this research study, 24 m deep
excavation supported by a Im thick 48 m deep diaphragm wall supported by six
numbers of lateral supports were considered. Several analyses have been carried out
by varying constitute model of soil as Hardening soil model with small strain stiffness
(HSS), Mohr-Coulomb parameters and using increased soil stiffness with Mohr-
Coulomb soil model. Figure 2.14 (a), (b) and (c) illustrated the results of the analysis
for end of the third, fourth and sixth supports respectively.
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Figure 2.14

Lateral deformation curves Wang et.al., (2023)
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According to the above graphs, it is clear that numerical simulation based on the
Hardening soil model has a better agreement with the measured actual deformation.
This indicates that, consideration of small strain behavior of soil will give reliable
numerical simulation. Also, when only the Mohr-Coulomb model was adopted, the
horizontal displacement of the wall was much larger than the monitoring data. These
results indicate that Mohr Coulomb model is unsuitable if an experimental modulus is
directly adopted (Wang et.al., 2023).

Wang et.al., (2023) further illustrated that, to obtain model parameters for HSS model
complicated experiments such as Triaxial consolidated drained shearing test,
Loading/unloading shearing test, and Triaxial test at small strain state has been carried
out. It further illustrated that, even though Mohr Coulomb model is much simpler and
practicable for engineers, it underestimates the stiffness of the soil. Therefore, it is
essential to adopt a method to upgrade the modulus.
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CHAPTER 03
INITIAL DESIGN AND DETAILS OF THE PROJECT

In this development, the proposal is to construct a structure with eight above ground
floors and five basement floors for parking and other service needs. Thus, there is a
need to make a 15.75m deep excavation in an urban residential environment. Hence
the deformations in the adjacent structures and the disturbance during the construction
are to be strictly controlled. The excavation support system needs to be perfectly
watertight and of sufficient stiffness. As such, the developers have decided to use a
diaphragm wall of width 600mm and support it at three levels during the construction
phase. The basement slabs will provide lateral support during the service period.
Another requirement is that adequate parking spaces should be provided during the
period of construction. As such, a floor slab will be constructed on the ground level

temporary support system. This will be supported by king posts founded on piles taken
to weathered rock.

3.1. Site Location and General Environment

The site is located in Colombo city in Western Province, Sri Lanka. The main entrance
to the site premises is from CWW Kannangara Mawatha. (Refer Figure 3.1)
Figure 3.1
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The site is of a flat terrain located in a highly urbanized area. The site is bounded by
CWW Kannangara Mawatha in the West and by Ward Place in the North. There are a
few multi-storied buildings located in the surrounding area.
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3.2. Details of Soil Investigation

Four number of boreholes have been drilled within the site area using the core drilling
technique. The borehole locations are illustrated in Figure 3.2.

Figure 3.2

Borehole locations

Details of depths of drilling including the depth of Ground Water Level (GWL) are
tabulated in Table 3.1.

Table 3.1
Details of the depths of drilling

BHO1 | BHO2 | BHO03 | BH 04
Depth to GWL (m) 1.6 1.4 1.7 1.2
Depth to rock (m) 25.5 25.5 29.0 27.5
Depth of borehole (m) 27.0 28.8 32.0 29.5

Subsurface conditions

By considering the site condition and borehole logs following subsurface layers can
be identified as illustrated in Table 3.2. The deduced vertical subsurface profile

through all boreholes is illustrated in Appendix A.
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Table 3.2

Summary of subsurface profile

Layer Description Depth (m)
BHO1 |BH02 |BHO03 |BHO04

Layer 1 | Mainly consists of SAND/| 0.00 —|0.00 —|0.00 —|0.00 —
clayey SAND to a depth ranging | 2.00 3.00 1.00 3.00
2.0 mto 3.0 m.

Layer 2 | Generally, SAND/ silty SAND. | 2.00 —|3.00 —|1.00 —|3.00 —
SPT N values range between 11 | 9.00 15.00 9.00 10.50
to >50, indicating medium dense
to very dense.

Layer 3a | Organic CLAY/ Organic SILT | 9.00 —| 15.00 —|9.00 — | -
layer with SPT N value varied | 11.10 19.50 10.50
between 1 to 21, indicating a
very soft to very stiff layer.

However, this layer was not
encountered at BH 04.

Layer 3b | Sandy CLAY encountered at | - - - 10.50 -
only BH 04 with SPT N equal to 12.00
4, which indicated a soft layer.

Layer 3¢ | Sandy CLAY layer was |- - 10.50 | 12.0 -
encountered at BH 03 and BH —-12.0 | 17.0
04 with SPT N varies from 7 to
23 indicating a firm to very stiff
layer.

Layer4 | Silty SAND/ clayey SAND/ | 11.10 — | - 120 - | 17.0 —
SAND layer was encountered | 17.00 13.5 21.0
with SPT N value varied
between 30 to >50 indicating a
dense to very dense layer.

However, this layer was not
encountered in BH 02.

Layer 5a | Organic CLAY layer was only | 17.0 —| - 135 — | -
encountered in BH 01 and BH | 19.0 15.0
03 with SPT N varied between 9
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to 15 indicating a firm to stiff
layer.

Layer 5b

Sandy CLAY layer was
encountered only in BH 03 with
SPT N equal to 31 indicating a
hard layer.

15.0 —
19.0

Layer 6a

SAND layer was encountered
only in BH 02, with SPT N
equal to 4 indicating a loose
layer.

19.5
23.0

Layer 6b

Clayey SAND/ SAND/ sandy
SILT layer was encountered
with SPT N varied from 15 to
>50 indicating medium dense to
very dense layer. However, this
layer was not encountered in BH
04.

19.0
25.0

23.0
25.0

19.0 —
25.0

Layer 7

The completely weathered rock
layer exhibits soil properties and
could be described as a silty
SAND/ SAND. SPT N values
range generally >50, indicating
very dense condition.

25.0
25.20

25.0
25.0

25.0 -
29.0

21.0 -
27.50

Layer 8

Highly weathered to Moderately
weathered BIOTITE GNEISS.

25.5
27.0

25.5
28.8

29.0 -
32.0

275 —
29.5

Details of Rock

Table 3.3 illustrates the details of rock coring in the boreholes.
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Table 3.3

Rock Coring Parameters

Borehole No. Depth (m) Rock Coring Parameters
CR (%) RQD (%)
BH 01 25.5-27.0 96 49
BH 02 25.5-26.8 97 00
26.8-27.8 90 35
27.8 -28.8 100 85
BH 03 29.0 -30.0 63 00
30.0-31.0 70 44
31.0-32.0 100 57
BH 04 27.5-28.5 40 00
28.5-29.5 100 65

Three numbers of rock samples have been tested for their Uniaxial Compressive
Strength (UCS) and results are given in Table 3.4.

Table 3.4

UCS values of rock samples

Borehole No. Depth (m) UCS (N/mm?)
BH 02 27.80-27.95 24.34
BH 03 31.45-31.60 22.24
BH 04 28.75-28.90 97.08

29



3.3. Details of the Earth Retaining System

Initial Design

A 0.6 m thick diaphragm wall was used as the earth retaining system to retain the 15.75
m deep excavation. The embedded depth was nearly 11m. While excavation continued,
three concrete temporary supports were used at three levels to provide lateral support
to the wall. Five floors act as permanent supports during the operational stage of the
building. Figure 3.3 illustrates the levels of temporary and permanent supports.

Figure 3.3

Levels of temporary and permanent supports

0.6 m Temporary Support Level 1

Permanent Support Level 1 3.65m

52m Temporary Support Level 2

Permanent Support Level2  645m

Permanent SupportLevel3  9.25m

10.8 m Temporary Support Level 3

Permanent Support Level4  12.05m

Permanent Support Level 5 1575 m Excavation Bottom

Details of Temporary Support System

G30 Concrete slab has been used as the first level of temporary support. A slab was
provided to ensure adequate spaces for parking for the existing shopping mall during
the construction period. G30 Concrete beams have been used as second and third levels
of temporary supports as well. Table 3.5 elaborates the section details of the temporary
supports and Figure 3.4, Figure 3.5 and Figure 3.6 illustrate the arrangements of
temporary supports of three levels respectively. Openings were left in the top slab for
the transportation of excavated soils (Figure 3.4).
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Table 3.5

Details of Temporary Supports

Temporary Support Level | Type of Temporary Dimensions (mm)
support

Level 1 Concrete Slab 250 thick
Concrete Beam ZC 3 1000 x 800 (w x d)

Level 2
Concrete Beam ZC 4 800 x 800
Concrete Beam ZC 5 1200 x 1000

Level 3
Concrete Beam ZC 6 800 x 800

Figure 3.4

Temporary Support Arrangement of Level 1
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l & & b b b & b b b b b b b
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Figure 3.5

Temporary Support Arrangement of Level 2

Figure 3.6

Temporary Support Arrangement of Level 3
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Figure 3.7

Temporary Supports at Site
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Details of Permanent Supports

G30 concrete slabs have used as permanent supports of the diaphragm wall. Table 3.6
elaborates the details of the permanent supports.

Table 3.6

Details of Permanent Supports

Permanent Support Level | Type of Permanent Dimensions (mm)
Support
Level 1 Concrete Slab 150, 175 & 200 thick
Level 2 Concrete Slab 150, 175 & 200 thick
Level 3 Concrete Slab 150, 175 & 200 thick
Level 4 Concrete Slab 150, 175 & 200 thick
Concrete Slab 1000 thick
Level 5
Concrete Beam 2000 x 2000

Details of Construction Sequence

At the initial stage, the total area was divided into two sections Area A and Area B.
After that both sections were further divided into two sections and final areas are Area
Al, Area A2, Area BI1, and Areca B2. Figure 3.8 claborates on the shapes of zones
during excavation. Excavation was done as zone-wise as per the requirements of the
client. The construction stages adopted are presented in Table 3.7.

Figure 3.8

Zones during excavation

B1 B2

5

Diaphragm wall
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Table 3.7

Construction sequence

Stage Construction Activity

Stage 1 Construction of Diaphragm wall

Stage 2 Excavate up to 1.1 m and installing the supporting roof slab at a
depth of 0.6m -Temporary support 1

Stage 3 Excavation to 5.6m after installing the temporary support 1

Stage 4 Excavation to 11.3m after installing temporary support 2 at a depth
of 5.2m

Stage 5 Excavate up to 15.75 m after installation of temporary support 3 at
a depth of 10.8m

Stage 6 Construction of Basements 4 and 5 and removal of temporary
support 3

Stage 7 Construction of Basements 3 and 2 and removal of temporary
support 2

Stage 8 Construction of Basement land removal of temporary support 1

3.4. Monitoring

To identify the behavior of the earth retaining system during the excavation, it was

planned to monitor the followings.

e Lateral deformation of diaphragm wall using inclinometers

e Fluctuation of groundwater table by observation wells

e Vertical settlement of adjacent lands using settlement plates

e Stress in the elements of the lateral support system using strain gauges

Lateral deformation was to be monitored using 6 numbers of inclinometers around the
excavation while 8 numbers of observation holes were used to monitor the
groundwater level fluctuations. The locations of the instruments are presented in the

proceeding chapters.

However, only the inclinometer readings were available at the time of this research

study.
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Inclinometers

Inclinometers were installed in holes drilled in the diaphragm wall. This had been done
at a later stage when the excavation proceeded to a depth of 11.3 m. The inclinometer
had been terminated at the level of the excavation without extending to the full depth
of embedment of the diaphragm wall. Also, during the process of installation, the space
between the inclinometer tube and the drilled hole had been filled with sand instead of
grouting.

Figure 3.9

Details of Inclinometer

«— Guide Pipe

Inclinometer

¥ The area filled with Sand

Accounting for the variability of the subsoil conditions the numerical simulation of the
excavation was conducted for four different idealized sections. Inclinometers related
to the selected four sections for the analysis can be tabulated as follows.

Table 3.8
Inclinometer Related to Analyzed Section

Section Inclinometer
Section 1 TT 6
Section 2 TT 4
Section 3 TT2
Section 4 TT 3

The inclinometer readings were available up to the final excavation level. Available
monitoring data are plotted for each section.

35



Section 1

The construction sequence for the excavation process of Section 1 can be tabulated as

follows.
Table 3.9

Construction Sequence for Section 1

Construction Activity

Period

1*! layer temporary support

15.08.2018-10.12.2018

1* layer soil excavation

27.11.2018-20.12.2018

2" Jayer temporary support

15.12.2018-12.01.2019

2" Jayer soil excavation

20.01.2019-16.02.2019

3" Jayer temporary support

10.02.2019-11.03.2019

3" Jayer soil excavation

28.03.2019-05.06.2019

B5 Construction

07.05.2019-15.07.2019

B4 Construction

14.08.2019-30.08.2019

3" Jayer temporary support removes

13.10.2019-26.10.2019

B3 Construction

30.11.2019-27.12.2019

B2 Construction

13.12.2019-09.01.2020

2" Jayer of temporary support removes

03.02.2020-13.02.2020

B1 Construction

17.02.2020-11.06.2020

1% layer of temporary support removes

12.05.2021-01.09.2021

The behavior of the diaphragm wall for Section 1 was monitored using TT6
inclinometer. It was informed that, this inclinometer was broken and hence only a few
data are available.

Inclinometer graphs not follow an exact pattern. An outward movement and inward
movement of graphs with the time is indicated. Also, the shape of the graph is not
complying with that reported in the literature. The monitoring graphs in Wang (2023),
elaborated that maximum deformation occurs below the level of the bottommost lateral
support. As described previously in this chapter, the reason for the outward and inward
movement of the inclinometer may be not filling the space between the inclinometer
pipe and guide pipe properly by grout. Wang (2023), further illustrated that, the
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inclinometer has to be installed beyond the excavation depth until fixed toe condition
is achieved, but that was not done in this project.

Figure 3.10

Inclinometer Readinas

TT6 Inclinometer Results

00
-100.0 0.0 0 50.0
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Section 2

The construction sequence for the excavation process of Section 2 is summarized in
Table 3.10.

Table 3.10

Construction Sequence for Section 2

Construction Activity Period

1* layer inner support 26.04.2018-30.06.2018
1*! layer soil excavation 27.11.2018-20.12.2018
2" Jayer inner support 15.12.2018-12.01.2019
2" Jayer soil excavation 20.01.2019-16.02.2019
3" layer inner support 10.02.2019-11.03.2019
3" Jayer soil excavation 28.03.2019-30.05.2019
BS5 Construction 10.06.2019-29.07.2019
B4 Construction 09.09.2019-30.09.2019

3" Jayer temporary support removes 16.10.2019-11.11.2019

B3 Construction 27.112019-09.01.2020

B2 Construction 06.01.2019-31.01.2019

2" Jayer temporary support removes 06.02.2020-16.02.2020

B1 Construction Completed on 11.07.2020

1*! layer temporary support removes 20.04.2021-06.06.2021

The relevant inclinometer for Section 2 is TT 4. The available monitoring data for the
TT4 inclinometer was plotted in one graph in Figure 3.11.

Although this inclinometer shows both inward and outward movement like previous
inclinometer, inward movement is larger when compared with outward movement in
here. Also the pattern is not complying with that reported in the literature. Here also,
the reason for these differences may be the inappropriate method adopted when
installing inclinometer.
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Figure 3.11

Inclinometer Readings — Section 2

TT4 Inclinometer Results
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Section 3

The construction sequence for the excavation process of Section 3 is summarized in

Table 3.11.

Table 3.11

Construction Sequence for Section 3

Construction Activity Period
1 1* layer inner support 26.04.2018-30.06.2018
2 1* layer soil excavation 10.12.2018-15.01.2019
3 2™ Jayer inner support 10.01.2019-28.01.2019
4 2" Jayer soil excavation 16.02.2019-24.03.2019
5 3 Jayer inner support 14.03.2019-06.04.2019
6 3" Jayer soil excavation 06.05.2019-29.07.2019
7 BS5 Construction 10.07.2019-12.09.2019
8 B4 Construction 30.09.2019-22.10.2019
9 3 Jayer temporary support removes 24.10.2019-06.11.2019
10 | B3 Construction 05.11.2019-26.11.2019
11 | B2 Construction 27.11.2019-18.12.2019
12 | 2" layer temporary support removes 02.01.2020-02.02.2020
13 | B1 Construction 25.01.2020-19.02.2020
14 | 1% layer temporary support removes 05.03.2020-29.05.2020

The relevant inclinometer for Section 3 is TT 2. The available monitoring data for the
TT2 inclinometer has plotted in one graph as elaborated in Figure 3.12.

In this inclinometer also, the inward and outward movement of inclinometers are
indicating. However, there is considerable inward movement of graphs at the mid
depth of the graph, which was not shown in other two sections.

As previously mentioned, the most probable reason for this is inappropriate method
adopted to install inclinometers.
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Figure 3.12

Inclinometer Readings — Section 3

TT2 Inclinometer Results
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Section 4

The construction sequence for the excavation process of Section 4 are summarized in

Table 3.12.
Table 3.12
Construction Sequence for Section 4

Construction Activity Period

1 1¥ layer inner support 15.08.2018-10.12.2018
2 1*! layer soil excavation 10.12.2018-15.01.2019
3 | 2" layer inner support 10.01.2019-28.01.2019
4 | 2" Jayer soil excavation 16.02.2019-24.03.2019
5 3" Jayer inner support 14.03.2019-06.04.2019
6 3" Jayer soil excavation 20.05.2019-29.07.2019
7 | B5 Construction 05.07.2019-20.08.2019
8 | B4 Construction 17.09.2019-14.10.2019
9 | 3" Jayer temporary support removes | 30.10.2019-15.11.2019
10 | B3 Construction 22.11.2019-10.12.2019
11 | B2 Construction 07.12.2019-30.12.2019
12 | 2™ layer temporary support removes | 02.01.2020-18.01.2020
13 | B1 Construction 01.02.2020-01.03.2020
14 | 1*' layer temporary support removes 04.11.2020-31.12.2020

The relevant inclinometer for Section 4 is TT 3. The available monitoring data for the
TT3 inclinometer has plotted in one graph as elaborated in Figure 3.12.

In this section unusual behavior of inclinometer is observed after the 04.07.2019. It
seems like some obstacle has stuck in the inclinometer pipe during monitoring period.
Also, this inclinometer has not installed up to excavation bottom.
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Figure 3.13

Inclinometer Readings — Section 4
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IDEALIZATION PROCESS

The idealization process which was used to select the sections to be analyzed and,
idealize the subsoil profile, diaphragm wall, permanent supports, and temporary

CHAPTER 04

supports is discussed in this chapter.

4.1. Selection of Sections

Total excavated area was divided into four zones considering the borehole locations
and the variations in the subsoil profiles. Four sections were selected for the analysis
covering from each of the four sides of the excavation. Further, the sections were
selected closer to inclinometers to compare with monitoring data. Figure 4.1 illustrates

the selected sections.

Figure 4.1

Selection of sections
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inclinometer are presented in Table 4.1.
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Table 4.1

Selected Sections to Analysis

Section Borehole Inclinometer
Section 1 BH 01 TT 6
Section 2 BH 02 TT 4
Section 3 BH 04 TT 2
Section 4 BH 04 TT3

4.2. Idealization of Soil Properties

Mohr Coulomb model was used to model the sub soil as it is appropriate for the nature
of the soils encountered. As there was no detailed laboratory testing of soils, the
necessary model parameters were deduced from establishes correlations and local
experiences on similar soils. The following properties have to be decided for the soil
layers.

1. General Properties (¥sat , ¥unsat)
Strength Properties (c', ¢', V)
Stiffness Properties (E', v'(nu))

2
3.
4. Flow Parameters (kx, ky)
5. Riner

The subsoil profile across the four boreholes in presented in Appendix A.

Soil Strength Parameters of Soil Lavers

The energy method of SPT correction (Bowles, 1996) was used in the process of
estimating the strength parameters of soil layers. The energy method of SPT correction
uses the following relationship to determine the N'79 from the field SPT blow counts

(NFiela):
N7y = NewaCommmma,
Where
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P,
E:

Ni

Effective overburden pressure at the test level
Efficiency of the hammer used (taken as 55%)
Modification factors (Bowles, 1996)

The estimated N'79 together with the particle size can be used to estimate the soil
strength parameters at respective depths. Table 4.2, Table 4.3 and Table 4.4 present
the estimated soil strength parameters from SPT for BH 01, BH 02, and BH 04
respectively. During the estimation of soil strength parameters for each layer, the

corrected SPT values at each depth were estimated and then the relevant average soil

strength parameters were deduced.

Table 4.2
Shear strength properties of BH 01

Layers Description Ywet ¥sat 0° C
KN/m? | KN/m3 kN/m?

1 V.loose to M.dense SAND/Clayey

SAND 16 17 31 0.01
2 M.dense to V.dense SAND/Silty

SAND 17 18 28 7
3a Organic CLAY/Organic SILT 15 16 24 3
Sa Dense to V.dense Silty SAND/ Clayey

SAND/SAND 17 18 29 8
6b Organic CLAY 15 16 25 5
7 M.dense to V.dense Clayey

1 1 2

SAND/SAND/Sandy SILT ! 8 8 !

8 CWR 20 22 28 8
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Table 4.3

Shear strength properties of BH 02

Layers Description Fwet ¥sat o° C
kN/m? | KN/m3 kN/m?
1 V.loose to M.dense SAND/Clayey
SAND 16 17 26 | 0.01
2 M.dense to V.dense SAND/Silty SAND 17 18 29 8
3a Organic CLAY/Organic SILT 15 16 24 2
6a Loose SAND 16 17 26 | 0.01
6b M.dense to V.dense Clayey 17 18 )5 5
SAND/SAND/Sandy SILT
7 CWR 20 22 28 8
Table 4.4
Shear strength properties of BH 04
Layers Description Fwet ¥sat 0° C
kN/m? | KN/m3 kN/m?
1 V.loose to M.dense SAND/Clayey
SAND 16 17 26 0.01
2 M.dense to V.dense SAND/Silty
SAND 17 18 29 8
3b Soft Sandy CLAY 15 16 24 2
3c Firm to V.Stiff Sandy CLAY 16 17 26 0.01
4a Dense to V.dense Silty SAND/ Clayey
SAND/SAND 17 18 25 >
7 CWR 20 22 28 8
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Soil Stiffness Parameters of Soil Lavers

The drained Stiffness parameters of soil layers were calculated using the following
empirical equations. (Bowls, 1997)

Sand Es =320 (N55 + 15)

Clay Es =300 (N55 + 6)

Stiffness parameters deduced for the soil layers in respective boreholes BH 01, BH 02 and
BH 04 are given in Table 4.5, Table 4.6, and Table 4.7.

Table 4.5
Stiffness parameters of BH 01
Layers Description E' (kPa) | v'(nu)
1 V.loose to M.dense SAND/Clayey
SAND 7000 0.3
2 M.dense to V.dense SAND/Silty
SAND 13100 0.3
3a Organic CLAY/Organic SILT 2400 0.35
Sa Dense to V.dense Silty SAND/ Clayey
SAND/SAND 17900 03
6b Organic CLAY 6300 0.35
7 M.dense to V.dense Clayey
SAND/SAND/Sandy SILT 18500 03
8 CWR 20800 0.3
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Table 4.6
Stiffness parameters of BH 02

Layers Description E' (kPa) | v'(nu)
1 V.loose to M.dense SAND/Clayey
SAND 5100 0.3
2 M.dense to V.dense SAND/Silty
SAND 16300 0.3
3a Organic CLAY/Organic SILT 3600 0.35
6a Loose SAND 6000 0.3
6b M.dense to  V.dense  Clayey
SAND/SAND/Sandy SILT 11800 03
7 CWR 20800 0.3
Table 4.7
Stiffness parameters of BH 04
Layers Description E' (kPa) | v'(nu)
1 V.loose to M.dense SAND/Clayey
SAND 10200 0.3
2 M.dense to V.dense SAND/Silty
SAND 18500 0.3
3b Soft Sandy CLAY 3000 0.35
3c Firm to V.Stiff Sandy CLAY 7500 0.35
4a Dense to V.dense Silty SAND/ Clayey
SAND/SAND 20800 03
7 CWR 20800 0.3

Flow Parameters of Soil Lavyers

As per the geotechnical investigation report vertical permeability of some soil layers have
been obtained using filed permeability tests. Based on the availability test results, vertical
permeability of other soil layers was also deduced. In this regard, it the absence of detained

49



data the horizontal and vertical permeability values were assumed to be the same. Table
4.8, Table 4.9 and Table 4.10 presents the permeability values.

Table 4.8
Flow parameters of BH 01

Layers | Description kx = Ky (ms™)
1 V.loose to M.dense SAND/Clayey SAND 1.00E-05
2 M.dense to V.dense SAND/Silty SAND 1.10E-05
3a Organic CLAY/Organic SILT 2.26E-06
Sa Dense to V.dense Silty SAND/ Clayey SAND/SAND | 1.00E-06
6b Organic CLAY 1.00E-08
7 lg/if;nse to V.dense Clayey SAND/SAND/Sandy 1 00E-06
8 CWR 1.00E-08
Table 4.9

Flow parameters of BH 02

Layers Description kx = ky (ms™)
1 V.loose to M.dense SAND/Clayey SAND 1.00E-05
2 M.dense to V.dense SAND/Silty SAND 1.10E-05
3a Organic CLAY/Organic SILT 2.26E-06
6a Loose SAND 1.00E-05
o | e e
7 CWR 1.00E-08
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Table 4.10
Flow parameters of BH 04

Layers Description kx = ky (ms™)
! 1.00E-05
V.loose to M.dense SAND/Clayey SAND
2 . 3.46E-06
M.dense to V.dense SAND/Silty SAND
3b Soft Sandy CLAY 1.00E-07
3c Firm to V.Stiff Sandy CLAY 2.90E-06
4a IS)Aerll\?Ie) /StAoNDV.dense Silty SAND/ Clayey L 00E-06
7 CWR 1.00E-08

Rinter

Shear strength parameters along the soil-wall interface were reduced by introducing an
interface shear strength reduction factor. 0.67 was taken as the Rineer value for all soil layers.

4.3. Idealization of Rock Properties
Linear elastic behavior was assumed for rock. Accordingly, for the finite element analysis
following rock properties have to be decided.

1. General Properties (¥sat , ¥unsat)

2. Stiffness Properties (E', v'(nu))

3. Flow Parameters (k, ky)

Stiffness Parameters of Rock Lavers

Elastic modulus of rock can be estimated using the following equation as illustrated in
Zhang and Einstein (2004).

E _
E_m — 100-0186RQD~1.91
3

Where,
Enm is elastic modulus of rock mass and

E:is elastic modulus of intact rock.
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RQD is the Rock Quality Designation of rock

Value of E; is considered as 61.1 GPa according to the Zhang and Einstein (2004).
Calculated E values for rock is shown in following tables. When calculating the E value of
rock, separate E values of each rock sample were calculated and the average value was used
as an E value of the rock layer for the analysis.

Table 4.11
Rock Properties of BH
E (kPa) v'(nu) kx/ Ky (ms™) Fwet/ ¥sat
BH1 6.13E06 0.15 1.00E-08 25
BH 2 10.92E06 0.15 1.00E-08 25
BH 4 6.46E06 0.15 1.00E-08 25

4.4. Idealization of Temporary Supports and Permeant Supports of
Earth Retaining System

The temporary supports and permeant supports were idealized as fixed-end supports. The
section is required to be perpendicular to the diaphragm wall to satisfy the basic
requirements of plain strain conditions in finite element modelling.

As both permanent supports and temporary supports at the site are not perpendicular to the
diaphragm wall, the following modifications were done during the idealization of the actual
condition to the finite element model.

Elasticity and poison ratio of G30 concrete was taken from EN 1992-1-1 Euro code 2.
Accordingly, E value of G30 concrete is 31 Gpa and poison ratio is 0.2.

Method 1

First the angle between the selected section and actual support was calculated and then the
perpendicular effect of the stiffness properties of support sections were calculated and used
for the analysis.

Figure 4.2 and Table 4.12 illustrate the details of the idealization of section 1 using this
method.
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Figure 4.2
Idealization Method 1

Table 4.12
Idealized Properties of Temporary Support

Section Dimensions | Angel | Concrete E A EA EA cos
Detail (m) to Grade (©)

Grid | (Design)
depth | width | 5 (@)

Concrete 1.2 0.8 13 G 30 3.10E+07 | 0.96 | 2.98E+07 | 2.90E+07
Beam

(ZQL 1)

Method 2

When there are two supports at different angles at the same point, the stiffness of anchors
was calculated separately as previously, and net effect of the stiffness was taken for the
analysis.

Figure 4.3 and Table 4.13 illustrate the details of the idealization of section 1 using this
method.
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Figure 4.3

ldealization Method 2
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Table 4.13
Idealized Properties of Temporary Support
Section Dimension Angel to | Concrete E A EA EA cos (EA)Net
Detail (m) Grid 5 Grade ©)
©) (Design)
depth | width
Concrete 0.8 0.8 13 G 30 3.10E+07 | 0.64 | 1.98E+07 | 1.93E+07
Beam (ZC 6)
4.33E+07
Concrete 1 1.2 50 G 30 3.10E+07 | 1.20 | 3.72E+07 | 2.39E+07
Beam (ZC 5)
Method 3

The perpendicular distance to the kingpost from the diaphragm wall was considered as the
distance to the king post as illustrated in Figure 4.4.
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Figure 4.4
Idealization Method 3

Idealized properties of temporary supports at Section 1, section 2, section 3 and section
4 are elaborated in Table 4.14, Table 4.16, Table 4.18 and Table 4.20 respectively.

Idealized properties of permeant support at section 1, section 2, section 3 and section
4 are elaborated in Table 4.15, Table 4.17, Table 4.19 and Table 4.21 respectively.
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4.6. Idealization of Loads from Adjacent Environment

Surcharge loads acting near the excavation area were modelled as a uniformly
distributed load. The applied loads from the adjacent environment in each section are
elaborated in Table 4.23.

Table 4.23
Details of applied loads as surcharge
Section Applied load
Section 1 3 storey buildings 30kN/m2 up to Sm, 1 m away the D wall
Section 2 Road, 25 kN/m2 up to 6m, 1 m away from the D wall
Section 3 Road, 25 kN/m2 up to 6m, 1 m away from the D wall
Section 4 Two storey building, 20 kN/m2 up to 6m, 1 m away from the D wall

4.7. Details of the Finite Element Model

Finite Element Modelling (FEM) was carried out using PLAXIS V20 software. The
plain strain model was used to idealize the actual scenario into to 2D model by
considering a uniform cross-section of the excavation. During the analysis, it was
further assumed that there is no deformation in the z direction. Also, 15 noded triangular
element, which is the default element, was selected for the modelling of soil layers, and
during the analysis, drain parameters of soil were used. The dewatering effect was
idealized by using steady-state ground water flow conditions. The groundwater level
inside the excavation area was set at 0.5 m below the bottom of the excavation for all
stages. Boundary conditions that were used during the analysis are as follows.

e Boundary xMin : Normally Fixed
e Boundary xMax : Normally Fixed
e Boundary yMin : Fully Fixed
e Boundary yMax : Free
After the above idealization, an initial analysis was carried out lateral deformation at

final excavation depth were compared with the monitoring data. As there were
considerable differences, the following modifications were made.
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Modification 1

As elaborated in PLAXIS manual elastic of modulus can be increased five times of the
initial value in unloading. This modification was done to the elastic modulus of soil as
they are experiencing unloading.

Modification 2

As elaborated by Hsiung and Dao (2015) ground of the excavation was divided into
two zones as the primary strain zone and the small strain zone as shown in Figure 4.4.
This is due to the fact that, in general, settlements in the primary influence zone are
underestimated while the settlements in the secondary influence zone are
overestimated. Therefore, to achieve more realistic predictions of wall deflection during
the analysis elastic modulus of each soil layer in the small strain zone was increased
compared to the respective value in the primary strain zone. Hsiung and Dao (2015)
conducted trail analyses varying the a value and increment of elastic modulus of soil to
identify the most appropriate combination to obtain results that are comparable with the
monitoring data.

Figure 4.5
Two strain zones of an excavation (Hsiung and Dao, 2015)
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For the analysis of Hsiung and Dao (2015), 16.8m deep excavation which was
supported by a 0.9m thick 32m deep diaphragm wall was considered. The retaining wall
was propped by a steel struts at four levels. The two analysis have been conducted and
for the first analysis Mohr Coulomb model was used without any modifications. For
the second analysis, Mohr coulomb model with a modification by considering the small
strain behavior of the soil during the excavation process has considered. And results
obtained from both analytical method, compared with monitoring data.
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During the analysis, the ratio between the width of primary strain zone behind the
retaining wall to the excavation depth is defined as “a”. Then the values of a is varied
as 0.5,1.0,1.5,2.0,2.5,3.0,3.5 and 4.0. Ratio between the Young’s modulus of each soil
layer in the small strain zone to that in the primary strain zone, is defined as “p” and
the value of is B varied as 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0.

Figure 4.5 illustrated the results of the analysis of Hsiung and Dao (2015). From Al, it
is indicated that first analysis and A2 (x,y) indicate the second analysis with (a=x, =y).
Lateral deformation for the Stage 1 and Stage 5 are shown in Figure 4.5. First graph
indicates the behavior of wall at the first excavation while second graph indicating the
behavior of wall at the final excavation level. Accordingly, shape of the first graph
indicating the cantilever behavior while shape of second graph indicating the outward
movement at the excavation bottom. Moreover, it is clear that, the results of the second

analysis give closer graph to the field measurements.

Figure 4.6
Results of the analysis (Hsiung and Dao., 2015)
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It further summarized that, wall deflection of second analysis are much affected by the
parameter of B but less affected by the parameter a. Hsiung and Dao., 2015 further
illustrated that for the first analysis, single young modulus has used and then it does not
distinguish between loading and unloading stiffness of soil. This has causes an over
prediction of the excavation bottom heave. Also, this over prediction bottom heave is a

reason to larger wall deflection at the lower part of the wall.

By considering above facts, during this study the combination of both conditions
(Modification 1 and Modification 2) was considered. First the elastic modulus of soils
was increased in primary strain zone and small strain zone by different factors and
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found the most suitable combination for the analysis for section 1. Table 4.24
elaborates the various elastic modulus used in the analysis.

Table 4.24

Various E values used in the analysis
Trail No. | He Ei E> He
1 2H 3E 3E 5
2 2H SE 2E
3 2H 6E 3E ‘.
4 2H 6E 4E )

Then the analysis was carried out again by varying the distance of the primary strain
zone with respect to the excavation depth to identify the most suitable zone for primary
strain zone as elaborated in Table 4.25.

Table 4.25
Various He used in the analysis

Trail No. H. E; E>
1 H 6E 3E
2 2H 6E 3E
3 3H 6E 3E
4 4H 6E 3E
5 4.5H 6E 3E

Finally, the most suitable combination was selected as He = 3H, Ei= 6E, E>=3E and this
combination was used to analyze the other three sections.
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CHAPTER 05

RESULTS OF THE ANALYSIS

This chapter presents the results of the numerical simulation of the staged excavation
process adopted in this project. In the latter part of the Chapter, the results are compared
with the monitoring data at the site and observations in a similar project published in
the literature. As described in Chapter 4 the process was modelled under three
scenarios changing the stiffness of the soils. The three scenarios are;

1. Initial Analysis with standard soil modulus values

2. Modification 1 (Increase the elastic modulus of soil (E) from E to 5E)

3. Modification 2 (Considering Small Strain Theory described in Section 4.6 of
Chapter 4)

The construction involves the installation of the diaphragm wall and excavation to the
bottom level with temporary supports at three levels. The support system at the top level
is a slab that has a greater stiffness. The other two levels of temporary supports consist
of props (concrete beams) connected to king posts as illustrated in Figure 3.5 and
Figure 3.6. Appropriate stiffness values were assigned to the supports at different levels
in the process of modelling the excavation. Once the excavation reached the bottom
level the installation of pile caps and the construction of the structure commenced. As
the basement floor slabs at different stages were constructed the temporary support
systems were dismantled. The complete construction sequence was modelled with the
construction stages listed here. The analyses were done separately for the three
scenarios.

The stages modelled are;

e Stage 1 - Construction of the Diaphragm wall

e Stage 2 - Excavate up to 1.1 m and install the supporting roof slab at a depth of
0.6m -Temporary support 1.

e Stage 3 — Excavation to 5.6m after install the temporary support 1

e Stage 4 — Excavation to 11.3m after install temporary support 2 at a depth of 5.2m.

e Stage 5 - Excavate up to 15.75 m after installation of temporary support 3 at a
depth of 10.8m.

e Stage 6 — Construction of Basements 4 and 5 and removal of temporary support 3

e Stage 7 - Construction of Basements 3 and 2 and removal of temporary support 2

e Stage 8 - Construction of Basement 1and removal of temporary support 1
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Lateral deformations of the diaphragm wall were estimated through the modelling for
all stages of construction.

5.1. Lateral Deformation of Diaphragm Wall for Initial Stiffness
Values Condition

Considering the differences in the subsoil profiles as presented in Appendix A separate
analysis were done for Sections 1, 2, 3 and 4 (Figure 4.1).

Figure 5.1 shows the variation of lateral deformations of Section 1 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and during the installation of
permanent slabs while removing the temporary supports (Stage 6 to Stage 8).

In Stage 2 soil has been excavated without any lateral support. In that case, the wall
deforms as a cantilever. When the excavation advances to deeper levels (Stage 3 to
Stage 5), wall movement is restrained by the installation of new support as indicated by
the deformed shape. The temporary support 1, which is of a greater stiffness due to the
presence of the floor slab has restrained the deformation at that level very significantly.
Also, a movement was observed at the toe as the diaphragm was not socketed into
bedrock.

The excavation to 10.8m depth commences after the installation of Temporary support
2. As such, the outward deformation at Temporary Support 2 is restrained, but the wall
moves outward towards the excavation below the level of Support 2. This behavior in
deformation is demonstrated when the curves corresponding to stages 3 and 4 are
compared. A similar pattern can be observed when curves corresponding to stages 4
and 5 are compared after the installation of temporary support 3. When further
excavation was carried out to the depth of 15.75m after the installation of temporary
support 3 there was a significant outward movement of the wall below the support level,
but the movement at the support level 3 was restrained. Further lateral deformations
after the installation of the support system at any level is minimal.

Any significant variation of lateral deformations was not observed during the
installation of permanent slabs while removing temporary supports. (Stages 6, 7 and 8)
Permanent supports are basement slabs that possess significant structural stiffness.

66



Figure 5.1

Lateral Deformation— Section 1
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Figure 5.2 shows the variation of lateral deformations of Section 2 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8). The trends in the deformation
shape at different construction stages are similar to those of Section 1, but the numerical
values of outward deformations are greater due to the lower stiffness values in the
subsoil layers encountered.

Figure 5.2
Lateral Deformation— Section 2
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Figure 5.3 shows the variation of lateral deformations of Section 3 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8). As observed in Section 1 and
Section 2 restraining of the movements due to the lateral supports and outward
movements below the support level can be observed.

Figure 5.3
Lateral Deformation — Section 3
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Figure 5.4 shows the variation of lateral deformations of Section 4 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8). The observations are similar
to those in the other three sections.

Figure 5.4
Lateral Deformation— Section 4
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5.2. Lateral Deformation of Diaphragm Wall for Modification 1

Although there is no direct measured evidence from the performance of the excavation
support system at the site it could be deduced that the outward wall movements are
much smaller than the values estimated in the analyses presented in section 5.1. As
such, further analyses were performed making logical modifications to obtain more
sensible results.

As the excavation process primarily involves unloading, the relevant stiffness values
would be greater (Liong,2014). Hence the series of analyses were repeated multiplying
the soil stiffness values obtained by the conventional correlations by a modification
factor of 5. This is a value suggested in the PLAXIS (2020) manual. Figure 5.5 shows
the variation of lateral deformations of Section 1 (Ref Figure 4.1) during the
excavation process (Stage 2 to Stage 5) and during the installation of permanent slabs
while removing the temporary supports (Stage 6 to Stage 8) after multiplying the soil
stiffness in all layers by a factor of 5. (Modification 1).

The behavior in the initial cantilever stage and the subsequent laterally supported stages
is similar to previous analyses. However, the maximum outward deformation has
decreased from 99 mm to 83.02 mm.

With the modification of the initial stiffness of the soil E to 5E, lateral deformation of
all stages has been reduced, but it has not got closer to the recommended allowable
lateral deformations in CIRIA guidelines. The recommended allowable lateral
deformation in CIRIA guideline for a 15.75 m deep excavation is 32 mm.
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Figure 5.5 - Lateral Deformation
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Figure 5.6 shows the variation of lateral deformations of Section 2 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness E to SE (Modification 1). The maximum lateral movement has reduced from
192.1mm to 128mm. Although the, lateral deformation of all stages has reduced, it has
not been closer to the recommended allowable lateral deformations in the CIRIA
guideline of 32mm.

Figure 5.6
Lateral Deformation— Section 2
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Figure 5.7 shows the variation of lateral deformations of Section 3 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness E to SE (Modification 1). The maximum outward movement has reduced
from 100.1 mm to 75.75mm. As with the other two sections, Section 1 and Section 2,
the obtained lateral deformation after the modification is higher than the recommended
value in CIRIA guidelines.

Figure 5.7
Lateral Deformation— Section 3
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Figure 5.8 shows the variation of lateral deformations of Section 4 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness E to SE (Modification 1). The maximum outward movement has been
reduced from 98.71 mm to 74.13 mm.

In this section also, even after modification of soil stiffness, the lateral deformation is
not closer to the recommended value in CIRIA guidelines.

Figure 5.8
Lateral Deformation— Section 4
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5.3. Analysis Methodology for Modification 2

Even after Modification 1, it was unable to obtain satisfactory values of deformation
as specified by the CIRIA guideline. Therefore, another series of analyses was done
using the small strain stiffness values for all these soil elements which are undergoing
an unloading process following the suggestion by Hsiung and Dao (2015).

As discussed in Section 4.6 under Modification 2 several trail analyses were carried
out by varying the distance to the primary strain zone and the value of elastic modulus
of soil. (Figure 4.4) Initially, this analysis was carried out for Section 1(Ref Figure
4.1) by taking the He values constant and varying only the E values in the primary and
the small strain zone as indicated in Table 4.24. Thereafter further analyses were
carried out adopting the various combinations summarized in Table 4.25.

The deformation patterns observed in Section 1 for the final excavation stage for several
different combinations are presented in Figure 5.9. This plot illustrates that with the
increase of stiffness in both primary and small strain zones the deformations are
significantly reduced. The increase of modulus only in the small strain zone will still
lead to large deformations. It is logical to use an increased E value for both zones as
the soil is undergoing unloading. However, a greater E value can be used for the small
strain zone.

Similar observations were made by Ou and Hsieh (2011) and they illustrated that,
different soil stiffness in the primary zone and small strain zone provide more accurate
analysis. It further illustrated that, a strain of less than or equal to 10~ % is assumed as
a small strain zone, and the behavior of soil is assumed as linear elastic and unloading
/reloading elastic modulus can be used. When a strain of greater than 107 % is
considered as the primary strain zone and elastic modulus (Eur) can be calculated as the
following equation.

Bur 9528 Qyand Hsieh (2011)

E; m+n(SL—SL;)

Where Eu degradation of the unloading/reloading elastic modulus, E; initial elastic
modulus, SL is the stress level, SL; is the stress level corresponding to the threshold
value of the small strain, m and n are the degradation parameters and can be obtained
from the unloading/reloading tests. E; initial elastic modulus which can be obtained
through bender element tests or in situ seismic tests.

As the elastic modulus of the primary zone cannot be calculated using the above
equation due to the unavailability of relevant data, the elastic modulus of both zones
was assumed by considering the unloading/reloading effect. Lateral deformation at the
final excavation level with the assumed combinations is illustrated in Figure 5.9. It
shows that 3E for the primary zone and 6E for the small strain zone is the most
appropriate combination as it gives closer lateral deformation recommended in CIRIA
guidelines.
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Figure 5.9
Comparison of Results with different stiffness modifications
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After that, analysis was carried out by varying the distance to the primary strain zone,
and not varying the elastic modulus of soils (For Trial No. 3 3E 6E 2H combination).
A comparison of the results obtained from different analyses presented section Table
4.25 in Section 4.6 is shown in Figure 5.10. The results show that 3E 6E 3H
combination is the most appropriate combination.
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Ou and Hsieh (2011) conducted a study to obtain an appropriate distance to the primary

strain zone. It shows that when VB? + H,* < 2H, where B is the excavation width
and the He is the excavation depth the distance of the primary zone is approximately

equal to VBZ + H,? . In this study, the value of VB2 + H,? is approximately equal to
the 3H,.

Analysis for other sections was done using the same combination used for Section 1
(For Trial No. 3 3E 6E 3H combination).

Figure 5.10
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5.4. Lateral Deformation of Diaphragm Wall for the other sections
under the selected combination of E in Modification 2

The excavation process of all four sections was modelled for the selected combination
of E values and the region of small strain, for all the construction stages. The results are
presented from Figure 5.11 to Figure 5.14.

With Modification 2 the maximum lateral deformation has reduced from 99 mm to 35
mm. With the modification lateral deformation has reduced up to the recommended
value in CIRIA guidelines.

Figure 5.11
Lateral Deformation— Section 1

Lateral Deformation Vs Depth- Section 1

O
0.60 -30 50
Stage 2
365 Stage 3
Stage 4
.5 — Stage 5
320 @ Stage 6
645 Stage 7
Stage 8
9.25
[ o

10.80 / /\ \ @ o
12.05 B e H
&
15.75 -1
SCANK @ E1=6E,E2=3E,He=3H

2 20
k=
=%
5]
A
25 Temporary Support

Permanent Support

Excavation Bottom

-30
Lateral Deformation (mm)

79



Figure 5.12 shows the variation of lateral deformations of Section 2 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness according to the Modification 2 (Ref Section 4.6). The maximum deformation
has reduced from 192.1 mm to 115.6 mm.

With the Modification 2, lateral deformation of all stages has reduced. However
maximum lateral deformation has not reached to the recommended lateral deformation
for 15.75 m deep excavation in CIRIA guideline which is 32mm. The reason may be
presence of low stiffen soil layers at the bottom of the excavation

Figure 5.12 —
Lateral Deformation— Section 2

Lateral Deformation Vs Depth- Section 2

|
0.60 -1p0 50 I @ 50

Stage 2
3.65 Stage 3
Stage 4
520 . @ —Stage 5
6.45 Stage 6
Stage 7
Stage 8
9.25
2l
10.80 _ He
12.05 B H

Ez

15.75 @

-1p
KON
E1=6E.E2=3E.He=3
-24
-25 Temporary Support

Permanent Support—

Depth (m)

Excavation Bottome——,

-30
Lateral Deformation (mm)

80



Figure 5.13 shows the variation of lateral deformations of Section 3 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness according to the Modification 2 (Ref Section 4.6). The maximum
deformation has reduced from 100.1 mm to 50.47 mm.

With Modification 2, lateral deformation of all stages has reduced and maximum
lateral deformations have got closer to the recommended value in CIRIA guidelines.

Figure 5.13
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Figure 5.14 shows the variation of lateral deformations of Section 4 (Ref Figure 4.1)
during the excavation process (Stage 2 to Stage 5) and installation of permeant slabs
while removing temporary supports (Stage 6 to Stage 8) after modifying the soil
stiffness according to the Modification 2 (Ref Section 4.6). The maximum
deformation has reduced from 98.71 mm to 49.06 mm.

This requirement of CIRIA guidelines was satisfactory in Section 1, Section 3 and
Section 4. But in section 2 values were greater than the recommendation in CIRIA
guidelines.

Figure 5.14
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5.5. Comparison of Analytical Results with Monitoring Data

Lateral deformations of the diaphragm wall obtained from analysis conducted under the
above three conditions were compared with the available monitoring data. As per the
information received, the monitoring has been commenced at the stage where
excavation of 10.8 m to 15.75 m. As shown by the results of the analysis, the shape of
the lateral deformation graphs follows the same pattern through the final excavation up
to the completion of permanent supports. Therefore, for comparison with monitoring
data the lateral deformations of the wall that occurred between the construction stages
4 and 5 were extracted from the respective analytical results.

Figure 5.15 shows the variation of lateral deformations of Section 1 (Ref Figure 4.1)
relevant to excavation between 10.8 m to 15.75 m with the depth separately with respect
to followings.

e Based on monitoring data

e Based on the results obtained from the initial analysis which described in
Section 4.6 of this thesis

e Based on the results obtained from analysis with Modification 1 which
described in Section 4.6 of this thesis

e Based on the results obtained from analysis with Modification 2 which

described in Section 4.6 of this thesis

Wang et.al., 2023 showed that when numerically simulating the behavior of excavation
using Mohr Coulomb model, it will result in much larger lateral deformation even with
the increment of modulus of elasticity. It further illustrated that, when increasing the
elastic modulus, lateral deformation is reduced and the same was observed in this
analysis also. Also, there is larger deformation observed at the bottom of the excavation
and the reason for this may be the outward movement of the wall with the removal of
soil and not having any lateral support at lower levels to restrain this movement.

When it considering the monitoring data of this site, maximum deformation is at the
top of the wall, and there is less lateral deformation at the bottom of the excavation.
According to the monitoring data shown in Wang et.al., 2023(Figure 2.14), the
monitoring graphs also follow the same shape as the analytical graphs. Most probable
reason for the difference between the shape of graphs at ODEL site may be the
inappropriate method adopted during the installation of inclinometers as described in
Chapter 3.

And Wang et.al., 2023 inclinometers are installed up to the bottom of the wall and in
the ODEL site the inclinometers are installed only up to the bottom of the excavation
level. Because of this formation, the lateral deformation at that level may have been
considered zero by default.
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Figure 5.15

Comparison of Monitoring Data with Analysis Result — Section 1
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Figure 5.16 shows the variation of lateral deformations of Section 2. At section 2 the,
maximum deformation is at the middle of the as compared to the maximum at the top
in Section 1. However, this comparison has the same issues as discussed with Section

1.

Figure 5.16
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Figure 5.17 shows the variation of lateral deformations of Section 3. In the monitoring
graphs, there is inward deformation at the top of the retaining wall while in analysis
result deformation, there is no deformation at the top due to the issues discussed in

previously.

Figure 5.17

Comparison of Monitoring Data with Analysis Result — Section 3

Comparison with Monitoring Data and

PLAXIS Results - Section 3

0:0

0.60 ~50
3.65
5.0
5.20
6.45 /
975 ry
10 R0 /‘
12.05
1575 456
XK '
é -20.0
=
s
[]
()]
25-0

-30:0

Monitoring
—E
SE

SS

Permanent Support

Excavation Bottom

Temporary Support

He

= ‘ E2 H

=

SS;E1=6E,E2=3E,He=3H

Lateral Deformation (mm)

86




Figure 5.18 shows the variation of lateral deformations of Section 4. At the Section 4
there is an inward deformation at the top of the retaining wall as Section 3.

Figure 5.18 - Comparison of Monitoring Data with Analysis Result — Section 4
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5.6. Lateral Deformations Further away from the wall at the Retained
Side

Lateral deformations of the soil at the retained side away from the retaining wall was
plotted with the excavation depth. As structures are located 1m and Sm away from the
wall, lateral deformations at that distances were considered. It was observed that, there
is slight chance of lateral deformation of retaining wall and the soil 1m away from the
wall. However, there is a considerable reduction of lateral deformation 5m away from
the wall in all sections. Figure 5.19, Figure 5.20, Figure 5.21 and Figure 5.22
illustrated the lateral deformation curves for 1m and Sm away from wall in the retained
side at the four sections. Comparison was done for initial stiftness E, 5E and the selected
final SS combination.
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5.7. Comparison of Vertical Settlement

Vertical settlement at retained side was compared in final excavation level for all
sections as the maximum lateral deformation is obtained at the final excavation.
Settlement graphs are illustrated in Figure 5.23, Figure 5.24, Figure 5.25 and Figure
5.26. In all graphs, vertical settlement is reducing with the modifications and minimum
vertical settlement is obtained in Modification 2. Another thing is that, in all cases
maximum vertical settlement has occurred nearly away 6m from the wall. Wang, 2021
illustrated that, when only the Mohr-Coulomb model is used, it will result high ground
settlement as it gives much larger horizontal displacements. Also, it further highlighted
that, HSS model is have a good agreement with field data and this indicate that
rationality of considering small strain dependent behavior and the reliability of the
adopted numerical simulations. Hsiung and Dao, 2015 elaborated that, use of small
strain theory to analysis will result the better prediction if ground surface settlements.

Nimr et at, 2022 illustrated that, at the initial stage where lateral supports are not
installed the settlements can be represented in a triangular shaped distribution as wall
behave like a cantilever. However, with the excavation proceed with the lateral
supports, vertical settlements have a trapezoidal distribution due to effect of outward
movement of retaining wall. As mentioned above the shape of the all curves have
trapezoidal distribution.

Figure 5.23 illustrated the vertical settlement of section 1 in final excavation level.
With the modifications the maximum vertical settlement has reduced. As most of
adjacent structures are with a shallow footing, the reduced settlement after the
modification is at an acceptable limit.

Figure 5.23
Vertical Settlement — Section 1
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Figure 5.24 illustrated the vertical settlement of section 2 in final excavation level.
With the modifications the maximum vertical settlement has reduced. However, there
is no considerable reduction of settlement between Modification 1 and Modification
2 like Section 1. Moreover, the reduced settlements are higher to the acceptable limits.

Figure 5.24
Vertical Settlement — Section 2
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Figure 5.25 illustrated the vertical settlement of section 3 in final excavation level.
With the modifications the maximum vertical settlement has reduced and within the
acceptable limits as Section 1.

Figure 5.25
Vertical Settlement — Section 3
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Figure 5.26 illustrated the vertical settlement of section 4 in final excavation level. As
Section 1 and Section 3 maximum vertical settlement has reduced with the
modifications and within the acceptable limits.

Figure 5.26
Vertical Settlement — Section 4
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5.7 Horizontal Pressure Distribution Under Three Different Scenarios

Pressure distribution at retained side and pressure distribution at excavated side of the
Section 1 at final excavation was obtained for all considered scenarios and presented in
Figure 5.28.

According to the graph, the soil with Modification 1 where soil stiffness has increased
five times from initial value (5E) the wall deformations were reduced. As such, the
reduction of earth pressures from the at rest state is much smaller and the earth pressure
values in the retained side are much greater. Similarly, in front of the wall increase of
lateral pressure from the at rest values is much smaller. As such, earth pressure values
for the SE case in much smaller than the case of E

Figure 5.27
Relative Earth Pressure Coefficient for Three Scenarios
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Figure 5.28
Pressure Distribution — Section 1
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5.8. Comparison of Bending Moments of Diaphragm Wall

Bending moments of the diaphragm wall were compared for considered three scenarios
of stiffness and graphs for Section 1 for the final excavation is presented in Figure 5.29.
As there is no lateral support at the excavation bottom a larger bending moment can be
observed there. Also, the bending moments have reduced with the increase of the
assigned soil stiffness under SS condition.

Figure 5.29
Bending Moment of Diaphragm Wall — Section 1
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CHAPTER 06

SUMMARY AND CONCLUSIONS

In this research the stresses and deformations during a 15.75 m deep excavation
supported by a 0.6 m thick diaphragm wall with temporary supports at three levels
during the excavation and permanent supports by concrete slabs at five levels were
studied. The construction process was numerically simulated by 8 stages with the
commercial Finite Element software PLAXIS. Mohr Coulomb model was used as the
constitute model for the soil. As the stiffness parameters of soil, were not obtained
through direct experimental procedures correlations with SPT were used.

The lateral deformations obtained from the initial model of the numerical analysis were

found to be excessive based on the actual performance of the structure. Unfortunately,
there were many shortcomings in the instrument process adopted and reliable
information on deformations could not be obtained. Therefore, the model was improved
and analysis was carried out again based on the guidance published in the literature
regarding the stiffness parameters of the soil. Two modifications were adopted to the
stiffness parameters (Modification 1 and 2) considering that soil elements are
experiencing an unloading situation and the strains of the elements further away from
the structure are small. With that considerable reductions were obtained in the predicted
deformations except at one section. The most probable reason for this behavior in that
section may be the presence of a clay layer at the bottom level of the excavation.

There were many shortcomings in the installation of the inclinometers for the
monitoring of lateral deformations in the diaphragm wall. Inclinometers have not been
installed up to the bottom level of the diaphragm wall but terminated at the bottom level
of the excavation. While installing the inclinometers, the gap between the inclinometer
tube and the borehole was filled with sand instead of grouting. This allows for relative
displacements of the tube leading to many errors in the measurements. Also, the
installation was not done at the start of the excavation but after excavation to a depth of
11.3m (After stage 4) in the modelling. As such the deformations recorded by the
system were not reliable. Although there had been some strain gauges installed in the
prop supports no data were available. As such, this research was mainly focused on a
parametric study of the important parameters. The findings of this study were compared
with published results from similar projects (Wang et.al., (2023)) where accurate
instrumentation was done.

As such, one major lesson learned from this research study is the need to pay close
attention to the process of installation of instrumentation.

The Figure 6.1 illustrates the maximum lateral deformations of all four sections at the
final excavation stage obtained from the numerical analysis under various scenarios.
The lateral deformation at final excavation depth is closer to the limit acceptable under
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CIRIA guidelines when the small strain concept (Modification 2) was used for the
analysis (except at Section 2). The Small Strain concept appears to be more acceptable
in modelling these types of excavations.

Figure 6.1
Comparison of lateral deformations of the wall at different sections
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Lateral deformations in the soil on the retained side decreased with the distance from
the wall. The vertical settlements of the ground were also decreasing with the distance
from the wall. These values are lower under the Small Strain Concept. These findings
made it clear that the designed and constructed earth retaining system has ensured that
the deformations of the buildings in the surrounding site are kept within acceptable
limits.

Lateral stress distribution on the wall on both the retained side and in front of the wall
varied with the assumed stiffness condition. With the assumed Small Strain condition
lateral stresses have reduced less from the at rest values on the retained side due to the
smaller lateral movements.

Also, under the Small Strain concept, the bending moments in the wall were smaller.
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APPENDIX A

Vertical Sub-surface Profile
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GEOTECHNICAL INVESTIGATION FOR THE PROPOSED SIX STORIED
BUILDING AT ALEXANDRA PLACE, COLOMBO 07 -

1.0 Introduction

The project involves the construction of twelve storied building which consists with three

basement floors -+ Ground floor + 8 — Upper floors at Odel PLC premises at Alexandra place,
Colombo 07.

M/s. Engineering and Laboratory Services (Pvt) Ltd. was authorized by M/s. Odel PLC, to
carry out the soil investigation at the above site and prepare the soil investigation report with

recommendations for foundation design.

2.0 Site Description

The proposed lad for the construction is situated at the premises of Odel PLC and adjacent 4
storied building at Alexandra place, Colombo 07.
The land is bounded by C.W.W.Kannangara Mawatha in West and ward place in North. There

are few multi storied buildings surrounding the site and the land is bounded by a wall

I‘!gule 1(a): Investigated. area’
The drilling of borcholes was carried out under sunny and rainy weather condltlons
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3.0 Field Investigation

3.1 Borehole Investigation

The field investigation was consisted of advancing six boreholes at the location marked as
BH-01 to BH-06 in Figure 1(b).

The boreholes were advanced by means of a rotary - drilling machine. The drilling was carried

out with overburden cutting tools, and the wash boring process was adopted to remove the
cuttings from the bottom of the borchole,

Standard Penetration Test (SPT) was carried out in regular intervals in the overburden. This test
was carried out as specified in BS 1377,

Disturbed samples of soil were collc;c.ted both from the SPT tube and the cuttings were collected
from the washings.

Groundwater Level (GWL) was determined as the depth at which‘the water level stabilized
inside the borehole.

3.2 Field Permeability Test : 5
Field 'permeability tests were carriéd out in investigated area to determine hydraulic

conductivity, a measure of rate of flow. The determination in — situ permeability was done

Variable Head Method as specified in Section 4: 25.4 of BS: 5930:1999The result of the field
permeability test is given in the Annexure I.

 Table I: Summary of field permeability test

" Borehole No Depth (m) Permeability (m/sec)
BH - 01 3.0-3.5 L1E5
Bi 03 T T ——
BH-04 | T3
BH-05  |[———pamad T
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4.0 Laboratory Investigation

Laboratory investigations were taken place in order to the sub surface assessment in
géotechnical investigation. In connection with the entire laboratory testing the performance has
been made as per BS 1377 unless otherwise stated. Laboratory investigations were taken place

in order to assess the sub surface conditions within the site area, The detailed results of the
laboratory investigation will be submitted as Report II

4.1 Laboratory Tests on Soil Samples
e Particle size distribution

e Natural Moisture Content
¢ Specific Gravity

o Consolidation

e Unit weight

o Triaxia (UU) Test

o Atterberg Limit

42 Laboratory Tests on Water Sam ples

 Chemical Analysis on water"

4.3.  Laboratory Tests on Rock Samples
e Unconfined Compressive Strength of Rock

5.0 Subsurface Conditions

The results of the borehole investigation are given in Annexure II.

Using this, profiles of subsurface conditions across the boreholes have been constructed and these are
shown in Figure 2.
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6.0 Recommendations for foundations of proposed i2-Level building at Alexandra Place,

Colombo 07 for Odel

This report should be read in conjunction with the Factual Report of the Soil ]nyestigation

carried out at the site and reported in November 2015.

6.1 Project & Site details

Odel PLC proposes to construct a 12-Level building at Alexandra Place, Colombo 07. The

building is to comprise of 3 basement floors, ground floor and eight upper floors.

The site has two road frontages; one to C.W.W. Kannangara Road in Western direction, and the
other to Ward Place in Northern direction. The Layout Plan for the proposed development

together with the positions of the borehole locations are shown in Fig. la.

The building is proposed to be constructed in two phases. The section of building covered by
BH-01 to BH-04 will be constructed in the first stage; and the section of building covered by
BH-05 and BH-06 will be constructed in the second stage.

The area is a relatively flat land which is sitvated in a highly urbanized area. The few temporary
buildings and existing four storied building in southern area of the site will be demolished before

construction.

6.2  Borehole Investigations

Six nos. boreholes were advanced at locations BH-01 to BH-06, as indicated previously. All
boreholes were initially advanced up to hard rock. Thereafter, they were further advanced by
coring the rock using a double tube core barrel. Details of the depths of drilling, including the
depth to Ground Water Level (GWL) are indicated below.

Table 2: Details of the depths of drillin

Location BH-01 | BH-02 | BH-03 | BH-04 | BH-05 | BH-06
Depth to GWL (m) 1.6 | 14 1.7 1.2 12 2.1
Depth to rock (m) . 25.5 255 | 290 275 | 255 | 285
Depth of borehole (m) - 27.0 | 288 320 | 295 | 300 317

11
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Rock coring in the boreholes had given the following results for the Core Recovery (CR) and the
Rock Quality Designation (RQD):

Table 3; Rock coring parameters

Rock Coring Parameters
Borehole No Depth (m)
Core Recovery (%) RQD (%)

BH-01 25.5—-27.0 96 49
25.5-26.8 97 00
BH-02 26.8-27.8 90 ' 35
27.8--28.8 100 85
29.0 —30,0 63 00
BH-03 30.0-31.0 70 a4
31.0-32.0 100 57
27.5-28.5 40 00

BH-04
28.5-29.5 100 65
25,5 —26.0 100 00
BH-05 26.0—27.5 | 67 00
27.5-28.8 41 00
28.8 -30.0 100 00
28.5-29.5 100 20
BH-06 29.5-30.7 100 50
30:7-31.7 85 20

Three Nos. of rock cores were tested for their uniaxial compressive strength (UCS). These

results are given below.

Table 4: Uniaxial compressive strength of rock cores

Borehole No. Depth (m) ~ UCS (N/mm?)
BH-02 27.80—27.95 2434,
BH-03 31.45-31.60 22.24
BH-04 28.75-28.90 97.08

6.3 Sub-surface conditions

From a study of the ‘borehol_e logs, it is concluded that the overburden at BH-01 can be modeled

by successive layers as indicated below.

- -

12
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Table 5: Successive layers of BH-01

Layer Position " Average
B Layer description .

No. (m) , . SPT
la 0.0-2.0 Loose sand 7
1b 2.0-6.0 Dense sand 20
2 6.0~7.5 Very dense sand >50
3a 7.5-23.0 Completely weathered rock - I (¥) 25-40
3b 23.0-255 Completely weathered rock - IT >50
4 >25.5 Basement rock

(*) Layer No. 3a had intrusions of peﬁty clay; first between depths of 9.0m and 11.1m, and a

second intrusion between depths of 17.0m and 19.0m,

Ground water level (GWL) was at a depth of 1.6m from the surface.

Similar layering was observed at the other borehole locations,

6.4

Recommendations for geotechnical design parameters -

Recommendations for the geotechnical design parameters for sub-surface layers are given in the

table below based on the visual observation of the soil samples collected, the measured SPT

values, and experience with similar sub-surface conditions.

Table 6: Geotechnical desién pararﬁeters

Layer description Aveérage |.  Shear strength Uliiﬁte bearing | Elastic Modulus
SPT parameters capacity (kN/m?) E (kN/m?)
Loose sand 7 ¢'=0kPa, ¢'=26 150 7000
Dense sand _ 20 | ¢'=0KkPa, ¢'=33 420 20000
lVery dense sand > 50 ¢'=0kPa, ¢' =43 2000 25000
Completely weathered 106k | 2540 | o'= 10 KkPa, =30 530 2000 |
Complotely weathered 100k | > 50 | ¢'= 101Pa, g'=38 1500 25000 .
Organic peaty clay - ®,=0,c,=15kPa 110 1000

A
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6.5 Recommendations for sub-surfsce comstruction
6.5.1 Faectors affecting sub-swriace constroction

The significant factors affecting the sub-surface construction are:
a) The building is to be provided with three basements;
b) The overburden consisting of successive layers of ‘dense sand’ and ‘very dense sand’
between depths of 2.0m and 7.5m;

¢) The presence of intrusions of peaty clay within the ‘completely weathered formation’

present below 7.5m depth;
d) The GWL was at a depth of around 1.6 m; and

¢) The loads to be transferred are from a 12-level structure.

652 Recommendations for hasement construction

Construction of the proposed structure with three basements will pose large problems to the
contractor for the reasons indicated previously in Section 6.5.1. Therefore, it is recommended

that an initial proposal with costing be obtained for the basement construction,
653 Recommendations for fonndation design

It is recommended that bored and cast in-situ Reinforced Concrete pile foundations, which are

socketed in to the fresh rock be used,

It has been established that the ultimate end beé.xing capacity for piles in rock is related to the
Rock Quality (sHown as RQD during rock coring), and the Uniaxial Compressive Strength
(UCS) of roek cores.

Three measurements of UCS values have indicated widely varying values. Therefore, adopting a
conservative approach, it is recommended that initial designs be carried out assuming a net

allowable end bearing capacity of 2 N/mm?.
————

It is also recommended that é% T‘{ 'W‘

(1) A minimum of ene pile diameter of rock socketing in to hard fresh roek is ensured;

——
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(i)  The carrying capacity in skin friction be cogsidcred_within the basement rock, for
| which the ultimate skin friction coefficient (f,) can be taken as 100 kN/m”. This is

less than that recommended in the ICTAD Guidelines (*).

1 (*) ICTAD publication ICTAD/DEV/1S on “Guidelines for interpretation of Site Investigation
data for estimating the carrying capacity of piles for the design of bored and cast in-situ RC

piles™.

| K. < ik

z | Prof, B.L. Tennekoon
Emeritus Professor,

i University of Moratuwa

i 25™ November 2015
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Annexure I: Field permeability test results




FIELD PERMEABILITY TEST

Variable Head
Client: M/s. Odel PLC . |Job ref. ELS/3746
Client ref.
Project: Geotechnical Investigation for the Proposed Twelve Storied Building at Alexandra BH-01
Jocts Place, Colombo 07, - ~ |Hole Ne.
Depth(m)- 3.0-3.5 : . ) :
Location::  Alexandra Place, Colombo 07. Date of test 12/11/2015
Soil description: - Clayey sand Date of report 12/11/2015
Diameter of Casing: 7.6 cm | A =453647| L = 50 cm F_ = 121.64
Elapse| Mesured
Time | Time | level H N i
min cm cm . M
11.00am | 0.00 0.0 215.0
100 | 81.0 134.0
2.00 | 1220 93.0
3.00 | 161.0 84.0 H 2,45m
4.00 | 1720 43.0
500 | 1850 30.0
10,00 | 208.0 7.0 N -.L—- —
1500 | 212.0 3.0 v =
20,00 | 213.0 2.0 3.0m
2500 | 2140 1.0
30,00 | 216.0 0.0
3500 | 216.0 0.0
30,00 | 2150 0.0 W
4500 | 2150 0.0 | i
50,00 | 216.0 0.0 : i
8000 | 216.0 0.0 z 1 J,08m
7000 | 2150 0.0
= 27l ]
Iog,[(-%))+ .Jl + %)’ J
= log, —-
e
F (t 2 - { 1) H 2
H, =134 em;t, = 1min
’ B H, = 2cm;t, = 25 min
k = 6.5* E"*cm | min
k=11*E"ml/s
Where;

K is the permeability of soil;
H1 Is the variable head measured at time 11 after commencement of test;

H2 is the variable head measured al lime 12 after commencement oflesl;
Mls the cross sectional area of borehole casing;

e .
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FIELD PERMEABILITY TEST

Variable Head

Client: M/s. Odel PL.C Job ref, ELS /3746
. Client ref.
Brofects Geotechnical Investigation for the Proposed Six Storied Building at Alexandra BH-03
ajecks Place, Colombo 07, .Hol_e-No‘
Depth{m)- 9.0-9.5 ) : . -
Location:,  Alexandra Place, Colombo 07' - . Date of test 12.11.2015
Soil description: Spongy Organic Clay ' Date of report 12.11.2015
Diameter of Casing: 7.8 cm [ A =453847] L = 50 cm F = 121.64
Elapse | Mesured
Time | Time level H
min cm cm AN osm
B.00zm | 0.00 0.0 220.0 _"
1.00 12,0 208.0
2.00 25.0 195.0
3.00 38,0 184.0 H 2.2m
4.00 43.0 177.0
5.00 52,0 168.0
10.00 | 820 138.0 o =
15,00 | 106.0 116.0 =
20,00 | 121.0 00.0 0.0m
25.00 | 133.0 87.0
30.00 | 142.0 78.0
36.00 | 140.0 71.0
40.00 | 153.0 67.0
45.00 | 157.0 63,0
50,00 150.0 51.0 v
60,00 163.0 57.0 I l® 0.5m
1 i
2nL
lcg l !))4 J (/D
k 4 jog, I
= ——log, =
F(t,-t) "H,
H, =208cnzt, = 1min
H, = 87cmyt, =25min
k =1.35% E7%cm [ min
k=2.26*Emls
Where,

K s the permeabllity of soll;
H1 is the variable head measured at time {1 afler commencement of test;

H2 is the variable head measured at ime 12 after commencement of test;
Als the cross sectional area of borehole casing;

Tested b ' ecked b ved by '
xﬂl‘-\dh’tyf_f : ( ’ ﬁ‘t’ .....-rr
ENGINEERING & LABORATORY SERVICES ( F‘VT ) LTD - .

62/3, Neelammahara Road, Katuwawala, Boralesgamuwa, Sri Lanka.
Telephone 0094 01 517037 / 517365/ 519727, Fax: 0094 01 509806, E-Mail : els@lanka ccom.




[N

FIELD PERMEABILITY TEST

Variable Head

ENGINEERING & LABORATORY SERVICES (PVT)LTD

62/3, Neelammahara Road, Katuwawala, Boralesgamuwa, Sri Lanka.
Telephone : 0094 01 517037 /517366 / 519727, Fax : 0094 01 509806, E-Mail : els@lanka.ccom,

Client: Mis. Odel PLC Job ref. ELS/3746
Client ref.
Project: Geotechnical Investigation for the Proposed Six Storied Building at Alexandra BH-03
e Place, Colombo 07. ~ |Hole No.
Depth(m) 10.0-10.6 ' :
Location:. Alexandra Place, Colombo 07. Date of test 20.1 1‘2015_
Soll description: Date of report 20.11.2015
Diameter of Casing: 7.6 cm | A =453647] L = 50 cm F = 121.64
Elapse | Mesured
Time | Time level . H
min cm cm A @ 0.5m
0.00am | 0.00 0.0 220.0 !
1.00 0.0 220.0
2.00 0.0 220,0
3,00 0.0 220.0 2.2m
4.00 0.0 220.0
5.00 0.0 "220.0
1000, 0.0 220.0 -, 3
15,00 0.0 220.0 =
20.00 1.0 210.0 10.0m
25.00 1.0 210.0
30.00 1.0 210.0
35.00 1.0 218.0
40,00 1.0 219.0
45,00 2.0 218.0
50,00 2.0 218.0 A4
60.00 2.0 218.0 l@ 0.5m
[}
2nl
F o= =3
r -
log, (%)1 \/1 + (%)‘
; A
k=: log, —
B (f 2k ) H 2
H, =220cm;t; =4min
Y 112=2]80r};t| =25min
k=1.62*E"cm/mir
k=27*E"mls
Where;
Kis the permeability of soil;
H1 is the variable head measured at time t1 after commencement of test;
H2 is the variable head measured at time 12 after commencement of test;
Als the cross seclional area of borehole casing;
Tested by
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FIEL.D PERMEABILITY TEST

Variable Head
Client: M/s. Odel PLC Job ref. ELS / 3746
. Client ref.
Project.: Geotechnical Investigation for the Proposed Six Storied Building at Alexandra 8H-04
" Place, Colombo 07. {Hole No.
Depth(m) 8.0-8.5 ) - :
Location:.  Alexandra Place, Colombo 07. ' Date of test 12.11.2015
Soll description: Clayey sand , Date of report 12.11.2015
Diameter of Caslng: 7.6 cm [ A =453647] L = 50 cm F = 12164
Elapse | Mesured .
Time | Time level H
' \
min cm cm A / d) 0.5m
B.00am | 0.00 0.0 2700 _|
1,00 5.0 175.0
2,00 7.0 163.0
3.00 83,0 137.0 H 2.2m
4,00 07.0 123.0
500 | 109.0 111.0
10,00 | _142.0 78.0 A .
15.00 | 156.0 62.0 =
20,00 | 160.0 51.0 8.0m
2500 | 174.0 8.0
3000 | 1760 42.0
3500 | 1800 40.0
4000 | 161.0 38,0
4500 | 162.0 38.0
50.00 183.0 37.0 v
60.00 | 163.0 7.0 ! |® 0.5m
7000 | 163.0 370 ! I

P 7 -
log._(%%J“(%))l]
' . A H,
et eiiog 201
F(t, ) % H,

H, =175 em;t, = 1l min
b H, =46cm;t, =25 min

k =2.1*% E*¢m [ min

k=3.46*%E%m/s

Where;
K is the permeabllity of soll;
H1 is the varlable head measured at time t1 after commencement of lesl;

H2 is the varlable head measured at lime 12 after commencement of tesl;
Als the cross seclional area of borehole casing;

Tested by ecjed by roved by .
et (& B

ENGINEERING & LABORATORY SERVICES ( PVT ) LTD ==

16213, Neelammahara Road, Katuwawala, Borélesgamuwa. Sri Lanka.

Telephone : 0094 01 517037 / 517365/ 518727, Fax : 0094 01 500806, E-Mail : els@lanka.ccom.

S




FIELD PERMEABILITY TEST

Variable Head
Client: M/s. Odel PLL.C Job ref. ELS [ 3746
Client ref.
Project.: Geotechnical Investigation for the Proposed Six Storled Building at Alexandra BH-04
D)k Place, Colombo 07: ) Hole No.
Dopth(m) 12.0-12.5 i
location:,. _Alexandra Place, Colombo 07. Date of lest 12.11.2015 |
Soil description: Sandy Clay Date of report 12.11.2015
Diameter of Casing: 7.6 cm [TA =453847] L = 50 cm F_= 121.64
Elapse | Mesured
Time | Time level H
min cm cm . 4\ ¢ osm
70.00am | 0.00 0.0 220,0
7.00 18.0 202.0
2.00 30,0 190.0
3,00 40.0 180.0 H 2.2m
.00 49.0 171.0
5.00 57.0 163.0 :
70.00 | 600 130.0 N 8
15.00 | _114.0 106.0 =
000 | 136.0 §4.0 12.0m
25.00 | 164.0 66.0
30.00 | 166.0 52.0
35.00 | 180.0 40,0
40,00 | 192.0_ 28.0
45.00 | 202.0 18.0
50.00 | 209.0 11.0 W
60.00 | 220.0 0.0 , ] |® 0.5m
] 1
e 27zl
log (L D)+ .‘Hl + |% )
— 4 log H l
= i
F (" Zi { 1) H 2
H, =202 cm;t, = 1 min
' % H, = 66cm;t, =25 min
k =1.7%E*c¢m / min
k=29*E m/s
Where;

K is the permeability of soll;
H1 is the varlable head measured at time t1 after commencement of les!;

H2 is the variable head measured at time {2 after commencement of test;
Als Ihe cross sectional area of borehole casing;

Tested by ' ecked by
nn.ml--.-nlq IR ian

ENGINEERI ) !
62/3, Neslammahara Road, Katuwawala, Boralesgamuwa, Sri Lanka.
Telephone-: 0094 01 517037 / 517365/ 519727,

NG & LABORATORY SERVICES ( PVT ) LTD

Approved by %

Fax : 0094 01 509806, E-Mail : els@lanka.ccom.
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FIELD PERMEABILITY TEST

62/3, Neelammahara Road, Katuwawala, Boralesgamuwa, Sri Lanka.

iENGiNEERIﬁéE; LABORATORY SERVICES (PVT)LTD

Variable Head
LS/ 3746
Client: M/s. Odel PLC Job ref, E
’ ? Client ref.
Bisthaes Geotechnical Investigation for the Proposed Six Storied Building af Alexandra BI4-05
roject:  piace, Colombo 07. - |Hote No.
Depth(m) 9.0-9.5 '
Location:. Alexandra Place, Colombo 07, Date of test 19.11.2015
Soil description: Clayey sand Date of report 19.11.2015
Diameter of Casing: 7.6 cm [ A =45364T| L = 50 cm F = 121.64
Elapse | Mesured
Time | Time level H
min cm cm N 0.6m
11.00am | 0.00 0.0 170.0
1.00 3.0 167.0
2.00 4.0 166.0
3,00 6.0 164,0 H 1.7m
4.00 9.0 161.0
5.00 10,0 160.0
10.00 20,0 160.0 A4 SIRREC,
15.00 30.0 140.0 =
20.00 39.0 131.0 9.0m
25.00 46.0 124.0
30.00 53,0 117.0
35,00 59.0 111.0
40,00 64.0 106.0
45.00 69.0 101.0
50.00 74.0 96.0 A\
60.00 82.0 80.0 : :$ 0.5m
T 2L
F = z =
Iog,[(%)vé— 1+ -"J‘D)i |
| P log Lt
- e
F (t 24 ) H 2
H, =16Tcm;t, =1min
' H, =124cm;t, =25min
k = 4.63* Ecm / min
k=77%E"mls
Where;
Kls the permeability of soil;
H1 is lhe variable head measured at time t1 after commencement of test;
H2 Is the variable head measured at lime 12 after commencement of lest;
Ais the cross sectional area of borehole casing;
Tested by ecked by - Approved by
Zﬂﬁur‘m : 3 %j:f/w{a
A e Viti _:‘;—:‘.._._._\,..-ri . 5

Telephone': 0094 01 517037 / 517365 /519727, Fax : 0094 01 508806, E-Mail : els@lanka.ccom.




RRERSE

FIELD PERMEABILITY TEST

K Is the permeability of soil;
H1 is the varlable head measured af time t1 afler commencement of tesi;

H2 is the variable head measured at time 12 after commencement of tesl;
A ls the cross seclional area of borehole casing,

Variable Head
Client: M/s. Odel PLC Job ref. ELS /3746
Client ref.
p £ Geotechnical Investigation for the Proposed Six Storied Building at Alexandra BH-05
roject. Place, Colombo 07. : Hole No.
Depth(m) 12.6-13.0 -
Location:. __ Alexandra Place, Colombo 07. Date of test 19.11.2015
Soil description: Sandy Clay Date of report | _ 19.11.2015
Diameter of Casing: 7.6 cm | A =453847| L = 50 cm F_ = 12164
Elapse | Mesured :
Time | Time level H
min em cm A 0.5m
a,00am 0.00 0.0 170.0
1,00 7.0 163.0 1y
2.00 11.0 1500
3.00 13.0 67,0 1.7m
4.00 16.0 164.0
5.00 18.0 152.0
70,00 | 29.0 141.0 A e 4
15,00 | 39,0 131.0 -
2000 | 47.0 123.0 12.56m
25.00 | 54.0 116.0
30.00 50.0 111.0
35.00 | 650 .| 105.0
40,00 | 69.0 101.0
4500 | 78.0 07.0
50.00 | 77.0 93.0 W
60,00 85.0 5.0 1@ 0.5m
I
Fe 2xL
log‘,l_(%)-r Jl + (%Y
—
; A H i
. log. Y
F (t 2~k ) 2
H, =163cm;t, =1min
H, =116en;t, = 25min
k=529% E*cnimin
k=88*E"'m/s
Where;

Tested by
b, 0 i
ENGINEERING & LABORATORY SERVICES ( PVT ) LTD

62/3, Neelammahara Road, Katuwawala, Boralesgamuwa, Sri Lanka.
Telephone : 0094 01 517037 / 517366/ 5168727, Fax : 0094 01 509806, E-Mail

ecked by

Approyed by .
g (&
heae L_J——mﬁ1

: els@lanka.ccom,




Engineering & Laboratory Services (Pvt) Ltd

Annexure II: Borehole Logs




i
—d

e |

H s + INL D413, MECTRINMIAA OB, o :
| éﬂ} ENGINEERING & LABORATORY SERVICES (PVT) LTD. | "R Clisie™ | fress
SITE INVESTIGATIONS DIVISION | Tel: 0114 309 494 _
Project Geotechnical Investigation for the Proposed Twelve Storled Building at {1 10 No BH-01
Alexandra Place, Colombo 07. 8
"{Client M/s. Odel PLC Sheet 1o
Location Colombo 07 g Toy Core Diameler 154.00mm Ground Water level _ 1.60m
Date of Started 06,11.2015 Drilling Method |Rotary ~ {Casing depth  125.50m : T
e - . : Coordinates
Date of Finished  ]08.11.2015 Casing Diameter|76.00mm |Elevation (m) ,
I s Moisture Content - % [—
€|z ol o E : v Field Records Undrained Shear Strength - tm’
e (8lel & Tl 5 | % Soil Description (SPT) T T A I ] %

]| g & g & ::3.; g .?AP F .ﬂ ' - SPT Resistance - Blows/ft d—3
0.00 Ground level ol g E = s 10 15 0 25 30 5 4045
=l DI | DS 10.00 i

| A
- i Dark brown, fine fo medium clayey SAND |
_ I
; X m| ss .00 |7 2034l I
, AT i
.y - Loose, light gray, fine SAND "
{ 2.00 GW.L. Pl \
m|ss| a {200 [0 4|l s 8|13 X - ]
i 1.60m ’,. . 13
I u ws| T E b B
3.00 ﬂ
o D4 85 J| 6| 17]23
i 73 ]
i
= ) . . . .
= s .1 Medium dense, light gray fine SAND
i S ' :
i X psfss| . ey 7] 9|13 2 . u
~Jls00 i
g s P
Yoo ; ek ! '
E X 6| s5 600 %07 25 >50
! = ; HB >
= W
s Very dense, dark brown, fine SAND //
7.00 WS ¢ A |
| e
Ef B 1/
X 7| 88 750 |x-. glow| ) 4 i
e 23
Jﬂi._un i i
- g‘c .1 Medium dense, gray, fine, silty SAND ) 7
- . ‘; i / |
9.00 ] Pd -
X ps | 58 9.00 [~ ] 1ol |t/ N
i .| Plastic, dark gray, amorphous organic RN
- i CLAY |
10.00 ws - e eS| o] I |
- Shimale Kev L Tei Kev : Banarks [[Loescd By:
JYSPT — Witere full 0.3m ponetration has not been achieved D - Disturbed Sample N - Natural Moisture Conteat |G - Consolidalign
the number of Wows for the quoted penctration 88 -SPT Sample - v L« Atterbesg Limit Test UCT-Unconfined Compression Existing Dimutliv
i given (not N-value) W - Water Sample G - Grgln Size Analysis CU - Consolidated Undrained sund level Supervised By
GWE. - Ground Water Level observed inside the WS-Warey Samplo $Q -Specific Gravity Test UU-Unconsolidated Undrained LBro id.':red -
arehole, aller the saturation - UD- Undisturbed Sample B - Bulk Density pH - Chemical cons : - Cliaminda
NE ot Encountered - C5- Core Sample V- Vane Shear Test 0 - Organig content as (he ze10 w:
HR Hommer Bounee Cr - Core Recovery (%) f SO+ Sulghate Content Jevel *
D - Free Dawn RQD-Rock Quelity Designation (%) Cf - Clorido Content Sarath
N%& Made Ground arixy] Sil %0384 Gravel Laterite Nodules [ ~>~] Completely Weathered Rock _
= Clay N s Sand ~ = 2] Organic Malter 1 Silly Shnd 7~ — {iighly Weathered Rock Fresh Rook |




"ty o : NO 62/3, Neelammehaca Road, | oo N
1‘ ei} ENGINEERING & LABORATORY SERVICES (PVT) LTD. Katuwawala, Sri Lanka. 1; ":;“;]z;
: SITE INVESTIGATIONS DIVISION e | Tel: 0114 309 494
- [Project Geotechnical Investigation for the Proposed Twelve Storled Building at | o3 1 o BH-01
| Alexandra Place, Colombo 07, 3
'IClient M/s. Odel PLC Sheet 70
Location Colombo 07 Rig Joy Core Diameter [54.00mm Ground Water fevel _ 1.60m i
| fDate of Started 06.11.2015 Drilling Method [Rotary  [Casing'depth  {25.50m . g
: : - Coordinates [——— | i
Date of Finished 08.11.2015 - Casing Diameter]76.00mm [Elevation (m) s i
: 3 - . z Moisture Content-- % a—
€|z 3 E = A -~ Field Records Undrained Shear Strength -Um” oo |
15 |8l E; ‘g = Soil Description (SPT) TSI W 30 & 10 B |
1 g & 3 3 E E Eu .ﬁ § § SPT Resistance - Blows/fl
10.00 Continue from Page | alja] a2t “ s 10 5 20 25 30 35 40 45
N " Same as previous description
T R 1050 | ) ) ] 1 ]2
X — | Plastic, black, amorphous organic CLAY T
=yj11.00 L
i - <]
| e ™~
1 WS o |.. AN
4 i) ™S
iH12.00 e <
} —
Xmo s S 11|27 HB [>50 .
«nf Very dense, gray, fine to medium SAND >5p
13.00 ws o /
! T l
i " P :
Xun 5 13.50 | |2 22 |4 /i
o f 44
J14.00 AR
ws 3os
15.00 & /
iy S8 3 . 114 16 |30
X =6 Dense, gray, fine to medium SAND k/ TN
“he.oo | -.'.’.- : /
WS i
S / "
17.00 bR . /
D13| 88 17.00 |— Bl6] 9 |15
— y g
= \\
18.00 r .
- ws % Spongy, black, amorphous organic CLAY \\
= ' A —
-~ g N
_ N
'Iw.no -
j qu s 19.00 |"=1 ] 13 -{uB >50 N
| 2 NO SAMPLE 50
- ol Very dense,gray coarse SAND 2
'_zo,uu . ' ) ' /
1 _ Aol [T ey Rt [oossediy )
ST Where full 0.3m peaetration has not been achieved N - Disturbed Ssmple N = Nrtural Molsture Cunleal | C - Consolidation
the number of biows for the quoted penetration 55 -SPT Sample i L. Atterberg Limit Test UCT-Unconfined Compression Existing Dimvethu
i given (not N-valuc) W - Waker Samplo G - Grain iz Anslysis CU - Consolidated Undrnined round level [Semsried iy
WL : Ground Water Level ohsorved inside the, WS-Wgrey Srmple SG -Specific Gravily Test UU-Unconsoliduted Undrained 8 idered
Borehol, ater the saration. - UD- Undisturbed Sample - Bulk Density pH - Chemical SoNEIooH Chaminds |
NE ot Encountered - CS- Core Sample V- Vane Shear Test 0 - Qrganic content s the zero Drilled By:
HA -Hemmies Bounce Cr - Core Recovery (%) 50,7+ Sulplte Cunteat level
in - Free Down RQD-Rock Qualily Desigaation (%) Ci' - Cloride Content Saath
lﬁg& Made Ground * [px* 3| Silt %84 Gravel _a Laterite Nodules |2 =3~ Completcly Weathered Rock [ \‘{I P ISR
foim| Clay v Sand ~ <& 2] Organic Mattcr Silty Sand S _AHighly Weathered Rock Fresh Rock




| = 2 NO 62/3, Neelammahara Road, 7 .

:_ ﬂ} ENGINEERING & LABORATORY SERVICES (PVT)LTD.| "t G i | e

! SITE INVESTIGATIONS DIVISION N Tel: 0114 309 494 _

Project Geotechnical Investigation for the Proposed Twelve Storied Building at Borehole No BH-01
' Alexandra Place, Colombo 07. F g
I {Client M/s. Odel PLC Sheet 30
Location Colombo 07 Rig Joy Core Diameler {54.00mm Ground Water level __1.60m
Date of Started 06.11.2015 Drilling Method [Rofary _|Casing depth _125.50m ——
Date of Finished 08.11.2015 . Casing Diameter|76,00mm |Elevation (m) -

! T E . — i Moisture Content - % [ —
g E o E : . N Field Records Undrained Shear Strength - Um” o
=8 g E g s | B Soil Description (SPT) I3 A0 S0 6 76 80 90

| g Sldld] & g .;E: E[6] 6 SPT Resistance - Blows/fl

20.00 ' Continuc from Page | dlafa|” s 10 15 20 25 % 35 0 45
. 2 WS .
\ = ey Same as previous description /
- 1o i
] ms| ss 2000 [ 26| 14| 15| 29 /
- s \\
]_ 22.00 Medium dense, light gray,gray coarse \
ws SAND \
I i “i ! \\\
' 23.00 i N\
anﬁ s 23.00 [ 6 | 27| 50 [>50 %
B i) Very dense, offwhite, coarse SAND NOSAMPLE 7
L f4-00 L
ws s _-,l'-
.1 / Very dense, gray, brown, silty fine sand
25.0 3
4 "4 COMPLETELY WEATHERED ROCK -
DI7| S8 25.00 |7~ HB >50
] A ROCK LEVEL i ks
25.50 [\
26.00 L
= - % Moderately weathered, fractured, gray,
AL black, brown, BIOTITE GNEISS; fracture | Cress% [[nQD-49%
- 29 surfaces are weathered
N
j27.00 AU N
27.00 END OF THE BOREHOLE AT 27.00m e
' DEPTH i 4
128.00
129,00
-
i el
30,00
Semple Koy / Teat Key Remarki  |[Lapged By l
SPT  Where full 0.3m peneteation has not heen achieved D - Disturbed Ssmple N - Natural Melsture Content  JC - Conselidation
= the number of blows for the guoted peactration S -SPT Sample - L= Anerbesg Limit Test UCT-Uncanfined Compression Existing Dimutiws
Is given (ot N-value) W - Walter Sample G- GrainSize Analysis CU - Consalidated Undrained und level Rursnisd By
GWL : Ground Water Lovel abserved Inside the W5-Warey Sample 5G -Specific Gravity Test UL-Unconsolidated Undrained £ idered
. Horehole, afier the saturation - UR- Undisturbed Sample B - Bulk Density pH - Chemical consicersd | Chaminda =
=fNE Mot Encountered - ©8- Coro Sgpmpla V- Vane Shoar Test 0 - Drganic ontent as the zero Drilled By:
iiiji «Hammer Bovnce Cr - Core Recovery (%) S0, Sulphate Content level
Iy - Free Down RQD-Rock Quality Designation (%) Cf - Claride Content Saath
&25] Made Ground |ex% 5] siit °%a !_| Gravel ‘Laterite Nodules 7~ -] Completely Wi IRock PN e
"'ﬁ'{f_—: | Cliy T Sand :m Organic Malter ~%Silty Sand [/~ .~ JHighly Weathered Rock Fresh Rock




v 3 T L] I PN VAL LTy § TSI G By No
ﬂ; ENGINEERING & LABORATORY SERVICES (PVT) LTD. Kahioaindte ST, obyeis
SITE INVESTIGATIONS DIVISION _ Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at [ 0 00 o BH-02
Alexandra Place, Colombo 07, : 3
Client M/s. Odel PLC Sheet 1 : o
Location Colombo 07 Rig TW Core Diameter {54,00mm Ground Water level  1.40m
. [Date of Started 07.11.2015 Drilling Method jRotary  |Casing depth  {25.50m .
= — - . ! . Coordinates
Date of Finished 08.11.2015 Casing Diameter{76.00mm [Elevation (m)
I E ; i o ] Moisture Content - % L —
E |3 2 € g s Field Records " Undrained Shear Strength - tm”
£ |8|o i_% 3 g Soil Description (SPT) BT e TR 1
g 3 E 3 E' E' .g? ] SPT Resistance - Blows/ft e
0.00 ) Ground leve] g g w |z S 10 15 20 25 0 35 40 45
3 DI| DS 999 Concrefe layer -
010 L} i
- /| Reddish brown, gray, fine to coarse, clayey
SAND
1.00
p2| 88 1.00 |- oo 1|1
_ y e 1
- % - 10 Very loose, brown, fine to medium SAND
G.W.L. cH
200 g I (7
D3| 88 [ Leom [2.00 [ oo 1|1 ez
_ - Very loose, brown, fine to coarse, clayey N
5. ws o SAND N
3.00 Lt : \
D4| s§ 300 |30 a7 {1320 N
e . "2
3 v »|  Medium dense, gray, light gray, fine to \
4.00 e medium SAND \
B WS e i
Z \
an s faso {7 12| 15 18 |33 \ i
5.00 i B i
o i I i
WS e ] 4
< Dense, dark brown, fine to medium SAND
6| 58 b o ' ' 1 s{12{16]|2 /
'.., 2o 26
I?.m ws \
N1
F 07| 8 7.50 9 | 19| 25 | 44 AV
.00 42
F ¢
? ; bon §: Dense, gray, fine to coarse SAND E ,
3 s . j
5,00 '.'. -~
i D8 | S§ 9,00 [\ 10| 18|25 |43
i i b4
L AR Dense, brown, fine SAND i -
rw.ao_ ws =¥ -
[ Bample Koy Teal Kev Remnky  [Logsed By ]
SPT Where full 0.3m penetration has not been achleved D - Disturbed Sample N - Nutural Moisture Conteat  [C - Consolidation .
+ the number of blows for the quoted penetmilon $5 -5PT Sample L~ Atterberg Limit Test UCT-Unconfined Compression Existing E Dimuthy
, is glven (ot N-value) W - Water Sample G - Grain Size Analysis ~ CU - Consolidated Undrained ronivd level Bupervised By
WL, & Ground Water Level observed inside the WS-Wprey Sample G -Specific Gravity Tesi UL-Unconsolidated Undrained g idered
i Borehole, ENer the saration : UD- Undisturbed Sample B~ Bulk Density H - Cheinical . sonsidares Somaniha
HE Not Encountered : C8- Core Samplé V.- Vane Shear Test 0 - Orgenic.conlent as the zero Daillsd By:
]H“ -Hammer Bounce Cr - Core Recovery (%) X 50, Sulphate Content level [t
"o - Free Dowa RQD-Rock Quality Designation (%) CI'- Cloride Content Nishantha
%252¢) Made Ground x| Silt %028 ¢y Gravel Cf44] Laterite Nodules £ ~Y~1 Completely Weathered Rock ,C)\ﬂ <
iy e [FTRG g (oo [T Ot Mateer = JEAE] Silty Sttt A mighty Weatlicred Wook Tresh [to0k




s e

T NO 6213, Neclammehara Road, | ;
éls ENGINFERING & LABORATORY SERVICES (PVT) LTD. K’awwwm' ol Lok :g‘;l:’:]:v
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at Borchole No BH-02
Alexandra Place, Colombo 07. . 3
Client M/s. Odel PLC Sheet _ 2 0
I ocation Colombo 07 Rig TW Core Diameter {54.00mm Ground Water Jevel 1.40m
Date of Started 07.11.2015 Drilling Method [Rofary _|Casing depth |25.50m ’
: y = Coordinates
Date of Finished  108.11.2015 . Casing Diameter |76.00mm [Elevation (m) :
. ? R d Moisture Content - % B—u
E b 18- :E: £ . " Field Records Undrained Shear Strenpth - i’ ——0
5 |8lg S’l‘l 3 5 18| Soil Description " (SPT) W% W W W @ 0 W 9|
g |d]4ld ﬁ g |8 AR SPT Resistance - Blows/R__ — ~
10.00 ) Continue from Page 1 dlala = S 0 15 20 25 0 35 40 4
b - 7
Same as previous description /'
& X D9 | S8 1050 [ oo 7{9| 12 |2
11.00 e
- .| Medium dense, gray, fine to coarse SAND
12.00 w N
pio] s 12,00 [ 17] 21| 23 | 50 N
NOSAMPLE b0 1
K Dense, light brown, offwhite SAND [
13.00 WS .3 /
x XDH ss 3.50 [ 15{21| 24 | 45
.00 b4
-+  Dense, offwhite, fine to coarse SAND i
w8 e //
= IR L
15.00 "'f-:': 4
D2 S 15.00 | X 203356 P
e T
— 1 X
" s
His.00 X ; -
- ' X Uncompacted, black, organic SILT  *
WS X
X - : e
i X v
S
X
17.00 X
Xma S5 17.00[ %5 23] 3|6
X i
= #
X
X
18.00 -y*-x Uncompacted, black, organic SILT with
ws X .. some gray, fine to medium sandy CLAY
i X
% .
19.00 | %
D14 UD 19.00 z
i Im Undisturbed Sample
3 19.50 |7 - .
. Loose, offwhite, fine to coarse SAND
: e ; I [T
1-?1"1‘ Where full 0.3m Tias not been nehi D - Disturbed Sample M- Natural Moisture Contenl  [C - Consolidution ) .
7 the number of blows for the quoted penetration S8 -SPT Sample L+ Atterberg Lim Tesy UCT-Unconfired Compressian ol ath Dimuthu
is given (nat N-valuc) W - Water Semple G - Grain Sizo Analysis CU - Consoliduted Undrained LKIS}II:EOI Supervised By: ___l
GWL: Ground Water Level observed inside the WS-Wyrey Sample $G -Specifio Gravily Test . |UU-Uncansolidgted Undrained o dered
Borehole, sfler (ko safuration . UD- Undisturbed Sample - Bulk Denshy pH - Chemical * constdere : Samantha
NE  Noi Encountered - CS- Coro Sample V- Vano Shear Test O Dsganictontent as the zero : .
HR -Hammet Houace ’ Cr- Core Recovery (%) S0, Selphate Contenl - T e e
D - Free Dowa RQD-Rack Quality Designatlon (%) CI'- Cloride Content Nishunihe
2200 Made Ground -~ [1x%x1] Silt %254 Gravel - Laterite Nodules |7 ~3- 7 Completely Weathered Rook [\
T Sand = "f..:'rOrga'nic'l\ifat!cr Tl Sy San ,-Q-_f]'Highly Weathered Rock Fresh Rock

T Clay

|



FAN Mker g S

aearans bu 8 wasnanny

Formal No:

éi% ENGINEERING & LABORATORY SERVICES (PVT) LTD.| " i e Syt
4 SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at {5 0 10 N BH-02
' Alexandra Place, Colombo 07. o 7
Client MJs, Odel PLC Sheet 3 1 3]
Location Colombo 07 Rig W Core Diameter |54.00mm Ground Water leve 1.40m
Date of Started 07.11.2015 Drilling Method {Rotary  [Casing depth }25.50m Coordinates
Date of Finished  108.11.2015 Casing Diameter;76,00mm |Elevation (m) _
. g AT Moisture Content - % —
gl 2| = E e Field Records Undrained Shear Strength - Um® oo
s18lg|le| B 5|8 Soil Description SPT) | iR
E 3 3 8 E E E’zn 8¢ .§ SPT Resistance - Blows/ll
20.00 Continue from Page | 2|12 = & s 0 15 2 25 30 35 40 S
il WS ‘-
21.00
i X DIs| 8 w t]2]2]4
v . - NO SAMPLE A
L i Same as previous description ‘\
22.00 \
- ' TN »
N\
23.00 s N
5 an s 200, S| |2 \
Tt Wy
24.00 Medium dense, coarse SAND with fine \\
ws Pty © gravels
5 ‘: e \\
] AN
25.00 i N
X oi|ss|  [2500 'v-{ COMPLETELY WEATHERED ROCK |30/ 50 15
3 e ROCK LEVEL HB )
25.50 [\
26.00 . % Moderately weathered, highly fractured, ol
cs ~_] brown, gray, reddish brown, BIOTITE | Gre=57% || RQD-0%
“\1  GNEISS; fracture surfaces are highly
i ™\ _ fractured
27,00 26.80
— o5 -\4 Moderately weathered, fractured, brown,
% gray, reddish brown, BIOTITE GNEISS; | creso% [lro-ssw
- | fracture surfaces are highly fractured e
LN :
28.00 ;
= % Moderately weathered, fractured, brown,
& ~ &ray, reddish brown, BIOTITE GNEISS; | cr=i0% jlrQn-as%
= ' N fracture surfaces ave highly fractured T
faX . . . R
29.00 28.80 END OF THE BOREHOLE AT 28.80m
DEPTH -
30.00 = i
Semple Koy / Test Koy Remarks  [|Logged By
SPT Where full 0.3m penctration hes not been achisved ql] - Disturbed Sample N - Natural Molsture Content  |C - Consolldation . x
. the number of blows for the quoted pén=lul[un 88 -5PT Sample L= Aunerberg Limi Test UCT—Uru:nnI'uF\ed Compression EXESI!'IIE . Dinnatina
s given{not N-valig) W - Water Sample G - Grain Siee Analysis CU - Consolidated Undrained 1level Supepvised By,
GWL  : Ground Water Level observed inside the WS- Werey Sample SG -Specific Gravity Test UU-Unconsolidaied Undrained idered
Borehele, sfler the saturation = UD- Undisturbed Snmple B - Bulk Daiity pH - Chemieat considere Sumsntha
INE  Not Encountered ) . €S- Coro Sample |V - Vene Shear Test O - Organlc content as the zero Eﬂ.ikd.ﬂx- :
HB -Hommer Bounce Cr « Core Recovery  (36) 50,7~ Sulphate Content level : )
FD - Fres Down RQD-Rock Quelity Designation (%) CI'- Cloride Content Rishantha
Made Ground 2% x| Silt °e%0 5| Gravel Laterite Nodules [[ ~Y~] Completely Weathered Rock _
Ty e ] S [ s & | QTR Rlos ity Sifitesesms PSS Bty Wenlivered Rook ™| Fresi ook f




i % 5 - NO 62/3, Neelammahara Road, ™ )
| éﬁ} ENGINEERING & LABORATORY SERVICES (PVI)LTD. | ™l Vi it | omai
" SITE INVESTIGAYIONS DIVISION Tel: 0114 309494
- [Project Geotechnical Investigation for the Proposed Twelve Storied Buildingat 1,5 010 No BH-03
l - Alexandra Place, Colombo 07,
Client M/s, Odel PLC 5 Sheet 1 of : q
Tocation Colombo 07 Rig Toy Core Diamefer 154,00mm Ground Water level __ 1,70m
7 jDate of Started 07.11.2015 Drilling Method [Rotary [Casing depth 133.30m R —
I Date of Finished 09.11.2015. Casing Diameter|76.00mm |Elevation (m) : - .
) E' . B Moisture Content - % BT
E B 2l 5 E,. s o Field Records . Undrained Shear Strength - tim’
1= Slg| B 3| g E Soil Description (SPT) T @ & W W
KR § g3 TTi T3 SPT Resisiance - Blows/ L a1
0.00 : Ground level aje i a G s 0 15 20 25 30 35 40 45
. 1 DI| DS Z
. Dark brown, offwhite, fine (o0 medium,
ot SAND
i 1.00 "“
| 2| ss 100 |-, (4|7 |u
l i T
o ws b A N
I L ——d [CTR N
¥2.00 aei o 5 : \
IS GWL. |- ' [ Medium dense, gray, fine to medium SAND \
D3| §8 al 1L.70m |+ _-: il . 1 6 16 | 22 h
e X2
- WS '_".‘ . i \
3.00 sy N\ l
, n4| 88 3.00 |°° 92| 17]3 \\
: 39
e .':_': 1 Dense, dark brown, fine to medium SAND \\
- i : \\\
i X ps|ss|  fhso [i 15 ol [>%0].
{s.00 gt B >80 /
V.7 Very dense, dark brown, fine to coarse A
_ ws o SAND - ) 4
- I-L.oo Ve .
D6 | S8 600 |- 9l 11| 15| 26 .
L A8 i bi
- ‘.. ":.b \
f‘ L Medium dense, brown, fine SAND A
7.00 ws g \
| 5
{' X 1| s 7.50 20| 20 | 24 | 44 N
-,KE.DU /N /l 441k
. /r
i i Dense, gray, fine to medium SAND 74
L 3 i /
i 1) ‘ /
"r).oo e i
D8 | 88 9.00 [~ 'SR RTREY! A K
1 o . K31
P e Spongy, black, organic CLAY /‘
| 10.00 ws . T /
{ SAmDlE Ko T oL e T (T
) jFT Where fll 0.3m peneiralion hes not been achieved D - Disturbed Sample N~ Natural Moisture Conlent IC-f‘ olidatis
! the mumbsr nfll.ﬂnwn for the quoted penetration 55 -5PT Sample - L~ Atterberg Limit Test UCT-Unconfined Compression Existing ) Dimuthu
i s given (rot N-value) W - Water Sample G- Cirain Size Analysis CU - Consalidated Undrained d level Supervised By; I'_
we Ground Water Level observed inside the, WS8-Wgroy Semple 50 -Specific Gravlty Test . UU-Uncorsolidated I.In;dr:ined ‘gl.‘()l.ln’ ccd E
Torchole, afler the saturation . ’ UD- Undisturbed Sample 113- Bulk Denslly pH - Chemical consider . Lahinu .
Not Encountered - S+ Core Sample V- Vane Shear Test 0 - Organi content as the zero Duilled By A
Hp -Hammer Bounce Cr - Core Recovery (%) §0,% Sulphate Content level _—.‘-‘_—_HI
ib = Free Down RQD-Rock Quality Designation (%) CI'- Cloride Content Roljana
ﬁgﬁj Made Ground x| Silt 9628t Gravel ) Luterite Nodulés [/ ~~7 Completely Weathered Rock (~....
Pty | Clay™ dadicis [ Sand 4 'ﬂ-‘{:l Organic Malter :'_;. Silty Sand 7~ ~ {Highly Weathered Rock Fresh Rock




" Y : NO 62/3, Neelammahara Road, | .
| éﬁ, ENGINEERING & LABORATORY SERVICES (PVT)LTD. | " yoowavals, i Lanks. i
k SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
- |Project Geotechnical Investigation for the Proposed Twelve Storied Building at Rorehole No BH-03
l Alexandra Place, Colombo 07, T 1
"IClient M/s. Odel PLC Sheet ‘ 2 0
T.ocation Colombo 07 Rig Joy Core Diameter 154.00mm Ground Water level  1.70m
“y §Date of Started 07.11.2015 Drilling Method jRotary  |Casing depth  §33.30m Coordinates
| iDate of Finished 09.11.2015 . Casing Diameter}{76.00mm |Elevation (m) s
) B 3 - Moisture Conlent - % n—n
|3 w % ) o 5 i i e * Field Records  Undrained Shoar Strength - tm” ¢
b 5 8 S E = : Soil Description (SPT) -—mTa—u—ro—ﬁ_suTﬁ"
r%L 3 E 3 5 E .ﬁ g SPT Resistance - Blows/t. =~ ~
10.00 Continue from Page 1 g a9 = s 10 15 20 25 30 35 4 45
' ‘ : e Same as previous description /
e X 9| 88 1050 |~ . 203 4|7
= j1.00 |2 X =gl N
i <
: *-|  Firm, gray, fine to coarse, sandy CLAY ™
ws — - N
— o T !
- AN
12.00 e
X DIo| s$ 12.00 |+ 1520 22 | 42
- X
e 2 &
- . ';_ //
.+ Dense, offwhite, gray, fine to coarse SAND 74
13.00 ws i 7
e /.
L o | yd
X D] 88 13.50 |- al4f s |9 L/
= g
-J14.00 ] :
! e _
i i " | Spongy, black, amorphous, organic CLAY
- 8 \ e
i 15.00 . - \
D1z 88 15.00 |~ - alsf s |13 \ i
LB &
3 {I_G.DU . — : ' \
ws o A
5 \ 1
) \
17.00 —._| Stiffto very stiff, greenish gray, fine to X
X D13 55 = medium, sandy CLAY 6 |10 21 |31 \W i
S, 3
oo ] \
- [ ws | \ —
| \
~519.00 ] \
E Xou s5 19.00 [, 5| 15| 30| 45 \N
J 1 Dense, light gray, finc to coarse, clayey 5,
o . SAND
Ezo‘uo o
Snmple Key /Test Key Remarks
Where full 0.3m penetretion has nol been.achleved D - Disturbed Sampla N - Natural Moi Content  [C - Consalidat]
thie nusber of blows for the quoted penetration $8 .SPT Sample L= Attecberg Limil Test UCT-Unconfined Compression Existing :
! is given (nol N-value) W - Woter Semple G~ Grain Size Anslysis CU - Consolidated Undrained ound level
iu‘iWL Ground Water Level observed inside the WS-Wgrey Sample $G “Specific Gravity Test UL-Unconsalidated u:ﬂinﬂud &r idered
] Borehole, afler the stiuration- ) Un- Undistucbgd Sample 1 - Bulk Densly pH - Chemical constdere
NE  Not Encontered €S- Core Sample V- Vane Shear Test 0- Organideontent as the zero
HR -Hammer Bounce Cr - Core Recovory (%) 50,7~ Sviphaté Content level
] - Frea Down RQD-Rock Quality Designation () Cf - Cloride Content
%305¢ Made Ground ey silt 9,98 g Gravel L4) Laterite Nodules [7 -3~ Complotely Weathered Rock [ ~\]
"V Clay =] Sand L Orgamr. Ma:ter ' [:’m‘] Silty San f,-\.. Highly Weathered Rock Fresh Rock




. FHAS WALD LD, BT it ULy 2 N U
? ﬂ% ENGINEERING & LABORATORY SERVICES (PVT) LTD.| ™ e ks, | e h00
' SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
~ |Project Geotechnical Investigation for the Proposed Twelve Storied Bnltdmg at |5 rehole No BH-03
! Alexandra Place, Colombo 07, Si—g
i IClient M/s. Odel PLC Sheet 3 ——
Location Colombo 07 Rig Joy Core Diameter {54.00mm Ground Water leve 1.70m
1 fDate of Started 07.11.2015 Drilling Method {Rofary  [Casing depth  133.30m Coordinates
| {Date of Finished 09.11.2015. Casing Diameter {76.00mm |Elevation (m) )
! : ] iy Moisture Content - % —n
H|= = G 7 o Field Records Ondrained Shear Strength - Vm” g_ o
| g |8§]g E; s B Soil Description (SPT) 0 W oW W
! g vﬁ 3 L‘,"; E g Eﬁ a18] g, ST Resistance - Blows/fi
20.00 Continue from Page 1 21a] " e s 10 15 20 25 0 35 40 45
- WS ih \
l a £ Same as previous deseription \
5 121.00 . T \
[ i Xms s 21.00 [0 25| 33| 3063 b \
- "-' l' 4 //
_ e yd
l 22.00 J+1 Very dense, offwhite, light gray, fine to //
ws .l coarse SAND X
[ %
23.00 7 % /
Di6| S8 23.00 [% k' s|7] 8|18 7
X 15
— ‘x k \
Xk \\
~ fa00 X g' Uncompacted, offwhite, light brown, sandy N
I WS s SILT R
X' N
Xy N
! 25.00 H ' \
X p17| 88 25.00 ::-— 35/ >50 )w\
] o Brown, blackm fine SAND HB
- s
j AN ]
26,00 S
e s ’
7N .
| _ /7] COMPLETELY WEATHERED ROCK
s FES
21.00 A L :: ]
{ ‘<] (27.00-29.00)m sample changed to; gray,
T black, offwhite, fine sand i
— i \: .
% 28,00 e ]
::- COMPLETELY WEATHEREDROCK | | | | L. 1 1 1 4 -t
Y FaY :. ......
| N - J
3 j , ~ ] e g e
29.00 L~ ROCK LEVEL
, 2000 [ M S ]
I s ~\_] Highly weathered, highly fractured, gray,
A % black, brown, BIOTITE GNEISS; Fracture | cieis% | Ran=0% e
urfaces are weathered ey
30.00 30,00 [\A i !
l Tunle R T Koy (o (TR i
1 §SPT Whese [l 0.3 penelration has not been achiaved D - Diswrbed Sample N - Natyrsl Molsture Content  [C - Consolidation - :
the number of blows for the quoted penclration §S -5PT Sample L - Atterberg Limit Test UCT-Unconfined Compression Existin g Dimuthu
Is given {not N-valug) W . Waler Sample G- Grain Size Anl't}.\‘u (CU - Consolidated Undrained round level Supeodsed By
GWL : Ground Water Level abserved inside the - |WS-Wgrey Sample SG -Specific Qravity Test uu-Unoomudmi' Undrained  ~ & idered
Horchole, afle the saturation’ UD- Undisturbed Semple B - Bulk Dernsity i - Chemical sonsicae Labin |
"7 AINE ot Encountered - €S- Cora Sample " |V - Vane Shear Test 0 - Qrgante contend as the zefo Drilled By: e )
"B “Hammer Bousce Cr - Core Recovery (%) 50,7 Sviphate Content level
FD « Free Dowa RQD-Rock Quality Designation (%) 1 - Cloride Content Rohana
J {(3%5<¢| Made Ground [xx¥ xy] Silt %% a| Gravel . Laterite Nodules [- ~> =] Completely Weathered Rock & i
-] Chay [ “Sand s Orgiie MaTter S| silly ShRee— PSRy Wealieted Rook Frésh RooK




él; TORY SERVICES (PV'[‘) 5 8 Qi osdais cipt ‘;,‘";““é.’éz
| SITE INVESTIGATIONS DIVISION . Tel; 0114309 494
. Project Geotechnical Investigation for the Proposed Twelve Storied Building at {0 10 N BH-03
] Alexandra Place, Colombo 07, r T
| {Client M/s. Odel PLC Sheet &0
Location Colombo 07 Rig Joy Core Diameter 54,00mm Ground Water level 1.70m
., jDate of Started 07.11.2015 Drilling Method [Rotary  |Casing depth {33.30m ot
l Date of Finished 09.11.2015 Casing Diameter|76,00mm |Elevation (in)
i -E = o : d Moisture Content - % [F—
E | gl 3 | € |- . 5 g Flold Records Undrained Shear Strength - Um® o
NERLIE 5 E Soil Description (SPT) T 7 =
I g sldld| & E EJ AFEFIE SPT Resistance - Blows/ft =
30.00 Continue from Page | aljala s 10 15 3 25 30 35 40 45
M 30.00 [\
" - ™\ Moderatelty weathered, fractured, gray,
|- ’ % black, brown, BIOTITE GNEISS; Fracture | ca-io% | Rb=44%
surfaces are weathered
3100 NS
by 3100 [\
o8 N\ Moderatelty weathered, fractured, gray,
- i \A black, brown, BIOTITE GNEISS; Fracture | creioo% | Ron=sr%
9 % surfaces are weathered
32.00

W 32.00 END OF THE BOREHOLE AT 32.00m

. DEPTH '

"133.00

300

l 35.00

‘ -

i 36.00
|
37.00 "
i 38,00 T
|

439,00
40.00 - e
. : ‘Sample Key [ Tes) Key / Remarks 1
ASPT  Where full 0.3in penetration has not been achieved D - Disturbed Sample N - Nalursl Mo Contenl  {C - Ci 4

] the numbor of blows for the quoted éenelraliun SS -SPT Sample L+ Atterberg Limiit Test UCT-Unconfined Cum;ur!llun Existing Dinsthu
s given (not N-value) W - Waler Sample G -.G!'lill Size Analysls G4 - Consolidated Undrained ound lovel Supervised By,
GWIL + Ground Water Level observed inside the - | WS- Wgrey Sampls SO-Spctl.ﬂcG!a\r]'.yTgal UU-Unconsolidated Undrained - B E
Rarchole, fter tha ssuratign” " UD- Undisturbed Sample B - Bulk Dénsity pH = Chemicil considered Lehiru
L ANE Mol Encountered - CS- Core Sample " |V - Vane Shear Teut d-Omnir. conlent as (he 7er0 Drilled By;

“jum ~Hammer Bounce Cr - Core Recovery (%) $0," - Sulphate Content level [ ]
FD - Free Down RQD -Rock Qualliy Deslguatlon (%) Cl - Cloride Content Rehena
¢ Made Ground [xe I| Silt Gravel ') Laterite Nodules [ ~~] Completely Weathered Rock »

{i‘fz‘:ﬂmﬁwm e et "@FE‘ﬁ‘“mE‘i\‘rfm- ; *Silty Satiam~ P Highly Weatliered Rook Fresh ROeR™




.. 2 o ¥ NO 62/3, Neclammahara Road,” 5 .
| ég; ENGINEERING & LABORATORY SERVICES (PVT) LTD. Katuwawala, Sri Lanka. ’E"I"S""‘;Ifz‘;
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at 5 010w BH-04
Alexandra Place, Colombo 07.
Client M/s. Odel PL.C _ Sheet i - of 3
Location .{Colombo 07 Rig Joy Core Diameter [54.00mm Ground Water level — 1.70m
] Date of Started 11.11.2015 Drilling Methiod {Rofary _|Casing depth _125.50m | o = o ovoc
Date of Finished 12,11.2015. Casing Diameter{76,00mm |Elevation (m) ,
E - A i d ~Moisture Content - % —t
JE |z ] E | o - % Field Records ; Undraincd Shear Strength - Um®
I e |8lg ;% 3|5 |3 Soil Description (SPT) o T 30 @ 50 67080
g 3 E ] 3 g .En i .ﬂ § SPT Resistance - Blows/fi i
fo.00 ] Ground level .g ala |~ s 10 15 20 25 30 35 40 45
l N ni| ns 0.00 |:
- Brown, fine to medium SAND =
00
] D2| 8§ 100 [ 71 13]13]26
e (]
[ - il & e Medium dense, brown, fine SAND p 7 I
{§2.00 - ,/
X D3| 85| 5 . [2:00 202 6]8 Tk
: at Loose, brown, offwhite, fine to medium NOSAMPLE ]
Ill ws 1.70m SAND ) "\\‘
3.00 : “"\\_\
: X Di| 58 300 | - 8 | 25 | uB[>s0 N~
li >5()
)J4-00
ﬁ{ wS )
i Very dense, dark brown, fine to coarse
X ps| ss SAND 25 | 35| HB [>50
Ilis,uu 3 50
ws i
r‘ .
6.00 . s
X D6/ 58 600 |- 10 23 | 27 | 50
.t E
e Very dense, brown, fine to medium SAND
7.00 ws =4
3 | ss 7.50 [ 15| 30 | HB |>s0
$a.00 T >3t
' b Very dense, gray, fine clayey SAND
ws rlt Ty , Bray, yey i 7
- B - //
i?'-ﬂl] o | /'7
an §8 9.00 | o 7(10] 5|15 A
.| Medium dense, gray, fine to coarse, clayey ol
SAND /
10.00 WS e /
Sample Koy /Test ey Temuris  [[lopgedliv:
_JSPT  Where full G3m penelration has not been achieved D - Disturbed Sample N« Natural Moisture Content | © - Consolidation ~ !
the rumber of blows for the quoted penetration S8 -SPT Sample L~ Allerberg Limit Test UCT-Unconfined Compression Exislinr-,: Dimuthy
is given (not Novalue) W - Water Sample G - Grain Size Analysis CU - Consolideted Undeained - round tevel |Supervised By
GWL  : Ground Water Level observed Inside the WS-Werey Sample S5G -Sycciﬂo_G,llvhyToil UU-Unconsglidnted Undrained  ~ B idered
. Darchole, afler the satucation UD- Undisturbed Sample . |B - Bulk Density pH - Chemical cansluor Lahir
BNE Mot Encountered . €S- Core Sample |V~ Vana Shear Test 0 + Orgahic content as the zer0 Rrilled By;
HR ~Hammer Bounce Cr - Core Recovery  (¥6) 50,7« Sulphate Content level
D - Free Down RQD-Rock Quality Designation (%) CI'- Cloide Content Sanulh
h@l Made Ground st k| Silt 4?84 Cravel _ Laterite Nodules [ ~>-1 Completely Weathered Rock M : :
A D . [ Sand =~ £33 Organic Matter T"Silty Sand [L~ - JHighly Weathered Rock Fresh Rock -




’ = & 5 NO 62/3, Neelammahara Road, = | ¢ i
| ﬁ% INGINEERING & LABORATORY SERVICES (PVT) LTD. | ™t Sitmie. | s
; SITE INVESTIGATIONS DIVISION Tel; 0114 309 494
AProiect Geotechnical Investigation for the Proposed Twelve Storied Buildingat |5 o 1o No BH-04
] ) Alexandra Place, Colombo 07
| 7 P * . 1 of 3
A4Client /s, Odel PLC Sheet 2
Location Colombo 07 Rig Joy Core Diameter 154,00mm ‘Ground Water level _1.70m
it Date of Started 11,11.2015 Drilling Method |Rotary  |Casing depth 125.50m Coordinates
ifDate of Finished 12.11.2015 - Casing Diameter]76,00mm |Elevation (m) .
i g . 2 Moisture Content - % By
1 E |® = G i ; : Field Records T Undrained Shear Steength - Um’ oo}
M s 18 g é ?; " g ﬁ' Soil Description (SPT) — W@ T W%
g dldlg) 2 g A . B B SPT Resistance - Blows/fl 3
0.00 g Continue from Page 1 a E - 5 10 15 0 25 0 15 40 45
Same as previous description 7 :
3 X 9| 58 10.50 |- . 21| 3fa]
-$11.00 sy < i
L +|" Soft, gray, brown, fine to coarse, sandy \
ws ] CLAY \
L, L v \
h2.00 o \
an 58 12.00 |~ | al7| 8|15 \ .
13.00 ws - \
& Xnn 58 i s| 8 10|18 \
-f14.00 - i el
3 ( WS T~ . ;
-~ Very stiff, gray, fine to coarse, sandy CLAY
{15.00 :"" \
DI7| $8 Eo: 8| 12 |2 il -
s LY 73
16,00 B \\
WS T : \\\
o B .\
11?.00 iy : N
D13 85 17.00]° % 16 { HB =50 N\
>50 .
i .=+ Very dense, offwhite, fine to coarse, slightly
o =t clayey SAND
‘ ‘ - o yey J
"i'm 18[HB 550 -
: Xnu ss 19.00 [%.
‘V * 1| Very dense, gray, fine to coarse, silty SAND >5p
By .
£20.00 T
| Saiole Kevl Texi Key Temntks  [lossed By
" ISPT " Wikere full 0.3m penetratlon has not been achieved D - Disturbed Sample M - Natural Moisture Content [C - C
‘s the number of blows for the quoted penetration §5 -SPT Samplo L« Atterberg Limit Tent UCT-Unzonfined Comaression Existing: Dimuthu
__ is given (not Nevalue) W - Water Sample G- Clreln Size Antlysis CU - Consalidsted Undralned i Tarid [Soperdsdiiy:
|G\\'!. « Ground Water Leve) observed Inside the WS-Warey Smnple SG +Spetific Gravity Test UU-Unconsolldated Undralied |8 id
Dorchole, afler the saiurtion UD- Undisturbed Sample . |B - Bulk Density pH - Chemical considercd Lehirg .
TEME  Noi Encountered * CS- Coro Sempla |V - Vane Shear Test 0 - Drgartio content as the zero Drilled By:
FHTE ~Hammer Bounce Cr - Core Recovery (34) 50,7 - Sulphate Content level
}-"D - Free Dawn RQD-Rock Quality Designetion (¥5) €1 - Cloride Content Sarath
5 J Made Ground [ =% x| Silt 90°8 & Gravel JAF£ 4] Laterite Nodules |7~ 3] Completely Weathered Rock N
i‘g}:— Clay Tt T sand. a 3 2| Organic Matter woiol SiltySand |7~ - <JHighly Weathered Rock Fresh Rock




7 NO 62/3, Neelammahara Road, ,

i ﬂ; ENGINEERING & LABORATORY SERVICES (PVT) LTD.| "™ 0 et ™ | Formatbo

' SITE INVESTIGATIONS DIVISION Tel: 0114 309 494 ‘
Project Geotechnical Investigation for the Proposed Twelve Storied Building at | 0 0 00 BH-04

. Alexandra Place, Colombo 07.

I Client M/s, Odel PLC Sheet 3 of 3
L.ocation Colombo 07 Ri%' Toy Core Diameter {54,00mm Ground Water level ~ 1.70m
Date of Started 11,11.2015 Drilling Method [Rotary |Casing depth  {25.50m —

| [Date of Finished 12.11.2015 Casing Diameter {76.00mm |Elevation (m) . :

= ‘ '? = T Field Record Moisture Content - % —
E |2 = G \ ‘ % o e iy Undrained Shear Strength - Um® oo,
= 8 % ::E-: Tl 5 'gn . Soil Description (SPT) s s W

ERAEIE IR AL ARE SFT Resiiance - Blowsli
20.00 Continue from Page | wingps % s 10 15 20 25 30 35 40 45

Y WS g

{ X , i v
e v Same as previous description

s
- f21.00 e
f. Xms §5 21.00 |° ~1Very dense, gray, brown, fine to coarse, silty| 25 [ HB >50
T SAND 0

¥ N

| aw

| oo N

WS N
AT

S £ \:

|
23.00 A

Xms ss N HB =50
[ i ‘-] COMPLETELY WEATHERED ROCK T
’ \:
A
) o0 : \‘.:
{ WS i’ \:
| ik
=% A \:
AN
25.00 7N 1
o N
L —
FAY
= ¥ ‘:
/ \~
26.00 N
Fa : o : '
# \: p—
N ]
L Ry
FAS
27.00 Ny
Ny
] . ]
5 s, ROCK LEVEL ‘
27.50 ¥\ .
| £28.00 cs N\ Modarately weathered, gray, brown,
. % offwhite, highly fractured, BIOTITE i i .
B N\
28.50 '\ - &
“j29.00 ' % Modarately weathered, gray, offwhite, black caet00%|Rap Esv
cs ~ quartzo BIOTITE GNEISS S |
- AY . -
i 29.50 END OF THE BOREHOLE AT 29.50m s
30,00 " "DEPTH
Sampla Key/ Test Koy ] Remaks || Logacd By.:
ASPT  Where full 0,3m penciration has not been achioved D - Disturbed Sample N - Natoral Moisture Content  |C - Consolidali
the number of blows for the quoted penetration $5 -SPT Sample L.+ Mierberg Limil Tast UCT-Unconfined Compression Bxistin : Dimuthu
is given (ot MNevatue) W - Water Sumple G - Grain Size Analysis CU - Consolidated Undratned 5 dl & I'Md_ﬁy;
GWL : Ground Water Level observed inside the * | WS-Werey Sample SG -Specific Gravily Test UU-Unconsolidated Undrstned grcunl e f
Baorahols, afler the ssturation UD- Undisturbed Ssmple . |B - Bulk Deasity pH- Chemical cons:dcrg:d Lohinn - [
THNE Not Encounered ) - CS- Core Sample ¢ [V~ Vano Shear Tost 0 - Orgfnic content as the zero Diifled By; b
HB -Hammer Bounie Cr - Core Recovery (%) 50, - Sulpliate Content level [ |
¥ - Free Down RQD-Rock Quality Designation (%) CI'- Closide Content Sareth
15058 Made Ground [Ex*xX] sill °0 | Gravel [ ~>-1 Completely Weathered Rock [~
e w i ' : R R e Pyt " g
=] Clay 7.2 Sand &aa| Organic Matter > - JHighly Weathered Rock Fresh Rock -




il

- " 3 NO 62/3, Neelammahara Road;” .
ﬂ; ENGINEERING & LABORATORY SERVICES (PVT) LTD. | "G iminciiy ™ | oo
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Buildingat |5 00100 BH-05
Alexandra Place, Colombo 07. z
Client M/s. Odel PL.C Sheet 1 of
Location Colombo 07 Rig Joy Core Diameter |54.00mm Ground Water Jevel 1.20m
Date of Started 10.11.2015 Drilling Method {Rotary  |Casing depth__{25.50m | Eeoniiinies
Date of Finished 11.11.2015 Casing Diamefer|76,00mm |Elevation (m) i
] T _ ; . Moisture Content - % [
E |z =i I - " o Field R?cords . Undrained Shear Strengih - U’
|:-|. 8 9 é{ g g Soil Descrlptmn (SP I‘) 10 20 30 40 S0 60 0 80
FEEIEAE: E g ' -ﬁ .ﬁ E p SPT Resistance - Blows/ft ~ a——
0.00 Ground level AR RN s 10 15 20 25 30 35 40 45
B ES 0.00 [
|I LN | Black, reddish brown, fine to coarse clayey
L SAND
1.00
[ X mfss| ¥ _11.00 |- L2 ]2 4]
A WL, 7. Very loose, brown, fine to coarse clayey N,\“
w [ o 1:20m ‘ SAND \
2.00 St ‘\
| ss D00 |7, 61 6| 10[16 \
. 16
[ & ws "7l Medium dense, light gray, fine to medium
1.00 e SAND
D4| 8 K s| 69|15
] . JE 15
B 345 [°% \
4,00 e \
] WS e \
! 3 X Ds| 88 ..'| Medium dense, dark brown, fineto coarse | 7 | 9 | 12 |2
1§00 o SAND ar
I ws b |
“e00 ‘ |
D6| SS 6.00 |.r - 517 9 |16
: Vet ("HE
] ) Medium ish gray, fine SAND X\ ~
o0 - ; edium dense, greenish gray, fine \ B
Ei " \
| . "
I X D7| s 750 |3 12 15| 18| 33 N ] _15
1!,5_00 ';: : Wl ]
. ws e Dense, greensih gray, fine SAND .
| w /]
9.00 ls // 5
; X D8 | 55 900 [ o s|2l|n ,:’ iR
j . " Loose, gray, fine to coarse clayey SAND 1‘ i
am] | s 7 s | :
f Sample Kov / Tesl Key Rearks _ [Jlozscd iy
J SPT  Where full 0.3m penetration has not been achieved D - Disturbed Sample - N - Nalural Molsture Content | C - Consolidation
the number. of blows for the quated penetration 88 -SPT Sample L- Atterberg Limly Test UCT-Unconfined Compression Exis!in:g Dimathu
is given (non N-value) W - Water Sample i - Grain Size Annlysis CU - Cansolidated Undrained r(iund {evel Supervised By:
I GWL  : Ground Waler Level observed insidathe | WS-Wpgrey Sample $G -Specific Gravily Test UU:lmcun_snlidale& Undrained 8 sl
! Barehals, afler the saturation UD- Undisturbed Sampls B - Bulk Density pH - Chemical consi ‘Cl'ﬂ Chaminda -
_' NE Mot Encountered # C§- Core Sampls © |V - Vane Shear Test 0 - Orginlc conlent as the zero Diilled By, )
HB ~Hammer Bounse Cr « Core Recovery (%) I 50," - Sulphate Content level
D « Free Down RQD-Rack Quality Designation (34) . CI'- Clorlde Content Serath
» Made Ground Silt %004 Gravel Laterite Nodules |7 ~Y~] Completely Weathered Rock T~ _
E.':fi:'— Clay ) - Sand Organic Matler ¥ Sty Sanae L~ - {Highly Weathered Rock Fresh Rock



—

b . NO 6273, Neclammahara Koad:* | pona0 No:
: e 5 ENGINEERING & LABORATORY SERVICES (PVT) LTD. | M e s Lanks. o o
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Stovied Building at 5 = 10 Ng BH-05
! Alexandra Place, Colombo 07. ; F 3
B rell ; Sheet
Client M/s. Odel PLC :
T ocation Colombo 07 Rig Joy Core Diameter {54.00mm Ground Water level  1,20m
Date of Started 10.11.2015 Drilling Method |Rotary Casing depth 125.50m . Coordinates f—————
Date of Finished 1.11,.2015 - Casing Diameter|76,00mm |Elevation (m) . ;
3 ] T Moisture Confent - % —u
E |z & E ) - - Field Records i ——t700q Shoar Strength - Ui’ o
W= g g &l 3 5 | B Soil Description (SPT) 7070 30 40 50 ¢ 70 &0 90
21C12|e| 3 B[ o ? Blowsi =~ "
e 3 Sl 2 & |8 E 8 SPT Resistance - Blo
2 : -E g | & 0 25 30 35 40 45
10,00 Continue from Page | vla)a s 10 15
) |
(L \
X D9/ 85 9ts| 2|7 #l
L]
[ L e Same as previous description
WS
) : -‘
[h12.00 ey |
an 55 12.00 [ - 3af s |9 |
A = AN
! T *~|Firm, light gray, fine to coarse sandy CLAY
13.00 ws | \
I -l T
XDI! ss 13.50 [~ 719 122 \
H i -I
1414.00 :' "~
II | Very stiff, light gray, fine to coarse sandy f
ws = CLAY /
fso0 " /
Xm; s§ 15,00 [~ gl 7| 8 |15
. el AT
. ¥ -
) : 5
16.00 , =| Stiff, light gray, offwhite, fine to coarsg N
. ws [ sandy CLAY N
! i . “\
5 = b = \\ P Fos
1700 gl
[ Xma S5 17.00(.",. 15| 30| uB [>50 |
4 L >50
ii1s.00 - "] Very dense, offwhite, fine to coarse, slightly
T ws S clayey SAND .
I i ;
“F19.00 "
; Xou s 19.00 [ 29 |HB >50 .
| Very dense, gray, offwhite, fine to coarse R4
e z } SAND VA
20,00 b :' //
!| ‘Sample Koy / Test Key Temacks  |[logged By j
,_' SPT  Where full 0.3m penetration has not been aéhioved D - Disurbed Sample - N - Matrel Mol Content  |C - Consolidation” . s
the number of blows for the quoted penstiation S5 -SPT Sample L - Atterberg Limit Test UCT-Unconfined Compression E xistirig _l)imulilxu
is given (not N-value) ! W - Water Sample G - Graln Size Analysis CU = Consolidated Undrained ground level Supervised By |
GWL  : Ground Water Lovel obsorved inside the WS- Wgrey Sample $G -Specific Gravily Test 'I.JU-'E}nsonquﬂtled‘UndralM.d sidered
Borehale, afler the saluration UD- Undisturbed Sample B - Bulk Denslty pH - Chenfical con % Chaménda ,
; NE  Not Encountered - S~ Core Samplo V = Vane Shear Test 0 - Orginic cantent as the zero Dirilled By, * ¥
HRi “Hammer Bounce Cr - Core Recovery (%) 50, - Sulphste Content level
D - Free Down RQD-Rock Quality Designation (%4) CI'- Claride Content Snrath
i Made Ground 9084 Gravel Laterite Nodules |23~ Completely Weathered Rock [\
Clay = & 2] Organic Matter ilty San o~ ﬂHip,hly Weathered Rock Fresh Rock




P o e

—

{

P

- - NO 6273, Neelammahara Ioad,” . ;
égﬁ ENGINEERING & LABORATORY SERVICES (PVT) LTD. Katuwawala, Sri Lanke. 2‘;12"2]‘1;
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at g 01,016 No BH-05
' Alexandra Place, Colombo 07, 5
Client M/s. Odel PLC . Sheet _i__l__gi____-__
Location Colombo 07 Rig Toy Core Diameter 154.00mm Ground Water leve 1.20m
Date of Started 10.11.2015 Drilling Method {Rotary _ [Casing depth _325.50m __| . = ordinates
'Dale of Finished 1.11.2015- Casing Diameter76.00mm |Elevation (m) . ] "
j g = . i iR= Moisture Content - % —
€|z g 2 8 | ; o Field Record Undrained Shear Strength -Um’ oo
518 2 g; B 8 Soil Description (SPT) TE 30 @ S0 G0 %0
g Jlald g § 50 il & SPT Resistance - Blows/fi
20.00 Continue from Page 1 E alal” s 10 15 0 25 30 3 4 48 ]
B ws wzaid )4
- Same as previous description ¥4
oo . 1/
| pis| ss 21.00 |50 46| 10]16 f
16
— - K e
e \\
2.00 %1 Medium dense, light gray, greenish gray, N i
ws et fine to medium, silty SAND : N\
o N
by X
23.00 ol
X D) 58 23.00 |/ ~{ Very densc, gray, brown, sandy SILT with | 34 | H3 >50
\ N mica traces il
s
- ,~_| COMPLETELY WEATHERED ROCK
. N A
[ WS " s .
4 :_' (25.00-25.45)m sample changed to; gray,
- "o~] black, offwhitem fine to medium SAND
™ h, .
e .OU Y
= r\-{ COMPLETELY WEATHERED ROCK l
X DI7| S8 o HB >50 =
\ 51 ROCK LEVEL G
[ hY
25.50 [-~~1 Highly weathered, highly fractured, brown,
] 00% m
s I B AV black, BIOTITE GNEISS et J HOD=
26.00 [~
N Highly weathered, highly fractured, gray, | .. i -
27.00 cs PN brown, black, BIOTITE GNEISS
— /\/
A s
s \.J
i A e
27.50 f}/ e
18,00 N\ g
o M Highly weathered, highly fractured, gray, | . Il 1onon .
g brown, black, BIOTITE GNEISS ‘ g
cs
I N _ : ik
N . &
,\ . N
29.00 2 .
- 2t ¥ .
~-] Moderately weathered, highly fractured, il
cs "N gray, brown, black, BIOTITE GNEISS | cr-oo% || Rop=0% B =
A ; | i
30.00 30,00 ['>]  END OF THE BOREHOLE AT 30.00m DEPTH
, Sample Key / Test Key Remarks  ||Lagasd By.: j:
/ ESPT  Where full 0.3m penelration has notbeen achieved 13 - Disturbed Sample - T - Hulural Moisture Contenl | C - Consalidation
the numiber of tlaws for the quated peastratinn §5 -SPT Semple L - Alterberg Linh Test UCT-Uncanftned Compression Exisiilll'ig Dimelhu
is ghven (not Nevalue) W - Water Sample G - Grain Slze Analysls CU - Consalidated Undrained vind fevel Supervised By
GWL Ground Waler Level observed inside the WS-Wprey Semgle |86 -Specific Gravity-Test UU-Uncopsolidated Undrained B! idered
Rorehale, nfler the saturation UD- Undisturbed Sample B - Bulk Density |pH - Chemical cansiceyes Chaminda.
NE Mot Encountered e CS- Core Sample V- Vane Shear Test {© - Ofganic coatent as the zero Dilied By: A
<Hammer Bounce Cr - Core Recovery (%) 50,7 - Sulphate Content level
« Frea Down RQD-Rock Qualily Designation (%) CI - Cloride Content Sseath
] Made Ground wr i) Silt 39 | Gravel Laterite Nodules 7 ~Y -] Completely Weathered Rock N
Aty 'Clny ) Toxse .":I S:_:.nd' = &aa| Organic Matter 4| Silty San > ~ JHighly Weathered Rock Fresh Rock |




NO 62/3, Neclammahara Road,”

- TR o s ( Format No:
@5 KNGINEERING & LABORATORY SERVICES (PVT) LTD. | "¢ Wit | romano
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Stlor;ed Bullding at Borshole No BH-06
Alexandra Place, Colombo 07,
Client M/s, Odel PLC _ Sheet of 4
Location Colombo 07 Rig Joy Core Diameter 154.00mm Ground Water level —— 2,10m
Date of Started 10.11,2015 Drilling Method 1Rotary Casing depth  128.50m Coordinates
Date of Finished 11.11.2015 Casing Diameter|76.00mm [Elovation (m)
. ) 'g . . % Moisture Content - % ——
E |3 = & | g : Field Records Undrained Shear Strength - V/m*
5 g ; E: B g |5 Soil Description (SPT) TR I T Y T T
ald % il 3| & ki iTE T8 SPT Resistance - Blows/l &4
.00 B Ground level ala|a([® S 10 15 20 25 30 35 40 45
& X DI | DS 0.00 '
Brick fragments
g
100 FILL
Xm §s 1.00 [0 1] a2 II
- s : Very loose, gray, brown, fine SAND
2.00 o
X D3| ss 200 [ 1fof 1] ki
o 22| Very loose, brown, fine to medium SAND
WS T~
1 s TS
X 4| ss 300 [~ 8| 20|27 (a7 e |
- . .‘ » A7/
sies w7 Dense, brown, fine to medium SAND
¥ vs o A
i 4
X ps|ss| . {450 | | 12 1n|u /
5.00 T K20
-+ Medium dense, brown, fine to medium \
i ws e SAND \ 1
: \
6.00 KR ‘ \
ps| ss 6.00 |, :s 6l 12 ] 24 | 36 \
| :
" oo WS : 5 \
I a “7.| Dense, greenish brown, fine to medium \ 1
7] s e, 10]17] 25|42 \
o SAND N
§8.00 e };
18 et ’ / ;
ws it /
F Qi 7 /
; # f
i9.00 stet /
K X ps | ss T 15] 18] 12|30
930 [y _ 3
g s Gray CLAY N\
"im.oo ws 5 N\
™ Simle e Teit Key Ticiiniia i
SPT  “Where full 0. 3m penelration has nol been achieved D - Disturhed Sample M- Natural Moisture Content | - Consolidation
} the nummber of blaws for the quated peactration §8§ -SPT Sample L~ Atterberg Limif Test UCT-Unconfined Compression Exisliﬁ Dimutha
! i¢ given (oot Nevalue) ‘ W - Water Sample Q.+ Grein Size Anslysis CU - Consolldated Undrained and Icl\;ael Supervised By
GWL . Ground Waler Leve! observed Inside the " WS- Warey Sample S0 -Specifie Gravily Test Ul-Uncopsolidated Undralned ™ Bro II’ 4
f Dorehole, afler the snuration UD- Undisturbed Sample B - Bulk Density pH - Chemical mns1d§red Samunthe,
f’m Not Encountered - CS- Core Sample V- Vane Shosr Test |0 - Organle content o5 the zero i
“HB -Hammer Bounce Cr - Core Recovery (%) S0,%. Sulphate Content level
rFl‘l - Free Down RQD-Rock Quality Designation (%) Cr - Cloride Conten: Nishantha
> Madc G_r:.f:u.'nd o @08 4 Gravel _ Laterite Nodules [7«%-{ Completely Weathered Rock //\\-’j i
A Clay # <5, 2| Organic Matter  : ¥ ¥ Silty Sand -~ - {Highly Weathered Rock Fresh Rocle




IR & LTS

f- i 2 — NU 0213, Neclammahara Koad, g lo:
| ﬂ% ENGINEERING & LABORATORY SERVICES (PVT) LTD. | Mo o i | ey
1 0 SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at | 1 1e No B1-06
! Alexandra Place, Colombo 07, i 7
Client M/s. Odel PLC Shoet 20
Location Colombo 07 Rig Joy Core Diameter |54.00mm Ground Water level 2.10m
Date of Started 10.11,2015 Drilling Method {Rotary  [Casing depth _{28.50m ;
= v . = Coordinates
Date of Finished 11.11.2015 Casing Diameter|76.00mm |Elevation (i) )
g N ) . d Moisture Content - % —
E |8 = kG ; ; o Field Recor ~~Undraincd Shear Strength - V" oo
518 9 g 3 = .E’n Soil Description (SPT) W 30 30 40 0 0 7080 90
[=H A L inhia ")
| aldld 3 § g - ‘ .ﬁ .ﬂ \E " SPT Resistance - Blows/fi
j0.00 Continue from Page 1 alala |” s 10 15 0 25 0 35 40 4
T Same as previous description N
| o ’ \‘
i Dol 85 1035 |0 12|2| 27 |50 A\
Afieo i
| o
ws s
) i
i§12.00 Very dense, offwhite, coarse SAND
DI0| 8§ . 14 (26| 24 |50
"y .‘b - 5(‘
- i <
) 2y
'| 5e P
13.00 WS S
= =5 :
Xml 88 13.40 |7 7|8 1018 P
14,00 T e f Tq
f .. Very stiff, gray, offwhite, fine to coarse, |
WS - sandy CLAY \
15.00 : -
sz s 1500 [ g |10 11 |2
= IS ."_" N
16.00 . ;g
- i , | Very stiff, gray, fine to coarse, sandy CLAY \\
— __" . " \\
[ e \
17.00 S \
D13 88 17.00(°%; " 8 |20] 22 |42 b o
e Ak
= el
18.00 i —\_F
ws bt . -
b 1 Dense, offwhite, fine to coarse, slightly _\ Yool
. fies clayey SAND - e
19.00 Fer b
. D14} 88 2t | o] 26 45 )
i 4.5 1 3
20.00 ‘ . . J_ o
_JSPT Where full 0.3m penctration has not been achieved D - Disturbed Sample - N - Walural Moisture Content  |C - Consalidation” ;
the aumber of blows for the quoted penetrtion 55 «SPT Sample L~ Atterberg Limil Test UCT-Unconfined Compression FXfSlililE Tmuthu
o is given (not Nevalug) W - Water Sample |G = Grain Size Analysis CU - Consolidated Undrained ) I level Supervised By
GWL  : (iround Waler Level observed inside the ' v |WS-Wgrey Sample 5G -Specific Gravity Test UU-I_.hwnngulidll.ed'Undraintd idered
Rorchole, after the ssturation UD- Undisturbed Sample B - Bulk Density ptl « Chemiical sonsl !;rc Spmantha,
TUENE Mot Encountered -4 (S- Core Sample V- Vane Shear Test 0 - Orgénle content as the zero | Dilted By. |
HR ~Hanymer Bounce Cr - Core Recovery (%) 150" - Sulphate Content level
5] - Free Down RQD-Rock Quality Designation (%) CI - Cloride Content Nishantha
?@ Mude Ground 9,°8 41 Gravel Af Laterite Nodules , -~ 3~ Completely Weathered Rock N ; -
E}:_-'_'-I Cay a 4 =] Organic Matler =4 "Silty g 7S Highly Weathered Rock Fresh Rock i



= e INALS LLER D, UGG DTy } No:
ﬂ% ENGINEERING & LABORATORY SERVICES (PVT) LTD, Katuwawals, Sl Lanks. lélﬂx.n;
) SITE INVESTIGATIONS DIVISION Tel: 0114 309 494 |
+ [Project Geotechnical Investigation for the Proposed Twelve Storied Building at Borehole No BH-06
| Alexandra Place, Colombo 07, —
I [Client M/s. Odel PL.C Sheet i 0
Location Colombo 07 Rig Joy Core Diameter |54.00mm Ground Water level _ 2.10m
I Date of Started 10.11.2015 Drilling Method |Rotary  |Casing depth  |28.50m Coordiniites
— v : e - oordinates
! [Date of Finished 11.11.2015 Casing Diameter }76,00mm [Elevation (m)
! : g ~ Maoisture Content - % —
g le| - El g, x o Field Records Undraimed Shoar Strengih - U
11 =2 [8]g § 8|l a|% Soil Description (SPT) L L
| B S E l&"i 3 g' Ef g -E .E SPT Resislance - Blows/fl o
20,00 Continue from Page 1 ot ) - A S 10 15 2 25 30 35 40 A4S
1 = WS e 0 10 20 30 40
2100 . e '
l 3 X pis| ss Ly 14|17 25 | 42
| ¥ A (VAW )
i X .y \
ws e . - \
pii Same as previous description
A k
23.00 H l
Xma 58 10[20] 28 | 48 \
i : 45k
| f24.00 o e
WS ;
l 25.00 24,70 ::-
= X p17| 58 o Offwhite, light gray, lateritic SAND 20|10 HB |>50
s N : 35
an FaY * A
l e S50
26.00 s
- - > { COMPLETELY WEATHERED ROCK
- FhY .
[~ \“
A / ‘“f
l ‘: A
27,00 s
I 75| (27.45-28.50)m sample changed to; gray,
DIg| S§ PN A Scin/ =50
| X Ly fine to medium sand % )
& i o7 _
e S50
s o ’1 COMPLETELY WEATHERED ROCK J
] ..-' ! \‘-
| : i -
i .. ROCK LEVEL 1
! 28.50 % -
] i . ) S
29.00 ~ Moderately w?afhcrcd, fractured, gray, P )
| cs A black, offwhite, BIOTITE GNEISS
1 < -
29.50 [ \/| Moderately weathered, fractured, gray, gk
,\/ = pred CR=100% || RQD=50% = —
30.00 cs a\ black, offwhite, BIOTITE GNEISS
Sample Key [ Test Key N
FSPT  Where full 0.3m penetration has nol been achisved D - Disturbed Sample . N - Natural Molsiure Conlent  |C - Consolidatis)
the number of blaws for the quoted penciration §5 -SPT Sunpls L~ Atterberg Limit Tost UCT-Unconfined Compression Existihg Dirmuthu 4
is piven (not N-value) W - Weter Sample G -, Grain Size Analysis CU - Consolldaled Undrained souind Tevel Sugarvised Ry: 4
[ IGWL  ; Ground Water Level abserved inside the WS-Wgrey Sample |86 -Spetific Gravity Tost UU-Unconsalidntéd Undrained - g- idered ' ﬁ
i Boreliole, nfler the ssturation UD- Undisturbed Sample B- Bulk Denslly ot Chemicat consiceretl ] somemha___§
~'INE ot Encountered - CS- Core Sample V- Vane Shear Test 0 - Organio content as he 2610 [Rinsy -
HB Alammer Bounce Cr - Care Recovery (%) " |50~ Sulphate Conent level i
o - Frae Down RQD-Rack Quality Designation (%) ler- Claride Conent Nishantha
R Mude Ground ~ [ax*xp] Silt *Po,| Gravel Laterite Nodules fr~3-] Completoly Weathered Rock [\, _
s I =72 Sand e Organic Matie TSty Sana™ X3 ] Highly Weathered ook Tresh ook




ﬂ% ENGINEERING & LABORATORY SERVICES (PVT) LTD.| "gio o iime | fesior
SITE INVESTIGATIONS DIVISION Tel: 0114 309 494
Project Geotechnical Investigation for the Proposed Twelve Storied Building at |, 1 00N BH-06
; Alexandra Place, Colombo 07. F y
Client M/s. Odel PLC Sheet 4
Location Colombo 07 Rig Joy Core Diameter |54,00mm Ground Water level _ 2.10m
Date of Started 10.11.2015 Drilling Method {Rotary  |Casing depth 128.50m .
: : - - % _Coordinates
Date of Finished 11.11.2015 Casing Diameter |76.00mun |Elevation (m) :
) 3 ' 2 : Moisture Content - % ]
E Bl 1 E n - ' o Fiold Records Undrained Shear Strength - U’ ook
g [8lg E.% g g Soil Description (SPT) W10 @ 5% mow_ %0
g b E gl 2 E En j .ﬁ ﬂ g SPT Resistance - Blows/Rt
30.00 Continue from Pago 1 dlald|* S 10 15 20 25 30 35 4 45
= I~
cs Same as previous descripti
i A~ p ption
A\J
31.00 3070 N4 .
cs :Q-: Moderately we:athered, fractured, gray, | . oo W ¢opeaon
~ black, offwhite, BIOTITE GNEISS
NA
32.00 31.70 END OF THE BOREHOLE AT 31,70m
DEPTH
33.00
F |
34.00 ‘
5,00 ’ ' »
36.00 | |
o " \
RV
38.00
39.00 : —
40,00
SPT - Where full 0.3m peactration has not beeh achioved D - Disturbed Sample N - Natural Molsiore Cortent | C + Consolidation
the aumber of blows for the quoted penetration 85 -SPT Sample L= Alletherg L\!‘II" Test UCT-Unzanfined Compression Existing Dimuthu
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APPENDIX E
Monitoring Data
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Analyze Report

Hole Depth:16.0m

No: #1006

Name: Deep soil lateral displacement

Point Name:TT-6

Direction: S-N

Last Time: 04/09

Date: his Time:04/18

— 04/09
— 04/18

()
o

-3.00

—6. 00

0.

10

11

12

16

Variation

-0.3

0.2

0.2

0.2

0.2

—0.2

0.1

0.1

0.1

0.1

-0.1

-0.1

-0.1

-0.1

-0.1

0.1

0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.

0
0
0
0

0.

0.

0.

Change

2.3

-1.9
-1.6
—-1.5
-1. 4
1.2

-1.

1

-1.0
0.9

-0. 8

-0.7

-0. 6

-0. 6

-0. 5

-0. 5

—0. 5

-0. 4

-0. 4

-0. 3

—0. 2

-0.1

-0.1

0. 0
0.1

0.2

0.2

0.2

0. 1

0. 0
0. 0
-0.1

-0.1

Change

2.8
2.9

3.0
3.0

3.1

3. 2
3. 2

2.7

2.4

2.2
2.0

1.7
1.3
0.8
0. 2
0.3

0.7

-1.2
-1.5
-1.7
-1.9
-1.9
-1.8
-1.8
-1.7
-1.5
-1.3
-1. 0

-0.8

0.5

-0.4

-0.3

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

3.0
Sk (9

4.0
4.5

5.0
9.5
6.0
6.5

7.0
7.5
8.0

8.5

9.0
85

10.0

10.5

11.0

11.5

12.0
12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0




Analyze Report

Hole Depth:16.0mm

No: #1006

Name: Deep soil lateral displacement

Point Name:TT-6

Direction: S-N

Last Time:04/24

Date: This Time:05/14

o
S
S
=

— 04/24
— 05/14

-5.00

-10. 00

0.

10

11

Variation

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3
2
2
0.2
0.2
0.

0.

0.

1
1

0.

0.1

0.1

0.0
0.0

Change

6. 3

6.1

5.9
5.9
5. 8§
5.7
5. 6
5.9
5. 4
5. 4
5.3
5.3
5. 4
5. 4
9.5
5. 6
5. 6
5.9
5. 4
5.3
5.2

5. 0)
4.7

4. 3

3.9
3. 4
3.0
2.9

1.9
1.4
1. 0

0.5

Change

9.3

9.1

8.9
8.9
8.9
8.8
8. 6
8.

1

7.7
7.5
7.1

6.8
6. 5

6.1

5.7
5.2

4.7

4.1

3.7
3.4
3.0
2.8

2.9

2.0

1.

5

1.2

1.

1

0.9
0.7

0. 6
0. 5

0. 2

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

3.0
Sk (9

4.0
4.5

5.0
9.5
6.0
6.5

7.0
7.5
8.0

8.5

9.0

85
10.0

10.5

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0




Analyze Report

Name : Deep soil lateral displacement No: #1006 Hole Depth:16.0m
Direction: S-N Point Name: TT-6
Date: This Time:05/31 Last Time:05/29
Depth [ Total (un] This (am) [Dai Ly (mm/d) l ' l ' 0§ ' l_ ' l
/(m) |Change [Change Variation ~18.00 6150 0.po 6.p0 131 00 ——05/29
0.5 12. 1 3.4 1.7 — 05/31
1.0 11. 8 3. 2 1.6 -
1.5 11. 4 2.9 1.5
2.0 11. 3 2. § 1.4 -
2.5 11. 2 2.7 1.3
3.0 11.2 2.6 1.3 2 -
3.5 11.0 2. 6 1.3 B
4.0 10. 4 2. 6 1.3
4.5 10.0 2.5 1.3 3
5.0 9.8 2.5 1.3
5.5 9.5 2.5 1.3 -
6.0 9.2 2. 4 1.2
6.5 8.9 2. 4 1.2 4
7.0 8. 5 2. 4 1.2 B
7.5 8.1 2.5 1.2
8.0 7.6] 2.5 1.2 5
8.5 7.1 2.5 1.2
9.0 6. 5 2.4 1.2 B
9.5 6. 0 2.4 1.2
10.0] 5.6 2.3 1.2 6
10. 5 5.0 2.2 1.1 o
11.0 4.6 2.0 1.0
11.5 4.0 1. 8 0.9 7
12.0 3.1 1.5 0.7
12.5 2.3 1.2 0.6 B
13.0 .o o8 0.4 N
13.5 1.1 0. 5 0.3 8
14.0 0. 8§ 0. 3 0.1 -
14. 5 0.4 0. 0 0.0
15.0 0.3 -0. 2 0.1 9 I~
15,5 0. 2 -0. 2 0.1
16.0 0.0 -0.2[ -0.1 i
10 —
11—
12 =
13
14 7
15 [T
16




Name: Deep soil lateral displacement

Direction: S-N

Date: This Time:06/13

Analyze Report

No:#1006 Hole Depth:16.0m

Point Name:TT-6

Last Time:06/10

Depth|Total (mm) This (mm) | Daily (mm/d)
/(m) |Change |Change Variation
0.7 17.2 7.4 3.8
3.0 17. 2 7.4 3.8
3.7 17.7 7.4 3.8
4.0 17.7 7.4 3.8
4.7 17.7 7.4 3.8
1.0 17.2 7.4 3.8
1.7 17.7 7.4 3.8
5.0 17. 0] 7.4 3.8
5.7 15.2 7.4 3.8
7.0 15.5 7.3 3.8
7.7 15. 4 7.3 3.8
2.0 15. 3 7.4 3.8
2.7 11.9 7.3 3.8
8.0 11.2 7.3 3.8
8.7 11.1 7.3 3.8
=0 14. 7.3 3.8
-7 14.5 7.3 3.8
9.0 13.8 7.3 3.8
9.7 13.3 7.3 3.8
30. 0 10. 5 7. 0) 3.8
30. 7 49. 2| 7. 0) 3.8
33 0 4-. 5.9 3.2
33. 7 48. 1 7. 0) 3.8
34. 0 45.1 5. 2 3.7
34.7 39. - 1. 4] 3.3
31.0 32.3 4. 7} 0. -
31.7 34.9 4. () 0.8
35.0 9.8 3.9 0.7
3D, 7 2.2 0.9 0.1
37.0 5.0 0. 5 0.3
37. 7 3.9 0. 3 0.0
32.0 0.7 0. 0 0.0

612. 00 63-. 00 0.po 3-.00




Name: Deep soil lateral displacement

Direction: S-N

Date: This Time:06/23

Analyze Report

No: #1006

Point Name:TT-6

Last Time:06/17

Depth|Total (mm) This (mm) | Daily (mm/d)
/(m) |Change |Change Variation
0, = -4.5 0.7 0.3
3.0 —4. 4 0. 2) 0.3
3 = 4. 6 0. 6 0.0
6.0 4. 6 0. 2) 0.0
6. — 4. 2| 0. 2 0.0
2.0 —4. 4 0.6 0.0
Do = —4. 6] 0.3 0.0
4.0 -2.5 0.3 0.0
Al = —2. 6] 0.0 0.0
=0 -2.3 0.0 0.0
- = —6. 9 0. 0 0.0
7.0 6. § 0. 0 0.0
7. - —6. 7 0. 0 0.0
5.0 6. 2| 0. 0 0.0
Do = -3. 9 0. 0 0.0
8.0 -3. 4 0.0 0.0
& = -0. 9 0.0 0.0
9.0 -0.3 0.0 0.0
9. - 49. - 10. 3 0.0
30. 0 48. 8 10. 3| 0.0
30. — 48. 3 10. 3| 0.0
33 0 45, 10. 6 0.0
I = 47. 4] 10. 3| 0.0
36. 0 46. 4] 10. 3| 0.0
36, = 63. 2 0.0 0.0
32.0 33.0 0.3 0.0
82 = 5.3 0.3 0.0
34. 0 2. 0.3 0.0
34. - 0.4 0. 2 0.0
3-.0 13.7 0. 2 0.0
J== 16. 2 0. 2 0.3
37.0 13. 8 0. 2 0.0

Hole Depth:16.0m

1--.00

165. -0




Analyze Report

Name: Deep soil lateral displacement No: #1004 Hole Depth:16.0m
Direction: W-E Point Name:TT-4
Date: This Time:04/17 Last Time:04/02
Depth | Total (ma)This (um) | Daily (un/d) l ' l —9 ' l ' l
/(m) |Change |[Change Variation 61} 00 63, -0 0.po 3.10 1. b0
o — 05/04
0. - 60. 3 4.7 0.4 —05/21
2.0 60. 4 4. 0.4 9\
2. - 0. 2 4.4 0.4
4.0 0. 3 2.9 0.2
4. - 0. 0 2.1 0.2
3.00 62.9 2.1 0.2 4
3= 64. 5 4. 5 0.4
5.0 64. 8 4. 5 0.4
5, = 63. 4 4. 5 0.4
-0 63.7 4.5 0.4
- - 63. 1 4.3 0.4
7.0 63. 7 4. 4] 0.4
7.— 63. 8 4. 0) 0.2
1.0 65. 4 2.9 0.2
1. - 65. 7 4. 0) 0.2
8.0 65. 9 4. 0) 0.2
8. - 6-. 3 4. 0) 0.2
9.0 6-. 1 4. 0) 0.2
9. - 67.0 2. 8 0.2
20.0 6-. 9 2. 0.2
20. — 6—. 2.5 0.2
22.0 6—. 4 0. 0.0
22. — 65. 9 0. 0.0
24.0 65. 1 0. 0.0
24, - 65. 0. 0.0
23.0 65. 4 0.5 0.0
23. — 63. 1 0.5 0.0
25.0 63. 2 0.3 0.0
25. — 64. 5 0.3 0.0
2-.0 62. 8 0. 4] 0.0
2-. — 62. 2 0.2 0.0
27.0 60. 7 60. 2 0.0




Analyze Report

Hole Depth:16.0m

No:#1004

Name: Deep soil lateral displacement

Point Name:TT-4

Direction: W-E

Last Time:05/26

Date: This Time:05/30

DO

— 05/64
— 05/30

90

0.

—6. 50

-5.00

11

16

13

12

15

14

Variation

Change

5

-1.

—-1.5
-1.2
-1. 3
-1. 3
-1.6

-0. 2

-0. 3

-0. 3

-0. 3

-0. 3

-0. 6

-0.1

-0.1

0. 0
0.1

0. 6
0. 6
0.3

0. 6
0. 6
0.3

0.3

0.3

0.3

0. 6
0. 6
0. 1
-0.1

0. 0
-0.1

0. 0

Change

-1. 0
-1.0

0.5

0.1

-0.3

—6. 6

—6. 4

3.0

—3.2

-3.9
-3.9

-3.5

-3.4
-3.9
2. 6
—2. 4
—2.9

5.3

5. 4
5.4

5.1

2.4
2.2

-2.3

—2. 6

—2. 0

-3.7
—3.

1

6.2

-1.7
-1. 6

0.7

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
6.0
6.5

3.0
Sk (9

2.0
259

5.0
9.5
4.0
4.5

7.0
7.5
8.0

8.5

9.0
85

10.0

10.5

11.0

11.5

16.0

16.5

13.0

13.5

12.0

12.5

15.0

15.5

14.0




Analyze Report

Hole Depth:16.0m

No:#1004

Name: Deep soil lateral displacement

Point Name:TT-4

Direction: W-E

Last Time:06/23

Date: This Time:07/04

[aN}
[ag]
~
—
(=]

— 08/04

56. 00

5-1.00

0.

Variation

0.2
0.2

0.2

0.2

0.2

0.2
0.2
0.2
0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.0
0.

0

Change

2.4
2.3

3.9
2.0
3. 6
3. 6
3. 8

3.

1

3.7
3.4

3.2

3.3
3.2

3.2
3.2
3.2
3.2
3.2

3.2

0. 6
0.1

0. 4
0.2

Change

7.8

7.4

7.8
-7.3

-3.7

3.0

-0.9

0.6

-0.2

9. 6
9.2
6. 6
6. 3

8.7

8. 3

7.4
4.3

0. 6
0. 2
50. 3

50. 2

Depth | Total (mm) This (mm) | Daily (mm/d)

/ (m)

0.7

3.0
S
2.0

2.7

4.0
4.7

7.0
7.7

1.0
1.7
8.0

8.7

6.0
6.7

9.0

9.7
0.0

0.7

-3.0
-3.7

2.0
2.7

4.0

4.7

-7.0
7.7

-1.0




JN T F2 42 : Deep soil lateral displacement

W75 18 - W-E

WM EE: &2&%:09H30H

Depth |Total (mm) This (mm) [Daily (mm/d)
/() [Change [Change Variation
0.5 17.9 0.7 0.7
1.0 17.7 0. 6] 0.6
1.5 18. 2 0.7 0.7
2.0 18. 5 0. 6] 0.6
20 B 18. 3 0.5 0.5
3.0 16. 1 0. 4 0.4
3 B 15. 6 0. 4 0.4
4.0 15.1 0.3 0.3
4.5 14. 6 0.3 0.3
5.0 14. 1 0. 3 0.3
B D 14. 0 0. 2 0.2
6.0 14. 1 0. 2 0.2
6.5 13.9 0. 2 0.2
7.0 13. 4 0. 2 0.2
7.5 12.7 0. 2 0.2
8.0 12.1 0. 2 0.2
8.5 11. 6 0.3 0.3
9.0 10. 8 0.3 0.3
9, 5 9.9 0.3 0.3
10. 0 9.5 0.3 0.3
10. 5 9.3 0.3 0.3
11.0 9. 0] 0. 2 0.2
11.5 8.3 0. 2 0.2
12.0 7.1 0. 2 0.2
12.5 5. 6] 0. 2 0.2
13.0 4.3 0. 2 0.2
13.5 3.2 0. 2 0.2
14. 0 2.3 0.3 0.3
14.5 1. 6 0.3 0.3
15.0 0.8 0.3 0.3
1585 0.1 0.1 0.1
16. 0 0.1 0. 0] 0.0

Analyze Report

ML 4

BIR:09829H

#1004

5
MFELE:TT-4

R FLiE : 16.0m

LBTHI(E 19401 B 03B 100145578

-19. 00

-9.50

.Po 9.50 19. 00

—09/29H
—— 09/ 30H




Analyze Report

LI FLZR - 16.0m

L% S #1004

Wil T2 44 : Deep soil lateral displacement

L BT HME - 194E01 A 03B 10/} 145577

WFLEIE:TT-4

RT3 A - W-E

BIR:108308

M B ER: k108318

61.00

3. 00

DO

—— 60H40H
—— 60746 H

-3.00

—61. 00

0.

67

Variation

2.0
6.1

6.9
6.8
6.7

6.8
6.5

6.5

6.4
6.4
6.4
6.6
6.0
0.3

0.1

0.9
0.8
0.8
0.7

0.7

0.5

0.4
0.4

4
4
4

0.

0.

0.

0.4
0.

2

2

2
0.6
0.6

0.

0.

Change

2.0
6.1

6.9
6. 8§
6. 7]

6. §
6. 9

6. 9

6. 4
6. 4
6. 4
6. 6
6. 0)
0.3

0.1

0.9
0.8
0.8
0.7
0.7

0.5

0. 4
0. 4
0. 4
0. 4
0. 4
0. 4

0.2

0.2

0.2

0. 6
-0. 6

Change

68.

68. 8

69. 2

69. 7

69. 5

67. 4

65.8

65. 0

64. 5

62. 9

62. 5

62. 2

66. 1

60. 3

3.3
1.

3

9.3

8.8

7.4
5.8
5.5
5.2

4.8

2.9
6.9
0.

1

0.4
0.0
0.6

0.4

-0.8

0.7

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.7

6.0
6.7

2.0
2.7

4.0
4.7

5.0
o 0
7.0
7.7
8.0

8.7

9.0
9.7

1.0
1.7
3.0

3.7
60. 0

60. 7

66. 0

66. 7

62. 0

62. 7

64. 0

64. 7

65. 0

65. 7

67.0

67.7

68. 0




Wil T2 44 : Deep soil lateral displacement

RT3 A - W-E

ML B ER: Xk 12H26H

Depth [ Total (mThis (mm)] Dai ly (mm/d)
/(m) |Change [Change | Variation
0.5 15. 9 -0. 6] -0.6
1.0 15.8]  -0.7 -0.7
1.5 16.2]  -0.6[ -0.6
2.0 16.6]  -0.5 -0.5
2.5 16.4 0.6 -0.6
3.0 14. 3 -0. 6] -0.6
3. B 13. 8 -0. 6] -0.6
4.0 13. 2 -0. 6] -0.6
4.5 12. 5 -0. 6] -0.6
5.0 11.7 -0. 6] -0.6
5. 5 11.5)  -0.6[ -0.6
6.0 11.3]  -0.5 -0.5
6.5 11.0f 0.4 -0.4
7.0 10.2]  -0.3 -0.3
7.5 9.1 -0.2| 0.2
8.0 8.0 -0. 2| —0. 2
8.5 7.0 -0. 2| —0. 2
9.0 5. 6 -0. 2| —0. 2
9.5 4.3 -0. 2| —0. 2
10.0 3.6 -0.2] -0.2
10. 5 3.4 -0.2] 0.2
11.0 3.2] -0.2] -0.2
11.5 2.7 -0.2] -0.2
12.0 .71 -0.2[ -0.2
12.5 0.7 -0. 2| 0.2
13.0 —0. 2| -0. 3| -0. 3
13.5 —0. 6 -0. 3| -0. 3
14. 0 0. § -0. 3| -0. 3
14.5 -0.9] 0.4 -0.4
15.0 -0.8] 0.4 -0.4
15.5 -0.9 0.3 -0.3
16.0 -0.7 0.0 0.0

Analyze Report

L% S #1004

WFLEIE:TT-4

BIR:128258

WL FLiZ:16.0 m

L BT HME - 194E01 A 03B 10/} 145577

]
N 00

-9 00

0. 00

18. 00

— 12H25H
— 12H26H



Analyze Report

Hole Depth:16.0m

No:#1004

Name: Deep soil lateral displacement

Point Name:TT-4

Direction: W-E

Last Time:01/21

Date: This Time:01/26

16. 00

60. 50

DO

— 06/16
— 06/14

-60. 50 0.

-16. 00

Variation

6.3

6.1

6.6
6.6
6.0

6.0
6.0
6.0
6.0
6.0
0.9
0.8
0.7

0.4
0.4

0.5

0.5

0.5

0.2
0.2

0.2

0.2

0.2

0.2

2
2

0.

0.

0.2
0.2
0.3

0.1

0.1

0.6

Change

4.2

4. 6

5. 7]
5.5
5.1

5. 6
2.9
2.9
2.8
2.9
2.4

2.1
3.4
3.1

1. §
1. 4
1.2
1.3

1.

1

1

1
1. 0
1. 0
1. 0
1. 0
1. 0
1. 0
6. §
6. 7]

1.

1.

6.1

0.9
0.3

Change

10. 6

69. 9

10.0

10.6

69. 4

67.5

64.8

64. 6

65. 2

62.7

62. 1

63. 8

63. 1
61.

60. 9

9.4
8.9

7.0
5. 4

2.1

2.9

2.1
3.7

1.7
6.4
0.9
0.2
0.

1

0.1
0.6

0.2

0.2

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

6.0
6.5

1.0
1.5
3.0

Sk (9

2.0
259

5.0
9.5
4.0
4.5

7.0
7.5
8.0

8.5

9.0
85

60. 0

60. 5

66. 0

66. 5

61.0

61.5

63. 0

63. 5

62. 0

62. 5

65.0

65. 5

64.0




Name: Deep soil lateral displacement
Direction:N-S

Date:This Time:05/13

Analyze Report

No:#1002

Point Name:TT-2

Last Time:05/05

Depth|Total (mm) This (mm) | Daily (mm/d)
/(m) |Change |Change Variation
0, = 0.6 10.8 10. 3
3.0 0. 10. 7] 10. 3
3 = 0. 2 10. 7 10. 3
4.0 3. 6 10. 10. 3
4. - 3. 2) 10. 5 0.0
6.0 4.4 10. 5 0.0
6, = 4.5 10. 5 0.0
5.0 4.9 10.6 0.0
B = 6. 4 10. 6 0.0
=0 6.8 10. 4] 0.0
- = 5. 4 10. 4] 0.0
7.0 5. 2 10. 3| 0.0
7. - -. 2 10. 3| 0.0
8.0 7.8 10. 3| 0.0
8. - 8. 4 10. 3| 0.0
9.0 8.9 0.0 0.0
9. - 9.0 0.0 0.0
2.0 9.3 0.0 0.0
Do = 9.0 0.3 0.0
30. 0 8.7 0. 0 0.0
30. — 8. 3 0. 0 0.0
33 0 7.7 0. 0 0.0
I = 7.3 0. 0 0.0
34. 0 -. 4 10. 3| 0.0
34. - 5.4 10. 4] 0.0
36. 0 6.5 0.3 0.0
36, = 4.8 0.3 0.0
35.0 4.3 0.3 0.0
3D = 3.7 0. 4 0.0
3-.0 3. 3 0. 3 0.0
J== 0.7 0. 3 0.0
37.0 0. 6 0. 0 0.0

Hole Depth:16.0m

w
=~1

. 00

—0-/0-
— 0-/36



Analyze Report

Hole Depth:16.0m

No:#1002

Name: Deep soil lateral displacement

Point Name:TT-2

Direction:N-S

Last Time:06/17

Date: This Time:06/24

— 06/17
— 06/24

90

DO

0.

4. 50

-9.00

10

11

12

14

15

Variation

0.0
0.0
0.

0
0
0

0.

0.

0.0
0.0
0.0
0.0
0.1

-0.1

-0.1

-0.1

-0.1

0.1
—0.
—0.
—0.

1
1
1

0.1

-0.1

-0.1

-0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Change

1

-0.

—0. 2

—0. 2

—0. 2

—0. 2

-0. 2

-0. 3

-0. 3

-0. 3

-0. 4

-0.4

-0.4

-0.4

-0. 5

—0. 5

—0. 5

—0. 6

-0. 6

—0. 6

-0. 6

-0. 5

-0.4

—0. 2

-0. 3

-0. 3
—0.
-0.

1
1

0. 0
0. 0
0. 0
0. 0
0. 0

Change

0.2

0. 4
0.8

1.3
1.9
2. 2
2.3

2.7

3.0
3.4
3.9

4.5

5. 4
6. 3

6.9

7.3
7.5
7.5
7.9
7.1

6. 6
6. 2

5.9
5.1

4.3

3.9
2.8
2. 2

1.7
1.2

0.7

0. 4

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

3.0
Sk (9

4.0
4.5

5.0
9.5
6.0
6.5

7.0
7.5
8.0

8.5

9.0

85
10.0

10.5

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0




Analyze Report

Wi T %8 44 : Deep soil lateral displacement MFL47 5 #1002 FEMFLiZE : 16.0m
75 @ :N-S MAALE :TT-2 LRTHI{E - 194028 09H 0915243 32%)
WM B #A: ZR:09H 268 BIX:09R 198
Depth [Total (mu])This (mm) Daily (mm/d) l : l : Y : l : l
; . =7.00 -3.50 0.p0o 3.50 7.00
/(m) |Change [Change | Variatrion —— 09H19H
0.5| 7.4 0.2 0.0 — 09726
1.0 7.0 0.2 0.0
1.5 -6. 6 0.1 0.0
2.0 —6. 1 0. 0 0.0
2.5 -5.2 -0.2 0.0
3.0 —4. 6 -0.2 0.0
3.5 -4.3 -0.2 0.0
4.0 -3. 8 -0.1 0.0
4.5 -3. 4 0.0 0.0
5.0 -2.9 0.0 0.0
5. D -2.3 0.1 0.0
6.0 -1.5 0.1 0.0
6.5 -0. 3 0.1 0.0
7.0 0.9 0.2 0.0
7.5 1.7 0.2 0.0
8.0 2.4 0.2 0.0
8.5 2.9 0.2 0.0
9.0 3.2 0.2 0.0
995 3. 5 0.2 0.0
10.0 3. 6 0.2 0.0
10. 5 3. 5 0.2 0.0
11.0 3. 5 0.2 0.0
11.5 3.8 0.2 0.0
12.0 3. 6 0.2 0.0
12.5 3.5 0. 3 0.0
13.0 3.2 0.2 0.0
13, B 3.0 0.2 0.0
14.0 2.8 0.2 0.0
14.5 2.4 0.1 0.0
15.0 2.0 0.1 0.0
15, & 1.4 0.0 0.0
16.0 0.8 0.0 0.0

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)




Analyze Report

M FLIZR - 16.0m

MFL47 5 #1002

2 44 : Deep soil lateral displacement

|T%

75 @ :N-S

bR

L BTH(E : 194£02 8 09 H 09524 32F)

MFLELE:TT-2

BIR:10822H

WM B HEY: 2k 10H25H

8. 00

4.00

DO

— 10H22H
— 10/25H

0.

-4. 00

-8. 00

Variation

-0.4

-0.4

-0.4

-0.3

-0.3

-0.3

-0.4

-0.4

-0.4

-0.4

-0.4

-0.4

-0.5

-0.5

-0.5

-0.5

-0.5

-0.5

-0.4

-0.4

-0.4

-0.4

-0.3

-0.2

-0.2

1
1

0.0
0.0

1
1

0.0

Change

-0.8

-0.8

-0.7

0.7

-0.7

-0.7

-0.7

-0.8

-0.8

-0.8

-0.8

-0.9

-0.9

-0.9

-0.9

-1. 0
-0.9

-0.9

-0.9

-0.8

-0.8

-0.7

-0.5

-0.4

-0.4

-0.2

-0.1

0. 0]
0.1

0.1

0.1

0.1

Change

8.4
8.0
-7.4

6.8

5.8

5.3

5.0
—4.7

4.4

1
-3.6
-2.8
-1.

7

-0.5

0.3

1.0
1.4

1.

7

2.2
2.3
2.2
2.3

3.

1

3.3
3.3
3.3
3.

1

2.9

2.7
2.3

1.6
1.0

Depth |Total (mm) This (mm) [Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

3.0
3.5

4.0

4.5

5.0
9.5
6.0
6.5

7.0
7.5
8.0
8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0




Wil T2 44 : Deep soil lateral displacement

MDA :N-S

M B ER: k125048

Analyze Report

T FL9m 5 #1002 LI FLZR - 16.0m

MAE :TT-2 L BT H)ME : 194E02 A 09 H 091K 5243 32F)

BIR:118308

Depth|Total (mm) This (mm) | Daily (mm/d)
/(m) |Change |Change Variation
0.5 —6. 8 0.3 0.1
1.0 —6. 2| 0. 3 0.1
1.5 -8. 7 0. 3 0.1
2.0 -7.9 0. 3 0.1
2.5 -5. 9 0. 3 0.1
4.0 5. 4 0.3 0.1
4.5 -3.9 0.4 0.1
3.0 -3. 4 0.4 0.1
3 B —4. 6 0. 2 0.1
5.0 —4.2 0.2 0.1
5. B —2. 5 0.1 0.0
7.0 1.4 0. 0 0.0
7.5 0.4 0. 0 0.0
8.0 1.9 0. 0 0.0
8.5 4. 2 0. 0 0.0
6.0 3.4 0.0 0.0
6.5 5.2 0.0 0.0
9.0 5.6 0.0 0.0
9.5 7.5 0. 1 0.0
10.0 7.8 0.1 0.0
10. 5 7.7 0. 2 0.1
11.0 7.7 0. 2 0.1
11.5 8.1 0. 2 0.1
12.0 7.6 0. 2 0.1
12.5 7.2 0.4 0.1
14.0 5.4 0. 2 0.1
14.5 3.7 0. 2 0.1
13.0 3.0 0. 1 0.0
13.5 4.3 0.1 0.0
15.0 2.8 0. 0 0.0
15, & 1.9 0.1 0.0
17.0 1.1 0. 0 0.0

6. 00
— 11 H40H
—— 12H03H




Analyze Report

Nl T%2 4 : Deep soil lateral displacement L% #1002 LI FLZR - 16.0mm
M5 [ :N-S MAGLE :TT-2 LATHE - 194202 A 09 H 09 5293 32F)

WM BHEL: ¥ x:01H098 BIR:018038

Depth [Total (um| This (um) | Dai ly (mm/d) l ' l ' o ' l ' l
/(m) |Change [Change Variation ~10.00 —5.00 0. po 2. 00 10,00
g g —— 01H03H

1. —— 01 H09H

e
=)
S

$O1 90100 | N (=193 O3 | O O fp | b 0] €O f DN B = | =

=
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=
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=
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w
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Analyze Report

Hole Depth:13.0m

No:#1003

Name: Deep soil lateral displacement

Point Name:TT-3

Direction: E-W

Last Time:05/14

Date: This Time:05/22

3. 00

— 05/13
— 05/22

90

D

-3.00

—6. 00

0.

Variation

-0.2

0.2

0.2

0.2

0.2

—0.2

—0.2

—0.2

—0.2

-0.2

0.2

0.2

0.2

0.2

0.2

—0.2

—0.2

—0.2

—0.2

0.2

0.2

-0.1

0.0
0.0
0.0
0.0

Change

3

-1.

-1. 3
-1. 4
-1.3
-1. 3

-1.
-1.

9
7

-1. 8
-1.6
-1.6
-1.6
-1.6
-1.9
-1.9
-1.9

2.0

-1.6
-1.9
-1.9
-1.9

2.0

-0. 6

-0.1

0. 0
—0.

1

-0. 2

Change

1

-5.

-3.9
5.1

—5.4
—5.5

—5. 6

1.2

—1.7

7.9
—8.

1

8.2

8.2

—8.7

6.0

6.3

—6. 3

—6.2

-8.9

8.2

7.4
—5.7

-3.0

2.1
-1. 0
—0. 6

0.5

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

4.0
4.5

3.0
Sk (9

5.0
9.5
7.0
7.5
8.0

8.5

6.0
6.5

9.0
85

10.0

10.5

11.0

11.5

12.0

12.5

14.0




Analyze Report

Hole Depth: 140m1H :

No:#1004

Name: Deep soil lateral displacement

Point Name: EEW

Direction:. W

Last Eime: 02734

Date: ETis Eime:0hD/

3. 00

— 06/23
— 07/04

90

DO

-3.00

—6. 00

0.

Variation

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.

1

0.0
0.0
0.0
-0.1

-0.1

0.0
0.0
0.0
0.0
0.0

Change

0.5

0.3

0.2

0.1

0. 0
-0.
-0.
-0.

1
1
1

-0. 2

-0. 2

-0. 3

-0.4

-0.1

0.1

0.3

0.7
0. 4

—0.

1

—0. 5

-0. 8

1

-1.
—0. 2

0. 4
0. 4

0.2

0.2

Change

-3. 4
-3.4

-3.5

-3.8
-3.9

—4. 2

—4. 5

—4. 8
5.

1

5.3

5.4
5.4

—5.7

5.9
5.8

5. 0

5.3

—5. 4
5.2

—4. 6

4.1

2.9

2

-1.
-0.3

0.2

0.1

Depth|Total (mm) This (mm) |Daily (mm/d)

/ (m)

0.5

1.0
1.5
2.0

2.5

3.0
Sk (9

4.0
4.5

5.0
9.5
6.0
6.5

7.0
7.5
8.0

8.5

9.0
85

10.0

10.5

11.0

11.5

12.0

12.5

13.0




JM T F2 42 : Deep soil lateral displacement

W A A : E-W
WMEE: Z&X:08H13H

R | B | AR | AR AL
/(m) |# (mm) |# (mm) | (mm/d)
0.5 1.9 1.5 0.3
1.0 1.9 1.5 0.3
1.5 1.7 1.5 0.3
2.0 1.4 1.5 0.3
2.5 1.3 1.5 0.3
3.0 1.1 1.5 0.3
3.5 0.8 1.5 0.3
4.0 0.4 1.5 0.3
4.5 0.2 1.5 0.3
5.0 -0.1 1.5 0.3
5. D -0.2 1.5 0.3
6.0 -0.4 1.4 0.3
6.5 -0.9 1.1 0.2
7.0 -1.2 0.7 0.1
7.5 -0.8 0.7 0.1
8.0 0.5 0.6 0.1
8.5 -0.5 0.5 0.1
9.0 -1.5 0.5 0.1
9.5 -2. 0 0. 4 0.1
10.0 -1.8 0.3 0.1
10.5 -1. 6 0.3 0.1
11.0 -0.9 0.0 0.0
11.5 -0.3 -0.2 0.0
12.0 0.3 -0.2 0.0
12.5 0.1 -0.2 0.0
13.0 0.0 -0.2 0.0

MLY% 5 #1003

5
MFELE:TT-3

BIR:08807H

WM FLZE :13.0m

L BTH(E : 19402 B 18 H09H08%) 38F)

-2.00

-1. 00

10 —

1T =

12 =

2.00

——08707H
—— 08/ 13H

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)




Analyze Report

Wi T8 44 : Deep soil lateral displacement MFLYRS #1003 WM FLZR : 13.0m
75 E-w MFLELE TT-3 L HTHIE - 194E02 A 18 H 09K 084> 38F)
WM B #: Zx:108038 BIR:09829R
Depth [ Total (um} This (um) | Daily (un/d) l : l ' y ' ' ' '
/@ |Change |Change | Variation -8, 00 -4, 00 0.p0 4.00 8. 00 oo
0.5 3.8 2.2 0.7 —— 10H03H
1.0 3.8 2.2 0.7
1.5 3.6 2.1 0.7
2.0 3.2 2.1 0.7
2.5 3.0 2.0 0.7
3.0 2.8 2.0 0.7
3.5 2.4 1.9 0.6
4.0 2.1 1.9 0.6
4.5 1.8 1.9 0.6
5.0 1.6 1.9 0.6
5.5 1.5 2.0 0.7
6.0 1.6 2.0 0.7
6.5 1.9 2.1 0.7
7.0 2.8 2.1 0.7
7.5 4.4 2.1 0.7
8.0 7.1 2.3 0.8
8.5 5.0 2.3 0.8
9.0 3.0 2.4 0.8
9.5 1.7 2.5 0.8
10.0 1.2 2.5 0.8
10.5 0.0 1.4 0.5
1.0 -0.2 0.2 0.1
11.5 0.1 -0.9 -0.3
12.0 0.7 0.1 0.0
12.5 0.4 0.1 0.0
13.0 0.2 0.1 0.0

12 =




Analyze Report

Nl T%2 4 : Deep soil lateral displacement L% S #1003 LI FLiZR - 13.0m
A A : E-W MALLE :TT-3 LATHE - 194202 A 18 H 09089 38F)

WMBHEL: ¥ x:11H08H BIR:118078

Depth [Total (um| This (um) | Dai ly (mm/d) l ' l ' o ' l ' l
/(m) |Change [Change Variation 6100 3100 0.po 3.00 6. 00
£ £ — 11H07H
0.5 3. 4 1.1 1.1 —— 11H08H
1.0 3. 3 1.1 1.1
L5 3o L1 1 |
2.0 2.5 1.1 1.1
2.5 2.2 1.1 1.1
3.0 1.9 0.9 0.9
3.5 1.4 0.8 0.8 )
4.0 0.9 0.7 0.7
4.5 0.5 0. 6 0.6
5.0 0.2 0.7 0.7
5. B 0.1 0.7 0.7
6.0 00 0.7 0.7 3
6.5 0.2 0.8 0.8
7.0 1.0 0.8 0.8
7.5 2.7 0.6 0.6
8.0 5.5 0.5 0.5 4
8.5 3.0 0.5 0.5
9.0 0.3 0.5 0.5
9.5/ -1.5 0.5 0.5
10.0 -2.3 0.5 0.5
10. 5 -2.4 0. 6 0.6
11.0 -1. 6 0.6 0.6
11.5 0. 4 0.7 0.7
12.0 0.6 0.7 0.7 6
12.5 0. 6 0.7 0.7
13.0 0. 4 0. 6 0.6
7
8
10 —
11
2
13




Analyze Report

Nl T%2 4 : Deep soil lateral displacement M FLYm 5 - #1003 ML FLIE: 13.0m
M7 1A : E-W MFLGIE - TT-3 LBTH{E 19402 8 18 B 09108453 38F)

WMBHEL: Z¥x:12806H BIR:128058
| ! | ! ! | ! |

Depth|Total (mm) This (mm) | Daily (mm/d) )
/(m) |Change |[Change Variation 61100 631 -0 0. PO 3.10 1.0 —924H0-H
0. - 3.8 4. 2 4.2 —— 24H07H
2.0 3.1 4.4 4.4
2.~ 3.5 4.2 4.2
4.0 4.9 4.0 4.0
4. - 4.1 4.0 4.0
3.0 4. 4. 0 4.0
3.~ 4.4 4.0 4.0
5.0 2.8 4.0 4.0
9. = 2.3 4. 0 4.0
-0 0.9 4.0 4.0
- = 0.1 4.0 4.0
7.0 0.7 4.0 4.0
7. - 0.1 2.9 2.9
1.0 2. 2.9 2.9
1. - 3. 4.2 4.2
8.0 7. 4.4 4.4
8. — 3.1 4.4 4.4
9.0 0.7 4.4 4.4
9. - 62.5 4.4 4.4
20.0 64.5 4.4 4.4
20. - 64.7 4.2 4.2
22.0 62. 4.4 4.4
22. - 60. 4 2.7 2.7
24.0 2.9 4. 4. -
24. - 2. 7 2.9 2.9
23.0 0.3 0.7 0.7




Wil T2 44 : Deep soil lateral displacement

AT A E-W

ML B ER: Xk 12H26H

—_
[\

—
DO

,_.
=

DeptH Total (mThis (mm)]Daily (mm/d)

/(m) |Change [Change | Variation
0.5 4.1 -1. 4 -1.4
1.0 4.0 -1.4 -1.4
1.5 2.8 -1.4 -1.4
2.0 2.2 -1.4 -1.4
2, 5 2.00 -1.4 -1.4
4.0 1. § —-1. 4 -1.4
4.5 1.2 -1. 3] -1.3
3.0 0. 8§ —1. 5| -1.5
3 B 0. 2 —1. 5| -1.5
5.0 —0. 2| -1. 5 -1.5
B, 5 -0.4 -1.5] -1.5
7.0 -0.3[ -1.5] -1.5
7.5 -0.3( -1.7 -1.7
8.0 0.3 -1.71 -1.7
8.5 2.00 -2.00 -2.0
6.0 5. 0) -2. 2] -2.2
6. 5 1. § -2. 2] -2.2
9.0 -1. 8§ -2. 0] -2.0
9.5 -4. 9 -1. 9 -1.9
10.0 -3.8 -1.9 -1.9
10.5 -3.7 -1.8 -1.8
11.0 -4.21 1.7 -1.7
11.5 -1.0f -1.3] -1.3
0 7 3 3
B 5 5 5
0 3 4 4

o

10

11

12

Analyze Report

L% #1003

WFLEIE:TT-3

BIR:128258

WL FLZE:13.0m

L BT H)ME - 194E02 A 18 H 0911 0843 38F)

14

0. 00

— 12H25H
— 12H27H



