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ABSTRACT

To study the geotechnical behaviour of diaphragm walls,
the instrumentation of the Greater Cairo Metro project
provided the required field measurements. Two test sections
were instrumented to observe and record the deformations of
the soil, pore water pressures and loads acting on the
structural elements (i.e. struts, raft, and roof) due to the
excavation and construction method. The first test section
was along the running tunnel, an open air excavation using
precast panel walls. The second, at a station, was a covered
excavation, with cast in situ walls providing lateral
support. A finite element analysis was conducted to compute
the lateral earth pressures as they can not be measured
directly from the field. The use of a simplified plane fram
model, run on a microcomputer (such as PFT), to gquickly and
economically calculate the lateral earth pressures was
arified.

The ground reaction characteristics below the
groundwater level and a lateral earth pressure concept for
diaphragm walls were established. The influence of the
construction method, sequence of installation of the
temporary and permanent support systems, and the wall
thickness were studied for the host material of the Cairo
area. As a result, detailed documentation for the Cairo

Metro Regional line was provided.

vi
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excavation water tight.

The connection between the precast panel and the raft
(floor slab) was then made. The raft thickness was
approximately 1.10 m with expansion joints every 35-40 m.
The connection between the pre-cast panel and the raft
(floor slab) was made by uncovering the connecting steel
bars installed previously in the specific zone in the
pre-cast panel at the factory. This can be seen in Figure
3.6a. The connecting steel bars form a good connection
between the raft reinforcing steel bars and the pre-cast
panel reinforcement creating a fixed joint.

Installation of the roof slab constituted the next
step. In this procedure, a sheet pile wall approximately 2.5
m long was installed 0.75 to 1.0 m from the walls. This
allowed a small trench to be excavated. The sheet pile walls
provided space for workers to reach the connection level of
the roof slab at the top of the precast panel. As well, it
allowed the impervious layer to overlap to the required
depth of the wall. The slurry covering the connecting steel
bars of the wall was removed and shuttering for the roof
slab was installed. The reinforced concrete work was
performed as for the raft. A water sealant was applied to
the top surface of the roof slab and overlaying was done for
the outer side of the wall. The sheet pile walls were
removed and the backfilling began.

Two weeks after backfilling had been completed, the

temporary supports were removed. At this stage, the



30

uotjeaedxd ayj jJo ased ayl e siadenq

uotjerie3isutr isfel uiew 3YL (q

ssaujybil 1s3em 8yl jo syrelad €°¢ 23Ield

18ker utew sy3z pue yaued 3sed-aid 3yl
jo dtals aaqqni u3amlaq UOTIDAUUOCD 3BYL(®




31

construction of the tunnel section is completed. The rest of

the civil work was carried out.

3.4 The Construction Procedure for the Station Section

The station is located in one of the busiest junctions
in Cairo. The major factors which influenced the
construction method were the traffic conditions and the
available work area. The construction procedure had to take
into account these conditions despite their high cost. Each
working area had to be prepared allowing for traffic
diversion, which considerably slowed progress.

Construction of the station began by installing a
precast L-shaped section under the street level to form the
required guide walls for the slurry trenches. The excavation
starts under the support of the bentonite slurry. Steel
tubes in both sides of the excavation were inserted for the
required construction connection between the adjacent walls.
The excavation accomodated two panels, of 5 m width and 20 m
depth. Figure 3.5 illustrates the construction sequence.
After reaching the final depth of excavation the excavation
machine was moved to the next even numbered panel; i.e. an
unexcavated area equal to 2 panels between excavations).
Steel reinforcement cages were placed in the excavated
trench and concrete was cast using two Tremie pipes starting
from the bottom of the excavation displacing the slurry. The
use of two tremie pipes decreased operation time and ensured

that the concrete was poured in egual amounts in both sides
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of the trench. The upper 3 m of the wall (measured from
street level) was made of weak concrete. This facilitated
the uncovering of the connection to the steel reinforced
cage to allow the roof slab connections to be made. Figure
3.6 shows in cross-section the sequence of the construction
procedure for the cast in situ panels. The street was
repaired and the traffic was diverted and the work was moved
ahead to another adjacent working area.

In the following step, the plug was constructed as
explained in the previous section. The plug had a constant 3
m thickness and its base was at a depth of 20 m. Six weeks
were allowed for the grout to set and to reach its maximum
strength and impermeability. At this time, the dewatering
operation began bring the water level to 0.5 m below the
raft base level. The excavation started at a depth of 3 m. A
layer of clean sand was spread over the entire excavated
site and the shuttering and reinforcement steel work was
completed. The reinforcing steel of the diaphragm walls was
exposed by removing the upper portion of weak concrete. The
connection with the roof slab could then be made. The roof
slab was cast in place. One week was allowed for the curing
of the concrete. During this period, a moist environment was
maintained, by spraying water on the concrete and covering
the slab with a specially designed fabric.

After this, L-shaped precast beams were placed on the
edges toward the open air excavated area. Backfill material

was placed up to the limestone base of the street. The
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excavation started under cover to a depth designed to allow
for a single row of temporary support installation. These
vere similar in design to those in the running tunnel and
had a diameter of 800 mm and length of 17 m. Immediately
after the installation of the struts, the excavation was

. continued to its final depth of 10.5 m from street level.
The construction of the impervious zone at the base of the
excavation was performed in the same sequence as for the
running tunnel. Structurally, the raft acted as a simple
beam seated in the keys as shown in Figure 3.5. To creat the
separation between the diaphragm wall and the raft, a 50 mm
thick layeir of styrofoam was placed at the contact area
between the two elements. After placement of the steel, the
concrete was cast. Both the roof and raft thickness were 1.0
m. The keys, which act as support for the raft against the
uplift forces, were completed and connected to the diaphragm
walls similar to the tunnel raft connections. As the final
step in the procedure, the structural elements of the
platform were constructed. At the completion of this step,

the remainder of the civil work was started.

3.5 Grouting Operation

Grouting was used to achieve the required degree of
impermeability. The techniques used will be described with
reference to the two test sections chosen for this study.
Grouting was carried out mainly in the medium and dense sand

layers based on the following criteria:
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Grain size distribution 1.0 mm > D, > 0.2 mm
Specific surface area 1500 mm ' < S < 10000 mm™'
Porosity 35% < n < 45%

Permeability 10" m/s < k < 107 m/s

The main aim was to reduce the permeability of the sand

zones to less than 10°° m/s by grouting. Pumping tests were

carried out after the completion of the grouting work to

ensure that the permeability had been reduced to the desired

value.

3.5.1 Types of Grouting Slurries

The following types of grouting slurries were used.
Bentonite or cement-clay slurries with low cement
content. These were for the perforation stage.
Bentonite-cement slurry; 250 kg of cement and 37.5 kg of
bentonite per cubic meter of mix.

Soft silica gels; 140 liters of soda silica and 840
liters of water and 18.5 kg of sodium bicarbonate powder
per cubic meter of gel. The initial viscosity of the mix
was to be less than 5 centipois. The setting time was
adjusted to lie between 40 and 60 minutes. The standard
mortar strength was to be 50 kPa after 3 days.
Hard-silica gels; the initial viscosity was less than 5
centipois. The setting times were adjusted to between 45
and 70 minutes, The standard mortar strength was
approximately 1400 kPa after 6 days (kept sheltered from

the air at a temperature of 20°C.
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5. Self hardening slurry; used for the slurry trench
excavation and to form the sides of the grouted layer.
These slurries were prepared in special mixers
permitting permanent automatic monitoring of the dosage of
the individual components. The setting times of the warious
slurries were adjusted in such a way that the total qguantity
of slurry to be injected into a sleeve was in position

before setting starts to prevent blowouts.

3.5.2 Sequence of Grouting Operation

A series of central grouting stations were installed at
different locations throughout the project site. Each
central station was equipped with mixing, pumping, quality
control and communication machines. A network of surface and
buried grouting pipes were layed out to provide sources of
slurry under pressure at every point of the site. The output
of the grouting pumps was designed to vary from 200 to 3200
liters/hour and the pressures may attain 6000 kPa. Most of
the grouts were made up by means of the conventional
'riging' method from drillings filled with sleeve tubes. The
order of grouting of the drillings was adjusted and the flow
restricted in order that the uplift forces on the soil and
subsequent movements remained very small. These movements
must not be capable of damaging the structures and buildings
in the area. The maximum movement beneath the buildings and
streets should be 4 mm and 10 mm, respectively. The drilling

slurries were recycled and purified through a vibrating
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screen, with maximum rate of recycling of 10,

The grouting operation started by perforating a series
of holes using a rotary dril rig, combined with circulation
of a fluid slurry (type 1). The density of the slurry was
sufficient to prevent inward movement of the walls of the
hole. The dril rig was capable of drilling a minimum of 7 m
of fitted out hole per operating hour with diameters from 76
to 146 mm. The borings for grouts were 90 to 100 mm in
diameter. Figure 3.7 shows the details of the boreholes for
the running tunnel and station sections. After drilling to
the designed depth, a sleeve pipe was inserted into the
hole. This pipe is equipped with tubes which allow the flow
of the grout slurries in one direction under pressure. The
pipe was 38 mm in diameter and the length of the tubes was
equal to the grouting area thickness (varied between 3 and 4
m). The next stage was the grouting stage. It was carried
out in three steps:

1. Bentonite cement grouting was aimed to fill the eventual
open layers and pockets of soft ground and to seal the
block to be grouted to the tunnel walls. The grouting
rate was 600 to 800 liters/hour under a pressure of 1500
kPa.

2. Soft silica gel was aimed to water seal tight the sand
layer. The grouting rate was 500-650 liters/hour under a
pressure of 2000 kPa.

3. A second layer of bentonite cement grouting.

The grouting rate was 600-800 liters/hour under a pressure
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of 2500 kPa. The grouting scheme started from the center
lines to the panels (the diaphragm walls). If the pressure
was less than 1000 kPa and 20% less than the average, the
hole was regrouted. Plate 3.4 shows the site during the
grouting operation and dewatering of the excavated zone,

A series of permeability tests (pumping tests) were
carried out to insure that the permeability of the grouted
zone was less than 10°° m/s. Once the results of the pumping
tests were satisfactory, the grouting tubes are filled with
cement-bentonite slurry as sealant.

In general the grouting operation takes approximately 8
weeks from start to finish, after which the site is ready
for excavation. Abdel Salam (1984) discusses the solutin for
a case of grouting failure in a section of the Cairo metro
project. The main source of information about the grouting
operation are the project documents and reports dated
between 1980 and 1988 . The grouting work was carried out by
French/Egyptian Consortium (interinfra Arabco), the
sub-contractors are Soletanch-Bachy for the tunnel and EMCC

for the Stations,
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3.4 General View of the Sites During the Grouting

Operation



4. FIELD INSTRUMENTATION PROGRAM

4.1 Introduction
The primary aim of the instrumentation program was to
monitor the deformation of the soil around the tunnel during
and after construction. These measurements included
1. horizontal and vertical ground displacements above,
beside and below the tunnel

2. pore water pressures around the tunnel

3. loads acting on the structural elements, struts, roof
and raft slabs.

In the first line of the Cairo Metro, two typical cross
sections were instrumented, one in the normal running tunnel
between EL Sayeda Zeinab and Saad Zaghloul Stations and the
second at the Orabi Station. This program constituted the
first time the observational approach had been used in
Egypt.

The criteria governing the choice of instruments was
reliability, sensitivity, reproducability and accuracy. As
well, economy had to be considered. This included the cost
of the instruments, installation, shipping and the physical
monitoring program.

A considerable literature review was performed with the
aim of combining the objective and the criteria. From this
the decision of the type and quantity of instruments was
made. Reports by Cording et.al. (1975) and Schmidt and

Dunnicliff (1974) and catalogs published by the

42
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manufacturing companies provided the range of the available
instrumentation. This aided in the selection and
modification of instruments to suit the site conditions and
program reqguirements.

Details of each instrument, the theory and installation

procedure are discussed in later sections.

4,2 The Running Tunnel Test Section

The running tunnel test section was louw.ted at the
Mansour Street crossing within Safeya Zaghloul Street.
Figure 4.1 shows the location and installation pattern of
instrumentation in plan view. In Figure 4.2, the
distribution of the surface settlement points and benchmarks
are shown. A cross-sectional view of the intrumentation
installation is presented in Figure 4¢.3. Dimensions of the
tunnel cross-section and details of the soil profile at this
location are shown in Figure 4.4.

In cross-section, the tunnel is 6 m high, 8.86 m wide,
with precast walls 0.45 m thick. The roof slab is 0.90 m
thick wrile the raft has a variable thickness, 1.10 m at the
center increasing to 1.20 m at the walls.

The grouted plug lies approximately 7 m below the raft
(base slab). Its thickness varies from 3 m at the centre to
4 m at the edges. The slurry trench wall, 0.60 m wide, in
conjunction with the precast wall, acts as an impermeable

membrane.
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4.2.1 Instrumentation

To observe the surficial vertical displacement around
the tunnel, 9 surface settlement points were used, and these
were referenced to two benchmarks. The settlement points
were installed over a lateral distance of 36.5 m measured
from the tunnel walls (which is more than 3 times the depth
of excavation, 10.50 m). The benchmarks were installed at a
depth of 51,50 m to avoid being influence by the excavation,

Three installations of multipoint extensometers (ME)
were used to monitor the vertical distribution of
displacement near the tunnel and inside the excavation zone.
The first string, ME1, consisting of 5 extensometers , was
installed 1.5 m from the tunnel walls and to avoid the
disturbance caused by construction and removal of the
L-shaped guide walls. In Figure 4.5, details of extensometer
string, ME1, are shown. The elevations shown in this figure
are the final elevations after installation.

After the grouting operation was completed, but prior
to dewatering, two strings of multipoint extensometers, ME2
and ME3, vere installed inside the tunnel section. The final
elevations for each extensometer of ME2 and ME3, are also
shown in Figure 4.5.

As the maximum heave was expected at the center of the
tunnel, ME2 and ME3, were both located at the centre line,
and served to complement each other. Each string consisted
of 5 extensometers, and spanned the depth from 6.0 to 15.5 m

below street level.
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Three slope indicators (SI) were used to monitor the
horizontal displacements of the precast wall and the soil
around the tunnel. The first, SI1, was located 1.5 m from
the wall at the center line of panel No. 1048, at a depth of
20.5 m. SI2 and SI3 were installed in the center of precast
panels No.'s 1046 and 1048. The required panels were
prepared in advance at the factory by insertion of 150 mm
diameter PVC pipe. These pipes extended 1.5 m above street
level, After the panel had been successfully installed, the
slope indicator casing was inserted and rrouting slurry was
pumped to fill the gap between the PVC pipe and the casing.
The final depths for SI2 and SI3 were 12 and 11 m,
respectively as shown in Figure 4.3.

Three piezometer lines were used to monitor pore water
pressures; in the excavation for the short term and in the
grouted plug to assess its reliability in the long term
(i.e. the determination of the practical age of the plug).
The first, PL1, consisted of 6 piezometers and was installed
outside the tunnel 1.5 m from the wall. The lower three were
electric and the remainder pneumatic. The details of PL1 are
shown in Figure 4.6. Line, PL2, with 3 pneumatic and 1
electric piezometer, was Located 2.25 m inside the
excavation, as measured from the precast wall. The third was
installed 2.25 m from the inside face of the opposite
precast wall, similar to PL2 (Figure 4.1)., These 2 lines are

also detailed in Figure 4.6.
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In the roof and raft slabs, 16 strain gauges were embedded
to monitor the normal forces in the structural elements. The
distribution of these strain gauges is shown in Figure 4.3.
In order to observe the normal forces in the struts, twelve
weldable strain gauges were mounted on the upper and lower
struts (temporary supports), three in each side of the pipe,

with one at the top and the other two at a spacing of 120°,

4.3 The Orabi Station Test Section

As explained previously, the Regional line consists of
S stations. The Orabi Station at the intersection of Ramsis
and Orabi Streets proved to be the most suitable site for
instrumentation. In Figure 4.7, the general layout of the
station and location of the test section are shown.

In cross-section, the station is 17.17 m wide and 6.2 m
high. Cast in situ panels, 800 mm thick and 20 m deep, form
the walls. The raft and roof slab have a uniform thickness
of 1.0 m. The former is simply supported on a key, which is
connected with the walls. The grouted plug lies 6.3 m below
the raft and has a thickness of 3.0 m. The station
cross-section and soil stratigraphy are provided in Figure
4.8.

Briefly, the soil profile at this site may be described
as 3.5 m £ill, underlain by 6.5 m of silty clay followed by
5 m of medium density sand. Below this lies a thick layer of

dense sand.
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4.3.1 Instrumentation of the Orabi Station

Figures 4.9 and 4.10 show the distribution of the
instrumentation at the Orabi station.

Ten settlement points were used to define the
settlement trough, and were referenced to 2 benchmarks.

Three strings of multipoint extensometers were
installed. ME1, consisting of 6 extensometers, was located
1.5 m from the outside wall. ME2 was installed 4.25 m from
the inside wall, and ME3 at the centre line of the
cross~section, approximately 8.6 m from the wall. ME2 and
ME3 each consisted of 4 extensometers. The locations and
elevations are shown in Figure 4.11.

In Fiqure 4.9, the locations of the three slope
indicators (SI) are shown. SI1 was installed 1.5 m from the
outside wall, at the center line of Panel No. 55 at a depth
of 21 m from the ground surface. SI2 and SI3 were
pre-mounted to the steel cages of Panel No.'s %3 and 54.
They were installed to a depth of 19 m.

Three piezometer lines were installed, PL1 1.5 m
outside the station section, PL2 and PL3 approximately 2.25
m from each side wall inside the excavated area. PL1
consisted of three electric and three pneumatic piezometers.
PL2 and PL3 each had 4 piezometers, one electric and three
pneumatic. As at the running tunnel section, one piezometer
was installed in the grouted plug to assess its
effectiveness with time. The piezometers lines are detailed

in Figure 4.12,
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1. INTRODUCTION

1.1 Foreword

To study the geotechnical behaviour of diaphragm walls,
the Greater Cairo Metro project has been used as a field
case history.

The City of Cairo has existed for more than one
thousand years and is one of the oldest in the world. It was
originally built to accommodate a population of a few
hundred thousand, At present, Cairo has an estimated
population of 12 million people with an additional influx of
three million commuters during the daytime.

Of course, no designer or urban planner could have
predicted the rate of growth during this period. As a result
of this unexpected development, Cairo suffers from major
traffic congestion.

Several studies were conducted by both foreign and
local consultants to solve the transportation problems in
the Greater Cairo area. The results show that the most
appropriate and viable solution is the construction of an
underground transit network.

The past and current eccnomic situation in Egypt has
led te & delay in confronting and solving this problem, but
with the continued high rate of development of the city of
Cairo indicates that any further delays in the construction
of an underground network may well result in a near blockage

of the surface traffic. Feasibility studies have shown that



a high priority must be given to the subway system to avoid
the economic problems associated with the congestion that

would result.

1.2 The Greater Cairo Metro Project

1.2.1 The Proposed Network

The proposed network consists of three lines, the
Regional Line and Urban Lines (1) and (2) as shown in Figure
1.1. The Regional Line is approximately 43.5 kilometers long
and passes through several densely populated residential
areas and business zones. This line includes an underground
portion of 4.5 kilometers, which connects the existing
Helwan surface railway line to the south with the EL-Marg
surface railway line to the northeast.

Urban Line (1) will connect the northern region of
Shoubra EL-Keima with the western district of Boulak
EL-Dakrour for a distance of 12 kilometers. It will cross
the River Nile between the EL-Galla bridge the EL-Tahrir
bridges.

Urban Line (2) will connect the northwestern region of
Imbaba to the eastern district of EL-Darasa over a total
length of 8.5 kilometers. It will cross the River Nile in
two locations; the first near the Zamalik bridge and the
second by the Abou-EL~Alla bridge.

In order to integrate the three lines into one system,

some of the downtown stations would have to be shared by two
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of the three metro lines in the form of double level
crossings.

The first priority of construction was given to the
Regional Line. For this reason, the Regional Line is

discussed in more detail in the following subsection.

1.2.2 The Regional Line

The below surface portion of the Regional Line is
approximately 4.5 kilometers in length. It includes five
underground stations as shown in Figure 1.2 and one street
level station at the entrance. This section must pass
through intensely developed areas with buildings and other
structures adjacent to the tunnel and deep excavations.

The surficial geology of the region is characterized by
highly permeable deposits with the ground water level
present at shallow depths of 1.0 to 3.0 m.

These factors made the project technically intricate
and economically demanding.

It was necessary to provide good ground control
conditions to minimize the disturbance to the adjacent
buildings. The most appropriate construction procedure under
these circumstances was deemed to be the cut and cover
constraction method. Details of this approcch will be
discussed in later sections of this thesis.

Twe of the major problems associated with the
constr .on of the Regional line were the diversion of

traffic and the diversion and reconstruction of the below
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surface utilities. Both contributed significantly to the

total cost of the project.

The benefits attributed to the construction of the
Regional Line outweighed these temporary disruptions. These
benefits are summarized below. |
1. The Regional Line passes through central Cairo from the

remote southwest district to the northeast. This route
carries about 30% of the total traffic volume, and
therefore would decrease the surface volume by about
30%.

2. It will provide the residential areas of Heliopolice,
Shoubra, Roud EL-farag and EL-Sahel with a practical
transportation alternative.

3. The construction of the Regional Line in the downtown
area will allow the present Tram lines to be removed,
which in turn will alleviate one of the major obstacles
at surface traffic.

4. The bus service between Ramis and Tahrir Stations, which
consists of 54 routes, will be reduced by 50%. The
Tahrir station will be reduced to accommodate the Giza
and other areas not serviced by the Regional Line.

5. This line is expected to reduce the surface traffic
volume allowing more private transportation vehicles to
the downtown area as well as alleviating the parking
problems. The combined effect is estimated to solve 40%
of the traffic problem, particularly in downtown Cairo.

6. The decrease in commuter time should be reflected in the



national economy via improved production levels.

1.3 Aims

The main objectives of this thesis are summarized

below,.

1.

to establish the lateral pressure concept for diaphragm
walls and for soils below the ground water level;

to establish the ground reaction characteristics of the
subsurfce materials in the Greater Cairo area;

to document the behaviour of the Greater Cairo Metro
Regional line to provide data for future geotechnical
design .

One of the more difficult engineering tasks
associated with this project was and continues to be,
the control of the ground water level during excavation.
The construction of the first line by the cut and cover
method, dealt with this problem by increasing the depth
of the concrete side walls and creating an impervious
zone, the Plug, between those walls and the excavation
bottom. As future underground lines will be located at
greater depths, this problem becomes more sericus due to
the increesed water pressure.

Alternate and potentially less expensive methods of
ground water control do exist, but ground response to
the excavation and ground water lowering is not known

with a2 high degree of certainty.



The determination of ground reaction
characteristics to quantitatively describe the
development of displacement and stress fields around
deep excavations and tunnels, and their relationship to
specific construction techniques and progress, is
another aspect of the design problem. This information
is required to economize the design of the structural
elements of the tunnel, and is essential in evaluating
the effect of the construction on the adjacent surface
structures.

At present, no general corpus of knowledge has been
established for the host geological formations present
in Cairo.

The most direct way of gathering information to
assist in finding a solution to these problems is by
field measurements. This approach is referred to as the
Observational Method. Instrumentation is installed in
the ground and in structural elements used to construct
the tunnel line. Monitoring is performed on a frequent
basis to yield a relationship between ground and
structural response and the excavation process. This
then provides information on the adequcy of the design.

Typically, the instrumentation monitors
a) horizontal and vertical displacements above, beside
and below the tunnel structure,

b) Pore water pressures,

c) Loads acting on the structural elements,



d) The Soil pressures developing at the contact between

the ground and tunnel liner (i.e. the diaphragm walls).
The field data is then evaluuted by a numerical model
simulating the construction procedure using the Finite
Element Method as it is not possible to obtain directly a
complete set of data such as the lateral earth pressure
which can not be measured directly from the field
instrumentation.

Two typical cross sections of the Regional Line have
been instrumented. The aim of this thesis is to utilize this
data, to form a basis for the design of future structures.

The Observational method for design and conctruction of
underground structures is based on information gathered
using field instrumention coupled with criteria based on
knowledge of the constitutive behaviour of the ground. The
field information will be used to assist in the design of
various stages of the project and verification of the
numerical model. The Observational Method has not as yet
been used in Egypt and there is no local experience with it,
At the same time, it is believed that the use of this method
on the Cairo Metro project will contribute to more effective
and economy design during future phases of the project. The
method also has potential for use on other geotechnical
projects in Egypt, such as slope stability and foundation

problems.
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1.4 Scope of the Thesis

Chapter 1, the introduction, is devoted to the aims of
the project, its description and problems associated with
the construction of The Greater Cairo Metro Project.

In Chapter 2, the geomorphological and geological
features of Egypt are discussed with particular reference to
the Regional line site.

The construction procedure for both test sections,
detailing the excavation, grouting and installation methods,
are described in Chapter 3.

The field instrumentation program is described in
Chapter 4. It includes the theory of each instrument used
and its installation procedure. The general distribution of
the instrumentation is detailed. A complete set of field
data is also provided.

The procedure used to analysis the instrumented section
is detailed in Chapter 5. The computer programs which are
used to simulate the behaviour of soil are presented. Also
described is the required input for the computer programs,
i.e. soil parameters. The finite element results for each
test section are shown, while the complete set of results is
presented in Appendix D,

A comparison of the field measurements and the results
of the finite element analyses are presented in Chapter 6. A
detailed discussion of the soil deformation and lateral
earth pressure on the diaphragm walls due to stress relief

(i.e. excavation), including recommendations, is provided.



"

The conclusions are presented in Chapter 7, with
emphasis placed on the influence of the construction
procedure, wall type, wall thickness, predicted lateral
earth pressure and corresponding deformation of the soil and
structural elements. A lateral earth prescure diagram is
proposed for use with diaphragm walls with similar
construction methods. Recommendations for further research

are also presented.



2. GENERAL MORPHOLOGIC FEATURES OF EGYPT

2.1 Introduction

The country of Egypt lies in the northeastern corner of
the African continent. Its shape may be roughly represented
by a quandrangle, bounded by Latitudes 22°N and 32°N and
Longitudes 25°E and 36°E. With an area of 1 019 600 km?,
Egypt occupies approximately 3% of the total area of Africa.

Deserts comprise more than 96% of Egypt. The Western
and Eastern desert cover 67 and 21% of the total area,
respectively. The Sinai occupies approximately 6%. The
average rainfall over Egypt is 1 cm/year and along the
Mediterranean is approximately 20 cm/year decreasing rapidly
inland. A map of Egypt including general morphologic
features is illustrated in Figure 2.1.

The Western Desert is characterized by large rocky
surfaces. The central limestone plateau slopes northwards,
yet its elevation increases sharply to the northeast and the
plateau merges into the AL-Qatarani Mountains, which
overlook the Faiyum Depression. The plateau is poor in
surface Qater resources which are limited to wells and small
reservoirs along the northern coast. The Qattara Depression
of the Western Desert is considered to be part of a huge
depression in the northern sector. Lateral sand dunes cover
approximately 40% of the Western Desert. In appearance, they
are similar to a chain of crescentic "barchan" dunes, each

approximately 60 km in length, and a few tens of meters in

12
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width. They are constantly in movement due to the aelian
effect. This type of landscape is particularly common South
of the Qattara depression,

The Eastern Desert consists mainly of the Red Sea
Mountain chain, an igneous formation, which runs parallel to
the Red Sea. It is separated from the water by a narrow
coastal plain.

The southern portion of the Sinai desert is formed by a
complex of igneous and metamorphic rocks. The northern
two-thirds is dominated by a limestone plateau. The Gabal
Katrina, the point of highest elevation in Egypt (2642 m
above sea level) is found in the Sinai.

The most predominant feature of Egypt is the River
Nile, It enters the country at the Egyptian-Sudanese border
and drains into the Mediterranean Sea in the North. For 300
km to the South, the river valley is surrounded by sand
ridges with igneous rock formations outcropping at two
sites.

The river course is approximately 3/4 of a kilometer in
width and has a flood plain with an average width of 10
kilometes. South of Aswan, the valley is flooded by the
man-made lake, Nassar. Twenty kilometers north of Cairo, the
River Nile opens into a classic fan shaped delta. The delta
has two distributaries, the Rosetta and Damietta branches,
each with a length of approximately 242 km. Southwest of the

Nile Delta lies the Faiyum Depression,
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2.2 The Geologic History of the River Nile

The Nile is one of the best documented rivers in the
world (El Makrizi, Willcocks, Hurst, Ball and Awad).
Comparatively, it is ranked first in terms of length, fourth
by basin area and eighth by drainage volume.

The geologic history of the Nile has been studied by
many authors (Ludwig, 1936, Hurst, 1944 and 1966 and Rushdi
Said, 1981). Rushdi Said (1981) indicated that the Nile
started to incise its course in Egypt in Miocene times and
kept deepening its channel through the Eocene and Miocene
formations until recent times, when it began to shape its
valley. The history of the entire river is beyond the scope
of this thesis, therefore emphasis will be given to the

Cairo area and the tunnel site location.

2.2.1 The Geology of Cairo

Cairo is located on the Nile flood plain approximately
20 km south of the apex of the delta. It covers an area of
250 km? and includes the islands of Zamalek and Rowdah in
the River Nile. The core of the city is situated on the east
bank bounded by the desert hills of the AL Mugattam.
Extensive suburbs are found on the West Bank and are bounded
by the Pyramids Plateau.

The topography of the city is classified as high and
low land as shown in Figure 2.2. The geological formations
of the area have been studied by many researchers over the

last century; Fourtean, 1897, Cuvilier, 1924, Attia, 1954,
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Said, 1962, Abu AL~Izz, 1971, EL-Ramli, 1985 and El-Sohby
and Mazen, 1985, to name but a few.

High land formations that outcrop on the eastern side
are Upper Eocene, Middle Eocene, Oligacene, Pliocene and
Pleistocene. The fluvial deposits of the low land show that
the valley has been filled with deposits ranging from
Pliocene to recent river borne deposits. These sediments are
classified by their mode of formation into alluvial and
diluvial deposits. In Cairo, the observed depth of alluvium
is generally 20 m, but in some areas it reaches 60 m. This
layer overlies the sands and gravels of the Oligocene
Formation. Generally, recent Nile river deposits are silts,
clays and fine sands.

Figure 2.2a illustrates that the Nile has significantly
changed its course through the Cairo area (Shenouda, 1973).
In the 19" century, some of the abandoned branch channels
and lakes were filled by man. As a result, a surficial layer
of a heterogeneous mixture of silt, clay, sand, bricks,
pottery and blocks of limestone is commonly encountered at
these locations.

The Regional Line of the Cairo Metro as shown in Figure
1.2, passes through portions of the old river course. The
sand deposits alternate in an intricate manner with layers

or pockets of silt and/or clay.



3. CONSTRUCTION PROCEDURE

3.1 Choice of Construction Method

The underground portion of the Cairo Metro project

passes through areas which are heavily developed and contain

many structures of historical interest. Changes in the

ground water level, due to construction of the tunnel, could

result in excessively large displacements. These in turn
could cause major damage to the adjacent structures.
Therefore, the primary objective in the selection of a
construction method for the tunnel was to maximize ground
control.

For the Regional line, the cut and cover method was
thought to be the most viable solution. Details of the
procedure will be given in the following sections.

Under the classification of the cut and cover
procedure, various methods of construction are possible.
These are listed below :

1. H-Pile walls,
2. Tangent pile walls,
3. Slurry trench walls (diaphragm walls),
4. Shotcrete walls,
5. Bracing systems,and
6. Anchoring systems
The most effective solution for the Regional line

consisted of using a number of these methods.

18
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3.2 The Cut and Cover Method

The cut and cover method is widely used in subway
construction. In this study, two of the major design
considerations were the rerouting of the underground
utilities and the divérsion of the surface traffic. The
resolution of these problems contributed greatly to the
total cost of the project.

As mentioned previously, the most important aspect of
the construction procedure was the control of the ground
water. The basic design premise was to create a working
area, effectively a box, sealed on the sides and bottom.
Diaphragm walls formed an integral part of the structure and
served as the longitudinal sides of the box. A grouted plug
far below the maximum excavation depth acted as the bottom
of the box. Cut-off walls, spaced at approximately 100 m,
provided the cross-sides. The sides and bottom of the "box"
were assumed to be impermeable. In this manner, the
construction of the tunnel had minimal influence on adjacent
structures.

For the Regional Line, the running tunnel consisted
primarily of pre-fabricated walls. (Plate 3.1a shows the
prefabrication factory). Depending on the location, the roof
slabs were either prefabricated or cast in situ. The floor
slabs were always cast in situ.

For the station, the reinforcing skeleton was assembled
in the factory (Plate 3.1b) and transported to the site. The

walls were cast in situ.
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3.3 Construction Procedure for the Running Tunnel

Generally, the running tunnel was constructed using
pre-cast structural elements for the diaphragm walls, slabs
and beams. Figures 3.1 and 3.2 illustrate in detail the
general construction procedure. It is described in stages
corresponding to the field method.

The first step was the construction of the guide walls.
These L-shaped sections of cast in situ concrete served to
guide the excavation of the slurry trenches. The excavation
of the 500 mm wide slurry trench wall followed.

The design depth of the excavation varied according to
the section and topography of the site, but was usually
about 20 meters. Figure 3.3a shows the guide walls and pre
cast panels stored on site. In Figure 3.3b details of the
excavation for the slurry trench walls are shown. Following
in Figure 3.4, the precast panel is detailed.

The connection between the walls consisted of a rubber
strip the same length as the panel. Immediately after
excavation of the trench, the panel for the particular
section was lowered into the trench and kept in position by
joining its steel carrying bars to the guide walls. Once the
self hardening slurry had set, the panel was at its desired
elevation. This sealing system is shown in Plate 3.2.

A special curing process was used at the factory to
ensure that the concrete panels were watertight. As well, a
sealant coat was applied to the outer surface as the panels

were lowered into the trench.
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(a) Details of pre-cast panel installation

.

(b) Guide walls, excavation

Figure 3.3 Details of Excavation and Installation of the

Diaphragm Walls for the Running Tunnel Test Section
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To activate the seal between the rubber strips and the
panel, the bentonite cement slurry mixture was pumped to
fill the pipes at both sides of the rubber water stopper
installed between adjacent panels and was allowed to set. As
the grout expanded, it created a firm contact between the
concrete and the rubber, which prevented water seepage. In
the following stage, the grouting of the plug and the
cut-off walls was completed. A period of 2 months was
allowed for the complete set of the grout.

The grouted zone or plug was constructed during a two
month period. It was located at a depth of 20 m and its
thickness varied from 3 m in the center to 4 m at the walls
(Figure 3.1). The details of the grouting operation will be
discussed later in this chapter.

Pumping tests were conducted during the dewatering
procedure to determine the permeability inside the
excavation and above the plug level. By passing these tests,
the site was considered suitable for excavation.

Excavation was performed in stages with a mobile
support used to control wall movement until the installation
of the two rows of struts. The mobile support was provided
by a steel frame 8 m long, 4.5 m wide and 0.40 m high
consisting of broad flanges standard I beams. The excavation
started by removing a strip about 2.0m deep and 3.0m wide.
This provided a safe distance for the excavation machine to
work. The mobile frame was hung by chains to the walls and

was advanced about 3.0m by the excavation machine., Plate 3.2
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shows the mobile frame moving operation. Activation of the
frame was accomplished by the insertion of high quality
redwood wedges. Sand bags underlying the wedges provided a
dismounting tool. These consisted of a rubber hose, 150 mm
in diameter, filled with sand, and sealed at both ends. The
excavation by machine was continued through the mobile
frame.

The lower strut was installed first,by lowering it
through the frame. It rested on pre-mounted brackets and was
activated using the wood wedges and sand pillows. Three
points of contact were made, each with a width of 300 mm
,length of 800 mm length and height of 150 mm. The upper
strut was installed in the same manner at its design
elevation.

The final stage of excavation was performed manually
and consisted of levelling the base area. Then, a layer of
gravel was spread on the base of the excavation and covered
with a plastic sheet. On top of this, plain concrete was
poured to a thickness of 200 mm. The concrete formed the
base for the primary impervious layer. This operation was
performed at approximately 10 m intervals.

The impervious zone consisted of two layers of rubber
and a coat of cement mortar. This mortar protected the main
layer from damage during installation of the reinforced
concrete. The main layer was connected to rubber strips
which had been previously installed on the precast panels.

Plate 3.3 shows some aspects of the operation to make the
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Figure 4.11 Details of the Multipoint Extensometers at the

Orabi Station Test Section
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The distribution of the 16 embedded strain gauges in
the roof and floor slabs is shown in Figure 4.10. A single
row of temporary support (struts) was used in the under
cover section of this station. Two adjacent struts were
instrumented with 12 weldable strain gauges; the placement

was the same as at the running tunnel section.

4.4 Details of the Instrumentation

4.4.1 The Settlement Point (SP)

A settlement point is commonly used to measure the
vertical displacement of a particular point in a soil mass
near the ground surface or at depth. These points are
primarily used near surface due to the availability of more
economic instruments to measure deformation at depth. A
range of designs are given by Bozozuk (1968), Burland and
Moore (1973), Marsland (1973), Hansmire (1975), Cording
et.al., (1975) and Barratt and Tyler (1976).

Figure 4.13 shows the details of the settlement point
employed. It was manufactured locally in Egypt using the
available materials and machine shops. Briefly, it consisted
of a 1.5 m galvanized steel pipe, 13 mm in diameter, with an
drive point mounted at the tip. A 100 mm diameter steel
plate was welded 150 mmn from the bottom. A grooved steel cap
wvas welded to the top.

A 38 mm diameter PVC pipe acted as a sleeve around the

galvanized pipe, and rested on the bottom steel plate. A
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flexible PVC cap sealed the top to prevent backfill material
from entering the sleeve. This sleeve eliminated friction
between the steel pipe and the surrounding soil. A specially
designed box was used to protect the top of the instrument
and was fixed using a large block of plain concrete.

For the settlement point, a 150 mm diameter, 1.35 m
deep hole was drilled. The instrument was hammered into
position, and the hole backfilled with clean sand. Finally,
the protection box was mounted.

The readout procedure was carried out by initially
surveying the elevation of each settlement point with
respect to the benchmarks. This cor: ~ .t=2d the zero
reading. For each additional readiw., a new elevation for
each settlement point was calculated and the surface
settlement could then be determined. To ensure the highest
level of surveying accuracy, a number of techniques were
used, i.e., keeping the same survey team, using high quality
equipment, etc. Surveying was performed with a N-2
Carlzizzes level and a specially designed survey rod. On the
back side of the rod was a levelling bubble which insured
that the rod was maintained verticzl during surveying. One
mm graduations were marked on the rod, which allowed reading
to the nearest 0.5 mm, Figure 4.14 provides the details of
the surveying rod. The accuracy and repeatability of the

reading were taken to be within % 0.5 mm,
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4.4.2 The Multipoint Extensometer (ME)

The multipoint extensometer installation was used to
provide the vertical deformation distribution with depth.
The magnetic multipoint extensometer was designed and
developed by the Building Research Establishment, U.K.
(Burland, et.al., 1972; Burland and Moore, 1973:; Marsland
and Quafterman, 1974;:; and Smith and Burland, 1976).
Subsequent work at the University of Alberta has yielded an
improved design (Medeiros, 1979).

Details of the magnetic extensometer are shown in
Figure 4.15. Its basic components consist of a solid
magnetic ring fixed to a rigid PVC housing. The ring has
dimensions 70 mm outer diameter, 45 mm inner diameter and 10
mm thickness. The housing was approximately 290 mm in
length, with a diameter of 80 mm. The magnetic ring was
inserted, fixed and sealed against ground water in the
bottom cap of the housing. To fix the extensometer in the
borehole, 4 springs shaped with a 30° angle, 540 mm long,
were attached at 90° spacing to the m .1 body. In this
manner, the vertical deformation of the soil is transferred
to the extensometer.

The basic principles for the extensometer are given by
Burland et.al, (1972), Some modifications were made to
improve the performance of the inctrument. The magnetic ring
was made of a solid magnet rather than numerous magnetic
disks. In this manner a stronger magnetic field was

produced, making it easier to detect with the readout
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device. The supporting steel spring design was changed to
the shape shown in Figure 4.15. This improved the transfer
of the movement from the soil to the magnetic point. As a
result, the installation tool (extruder) had to be
redesigned. All these improvements were made at the
University of Alberta.

Three distinctive magnetic fields are formed as shown
in Figure 4.16. The readout unit, supplied by Solinst,
consists of a probe attached to a high quality, plastic
measuring tape. When the probe is lowered down the access
pipe and passes through the magnetic field, two wire ends
connect completing an electrical connection. This connection
activates a signal, which emits a buzzing sound. The
corresponding depth is read from the measuring tape.

El-Nahhas (1980) reported a reproducibility to within 1

mm.

4.4.2.1 The Installation Procedure

For installation of the multipoint extensometer, a hole
150 mm in diameter was drilled using bentonite mud and
supported with 150 mm ¢ :sing. Once the desired elevation was
reached, the access pipe was installed. The access pipe was
equipped with threaded connections which were also glued to
prevent disassembly during installation. The bottom of the
pipe was capped, so that the pipe could be filled with
water. This aided in overcoming the uplift forces.

It was usually found that the bottom portion of the

hole would cave in after a few minutes. This was due to the
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sand layer and groundwater present at depth, but did not
cause any problems; in fact it helped secure the access
pipe.

An extensometer was then mounted inside a specially
designed extruder as shown in Figure 4.17. The extruder
consists of a section 105 mm in diameter and 535 mm in
length. At the top end, an annulus with inner diameter
slightly greater than the access pipe was fixed and served
as a guide. The extruder was attached to the drill rig by a
guide wire. At the desired elevation, the extensometer was
extruded through reaction of a rod between the drill rig and
extensometer. This procedure was repeated until the required
number of extensometers were in the borehole. In the clay
layer, a bentonitic grout was used.

After installation was completed, initial readings were

made to determine the zero positions of each extensometer.

4.4.2.2 Monitoring Procedure

The extensometer probe described in the preceding
section, was lowered to the bottom of the hole. The depths
of each of the three magnetic fields for each extensometer
were recorded to the nearest 0.5 mm. The second reading
should be the average of the first and third readings. This
was immediately checked to prevent reader error, All date
was processed manually.

Survey readings were taken to the top of the access

tube and referenced to the benchmarks. This allowed

corrections to be made for any movement of the access pipe.
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To ensure that operator sensitivity was not a factor,

the same 2 man crew was used throughout the monitoring.

4.4.3 The Slope Indicator (SI)

The slope indicator is widely used to measure the
horizontal displacement profile in a soil mass. The system
consists of 3 primary components; the casing, sensor and
readout unit.

The ABS plastic casing was supplied by the SINCO slope
indicator company. The inner diameter was 59 mm with 11 mm
thickness. Four longitudinal grooves were machined at equal
spacing.

The sensor, model 50325 M, contains
servo-accelerometers mounted with sensitive axes spaced 90°
apart. It is equipped with 4 spring loaded wheels which are
compatible with the internal dimensions of the casing. It is
suspended by an electrical cable. The probe provides an
electrical signal proportional to the angle of inclination
from the vertical axis.

The principle of the slope indicator as described by
Dunnicliff (1971), Hanna (1973) and SINCO is schematically
illustrated in Figqure 4.18. Briefly, the servo-accelerometer
transforms the tilt into an electrical signal which is
transmitted through the elecirical cable to the readout
unit. The profile is determined in 2 vertical planes,
perpendicular to each other, and are usually referred to as

the A and B directions. The A direction was chosen to
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represent the direction of principal displacement, i.e,
perpendicular to the tunnel centre line.

The portable readout unit, Model 50309, with digital
LED f7isplay, has a 6 V rechargable battery. It was also
supplied by SINCO.

Green (1973), Savigny (1980), El-Nahhas (1980) and
Dunnicliff (1988) found that repeatability and accuracy of
this instrument was 10 times better than manufacturers

specifications.

4,4.3.1 Installation Procedure

A 75 mm diameter hole was drilled to the required depth
using a bentonite slurry and casing. The slope indicator
casing, capped at the bottom end, was inserted in the hole
and filled with water to counteract the uplift forces. A
flexible tube was taped to the first joint. Through this,
the grout was pumped to replace the mud.

Each joint of the plastic casing was cemented with PVC
glue and riveted in place. The orientation was adjusted and
the grouting operation began. The grout used was the same as
for the slurry trench (self hardening) and was supplied by
the contractor.

After grouting, the orientation of the casing was
rechecked. The casing was then kept in place by use of a
hydraulic jack reacting against the drill rig for a half
hour until the grout had set. A box was mounted over the

casing at street level for protection of the instrument.
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For the precast panels, the pre-fixed PVC pipe was used
to install the casing and then the assembly was grouted. For
the cast-in-place panels, the casing had been pre-fixed and
oriented at the factory. The casing was filled with water to
prevent flow of the bentonite slurry into the casing as the
steel cage was lowered into the slurry trench.

For the slope indicators in the structur 1 elements
boxes for protection were mounted after the streets were
backfilled and paved. Initial readings were taken prior to

any excavation.

4.4.3.2 Monitoring Program

The electrical cable was attached to both the sensor
and the digital readout, and the power switch activated. The
probe was then lowered until the bottom was reached and was
allowed to stabilize for 5-10 minutes. Readings were taken
at 0.5 m intervals with the probe held at constant elevation
by clamping the cable at surface . Both A and B directions
are read by simply flipping a switch. The procedure was
repeated with the probe rotated 180°,

Again, the data was processed manually and displacement
profiles plotted. The slope indicators were read by the same
2 man crev at each stage corresponding to changes in the

Sstress conditions around.
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4.4.4 Piezometer Lines

Many types of piezometers are available for monitoring
pore pressure in a soil medium. The Pit Slope Manual -
Chapter 4 (1977) provides the classification and
instalilation procedures.

For this project, the vibrating wire and pneumatic
(mechanical diaphragm) piezometers were used. The cost of
the instruments was a major factor in the selection process.

The pneumatic piezometer, which uses compressed air, is
very inexpensive compared with the vibrating wire
piezometer. Therefore, the number of pneumatic wire
piezometers used far outnumbered the electric piezometers.

In the electric piezometer, the change in electrical
resistance of a strain transducer mounted on a stiff
diaphragm is monitored., The effect of the length of the
electrical wire is eliminated. Figure 4.19b presents the
details of the electric piezometer. Those used were supplied
by IRAD Gauge, Model PWS.PWP (Manual No. 19-2050).

Figure 4.1.a presents the basic principle of operation
for the pneumatic piezometer. A schematic is shown in Figure
4,20. Basically, compressed air pressure is applied against
a sealed, flexible, rubber diaphragm until it equalizes with
the hydraulic pressure. A pressure gauge on the compressed
air is then read in meters of head.

The pneumatic piezometer and read out device were
supplied by Soil Instrumented Ltd. England. (readout Model

No. MK III Pneumatic Push Bolton meter).
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4.4.4.1 Installation Procedure

A borehole of 75 mm diameter was drilled using fresh
water and was cased to the desired depth. To install a
piezometer line consisting of multiple tips, it was found
that pre-assembly, including sand filters, was necessary
before lowering into the borehole, to avoid jamming
problems. This also ensured that each of the tips was at the
desired elevation.

The procedure for installation of piezometers in clay
layers suggested by Deardorff et.al. (1980) was followed.
One meter bentonite plugs were installed between successive
tips, and were separated by clean sand as shown in Figures
4.6 and 4.12. Deardorff et.al. (1980) also reported that
pneumatic piezometers responded quickly to small changes in
water pressure, producing reliable and satisfactory results.

After sealing, backfilling and removal of the casing,
the required connections for the pneumatic and electrical
piezometers were mounted at the surface. The instrument

leads were protected by a box fixed in place with concrete,

4.4.4.2 Monitoring Procedure

For the vibrating wire electrical piezometer, the
resistance readings were converted to pore pressure through
calibration charts supplied by the manufacturer. Temperature
corrections were also made.

The pneumatic piezometers were read 3 times so than an
average could be calculated and the readings converted to

kPa. Details of the procedure are provided in the
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instruction manual supplied by the manufacturing company.
Results show both types of piezometers to be reliable,
sensitive to small changes in pore pressure and dependable

over the long term,

4.4.5 Vibrating Wire Strain Gauges

Vibrating wire strain gauges were selected to measure
strains across the structural elements in the temporary
support system. These measured strains are used to calculate
the normal forces.

In both the tunnel and braced excavation
instrumentaticn programs, vibrating wire gauges are
primarily used due to their ability to resist dusty, humid
environments, they have long term reliability and the added
advantage of independence of wire length (El-Nahhas, 1980).

The change in the resistance of the vibrating wire
element represents the change in a given length. This is
explained in detail by the Norwegian Geotechnical Institute
(1962) and by Thomas (1965). The strain gauges used in this
study are illustrated in Figure 4.21.

Embedded strain gauges were used to determine the
normal forces in the roof and raft slabs. As well, the
strain gauges were installed in concrete samples used in the
laboratory testing program., All the strain gauges,
installation equipment and readout devices were supplied by

IRAD GAUGE.
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a)Embedded strain gauges in the raft

b)Embedded strain gauges in testing cylinder

Plate 4.1 Details of the Installation of the Embedded Strain

Gauges
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4.4.5.1 Installation Procedure

The embedded strain gauges were mounted on the
reinforced steel bars at a minimum distance of 25 mm from
the bars at the desired locations with wooden spacers used
to maintain this distance. The gauges were secured in
position with thin wire in two directions. The cables for
each gauge were directed to two places, one on each side,
and fixed to the steel bars until they reached the
protection boxs mounted on the walls. A double numbering
system was used to avoid any confusion during monitoring.
Plate 4.1 details the installation of the embedded strain
gauges.

The procedure for mounting the weldable gaouges on the
temporary supports is explained in the instruct:on manua.
IMB2.9. Simply, the desired location was grcund and cleaned
using a disc sander such that a very smocth surface results.
Then using the spot welding unit, the gauge was welded tc
the steel strut and coated with a protective sclution, A
cover was then welded on for protection. A specia. pad .s
mounted above the gauge and a steel protection plate s
welded in place tc protect the inssrument dur:ng the
installation of the strut and the excavation operat.un, The
cahles were mounted on a wood plate at the top of the
pre-cast panel or at the side cf the cast-in-g:ty paneils.
Each cable was marked with Tespect ¢ its 8train gauges,

Plate 4.2 shows the gauges mounted on the gtryuts,
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Plate 4.2 Weldable Strain Gauges Mounted on the Struts
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4.4.5.2 The Monitoring Procedure

The monitoring procedure was very simple, and is
described in detail in the Manufacturers Instruction Manual.
Data for each gauge were recorded with corresponding
temperatures. Using the tables for temperature correction
provided by the manufacturer, the data were processed and
the final readings were ir microstrains. Appendix A shows a
sample calculation for the determination of the normal force

in the section.

4.5 Laboratory Test Program

Throughout the construction and excavation procedures,
soil and concrete samples were recovered and taken to the
Ain Shams University laboratory and Ardman Ace Company tc
determine the properties of each material. These included
sieve analyses, plasticity indices, and consolida*ed
undrained and drained triaxial tests for the soils. The
results are summarized in Table 4.1. Several Jaboratcry
programs were conducted under the supervision ¢! the NAT.
The final repor:t No. 401AAC-0C04:2A4 (1984) (Project Repore
Ssummarizes the geotechnical properties and has been used L
compare these data.

In Appencix B, an example ¢! the stress gtra:n
volumetric relationship is shown which wag needed fcr the
determination of the numerica. anb.ys:i3s parametlers, Append:ax
C presents the summary of the concrete tests and ten:e

procedures.
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Type of Soil
Sand
Fill Clay Silt Dense Medium
Average Properties
Saturated unig weight
(Ysat kn/m”) 18 18.3 20 18
Water content (W) % 38 32 * 22
Plastic Limit (P.L) % 30 25
Liquid Limit (L.L) % 50 60
Permeability M/s < 3.5 x 1078 1076 3x 1072 | 2x 1074
Standard Penetration
(S«P.T.) blows/0.3m 7 11 35 20
Degree of Saturation
(sr) % 95 95 95 95
Angle of Shear
Resistance ¢ 33 32 30 25
Drained Shear Strength
Parameter C' kPa - 40 - -
Drained Shear Strength
CD kPa * 60 - -
Undrained Strength
CU kPa 50 60 - -
% Clay 25 40 n 8
% Silt 30 45 5 15
% Sand 23 15 95 78
% Gravel 22 0 0 ]
¥ Not available
CONCRETE PROPERTIES
Unit Weight kN/m> 23,750
Compressive Strength MPa 40,0
Modulus of Elasticity MPa 31,250.0
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Table 4.1 also shows the average properties for the
concrete used in the project. These results have been
compared with the data collected for the quality control by
the contractor under the supervision of the National
Authority for Tunnels (NAT) Egypt. Some concrete test
cylinders were instrumented with embedded strain gauges to
determine the stress strain charactéristics of the concrete.
An empirical equation provided by the Canadian Standards
Association (CSA, 1984) was used to determine the modulus of
elasticity. Good agreement was found between this equation
and the laboratory test vesults. This suggests that in
future planning, the equaticn can be used and the cost of

instrumentation can be saved.

4.6 Monitoring Routine and Site Condition

Generally, the instruments have been read continuously
since installation. A weekly report containing the recorded
data sheets and site activity, was summarized for NAT. The
ponitoring program was most extensive during the excavation
process. At times, excavation proceeded too fast to allow a
full complement of instrument readings to be taken. To read
the slope indicators took approximately 1.5 hours, and
during this time, two excavation steps could take place.
Therefore, readings were taken on SI2, the slope indicator
in the precast panel, for every step of excavation. If time

permitted, SI3 was also read.
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For the vertical deformation profile (settlement
trough), only the initial and final readings were taken.

In the running tunnel section, the majority of the
instruments installed outside the tunnel section were
destroyed by the contractor (see Plates 4.3 and 4.4). Some
of the instruments originally assigned to the Station
section were used to replace the damaged instrumentation at
the tunnel section. A new slope indicator was installed in
the soil and some surface settlement points were replaced.
Difficulty was encountered in clearing the damaged slope
indicator casing inside the precast panel. Finally, a
drilling crew on site drilled out the casing and the
grouting material . The bottom 2 m was filled with small
pieces of casing and could not be used.

For the multipoint extensometer outside the tunnel
section (ME1), the access pipe had been plugged by small
size particles. By pushing the particles to the bottom of
the access tube, only the lower two extensometers were lost.
The readings were re-initialized taking into account the
previously recorded displacement.

The cables and pipes for the piezometer line (PL1)
outside the tunnel section were repaired and reconnected.
Concrete was poured to remount the protection boxes.

The instrumented section was restored almost to its
original condition and monitoring was continued. The
instruments performed as expected. The rate of failure due

to instrument malfunction was very low except in the case of
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Plate 4.3 Examples of the Field Obstacles Experienced at the

Tunnel Test Section



Repair Work
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Plate 4.4 Damages and Repair Work at the Tunnel Test Section
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the strain gauges.

The multipoint extensometer inside the tunnel section
failed to provide reliable readings due to the rapid
excavation and subsequent damage to the access pipe. No time
was available to effect the necessary repairs.

The two piezometer lines (PL2 and PL3) inside the
excavation were damaged during excavation but were
sucessfully repaired.

At the station section, major damage to the instruments
resulted from the continuous changes to the site plan from
the unpredicted utility diversion work. As well, the traffic
diversion plan had to be altered on site to ensure adequate
traffic flow. As a result of the damage and limited access,
only slope indicator, SI1, and the strain gauges in the
temporary struts and concrete could be read. It should be
stressed that instrument malfunction was not responsible for
the apparent lack of success.

Plates 4.5 and 4.6 show the instrument read out units
used in this project. These instruments have been donated to
Ain Shams University in Egypt for use in further research

work.

4.7 Field Measurement of Soil Deformation

Periodical readings of each instrument were taken
during different stages of construction. In particular, more
frequent readings were taken during excavation. Monitoring

continued until stabilization of the measurement was



90

S3Tun 3INopesy 9YyL §°H 9leld

sjurod 3juswaT333S puT

S1933WOSUa3IXa TITNNW

103jed1pul =adots

ek &

G
%0




During instrument read out

Plate 4.6 The Readout Units
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obtained or access tc¢ the instrument was blocked.

The data was processed and plotted manually after each
set of readings. The results have been reported by
Eisenstein et.al. (1987) in the final report presented to
the International Development Research Center, Ottawa,
Canada and the Na..onal Authority for Tunnels, Cairo, Egypt.
The running tunnel measurements were presented by El-Nahhas
et.al. (1988, 1989) to the Tunnels and Water International
Congress in Madrid, Spain. The Station results have been

reported by EL-Nahhas, Eisenstein and Shalaby (1989).

4.7.1 The Running Tunnel Test Section Measurements

As indicated in Section 4.1, the instrumentation was
concentrated at the section close to SAAD Zaghloal Street
(project reference at Kielo point 23,914.27). The results
from each instrument are presented with respect to

measurement type.

4.7.1.1 Vertical Displacement (Settlement)

To determine the settlement trough around the
cut-and-cover tunnel, the vertical displacement (the surface
settlement) was monitored using the surface settlement
points installed in Safeya Zaghloul Street and in the soil
adjacent to the tunnel. Figure 4.22 shows the final
settlement trough observed after construction and
stabilization of the readings. It includes one set of
readings during construction. The maximum settlement of 15

mm occurred adjacent to the wall of the tunnel. No
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settlement was observed during the construction operation at
distances more than 20 m from the tunnel walls. The
subsurface soil settlement adjacent to the tunnel walls is
given in Figure 4.23, These results from installation ME1,
show that at 9.0 m depth, the vertical settlement increases
with depth. The maximum vertical displacement recorded was
22 mm at elevation -9,0 m. The nearest surface settlement
recorded 15 mm at elevation -1.,5 m. As a result of the
blocked access pipe, the lower two magnetic points were

lost.

4.7.1.2 Horizontal Displacement (Lateral Deformation)

The slope indicator was used to monitor the lateral
deformation of the diaphragm wall and the soil adjacent to
the walls. Figure 4.24 presents a summary of the diaphragm
wall deformation during construction and after completion of
the tunnel from slope indicator, SI2. The first profile
shows the lateral deformation after excavation of 2 m, with
a maximum of 8 mm. The second, at 5 m excavation with
temporary support in place, shows a maximum of 9-10 mm. The
third profile taken when 7 m were excavated and the lower
strut installed shows a maximum of 10-11 mm. At the full
depth of excavation (10.5 m) and the upper strut installed
19-20 mm were observed at the lower strut level. The last
profile represents the final deformed shape of the diaphragm
wall with a maximum of 22 mm at the lower strut.

The reading of the slope indicator installed in the

soil adjacent to the tunnel walls (SI1) is presented in
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Figure 4.23 The Subsurface Settlement at the Tunnel Test

Section
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Figure 4.25. Only four stages of excavation were recorded
due to time constraints. The first profile after 2 m
excavation inside the tunnel section showed a maximum
deformation of 7-8 mm. The second, at the final excavation
level, with the lower strut in place and temporary support
at the top, recorded a maximum of 18-19 mm. The third set
was taken at full excavation level with the support provided
by the upper and lower struts. A maximum deformation of
20-21 mm was observed. After completion of the tunnel, 22 mm

horizontal displacement was recorded.

4.7.1.3 Pore Water Pressure Measurements

Three piezometer lines were installed in this section
as detailed in Section 4.1; one outside the section and two
close to the site walls of the tunnel. Figure 4.26
presenting a summary of the recorded data, it shows strong
agreement with a hydrostatic pressure distribution. If the
piezometers installed inside the tunnel section (within the
grouted plug) continue to show a hydrostatic distribution
which matches the outer piezometer line, the grouted plug is
not functioning.

As the plug was guaranteed for 3 years from
installation, the contractor poured an additional concrete
layer over the final excavation depth to prevent failure due

to uplift forces.
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linear elastic model properties.

5.4.4.6 Step (6) - Excavating to the Final Level

The final excavation level of -10.5 m was achieved by
deleting the elements up to this level with the support of
the mobile frame only. The excavation base upper row of

elements was assigned the linear elastic model properties.

5.4.4.7 Step (7) - The Installation of the Lower Strut
The simulation of Step (7) was the same as for Step

(5), i.e. installation of the temporary support.

5.4.4.8 Step (8) - The Installation of the Upper Strut
In a manner similar to the previous step, the upper

strut was installed.

5.4.4.9 Step (9) - The Removal of the Mobile Frame
The element row of the imobile frame was deleted and the
diaphragm wall was supported only by the two rows of struts

without any base support.

5.4.4.10 Step (10) - Pouring the Concrete Floor Slab

The concrete floor slab was introduced by rebirthing
the corresponding elements with new model properties which
were linear elastic model with concrete properties. The soil
base row was reassigned as the hyperbolic model in this
stage of analysis as the concrete layer provided the
required linear elastic surface layer. The diaphragm wall

was supported by the floor slab and the two struts.
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5.4.4.11 Step (11) - Introducing the Sheet Pile Wall
In this step, excavation of the element column adjacent

to the outside of the diaphragm wall and to an elevation of
=3.7 m was required. A temporary support system consisting
of steel sheet pile walls was installed :nd the soil was
excavated to allow for the required work to be carried out.
The best simulation for the sheet pile walls was deletion of
the elements without any restriction to the degree of
freedom of each node. As well, the upper elements of the
diaphragm wall were deleted to allow for the connection

between the wall and the roof slab.

5.4.4.172 step (12) - Introducing the Roof Slab

As explained previously for the floor slab, the roof
slab was introduced to the system. The temporary support
provided by the two rows of struts was maintained during

this stage of analysis.

5.4.4.13 Step (13) - The Final Case

After executing the insulation work (water stoppage)
for the exposed side of the diaphragm wall and the surface
of the roof slab, the sheet pile walls were removed and
backfilling began. The struts were removed and the walls are
supported by the floor and roof slabs only. The surface row
of elements of the backfill were assigned linear elastic

model properties,
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5.4.5 The Station Test Section - Steps of Analysis

The construction procedure for the station test section
was an undercover excavation. In the original design of the
instrumentation installation, the instruments were to be
located inside the undercover section. As a result of on
site changes to this plan, due to traffic diversion, a shift
of the open air excavation zone toward the instrumented
section occurred. The slope indicator was located in the
open air zone, approximately 3 m from the undercover area.

Due to the multiple problems, two different analyses
were used for this section;
1, open air excavation (as in the running tunnel),
2. undercover excavation.

The same procedure followed for the running tunnel test

section analysis was used for the station section.

5.4.5.1 The Station Test Section Steps of Analysis as an
Undercover Excavation

Step (1) The in situ stress generation

Step (2) The slurry trench and cast in situ diaphragm
walls

Step (3) Grouting the plug and dewatering the excavation
zone

Step (4) Start excavation to elevation =-3.5 m

Step (3) Introduce the roof slab and backfill to street
level

Step (6) Excavation undercover to elevation -5.9 m

Step (7) Installation c¢f the strut and excavation to the



29

final depth of 10.5 m
Step (8) Introduce the floor slab

Step (9) Introduce the key and the final step

5.4.5.2 The Station Test Section - Steps of Analysis as

an Open Air Excavation

This analysis continues from Step 4, as the previous
three steps are exactly as for the undercover excavation
analysis.

Step (4) Excavation to elevation -5.9 m and the

installation of the strut

Step (5) Excavation to the final level

Step (6) Introduce the floor slab

Step (7) Introduce the roof slab and backfill to street

level

Step (8) Introduce the key and remove the strut (the

final case)

5.5 The Finite Element Analysis Results

Convergence was achieved after an average of 15
iterations. Only the result of the non-linear analysis are
presented in this chapter. The output contains the vertical
and horizontal components of each node displacement and the
major stresses and strains at Gaussian points for each
element.

As this problem requires special consideration, i.,e.
chosing the nodes and elements to represent the field

instrument locations, the settlement t1augh, base heave,
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horizontal and vertical displacement, lateral earth pressure
and shear stresses results were processed manually. The
displacement field was presented using the post-processing
program to plot the displacement arrows for each step of the

analysis for both sections,

5.5.1 Finite Element Results of the Running Tunnel Test

Section

5.5.1.1 The Deformation Analysis

The results of the deformation analyses are presented
in the form of arrow displacement plotting which
concentrated on the major area of interest around the tunnel
and up to and below the grouted plug, the settlement trough,
base heave, soil vertical displacement and soil and wall
horizontal displacements. The results are shown in Appendix
D.

The displacement arrow plots (Figures D.1 to D.12) for
the running tunnel test section showed that in the early
stage of analysis (Steps 2 and 3), the soil tended to move
downwards recording the highest displacement values. As the
excavation began, a reduction in the magnitude to the
Aisplacement was observed. With continued excavation, the
walls and surrounding scoil moved toward the excavation and
the reduction in the surface displacement around the tunnel
excavation continued. As the final excavation depth was
reached, base heave values began to increase. The horizontal

displacement of the wall and surrounding soil increased,
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Figures D.13 and D.14, while the vertical displacement
decreased. When the floor and roof slabs were introduced,
base heave decreased in magnitude. The last step, (13),
showed the final displacement pattern.

It was concluded that the grouted plug not only acted
as an impervious layer preventing displacements due to
ground water level changes, but also reduced the base
deformation due to heave.

The settlement trough and heave of the excavation base
are presented in Appendix D, Figures D.15 and D.16. The
surface settlement generally increased with the progress of
excavation and a maximum of 16.77 mm in the final case was
predicted. This is considered to be in close agreement with
the field measurement of 15 mm at the same point. The
maximum base heave predicted occurred at Step (9) of the
analysis with a value of 26.3 mm.

The horizontal displacement for the wall and soil are
also presented. The results showed that the magnitude of the
displacement increased with the progress of the excavation
until Step (11). A maximum of 32.47 mm at the top of the
wall was recorded. The maximum for the soil was 27.42mm at a
depth of 2.75 m in the final step. The general profile can
be described by the increase in displacement with the
decrease of depth. The soil displacement is almost always
less than the wall displacement, by approximately 15%. This
15% difference in deformation profiles for wall and soil ,

can be attributed to the distance between the two instrument
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locations.

5.5.1.2 The Stress Analysis

As mentioned previously, a total stress analysis was
performed. The predicted lateral earth pressure was
calculated as the average value of the normal stress against
the wall in the closest element at the closest Gaussian
point. The average was plot+ed against the elevation of the
centre of gravity of the element. For each step of the
analysis, the corresponding curve is plotted (Figures D.17
to D.19). In general, the lateral earth pressure increases
with increasing depth in a straight line. The plots for the
first four steps show an almost typical Rankine's earth
pressure distribution. With soil deformation due to
excavation, the predicted earth pressure diagrams showed on
average a 20% reduction. The predicted passive earth
pressure was overestimated at shallow depths, but matched
the Rankin's passive earth pressure with an increase in
depth (corresponding figures shown in next chapter). At the
bottom of the diaphragm wall, the predicted (F.E.M) and
calculated (Rankine's) values are in close agreement. It
must be noted that the upper portion of the diagram near the
ground surface is influenced by the deletion of elements.
When the elements have been deleted, the stress is reset to
zero which neglects the stress history (i.e. previous steps
of analysis).

Figures D.20 to D.22 presented in Appendix D, show the

distribution of the shear stresses along the contact area
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between the soil and concrete. The first four steps of
analysis showed small values and little variation. Negative
values were observed as the wall moved downward and the soil
upward. In the passive zone, the soil tended to move upward
in the contact zone between it and the inside face of the
diaphragm wall. The allowable shear stresses depend on the
interface surface roughness. For the precast panels in the
running tunnel, the surface is relatively smooth and the
allowable shear stresses are considerably smaller. In common
practice, surface roughness is estimated as one-third the
angle of shearing resistance, ¢. Typically, this value is
10°. This is discussed in the next chapter. In the remaining
analyses, the shear stresses were negative, which indicates
that the soil is moving downward with the wall. as
excavation continued, the inside shear stresses showed a
considerable increase. A maximum envelope is defined by the
results of the final stage. The predicted shear stresses
provide good support for the assumption of non-slip between

the wall and soil in this analysis.

5.5.2 Finite Element Results of the Station Test Section

The station test section was analysed in two different
ways, first as an undercover excavation and second as an
open air excavation. The first two steps of analysis are the
same for both methods, so the Open air analysis will begin
at Step 4. Apendex(E) contains condensed Input and Output

computer files for SAFE . Sample of each control card and of
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each Output component are presented.

5.5.2.1 The Displacement Analysis as Undercover
Excavation

A summary of the results is shown in Figures D.23 to
D.29 presented in Appendix D. In Steps 2 and 3, the soil and
diaphragm wall are moving downwards, as shown by the
displacement arrow plots. As excavation began, the soil
inside this zone moved upward reducing the magnitude of
displacement. This was in part due to the greater width of
the excavated area.

The introduction of the roof slab and backfilling
caused the soil to move downward in a similar pattern to the
second and third steps with a slight increase in the
magnitude to the displacements. With the start of the
undercover excavation, a major change in the deformation
pattern occurred in the zone between the excavation base and
the grouted plug. A large reduction in the lower part and
reverse of direction to heave in the upper part. As the
final excavation level was reached, the inside zone of the
excavation base heaved with a major reduction in the
magnitude of displacement as the grouted zone was
approached. The presence of the raft slab tended to reduce
heave but the same pattern of displacements was observed. In
the final step, no significant changes in the displacement
pattern were recorded with the removal of the temporary

support.
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The settlement trough and base heave are shown in
Figure D.30 in Appendix D. The greatest vertical
displacements occurred during Step (5) with approximately 20
mm at a distance of 1.5 m from the wall. The final value at
the same .oint was 11.5 mm. The base heave reached its peak
in Step (7) with a value of 32 mm. A final value of 23.5 mm
was recorded at the centre line,.

The horizontal displacements for the wall and soil in
the initial steps of the analysis were very small (Figures
D.31 and D.32), in the order of a few millimeters. At the
end of the analysis, maximum values of 2.6 and 2.4 mm, for
the wall and soil respectively, were observed at a depth of
9 m. The results showed that the undercover excavation
procedure minimizes the horizontal displacement of the wall

and soil and generally decreases the soil deformation.

5.5.2.2 The Stress Analysis as UnderCover Excavation

The lateral earth pressure diagrams predicted using the
finite element method are shown in Appendix D, Figures D.33
and D.34. The results are in reasonable agreement with the
lateral earth pressure calculated using Rankine's theory.
The excavation procedure as under cover excavation provides
small changes in the pressures during the various steps of
the analysis. In the passive pressure zone, it shows a
pattern similar to the tunnel test section. The shear
stresses in this analysis are positive, Figures D.35 and
D.36. As the roughness of the contact surface of the cast in

place diaphragm wall was considerably higher than the
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precast panels, it was assumed that a surface roughness
angle equal to 2/3 ¢ be used, i.e. 20°. As a result, much
higher shear stresses are allowable at the interface surface
between the concrete and soil. In the passive zone the shear
stress was similar to the active zone and increased with the
increase in excavated depth. The results support the
assumption of a non-slip surface between the soil and
concrete as long as the predicted values did not exceed the

allowable stress.

5.5.2.3 The Displacement Analysis as Open Air Excavation

The analysis as open air excavation starts from Step 4
as Steps 2 and 3 are the same as for the undercover
excavation The displacement patterns for each step of this
analysis are shown in Appendix D, Figures D.37 to D.41. As a
result of the excavation in Step 4, and the installation of
the temporary support system, the displacement below the
excavation level showed a mejor reduction as a result of
heave. Above the excavation the soil tended to move toward
the excavation and just below the base of the excavation a
change in direction took place. The strut shows higher
displacement. When the final excavation level was reached,
all the displacements tended to move toward the excavation
area in all directions with higher magnitudes. By
introducing the raft slab, the same displacement pattern was
observed with the reduction of heave at the base of the
excavation. No major change in the displacement pattern was

observed as a result of the final steps of the analysis.
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The settlement trough (Figure D.42) shows that the
result of Step (5) indicates that the surface settlement was
upwards, while in Step (6) it was downwards until it reached
a maximum in Step (7) of 16.50 mm at a point 1.5 m from the
wall. In the final case, Step (8), this value decreased to
14.40 mm. The maximum base heave at the center line of 38.45
mm was reached in Step (5). This continued to decrease to a
final value of 19.83 mm. The absolute maximum was 37.89 mm
at S5 m from the center line and decreased to 23.05 mm at the
end of the analysis. The settlement troughs are shown in
Appendix D.

The horizontal displacement of the wall and soil are
also presented in Appendix D, Fiqures D.43 and D.44. The
displacement decreases with increasing excavation depth
until a maximum of 33 mm at the top of the roof slab was
reachec. The soil displacement was 29.70 mm. The magnitude
of displacement did not show any significant decrease or
increase as a result of the excavation process.

The displacement predicted as an open air excavation
are the greatest. This may be attributed to the single row
of temporary support used during the analysis, while the
running tunnel test section was supported by two rows of

struts.

5.5.2.4 The Stress Analysis as Open Air Excavation
Lateral earth pressure diagrams as predicted by the
F.E.M. as open air excavation are shown in Appendix D,

Figures D.45 and D.46, The results showed similar pattern as
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for the running tunnel test section and are in close
agreement with those calculated using Rankine's earth
pressure theory. The surface layer showed tension areas.
This may be attributed to the larger horizontal displacement
predicted at each corresponding step of analysis. The
passive earth pressure was over estimated at the base of the
excavation and showed reasonable agreement with Ran¥ 'ne's
passive earth pressure with the increase in depth.

The shear stresses at the interface between the wall
and the soil are shown in Appendix D, Figures D.47 and D.48.
At the active side of the wall, the shear stresses changed
from negative to positive indicating change in the soil
movement upward or downward with the progress of excavation.
The passive side was always negative, but increased with the
increase in excavation depth. The allowable shear stresses

were in the same order as for the undercover analysis.

5.6 The Support System Loading Predictions

5.6.1 The Temporary Support System Loading Predictions

The forces carried by the temporary support system were
predicted for each step of the excavation and construction
procedure. The results are shown in Table 5.3. The analysis
provided a complete set of values while the field
measurement were available for some steps only,. The station
analysis as an open air excavation is purely analytical

without any field measurements. The results showed that the
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first support strut installed at the lower level sustains
the highest loads throughout the analysis with a reduction
in value with the introduction of the permanent support
provided by the structural elements. The station section
analysed as undercover excavation showed small loads carried
by the struts. As an open air excavation analysis, much
higher loads were predicted, which suggests the need for two
rows of struts to be installed. This, indeed, was the case

in some sections of the project.

5.6.2 The Permanent Structural Support Loading

As the structural elements are introduced in the
analysis, the normal load on them increases as the temporary
support system is removed. The normal force calculated for
each step includes the dead load effect. The live load on
the structural elements and soil was not taken into account.
For the tunnel section, the floor slab introduced in Step
(10) carried a load of 161.91 kN/m'. Results are shown in
Table 5.4 for every test section analysed. The analysis
showed almost no significant change or influence with the
floor slab while the normel load on the roof slab nearly
doubled when the struts were removed.

For the tunnel section as undercover excavation, an
increase in the load on the roof slab with the progress of
copstruction and excavation, with a minimum normal load
acting on the floor slab was observed. The open air analysis

showed changes in the normal forces with construction and
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Table 5.4 Structural Elements Normal Loading as Predicted

using F,E.M. and from Field Observation

Tunnel Test Section
Step No. Floor Slab Roof Slab
10 161.92
11 161.7
12 162.83 68.56
13 164.32 138.225
Observed -70 80

Loads in kN/m

Station Test Section

Step No. Under Cover Excavation Open Air Excavation
Floor Slab Roof Slab Floor Slab Roof Slab

5 104.5

6 275 31.8

7 384.5 -135.63 22.2

8 -5.25 405 -40.87

9 1,92 414

Observed -40 40
Loads in kN/m
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excavation. The influence of the type of support for the
floor slab as a simple beam is clear with major increases in
the normal loads by the reduction of the tension loading by
the removal of struts. The roof slab showed considerably

lower values comparing with the values of the undercover

analysis.



6. ANALYSIS OF THE FIELD AND NUMERICAL RESULTS

6.1 Introduction

The application of the Observational Method to predict
the soil deformation and stresses around an underground
structure is considered to be an important tool in the
geotechnical practice. Peck (1985) stated that the
observational method is one of the most powerful weapons in
the geotechnical arsenal, but also warned of its possible
misuse. Its main objective is to obtain data through field
instrumentation programs, and to utilize these data for
modifying and economizing the design throughout the project.

One of the aims of this study was to apply the
observational methcd to the Cairo Metro project, thereby
establishing a datnbase on the performance and prediction of
soil deformation, lateral pressures and construction methods
in such host materials. The finite element method was used
to calculate the lateral earth pressures acting on the walls
of the tunnel and station as it is not possible at the
present time to measure them directly from the field using
the avilable instruments. The soil parameters used in this
analysis were based on laboratory tests when field specimens
were available, except for the sand parameters which were
estimated from the data provided by Duncan et al. (1980).
Matching the field deformation with the predicted values of
the finite element analysis, yielded the lateral pressures

acting on the walls. A detailed analysis of the deformation,

143
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stresses and construction method will be discussed in this
chapter. A comparison between lateral pressures obtained in
the analysis with the most common theoretical earth pressure
theories and empirical pressure diagrams for similar types

of soil, is made.

6.2 Soil Profile and Properties

A series of investigations to determine soil properties
and profiles throughout the project were conducted. The
results of the latest investigation have been used in this
study and these were confirmed by laboratory tests. It was
summarized in Report No. 401/AAC/00/0413 A (1984) of the
project and was also compared to previous investigations.
Whenever possible, the stress-strain relationships were
obtained for each type of soil.

During instrumentation installation, the soil profiles
were cunfirmed or amended. Samples for geotechnical testing
could not be retrieved during this time, but were taken
during excavation,

The profile is characterized by a layer of fill,
underlain by silty clay, medium density sand and dense sand,
respectively. At the tunnel section, the layer of fill was a
mixture of sand, silt, clay, pieces of limestone and
homra.' The fill layer is underlain by a 5 m thick layer of

' Homra is a product of crushed red bricks which were the
main type used in Egypt. Their use was discontinued in
recent years after the construction of the high dam at
Aswan. The construction of the dam prevented the clayey
particles carried by the Nile during flood periods from
reaching the delta. It is this clay which forms a main
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silty clay followed by a deep layer of dense sand. As the
excavation depth for this section is 10.50 m, the excavation
is mainly in clays based on sand. The ground water table was
reported to be 1.0 m from the surface. This was confirmed by
observation during the project period. It remained constant
throughout construction.

The soil profile for the station section shows a 3.5 m
£ill layer. It was similar in composition to that of the
tunnel section. The fill was underlain by a 6.5 m layer of
silty clay. Medium density sand, 5 m thick, lay beneath this
- At 15 m below the ground surface to the bottom of the
borehole, dense sand was found. The groundwater table is 3 m
below the surface. It wés assumed constant during the
construction period. This could not be confirmed as access
to the piezometers was blocked during construction, but was
based on information provided by the soil investigation
reports.

Laboratory tests were conducted to provide the
necessary parameters for the finite element analyses. Broms
et al. (1986) and Potts and Fourie (1984) concluded that the
main limitation in using the finite element method is the
evaluation of the soil parameters required for input to the
analysis. They also stressed the need for an accurate soil
profile and close simulation of the construction sequence,

Consolidated drained tests (CD) and consolidated

undrained tests (CU), were conducted and have been used to

- g e - = — W — o

'(cont’d) component of the bricks.
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determine the raquired soil parameters. Data from the Cone
Penetration Tests (CPT) was converted to equivalent Standard
Penetration Test (SPT) values through the method described
by Robertson et al., (1983). From these data, the modulus of
elasticity was estimated for use in the linear elastic
analysis and the PFT program. They were also compared with
the initial modulus of elasticity obtained from the
stress-strain curves at different confining pres ur~s.
Appendix B contains some samples of the laborator 2sts and

CPT results.

6.3 Considerations in the Simulation for F.E.M. Analysis

SAFE is a computer program developed at the University
of Alberta, and has been successfully used in the analysis
of many geotechnical problems (Chan, 1986; Chan and
Morgenstern, 1987; Kaiser et al., 1987; and Chalaturnyk et
al., 1987). It was also used to analyse the performance of
SLRT Grandin Station in Edmonton by McRoberts et al. (1988),
a case history analytically very similar to the station
section in this study.

Lee et al. (1989) conducted a finite element study on a
strutted excavation in highly over-consolidated marine clay
in Singapore, using the modified cam-clay model. Sheet pile
wails were used. Both the struts and the walls were
instrumeintad. The results from the field were compared with
those pradicted. They concluded that there was a

discrepancy, and attributed it the uncertainty of some of
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the soil parameters, pore pressure dissipation during
excavation, slip between the walls and soil and the
limitations in the constitutive model used for the marine
clay. No attempt was made to check the lateral earth
pressure.

The choice of total stress analysis was based on the
fact that the construction method did not allow any changes
in the ground water table or any flow or seepage from the
surrounding soils into the excavation. With no flow
occurring, therefore no change in pore pressure, an
undrained analysis was performed. Effective stresses were
obtained by subtracting the hydrostatic pressure from the
total stress. As explained in the previous section, the
results of CD, UD and the tables provided by Duncan et al.,
(1980) were used to determine the undrained parameters for
the hyperbolic model used in the analysis.

The simulation of the construction procedure was based
on the sequence of excavation as observed during
construction. Multiple steps were used, each simulating the
actual steps as explained in Chapter 5. Tv- different
methods of construction were employed in the analysis of the
station section, the first - open-air, the second -
undercover.

A no slip condition was assumed in the soil-structure
interaction zone, based on the results reported by Chan et
al., (1986). They compared the calculated shear stresses

from the finite element with the allowable shear stresses
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and found that no slip occurred as the soil was able to
accommodate the shear stress at the interaction zone. This
was supported by Schweiger and Hass (1988) who stated that
the additional computational effort may not be justified in
many cases. The sensitivity of predicting the deformation
field depends on the material model used while resulting
stresses do not change significantly. Since the finite
element program automatically satisfies criteria such as
,compatibility , equilibrium and stability , matching the
computed displacements with the ones observed in the field
,Secures reasonable accuracy in the stress calculation
resulting in a reasonable prediction of lateral earth
pressures. The findings of this study will be discussed

later on in this chapter.

6.4 Horizontal Displacement Analysis

Field measurements of horizontal displacement were
reported in Chapter 4. Predicted and calculated deformations
using the finite element method were discussed in Chapter 5
and Appendix D. The lateral movement for soil and wall will

be discussed and compared in this section.

6.4.1 Lateral Displacement of the Soil Adjacent to the Wall

Figures 6.1 to 6.6 present a comparison between the
measured and predicted displacement for the tunnel section.
In Figure 6.1 the results of Step 4 of the numerical

analysis and the field measurements corresponding to 1.85 m
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excavation (without support) are shown. The predicted values
underestimated the field measurements. This is explained by
the fact that the finite element analysis is a plane strain
analysis while the field measurements are influenced by the
third dimension effect (i.e. in the numerical analysis, the
wall and soil are not influenced by the stress relief as a
result of excavating previous segments). Therefore it is
expected that in the early stages of the finite element
analysis, the horizontal soil deformation will be
underestimated, with the degree of underestimation
decreasing in later stages.

Figure 6.2 presents the results of Step 5 which
confirms the 3-D mechanism. Figure 6.3 shows the predicted
and measured values in close agreement accounting for the
idealized conditions used in the numerical analysis and the
actual field soil profile. Fiqures 6.4 and 6.5 present
values for Steps 9 and 13, respectively. In general, the
field measurements and the predicted movements are in
agreement. The kink in the curve at an approximate elevation
of 10 m may be attributed to the change in the soil type
from silty clay to dense sand. The reading is constant at 26
mm for the 10 m of fill and silty clay layers. In the final
case, a reduction of about 4 mm at the top part is reported
while the lower part remained constant from Step 9 to 13.
This may be attributed to the forces applied to the top
portion of the wall during shuttering and pouring of

concrete under pressure, and the use of vibrators at the
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4.7.1.4 Strain Gauge Measurements

To monitor the normal forces acting on the temporary
support system, one strut in each row was instrumented with
6 weldable strain gauges, three in each side as illustrated
in the sketch appended to Table 4.2. This table contains the
strain gauge readings for the entire project. Table 4.3
presents the readings for the embedded strain gauges in the
roof and raft slabs. The calculations yielded an average of
37 tons acting on the upper and lower struts in the critical
stage of excavation (i.e. only the struts are supporting the
wall, just before introducing the raft and roof slabs). With
a strut spacing of 2.5 m, a lineal distribution of 150 kN/m
results.

To determine the normal forces acting on the roof and
raft slabs, eight embedded strain gauges were installed in
each slabs as illustrated in the cross-section appended to
Table 4.3. The data yielded a normal force acting on the
raft slab of approximately 70 kN/m in compression, while for
the roof slab it was in the order of 80 kN/m in tension.
These values proved to be two or three times less than the
design calculations. The analysis was based on the data
collected from strain gauges installed close to the wall
(i.e. strain gauges No. 1, 2, 7 and 8) as the other cables

were completely desﬁroyed.
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4.7.2 The Station Test Section Measurements

The instrumentation layout for the station test section
was similar to the running tunnel section. All the
instruments had been successfully installed according to the
schedule. At this Station, located at one of the busiest
intersections in downtown Cairo, the traffic diversion
design was inadequate for the traffic flow and many on site
alterations had to be made. This resulted in a reduced work
area for the instrumentation installation. With the
destruction of instruments and blocked access (Plate 4.7)
only one slope indicator, SI1 and the strain gauges were

read.

4.7.2.1 Horizontal Displacement (Lateral Deformation)

The slope indicator, SI1, installed outside the station
section adjacent to the cast-in-situ diaphragm panels was
accessible despite the risk due to the continuous flow of
traffic. Figure 4.27 presents a summary of the measured
lateral deformation of the adjacent soil. The excavation was
carried out under cover and the first profile reflects the
deformation as a result of excavation with the support
provided by the strut and the roof slab. The maximum
horizontal displacement recorded at the raft level was
approximately 11 mm. The second profile taken just after
introducing the raft and the removal of the strut, shows a
maximum horizontal displacement of 12-13 mm. The third
profile presents the final and stabilized lateral

deformation with a maximum of 13 mm. As a result of traffic
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Plate 4.7 Obstacles Preventing Access to the Instruments at

the Station Test Section
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diversion work, continued access to the instrument was not
possible. The original location of SI1 was designed to be
within the under cover excavated area, but changes in the
traffic diversion plan resulted in it being placed
approximately 3 m from the under cover area. This was

accounted for during analysis.

4.,7.2.2 Strain Gauge Measurements

Two sets of weldable strain gauges were installed in
two adjacent struts in the single row of temporary support.
The arrangement is similar to that of the running tunnel
section. Results are presented in Table 4.4. Analysis
yielded an average normal force of 60 kN/m acting at the
strut centre line., The spacing between the center line of
each strut was 2.5 m and the total force carried by a single
strut was 15 tons.

Embedded strain gauges were installed first in the roof
slab and then the raft slab. All the cables were routed
through a PVC pipe which led a locked box mounted on the
diaphragm walls. The boxes were below the platform level and
were accessible through a service manhole. Access to the
instrument is still possible if required. Table 4.5 presents
the recorded data. Interpolation of the data was difficult
due to damages and repairs to the cables. The resulting
estimates were 40 kN/m in compression and 40 kN/m in tension

for the raft and roof slabs respectively.
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Table 4.5 Temporary Support Weldable Strain Gauge Readings

at the Station Test Section

Date 25/8/86 28/8/86 7/9/86
Gauge No. Initial After Activating Final
1 4,033 3,184 3,186
- 2 2,297 2,901 2,902
=1
| .
& 3 1,864 2,386 2,387
[ " 2,343 2,704 2,117
=
5 533 757 759
6 515 1,628 1,629
7 2,683 4,013 4,013
jg 8 2,740 1,889 1,809
w
o 9 2,177 9,367 2,370
c
8 | 1w 663 9,657 2,657
o
D |1 1,022 888 889
12 9,199 1,331 1,334
1 4 1 4
First Strut 5
2 3 5 6 02 [
4
7 10 10
Second Strut 11
8 9 1 12 s o



5. THE NUMERICAL ANALYSIS

5.1 Introduction

The field measurements were evaluated using a three
part finite element numerical analysis. It was necessary to
use this procedure as it is not viable at the present to
obtain direct field measurements for the required input
parameters such as the lateral earth pressure. A total
stress state was considered. The first step utilized the
Plane Frame Truss (PFT) program, in which the problem was
simplified modeled as beam and truss members. This initial
analysis predicted the lateral earth pressure as a result of
prescribed displacements. In the second step, the Soil
Analysis by Finite Element Program (SAFE), was used. A
linear elastic model represented the soil and each step of
construction was simulated. This served as the preliminary
analysis. In the final step, the analysis was repeated using

a hyperbolic elastic model for the soil.

5.2 Material Properties and Parameters used in the Analyses
Laboratory tests were carried out to evaluate the soil
parameters and properties to be used in the analyses.
Appendix B provides the stress-strain curves for the soil.
These provided the required parameters for the linear and
hyperbolic models. Duncan et.al. (1980) describes the
procedure used to determine the hyperbolic parameters.

Deficiencies in the data were supplemented by data provided

109
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in tables in Duncan et.al. (1980).

Concrete strength tests were conducted to determine its
elastic properties. The properties for the steel were
provided by the contractors in Report No. 403G AA-Q0A00Q1C.
Equivalent parameters were used in the finite element
analyses. Wood properties were taken from the Timber Design
Manual (1980).

In Tables 5.1 and 5.2, a summary of the properties of

the materials used in the analyses are presented.

5.3 The Plane Frame Truss (PFT) Program

The PFT program was prepared by Dr, S. Simmonds (1981)
at the University of Alberta. It is available through the
Civil Engineering Computing Library at the University of
Alberta.

The program is a two-dimensional analysis using the
direct stiffness method and a linear elastic model. The
simplified simulation of the geotechnical aspects and the
geometry of the problem are the most important facets of
this analysis.

In this study, the diaphragm wall was simulated by a
beam, fixed at depth and supported by rollers at the roof
and raft elevations. The soil was represented by a series of
horizontal linked members. These varied in length, with the
length increasing with increasing depth. The displacement is
varied according to field measurements taken from the slope

indicator installed inside the precast panel. The force



Table 5.1 Linear Elastic Model Parameters

Parameter/Material Ysat Ydry O E \V
kN /m3 kN /m3 kpa Mpa

Fill 18.0 13.04 15,000.0 0.4
Silty Clay 18.3 13.04 20,000.0 0.4
Medium Density Sand 18.0 20,000.0 0.4
Dense Sand 20.0 22,000.0 0.4
Grouted Dense Sand 22.0 1,200.0 200,000.0 0.4
Concrete 25.0 3,350.0 31.25E7 0.2
Steel* 1.91 36,000.0 5.034E7 0.4
Wood* 0.6 10,000.0 0.4

* = equivalent or ficticious parameters

Ydry = dry unit weight

E = elastic modulus

Ysat = saturated unit weight

o, = tensile strength

v = Poisson's ratio




Table 5.2 Hyperbolic Model Parameters

112

Parameter
°

Material < Ku i : kga ? Kb "
Dry £ill 200 450 0.79 0.69 60 33 120 0.37
Wet £ill 225 450 0.79 0.69 60 33 120 0.37
Dry silty clay 225 450 0.45 0.7 60 32 120 0.37
Wet silty clay 225 450 0.45 0.7 60 32 140 0.37
Medium density sand 250 450 0.4 0.7 - 25 140 0.2
Dense sand 300 500 0.4 0.7 - 30 150 0.2
Pa Atmospheric pressure = 101.33 kPa

Modulus number

Failure ratio

Angle of shear resistance
bulk modulus exponent
Unloading modulus number
Exponent number

Cohesion

Bulk modulus number
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required to cause the strain increases as the length of the
member decreases. The simplified geometry for the case of
the running tunnel is presented in Figure 5.1.

The properties of the precast panel were assigned to
the beam and soil properties were assigned to the linked
members. The linked members are assumed to be hinged at the
Qall and at a point located away from the zone of influence.
This zone is represented by a 45° line drawn from the fixed
end of the wall as shown in Figure 5.1. This ensured that
the free end of the linked members was not influenced by the
deformation of the soil. The measured horizontal
displacements were prescribed to the two roller supports and
a point midway between them.

The program calculated the forces in each link member
and the resulting horizontal displacements were compared
with the measured ones. Figure 5.2 presents the computed net
lateral earth pressure diagram. These results will be
compared with the output from the SAFE program which uses a
hyperbolic soil model. This will allow an evaluation of the
simpler model, The advantage of the PFT program are its
simplicity, economy and speed. This program may be run on a
microcomputer which lends itself to on site use. The lateral
earth pressure may be calculated within minutes of the
deformation readings being taken. Site prdblems may be
evaluated without running a highly sophisticated, time

consuming finite element program,
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The program has been successfully used by Evison (1988) in
the analysis of a ring and spring model for tunnel liner
design. A comparison of the PFT program with a complicated
finite element program was performed by Simmonds (1988) and
the conclusion was in favour of the PFT program due to the

time and cost savings.

5.4 The Soil Analysis by Finite Element Program (SAFE)

The finite element program chosen for this study was
SAFE, "Soil Analysis by Finite Element". It was developed by
Chan (1986) at the University of Alberta. A user manual Chan
(op.cit) and Chan and Chan (1988) is provided by the Civil
Engineering Department.

The program uses isoparametric elements with six or
eight nodes. It is capable of conducting one, two or three
dimensional linear or non-linear elastic and elastic-plastic
analyses, including various yield criteria. The analyses may
be performed either in terms of total or effective stresses.
SAFE includes supplementary programs for mesh generation,
plotting and developing contour lines.

The program has been used in analysing different types
of geotechnical problems. It is capable of handling complex
geotechnical behaviour. SAFE was used in the deformation
study of the LRT Government Station, Edmonton, Alberta (Chan
et.al., 1987).

In order to gain a basic understanding of the behaviour

of the soil around the structure, a series of linear elastic
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analyses were performed. The excavation was represented in
multiple stages to simulate a more realistic situation.

The non-linear analyses using the hyperbolic model
represents the stress-strain behaviour of each material in a
more realistic manner. The hyperbolic model, introduced by
Duncan and Chang (1970) has been used because of its
simplicity. The parameters for the model can be determined
from triaxial test results. As a result of the stress path
dependence of material behaviour, a realistic unloading
sequence (i.e. excavation) is a fundamental requirement in

order to obtain correct and representative results.

5.4.1 Linear Elastic Isotropic Model
In general, the stress strain relationship of a

material can be described using the following expression:

Oi5 = Ciju1 €1 [5.1]
where C,;,, is the constitutive tensor. It is a function of
81 parameters, These can be reduced to two parameters by
assuming the symmetry of the stress and strain tensors and
the existence of elastic potential and isotropy. Thus, the

constitutive tensor may be expressed as:

Evé, .5, ES,,6,
= J-i3 ik~ 3jl
Cisn = T (14257 * T+ [5.2]

where E is the elastic modulus
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v = poisson's ratio
8;; = the kronecker delta = &, = 1 if i=j and

8,3 = 0 if i not equal to j.
The elastic modulus and Poisson's ratio are related to

the bulk modulus, B, by

E

B =37,

and to the shear modulus, G, as

E

G = 3(i+5)

5.4.2 Non-Linear Elastic Hyperbolic Model

The proposed hyperbolic model by Duncan and Chang
(1970) has been used for its simplicity and its wide
application. The required parameters are determined using
triaxial test results. The initial modulus E, for the
hyperbolic model is dependent on the confining pressure, o;.

Janbu (1963) suggests that
g n
E; = K P, (7) [5.3]

where 03 = minor principal stress

P, = atmospheric pressure

K modulus number

n exponent number

The hyperbolic relationship may be written as:
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(0y = 03) = ¢ / [% + T;fgﬁjyz

where e = axial strain

0, = major principle stress

(01-03); = deviator stress at failure

R = the failure ratio
As the non-linear analysis is performed in steps, it ié
necessary to determine the incremental stiffnesses of the
material. The tangent modulus can be expressed as:

R(0,-0;) (1-sing)

g3 n
B, = [ - 2c cos¢ + 2oasin¢7]z K pa(ﬁ:) ' [5.4]

where ¢ = angle of shearing resistance
¢ = cohesion
For the case of unloading, a higher modulus E,, is used and

may be expressed as:

where K, = unloading modulus = constant.
The unloading modulus, Ey» will vary depending on the
confining pressure.
As the tangent bulk modulus is dependent on the
confining pressure, it may be expressed as
03
B, = K, P, (57)"
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where K, = the bulk modulus number

m the bulk modulus exponent

More details are found in the SAFE user manual and
Duncan and Chang (1980). It should be noted that one of the
major limitations of this model is its inability to sustain
tension. To circumvent this, the elements which are
susceptible to tension are made linear elastic. Also, some
numerical problems may occur during unloading. To overcome
these, SAFE always performs an elastic analysis using the
unloading modulus in the first iteration of every loading
step.

The improved Euler scheme was selected for the stress
calculation to achieve better results and optimize the use
of computer time. The number of integration points was 2X2.
To obtain greater accuracy, the strain increments were

subdivided into intervals in calculating stresses; a typical

value of 10 was found to be satisfactory.

5.4.3 Construction and Excavation Simulation for F.E.M,
Analysis

After establishing the parameters required for the
numerical analysis, a finite element mesh was constructed
for each test section. As the final depth of excavation was
10.5 m from the ground surface for the running tunnel test
section, a mesh of 40 m by 40 m was found to be adequate for
the analysis. This satisfied the ratio of four times the

height and 3 times the depth as suggested by Desai and
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Christian (1977). The mesh used for the linear and
non-linear analysis is shown in Figure 5.3, It is composed
of 300 guadrilateral isoparametric elements with 8 nodes for
a total of 981 nodes.

The excavation is simulated in the finite element
method by deleting the elements within the excavated zone
and the soil support is simulated by changing the element
properties to represent the structural support.

The mesh used for the station test section was 60X50 m
as the station span is almost double that of the tunnel
section. It is composed of 299 quadrilateral isoparametric
elements with 8 nodes for a total of 975 nodes, as shown in

Figure 5.4.

5.4.4 The Running Tunnel Test Section - Stages of Analysis
The construction and excavation procedure was simulated

in the analysis in several stages, with each stage

representing one step of the procedure. A total of 13 stages

were used.

5.4.4.1 Step (1) - The In Situ Stress Generation

A linear elastic two dimensional plane strain analysis
was used in this step. The initial in situ stress field was
generated using the switch-on-gravity process. The stress
were calculated due to the application of gravity forces
which are dependent on the unit weight of the material. The
vertical stresses were equal to the unit weight multiplied

by the depth at any given point. The horizontal stresses
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were calculated as a function of Poisson's ratio, v. For
homogeneous, isotropic linear elastic material under the
condition of no lateral movement, the coefficient of earth
pressure at rest, K, is equal to »/(1-»). From this, the
horizontal stress may be calculated. The calculated
displacements and strains were reset to zero after this

stage of analysis only.

5.4.4.2 Step (2) - Slurry Trench and PreCast Panel

After generation of the in situ stresses and setting
the strains and displacements to zero, the material
properties were changed from linear elastic to non linear
elastic-plastic. A two dimensional plane strain analysis in
terms of total stress analysis was performed. This was
achieved by changing the material model from linear to
hyperbolic elastic model number 11. To avoid the tension
problems associated with the use of the hyperbolic model,
the upper (surface) row of elements were assigned the linear
elastic model properties.

The slurry trench was excavated by deleting the element
columns in the finite element mesh. The elements were
reintroduced with the material properties for concrete and
grout material. This was done in the same step of analysis,

Only the soils were assigned hyperbolic model properties,

5.4.4.3 Step (3) - Grouting for the Plug and Dewatering
The grouting operation was simulated in the finite

element analysis by changing the plug zone elements to the
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grout properties by changing the material number.

The excavated zone was dewatered by pumping the water
ocut through the drain port which had been used to measure
the permeability of the grouted zone. The material
parameters for this zone was changed t» those corresponding

to dry soil.

5.4.4.4 Step (4) - Starting the Excavation

The excavation began by excavating to -1.85 m. The
first four elements of the first row from the left side, and
the first three elements from the second and third row were
deleted to simulate the excavation. The exposed row of the

hyperbolic model was changed to linear elastic model.

5.4.4.5 step (5) - Excavating to Install the Mobile

Frame

The excavation continued to the appropriate level to
allow for the installation of the first temporary support
system (mobile frame). As explained above, rows of elements
were deleted to just below the frame level. This allowed the
mobilization of the support to the precast diaphragm walls
during excavation. The support was simulated by
reintroducing the corresponding row with new material
properties. The element connecting the frame with the
diaphragm wall was assigned the wood properties to introduce
the effect of the use of the wooden wedge to activate the
Support system. The effect of the sand pillows was

neglected. The first row to the excavation base was assigned
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free end of the cantilever wall.

In Figure 6.6, the results for the final case of the
station section are presented as an undercover and open air
excavation. The field measurements agreed with the portion
below 10 m elevation with the open air analysis and shifted
toward the undercover results at greater depths. This can be
explained as the final location of the slope indicator, No.
SI1, was 3 m from the edge of the undercover excavated zone
and less than 10.5 m depth, which is the depth of the
excavation. The horizontal movement calculated in the
<ndercover analysis was considerably less than the open air
analysis. The performance of the open air excavation can be
improved by the use of two rows of struts at different
elevations instead of the single row used in the aralysis.
This leads to a reduction in the magnitude of the lateral
movement. The results reported by Wood and Perrin (1984) and
Tominaga et al. (1985) showed that finite element results
are slightly less than field measurements. The same
concl was reached by other researchers (Konokike and
Ono, . . and Fang, 1987). Fang analysed a diaphragm wall
constructed in Taipei in clays of about 14 m depth
excavation. He assumed a lateral earth pressure diagram and
used it to predict the strut loads and moments acting on the
diaphragm wall. The gap between the measured and predicted
values is considerably narrower but usually the measured
values form an envelope for the predicted ones. This may be

applied to similar site conditions and wall types.
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6.4.2 Lateral Displacement of the Walls

Figures 6.1 to 6.5 show that the field measurement of
the lateral displacement of the wall at the start of
excavation was greater than the predicted values. As shown
in Figure 6.4, at Step 9, the observed values begin to
approximate the predicted profile. The final prefile is
presented in Figure 6.5, There is some deviaticn between the
two profiles in the top section. This is only found in the
final case, and occurs between Steps 9 and 13. In Step 11, a
short temporary steel sheet pile was hammered in place to
allow for the shuttering and water proofing of the roof
slab. Finno et al. (1988) stated that driving sheet pile
walls into saturated clays to provide temporary support for
a braced excavation can lead to excessive pore pressure
generation, which appears to be in the same order of
magnitude as the applied forces in their study. The lateral
extent appears to be greater. They attribute this phenomenon
to the difference between the plane strain conditions
representative of sheet pile walls and the axisymmetric
conditions representative of piles. In this study, the
driving force spread to a large extent forming horizontal
and lateral hydrostatic forces during the installation
operation. This influence was not taken into account in the
finite element analysis because of the uncertainty of the
magnitude of the driving force and its lateral extent.
Generally, the predicted and measured deformation patterns

show that the installation sequence of the bracing system
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influences the pattern of movement. In Figure 6.6, a
comparison between the open air and undercover excavation
procedures is presented. The undercover procedure controls
and minimizes the lateral deformation of the soil and wall.
The open air excavation procedure allows greater lateral
movement, but the magnitude is in the order of 10's of
millimeters which is considered small compared with sheet
pile walls. The maximum lateral movement for the wall was
approximately 26 mm which considering the type of temporary
support is small. Struts were installed to prevent any
additional deformation , as the major part of the
deformation occurred before their installation.

For the case of the open air excavation, the lateral
movement pattern is similar to the free end cantilever
deformation pattern while the undercover pattern is close to
a beam supported at the top by the roof slab and fixed at
the bottom by the effect of penetration depth into the
unexcavated area. Cappellari and Ottaviani (1981) reported
similar vertical profiles of horizontal displacements for a
precast concrete diaphragm wall in Italy. Their work
concentrated on the bending moments acting on the wall
inside the excavation. The applied forces are strut loads
not lateral earth pressure forces as the wall was excavated
from both sides. Small deformations were recorded even
though the finite element analysis was linear elastic for
the cemented sand. They stated the diaphragm wall,

especially the precast panels, were very promising and would
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be recommended for future subway construction using the
cut-and-cover method. They also reported that the simulation
of earth pressure using hydraulic jacks was not satisfactory
but was correct for the bending moments in the panel. Rott
and Veder (1980) reported a similar wall deformation profile
for a cast-in-place diaphragm wall in Vienna. The excavation
depth was approximately the same as the open air excavation
analysis, with the struts installed about 1 m below the
street level, It was similar to the undercover excavation in
that the roof slab acted as a permanent strut. Rott and
Verder (op.cit.) used slope indicators to observe ti..
deformation, and calculated the bending moments. Ti
reliability of this method of calculation for the bending
moments has been questioned. Wolosick and Feldman (1987)
proved that it only gives reasonable results if it is used
with flexible steel structures such as sheet piles as the
deflections in this case are large and the moment of inertia
can be reliably determined at each section of calculation.
The observed maximum lateral displacement was in the order
of 5 mm compared with 3 mm predicted for the station
analysed as an undercover excavation. Figures 6.5 and 6.6
show that the predicted lateral displacement for the tunnel
and station sections are in close agreement regardless of
the differences in wall stiffness for wall thicknesses from
450 mm to 800 mm. This leads to the conclusion that the wall
stiffness does not significantly influence the lateral

deformation of the wall., Peck (1969) reported that the
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stiffness of ordinary soldier piles and steel sheet piling,
including the heavy sections, is not a significant factor
affecting the magnitude of the lateral movement of the wall.
This study showed that Peck's remarks extend to the
performance of the diaphragm wall. It must be noted that the
tunnel section has two rows of struts while the station
section was analysed with one row of struts to allow the
analysis to be conducted using the same finite element mesh

for two different excavation procedure..

6.5 Vertical Displacement of the Scil (Settlement Trough)
The vertical displacement of the surrounding soil was
observed in the field by meanc of settlement points and
mulitpoint extensometers. Figure 6.7 presents the
corresponding settlement trough for each step of the
analysis and the final field measured settlement trough.
There was close agreement between the predicted and observed
values. The predicted troughs showed deformatior to a
distance of 40 m from the excavation, whereas the field
measurements showed no effect at a distance of 10-15 m from
the wall. It must be noted that the field measurements were
accurate to +/- 0.5 mm and that the values predicted by the
finite element were less than this. The general trend of the
settlement troughs showed reasonable agreement with the
results reported by Medeiros (1979) and Shi et al. (1987). a
maximum of 15 mm was recorded in the field while the maximum

predicted was 16.75 mm.
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The settlement troughs for the station section analysed
as an undercover excavation are plotted in Figure 6.8.
Higher values were calculated very close to the wall for a
short distance and at a distance of 1.5 m from the wall they
were 11.5 mm, A maximum of 20 mm was reached in Step 5, but
reduced to 11.5 mm in the final case due to heave. The open
air excavation analysis is shown in Figure 6.9. A gradual
increase in settlement due to progress of the excavation was
recorded with a maximum value of 16.77 mm at 1.5 m from the
wall. Comparing the final settlement for both excavation
procedures, it is concluded that the undercover procedure
reduces surface settlement by approximately 30%.

Figure 6.10 compares the field measurements using
multipoint extensometer (ME1) for the tunnel section and the
predicted values using the F.E.M. (the final case). Field
data showed an increase in vertical movement with depth
while the predicted values showed a reduction with
increasing depth. This discrepancy may be attributed to the
idealized and simplified soil profile used in the F.E.M.
analysis and the repair work conducted to salvage the line

as the replacement of the instruments was not viable,

6.5.1 Vertical Displacement of the Excavation Base

An attempt was made to observe the base heave but it
was not possible to obtain any reliable data. The
development of predicted base heave of the tunnel section as

a result of the progress of excavation is shown in Figure



165

6.7. The heave reached a maximum of 26 mm in Step 9 and
reduced to 20 mm in the final step. It occurred at the
centre line of the excavation rapidly decreasing as the wall
was approached., Adjacent to the wall, 10 mm settlement was
calculated in the final stage., The analysis of the station
section as an undercover excavation is shown in Figure 6.8.
The maximum value of 32 mm was reached in Step 7. A final
value of 23.5 mm was recorded. Close to the wall, the
behaviour was similar to that of the tunnel section. Figure
6.9 indicated that the maximum heave predicted in the open
air excavation analysis was approximately 38 mm in Step 5 at
a distance of 5 m from the centre line. It reduced to 23 mm
in the final case at the same location. Comparing the
results for the tunnel and station sections, taking into
account the difference in base width, it is concluded that
the behaviour in the undercover analysis is in agreement
with that in the tunnel section. The comparison with the
open air analysis, shows that the increase in width resulted
in a 30% increase in the maximum value.

Abdel Salam (1984) explained the design criteria
submitted by the contractor for the excavation base
stability and for the determination of the bottom level of

the grouting plug as follows:

(h + £) F.S> < 2.1 f

where
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h = distance from the ground water level to the
excavation bottom
f = distance from the excavation bottom to the
bottom of the grouted plug

F.S. = factor of safety, taken as 1.1

Applying this to each section, the calculated factor of
safety for the tunnel section is 1,13 and for the station
section is 1.15, which is more than the F.S. of 1.1
suggested and used for the design. Using the actual
dimensions and calculating the uplift pressure and resisting
forces, the factor of safety for the tunnel section at the
critical step of the analysis was 1.26 times higher than the
one used by the contractor, reducing the risk of base
failure. The factor of safety for the station section was
1.22. This difference in the factor of safety was attributed
to the fact that the design criteria did not account for
ground water fluctuations. Also the grouted plug, as a thick
stiff layer, improved the ability of the soil to resist
deformation. The grouting pipes acted as micro-piles also
improving the soil stability. These factors increased the

factor of safety of the excavated zone.

6.6 Strut and Normal Loads

The strut loads were measured by weldable vibrating
wire strain gauges mounted on each side of the strut at
approximately the zero bending moment point. The use of

strain gauges has been documented by Rott and Veder (1980),
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Bagzett and Buttling (1981), Wood and Perrin (1984), Yih and
Khera (1988) and Riker and Dailer (1988). A series of
embedded strain gauges were installed in each section to
observe the normal loads acting on the floor and roof slabs
adjacent to the wall.

In Tables 5.2 and 5.3, the results of the finite
element predictions are tabulated. The field measurements
7ielded values of 15 kN/m' for both rows of struts in the
tunnel section and 60 kN/m' in the station section. The
normal forces measured in the tunnel for the raft and roof
were 70 kN/m' compressions and 80 kN/m' in tension,
respectively; For the station, these values were 40 kN/m'
compression in floor and tension in the roof. The field data
was in reasonable agreement with the predictions for the
first strut installed (lower strut) while much lower values
were predicted for the uppsr struts. The low values could be
attributed to the fact that the upper strut worked only to
prevent further lateral movement. The majority of the
lateral movement occurred before their introduction. The
field conditions may differ from the ideal case used in the
F.E.M. analysis as a result of the unexpected live loads
(i.e. driving forces for sheet pile walls).

The struts in the station section were in the
undercover excavation area. The results of the finite
element analysis underestimated the measured values by about

40%. It is concluded that the temporary support system for
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struts for the tunnel do not work up to reasonable capacity
as a result of their later activation. The forces in the
roof and raft slabs as measured using the embedded strain
gauges were overestimated by the finite element predictions.

From the results of the tunnel and the station
(undercover) test sections, it may be concluded that the
early introduction of a temporary support system at the top
of the open air excavation, will result in reduced lateral
movement close to the undercover excavation., This will
reduce the risk to adjacent buildings. The size of the
struts could be less than the size used if they were
especially manufactured for this project. Also the use of a
single row of temporary support for the station section
during the F.E.M. analysis allowed for more deforamtion,
while it was expected to produce lower deformation values
using two rows as for the tunnel section, the difference in
stiffness of each section substitute for the use of a single
row of temporary support, producing almost the same profile
for both sections.

Medeiros and Eisenstein (1983) presented a diagram to
explain the influence of the wall thickness on the strut and
lateral loads acting on a tangent pile wall, which is
considered similar tc¢ a diaphragm wall. The diagram was
divided into zones, which showed the loads that will be
carried by the struts and the soil. The results of this
study showed that the load of the tunnel section will be

primarily carried by the struts, and for the station section
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higher values were shown for the lateral earth pressure.
These were still in the same zone as the tunnel section., It
must be noted that the lateral earth pressure predicted by
the finite element for the station sec- ion as undercover and
open air excavation showed slight differences, due to the
the different values of deformation, but accounting for the
second row of struts in the open air excavation will reduce

this difference.

6.7 Shear Stresses at the Soil-Structure Interaction Zone

The problems concerning the soil-structure interaction
during the F.E.M. analysis were dealt with based on the
experience reported by Chan et al. (1986) and McRoberts et
al. (1988). It was assumed that a no slip condition existed
at the soil-structure element interface and that the soil
can withstand the shear stresses which occur as a result of
soil deformation. The initial results from the linear
elastic analysis supported this assumption for the active
zone which is the major concern in this study.

The angle of wall friction, §, depends on the roughness
of the contact face and can not exceed the angle of shear
resistance, ¢. Common practice for precast diaphragm walls
yields a value between one and two-thirds the angle of
shearing resistance. For the cast-in-situ panels at the
station section, the interaction surface is considered rough

and the value of § could reach the ¢ value. The ¢ values are

Tie+aR in Malla 2 q
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Figure 6.11 presents the results of the analysis which
form an envelope for the maximum values and the solid thick
line represents the allowable shear stress envelope. Due to
the upward and downward movement of the soil around the
wall, the envelope has been drawn for both sides of the
wall, The active side showed that the predicted shear
stresses are within the allowable range. The upward
movements lie between the two envelopes for & values of 2,3
and 1 x ¢. A slight increase near the elevation
corresponding to the excavation base is noted. This is
considered negligible as the predicted values are covered by
the allowable shear stress envelop. The undercover ainalysis
of the station section is presented in Fiqure 6.12. The
predicted shear stresses are within the allowable range and
are enclosed by the envelop defined by § = 2/3 ¢. Following
in Figure 6.13, the open air analysis is shown. The
behaviour is similar to that of the tunnel section. It may
be concluded that the assumption of no slip was justifijed
and there was no need to introduce an interface element or
slip element for the active zone.

Comparing the results for the passive side shown ;:n the
previous three figures, it is clear that the predicted
values exceeded the allowable shear stresses indicating the
need for a slip element in this zone, as reported by Chan et
al., (1986) and McRoberts et al. (1988). The use of a slip
element reduced the shear stresses dramatically, especiai.iy

close to the excavation base. This study is primarily
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concerned with the stresses in the active zone, and
therefore the time and cost to use a slip element was not
justified. Also the analysis did not account for the soil
stabilization inside the excavated zone due tc¢ the grouting
procedure. The influence of micro-piles (or soil nailing)
and soil grouted on the performance of the excavation base
and factor of safety has been reported by Broms (1988). The
factor of safety against base failure was discussed in the
previous section. There it was shown that the actual factor

of safety is higher than the one used in design.

6.8 Lateral Earth Pressures Acting on the Wall

The lateral earth pressure diagram suggested by
Terzaghi and Peck (1967) for calculating strut loads of
strutted excavations are the most commonly used in practice.
Broms (1988) reports that most research work uses the strut
load measured in the field. This method is completely
dependent on the strut spacing, method of measurement, the
sequence of installation, and method of activating the
struts. The second most common way of predicting the lateral
earth pressure is by calculating the bending moments in the
structual element and back calculating the load causing the
bending moments. Some researchers used slope indicator
results to calculate the bending moments, but it has been
proven that this may be applicable only to sheet T.Lly owalls

with flexible stiffness. All these methods are academic

since there is no direct way of measuring the lateral
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pressures acting on the wall due to unloading during
excavation,

In this study, a new concept for predictiag the lateral
earth pressure is attempted. Using soil parameters depends
on the actual behaviour of the soil and feeding it to the
finite element analysis. The finite element analysis is
sensitive to computing the soil displacements, especially
near failure. Therefore, by using the appropriate
constitutive model and ensuring a close match of the field
displacement measurements, the computed horizontal stresses
will represent the actual lateral earth pressure
distribution, As stated previously, a reasonable and close
agreement was obtained, therefore, the finite element

results from different analyses will be used as the fie.d

with the use of the simple PFT program,

A complete set of results is provided :n Append:x D.
Figures 6.14 to 6.16 show the predicted lateral pressures
for the last steps of the analysis for both test secticns :r
comparison with Rankine's earth pressure diagrams which were
used in the design. Figure 6.14 shows the predicted
pressures to be less than the Rankine's earth pressure (¥ i,
it must be noted that in Step 11 of the analysis, the
closest elements to the wall for a depth of about 3 m were
deleted for simulation of the excavation. When an eiement

has been deleted the program does not account for its

previous stress history and when it is reintroduced to the

~
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system, it is considered a newly birthed element. The
results are presented as total stress including the
hydrostatic pressures. Hansoen and Clough (1981) reported
similar late al earth pressure distributions for soft to
medium clay in their investigation on the influence of clay
anisotropy in the finite element analysis of a supported
excavation. They stated that it is possible for a stiff clay
to exhibit lower earth pressures than those calculated using
Rankine's earth pressure theory. The predicted passive earth
pressure was shown to be higher than Rankine's passive earth
pressure. The results of the undercover analysis of the
station section are graphed in Figure 6.15. The predicted
values up to the excavation level are higher than Rankine's
pressure and are in close agreement be'ow the excavation
depth. This may be attributed to the reduction in the
lateral movement of the wall due to the early support by the
roof slab. The deviation of the passive earth pressure from
the predicted is reduced with depth, and below 15 m is in
close agreement with Rankine's passive earth pressure. The
open air excavation analysis is graphed in Figure 6.16. T
the upper 2.5 m, a tension zone is evident, indicating
separation between the wall and soil. In general, the
results were in good agreement. The passive earth pressure
showed similar behaviour as observed for the undercover
excavation analysis. The predicted lateral earth pressure is
close to the active earth pressure (K, conditions) as

calculated using Rankine's earth pressure theory in terms of
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LATERAL EARTH PRESSURE Station Section Open Air
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total stresses. The effective stress results are shown in
Figure 6.17 for the tunnel secticn. The field measurements
of the pore water pressure proved that the pressures
remained hydrostatic throughout the construction period. It
is clear from the figure that the major source of lateral
earth pressure is the hydrostatic pressure., Comparing the
apparent earth pressure diagrams suggested by Terzaghi and
Peck (1967), one can conclude that it is safe to use reduced
allowable pressures in the design. Terzaghi and Peck's
diagrams for a stiff clay are described as trapezoidal with
height ratios of 0.25, 0.5 and 0.25 and the pressure is
varied between 0.2 to 0.4yh where h is the excavation height
and y is the total unit weight of the soil. In Figures 6.17
and 6.18, Terzaghi and Peck's (1967) diagrams are produced
for the effective and total unit weight, respectively. It is
apparent that the use of the total unit weight overestimates
the lateral earth pressure for such host materials and
construction conditions. This is supported by the results of
the station section analysis. Enlarged plots illustrating
the difference in using effective and total unit weights are
found in Figures 6.19 and 6.20. The calculations yielded 21
kN/m? and 42 kN/m? for 0.2 and 0.4y'h using the effective
unit weight (i.e. y submerged) and 36.4 kN/m? and 72.8 kN/m?
using the total unit weight (i.e. y saturated). The
calculated values for Terzaghi and Pecks's diagrams as
illustrated in the figures showed evidence to support the

conclusion of using 0.2 to 0.4y'h for similar problems in
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LATERAL EARTH PRESSURE Tunnel Section
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the future,

Figures 6.21 and 6.22 illustrate the differences
between the predicted lateral earth pressures, the pressures
calculated using Rankine's earth pressure theories and the
recommended Terzaghi and Peck pressure diagrams. Figure 6.21
shows Terzaghi and Peck's diagram calculated using the total
unit weight and Figure 6.22 presents the data based on the
effective unit weight. The analysis is repeated in Figures
6.23 and 6.24 using the open air excavation method. The
results are in agreement with the analysis of the tunnel
section,

In Figures 6.25 and 6.26, a comparison of the lateral
earth pressure diagrams for both the undercover and open air
excavation methods are presented using the total and
submerged unit weight in Terzaghi and Peck's diagrams,
respectively. It is apparent that the use of the effective
unit weight for Terzaghi and Peck's diagrams is the most
appropriate. Figures 6.27 and 6.28 illustrate this by
expanding the view of the area of intersection in the
figures. Using the total unit weight, a good agreement
results for ﬁhe undercover excavation using 0.2yh. The use
of the effective unit weight produced a reasonable and
conservative agreement with 0.4y'h. The use of the effective
unit weight yields values of 20.2 and 40.4 kN/m® for 0.2 to
U.4y'h respectively and the total unit weight yields 36.7
and 73.3 kN/m?. The results of both the undercover and open

air excavation analyses lie between 0.2 and 0.4yh. This
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LATERAL EARTH PRESSURE Tunnel Section
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LATERAL EARTH PRESSURE Station Section Open Air
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LATERAL EARTH PRESSURE Station Section Open Air
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supported the use of the effective unit weight for Terzaghi
and Peck's diagrams as most appropriate. It may be
recommended that the pressure distribution for such host
materials is better illustrated in Figure 6.29 where the
height distribution will be divided into two parts only 0.25
H at the top and 0.75 H at the bottom rather than the
trapezoidal distribution. Where H is the depth from the
ground surface to the base of the excavation ,as defined by
Terzaghi and Peck (1967). The propsed diagram ,a
modification of the Terzaghi and Peck diagram ,has been
obtained from an envelope of the lateral earth pressures
computed by F.E.M..

Mederios (1979) studied the influence of wall stiffness
on the lateral earth pressure diagrams. He concluded that
lower stiffness produces lower pressure and the increacing
stiffness (i.e. increase in thickness of the concrete wall),
the lateral earth pressure increases up to a limit. At this
point any further increase in the wall stiffness (or
thickness) has no significant effect on the lateral earth
pressure diagrams. This conclusion was supported by Hubbard
et al. (1984). Broms (1988) reported results on the effect
of jet grouting and the use of micro-piles of 100 mm
diameter on the predicted earth pressure for a soft clay in
Singapore. The main aim of the use of jet grouting and the
micro piles was to improve the stability of the excavation
by improving the material properties of the base of the

excavation, The results showed a reduction in the lateral
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A. Calculations for Forces from Strain Gauge Readings

For the Steel Struts

Diameter for tunnel test section - 400 mm
Diameter for station tests section - 600 mm
The following relationship was used to calculate the force

from the strains measured in the field.

P=c¢E A (A.1]
where
P = force

e = Axial strain (microns, u)

E

Young's modulus for steel = 206.85 x 10*¢ kPa

A cross-sectional area

for example

A = cross—-sectional area for tunnel section = 0.0146 m?

0
n

0.308 ¢ tons

230
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For the Embedded Strain Gauges

using a transformed section

[A.2]

=i

where
= normal stress at the top and bottom of the section
= normal force

area of concrete and transformed steel

2 » v =
]

= moment of inertia of the section

-
it

distance from centre line to top or bottom
Modulus of elasticity for concrete has been determined to

be:

E. = 31 250 MPa

As a result of low range of the measured strains in
concrete, it is assumed that the concrete stress-strain
curve is linear for these calculations (i.e. the working
~range is in the straight line portion of the stress-strain
curve).

N will be calculated from the measured strains
A is 0.9 m? for tunnel roof for station 1 m?
A is 1.1 m? for tunnel raft for station 1 m?

Using the correct dimension for each section according

to the exact location of the embedded strain gauges,
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equation A.2 can be solved for P, the normal force. Solving

A.2 for P can be expressed in this case as

N, + N,
P=—T-'A

where A = 6 597.0 mm? for tension using steel area only

therefore P = 3 288.5 (N,+N,) tons.

I . B L: A [y A A A 105 mm
- > $.G.2
D= S18 -
™ 3 -
o = -
M o po
RPN 1 S P S.G.1
o AR 5 °
> | CE—— t—tv——¢ 165 men

Example of Geometery at Tunnel Test Section Raft



B. Field and Laboratory Tests
This appendix contains samples of the field and

laboratory tests conducted and used in this study.
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Figure B.1 Consolidated Drained Triaxial Test Results for

Silty Clay



KAe1o X3711S 103 s3[nsay 1S9l [PIXEII] PAUIBIPU PI3EPITOSUO) Z°d aanbt g

235

% ‘Suleng |eixy

91 bl 4! oL 8 9 b Z 0
T T T T 0
] 08
/umuxomn o
091 mw
ed% 09=°0 '
\.\ Hovz §
\.\.\. &
e -0z o
BN 0010 e T
- oov
sisal - NO

(0]217



Piner

%

€ Piner

A - Station Test Section

236

Clay Silt Sige

Sand Sige

Gravel Size

Sice P M

) M c

100

M c

70
60
50
40
30
20
10

/
[
/
R

100
Y0
80
70
50
50
40
30
20
10

0.001 0.01

B - Tunnel Test Section

001

Grain Diameter (mm)

1

Silt Size

Sand Sise

Gravel Sisze

Size P M

P M

C

F M

&

v

Q7

7

L

0.001 0.01

0.1

Grain Dianmeter (mm)

9

10

Figure B.3 Grain Size Distribution of Soils




Os

187 10G 200 300 Kgt.om”

S
L
s
R i
o |
ST
I &
= I =
Nl
.-
L ]
<3
20 Tzzﬁ”a
S,
NN
25 | | >

CPT 2003
(18/2/1984)

Tunnel Section

Figure B.4 CPT Results at

237

.
L2062 100 200 300 Kgfsem*®
O 1
.
i
5 )

|
!
! l
|
L

N

10 g !
%:\ |
|

Bepch (m)

Y—
i_:?
=
i ‘=:#EZ“~:=—
i
fij
20

=

CPT3000
(14/71984)

Station Section

the Test Sections

25 <i_4



C. Determination of Concrete Properties

In order to determine the concrete properties used for
each test section, specimens were collected during the
pouring of concrete at each step of construction for both
sections. Some of the specimens were instrumented with
embedded strain gauges as shown in Plate 4.1. This was to
assist in estimating the axial strain during testing. A
standard test procedure explained by ASTM C469-83 (1983) was
followed to determine the properties. The results were
compared with the available results of the tests conducted
by the National Authorities for Tunnels. Table C. 1
summarizes the results to determine the compressive strength
and the unit weight with an average value for th results.

To determine the elasticity modulus of the concrete
used, nine specimens were tested and the results are shown
in Table C.2. Figure C.1 shows a sample of the stress-strain
relationship obtained for the tunnel test section.

The Canadian Concrete Manual provides an empirical

equation to determine the modulus of elasticitv as follows:
1.5
Ec = vy, 0.043 V£,
where
Y. kg/m* (range 2000-2500 kg/m?)

f. MPa (range 20 - 40 MPa)

using the average values obtained from the tests
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f. = 40.02 MPa and y, = 2375 kg/m?
will yield E. = 31 477 MPa

The average value for the modulus of elasticity as
determined from %uar tests is E. = 31 134 MPa. So, the
moduius of elasricity for the concrete used in the analyses
is
E = 31 250 MPa

The results provided by the contractor are as follows:
average unit weight = 23.9 kN/m®> and the average for the
compressive strength of 41,11 MPa, while the previously
mentioned results yielded an average of 23.7 kN/m? - unit
weight and 39.54 for the compressive s.vangth. The average
value was for all tests regardless of =ne test section. The
average values used in the analysis were

unit weight = 2.5 t/m?

compressive strength = 40 MPa
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Table C.1 The Results of the Concrete Tests

No. & location Weight | Cross=section Failure Unit {Compressive
of Specimen kg Area cm Load fc3 strength
t kN/m fc MPa
TUNNEL SECTION
Raft *1 12.82 182.65 75.0 23.05 42.42
2 13.16 177.42 80.75 24.36 44.60
*3 13.68 181.54 77.50 24.15 41.84
4 12.72 172.50 61.20 24.22 34.77
5 12.67 179.08 60.50 23.48 33.11
Roof L 13.00 180.98 72.25 23.59 39.12
7 12.82 181.53 76.00 23.19 41,03
8 12.94 179.08 69.25 23.73 37.90
g 12.94 180.98 66.75 23.48 36.14
*10 13.00 180.27 81.75 23.68 44.44
STATION SECTION
Roof 11 13.12 179.79 81.25 23.97 44.29
12 12.84 180.27 57.75 23.39 31.39
13 12,98 179.32 76.00 23.77 41.53
*14 13.10 179.08 74.25 24.02 40.63
*15 12.86 177.65 68.75 23.77 37.92
Raft 16 12.80 181.46 77.00 23.17 41,58
17 12.94 172.03 73.00 24.70 41.58
18 12.84 177.89 77.50 23.66 42,69
*19 13.24 181.46 80.25 23.96 43.34
Average 12,97 179.21 72.98 23,75 40.02

Tests with embedded strain gauges
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Table C.2 Moduli of Elasticity for Concrete based on

Laboratory Test Results

Test No. Unit Weight Compressive Strength Elasticity Modules
Ig kN/m3 fc MPa Ec MPa
*1q 23.05 42.42 24,189.0
*3 24.15 41.84 31,848.0
*9 23.48 36.14 26,214.0
*10 23.68 44.44 26,132.0
12 23.39 31.39 34,788.0
*14 24.02 40.63 35,367.0
*15 23.77 37.92 35,278.0
18 23.17 41.58 34,788.0
*13 23.96 43.34 31,603.0
Average 23.63 39.97 31,134.0

* Tests with embedded strain gauges
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D. Finite Element Results
This appendix contains the results of the finite
element analyses of this study for the running tunnel and
station test sections. The analyses for the station were
conducted for two different construc: . methods.
Displacement arrows shown in the figu.. r-efer to the
portion ABCD of the F.E.M. meshes shown welow. The scale for

the arrows is 1:5 mm .
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The material contained in this page has been removed because of
the unavailability of copy right permission for part of this material,

Figure 6.29 pre%%ts the proposed recommondation for the lateral
earth pressure 'diagrams for diaphragm walls compaired with the

proposed diagrams by Tschebotarioff(1949) and Terzaghi and Peck (1969).
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earth pressure as a result of the use of each of these
methods. This was supported by the present study on stiff
clays. It may be concluded that the construction procedure
employed minimized the soil deformation around the tunnel.
The pressure diagrams suggested by Tschebotarioff
(1949), (1973) for stiff clay using temporary and permanent
support are presented in Figﬁre 6.29. The study showed that
such distributions are economical for lower stiffness walls
such as the tunnel wall but underestimate when used for
higher stiffness walls. It is deemed not conservative to
apply the proposed diagrams for the diaphragm walls.
McCarthy (1982) studied the type and magnitude of lateral
movements required to reach the active lateral earth
pressure. He recommended a value of 0.01 H to 0.02 H at the
top of the cantilever. Movements in this study would be 105
to 210 mm. This can be widely applied, but would be
appropriate for the backfill of the retaining wall. The
highest predicted and measured value for the wall and soil
at the top did not exceed 40 mm. For the stiffer wall (the
open air excavation), a tension zone of approximately 2.5 m
depth existed. This indicated that the soil can stand free
without any support to this depth. The lateral movement
predicted suggests that the ratio will be about 0.004 H or
less, where H is the excavation depth. The excavation is
primarily through fill and clays underlain by sands. The
fill properties are very similar to those of the clay. If

one material is assumed, the theoretical calculation for the
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depth at which the clay can maintain vertical banks without
providing any lateral support yields a value of 2c/ovK, (see
Crag, 1978) or 3.125 m. For the station section this is
applicable, but in the tunnel section the hydrostatic
pressure provided the major force causing the soil and wall
deformations. This difference in behaviour is explained by
the variations in wall thickness and stiffness. It is
concluded that the deformation pattern will influence the

lateral earth pressure distribution.

6.9 A Comparison Between SAFE and PFT

A comparison of the highly sophisticated finite element
program, SAFE, and the PFT program will be performed with
the tunnel section data. The same soil parameters were used
in both programs.

In Figure 6.30, analyses for the final case are
presented for both programs. A good agreement was found.
Comparing the time and cost, the PFT program proved to be a
good tool for estimating the lateral earth pressures based
on given lateral displacements. The only limitation of the
PFT program is that it only predicts the lateral earth
pressure and not the movements around the tunnel, but the
results ar .ry encouraging. It may be used during on site
evaluation of the lateral earth pressure with the available
deformation profile. This saves valuable time, cost and
effort as opposed to conducting a full scale finite element

analysis. A pilot analysis to ensure proper simulation of
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the on site conditions is suggested.

The deviation in the upper portion of the 2 curves is
due to
1. deletion of elements in the SAFE program
2. PFT calculation begins at the centreline of the roof

elevation,
In Figures 6.31 and 6.32, a comparison of the results with
Terzaghi and Peck's pressure diagrams calculated with total
and effective unit weights, respectively is shown. As
before, the effective unit weight is the most appropriate
with 0.2yH for the lower stiffness walls.

The PFT program can be used for the prediction of the
lateral movement of the wall based on the lateral earth
pressure diagram. The PFT program has been used successfully
as explained in Chapter 5 in handling geotechnical and
structural problems in a comparative, simplified manner with

reasonable accuracy.

6.10 The Ground Control Analysis

One of the most important goals of the excavation
method employed in this project was to achieve optimum
ground control by minimizing the soil deformation around the
tunnel. Peck (1969) introduced a normalized settlement
trough for evaluating the ground control based on the soil
type. He divided it into three zones; Zone I for sand and
soft to hard clay, average workmanship; Zone II for very

soft to soft clay with some conditions, 1) limited depth of
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LATERAL EARTH PRESSURE Tunnel Section

Legend
Fioal Case Net Pressure

PFPT Program Net Pressurse

Ka &k Xp -4

-8

DEPTH (m)
i
T

-230 -200  -1%0 -100 -30 ° 30 100 150 200 230
Passive pressure (KPa.) Active pressure (KPa.)
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clay below bottom of excavation, 2) significant depth of
clay below the bottom of excavation and 3) the settlement
affected by construction difficulties; Zone III for very
soft and soft clay in the excavation and at significant
depth below the excavation. All the data are for Standard
soldier piles or sheet piles braced with cross-bracing or
tie backs. El-Nahhas (1987) used this figure for comparing
the predicted and measured normalized settlement trough for
Edmonton till (very stiff clay). Figure 6.33 shows the
entire figure with the predicted and measured data with both
results plotting in the upper portion of Zone I. Figure 6.34
presents an enlarged view of Zone I, showing all the data in
the upper 15% of Zone I indicating the good ground control
produced by the use of the diaphragm wall. The field data
showed that the highest measure of ground control was for
the tunnel section. In the station section, the excavation
procedure has no significant influence. Close to the
excavation, there is no significant difference between the
settlement troughs for the station and tunnel sections.
Peck's figure shows only the relationship between the
settlement trough and ground control. Figure 6.35 presents
the relationship between maximum settlement and maximum
lateral wall movements. It should be noted that the first
element of temporary support was erected at about half of
the excavation depth (5 m) which represents about twice the
undrained shear strength (S,;) divided by the total unit

weight., Peck (1969) considered this depth as the maximum
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height of a supported excavation which can be left unbraced
in order to avoid excessive ground loss and settlement.

The guidelines given by Mana and Clough (1981) and
Schlosser et al. (1985) considered a braced excavation to be
adequately controlled if the ratio between maximum
settlement of the ground surface and the maximum lateral
movement was in the order of 0.5 to 1.0. As shown in Figure
6.35, the measured ratio for the test sections lies in this
range with the exception of the undercover excavation
analysis. This value was greater than unity, indicating
greater ground control. This may be due to the early
introduction of the first permanent support. The measured
ratio for the tunnel section was 0.75 to 0.6 and the
predicted value was 0.5. For the station section, the
predicted values were 8 (undercover) and 0.71 (open air).

Figure 6.36 compares the volumes of ground surface
settlement and lateral wall deflection at different stages
cf the analysis as well as the field measured values. For
the tunnel section, the measured volume for the settlement
trough was approximately 60% of the lateral deformation
volume of the wall. The predicted values at the final stages
of the analysis tended toward the V, = V_ line. The
undercover analysis of the station section indicates that
the lateral wall deflection was very small in comparison
with the settlement trough volumes, similar to the tunnel
section. The normalized maximum ground surface settlement

relationship to the normalized volume of the lateral wall
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deflection is presented in Figure 6.37. These results
support the conclusions drawn from Figure 6.36.

In general, the construction method employed in this
study resulted in good ground control. The best ground
control could be achieved either by using the undercover
excavation procedure or by the early introduction of the
first temporary support element at its elevations. It must
be noted that this high degree of ground control was
achieved in conjunction with the grouted plug and good
quality control of the ground water table outside the
excavated area. The observed settlement trough with a slope
of 1:740 (a very conservative value) indicates that there is

no significant influence on adjacent buildings.

6.11 Summary

The field measurements and the F.E.M. analysis have
been coupled to indirectly measure the lateral earth
pressure acting on the diaphragm walls as it is not viable
to obtain direct field pressure measurements. The use of the
grouting procedure achieved good control of the groundwater
table keeping the pore water pressure hydrostatic throughout
the construction procedure. The seqguence of temporary and
permanent support installation influenced the lateral
deformation of the walls which in turn affects the lateral
earth pressure,

An on-line search was conducted at the University of

Alberta library and revealed little published research on
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diaphragm walls. Most of the available work deals with
construction aspects, case histories and field observation
reporting. The literature on the design and performance of
the retaining walls deals with sheetpile and tie back walls.
This indicates the need for research on the behaviour and
performance of the diaphragm walls. The influence of the
soil profile and the determination of soil parameters are
very important factors in prediction of the soil behaviour
during the analysis. The use of some simple programs with
simplified models to analyse and predict the field
measurements as on site aids in decision making and can save
time and money during construction. The need for high
quality ground control justifies the high cost to achieve
it, the use of the grouted plug not only prevented water
from flowing into the excavation but improved the stability
of *“he excavation base. The results indicate that the use of
semi-empirical pressure diagrams presented by Terzaghi and
Peck should be applied with the effective unit weight rather
than the total unit weight for such host materials and
construction procedures.

Peck (1969) suggested that for clays with stability
number, N, less than 4 (N=yH/S, where S,) is the undrained
shear strength, the classical earth pressure theory suggests
that the earth pressure acting on the bracing system should
be zero. If the total unit weight is used, the stability
number will be approximately 3.5 and will reduce to 2 if the

effective unit weight is used. He suggested that the



212

discrepancy between the theory and reality may be due to an
attempt to apply a theory of plastic equilibrium to a case
not in a plastic state. He also reported that " for values
of N less than 3 or 4, earth pressure theory should not be
used, whether the cut is a shallow one in scft clay or
deeper one in stiff clay".

Morgenstern and Eisenstein (1970) reviewed the method
of estimating lateral loads and deformations associated with
earth retaining structures, stating the limitation of the
available analytical tools. They classified the methods into
three groups depending on the deformation; small, moderate
or large, and pointed out the importance of the
determination of the soil properties and the pore pressures.
They stated that the change in pore pressure and subsequent
consolidation may control the deformation behaviour of an
excavation, and the most recent reported failures have
seldom been the result of inadequacies in modern earth
pressure theories. They stated that if the aim of the design
is to prevent failure in the most economical way, the
conventional methods of design are clearly not satisfactory
and the requirements in accuracy of theoretical deformation
prediction have not been established. Morton (1982) reported
that Peck recommended that for clays the highest values of
Terzaghi and Peck's diagrams, but sheeting for braced subway
cuts in stiff to hard clays is reported to be satisfactory
if lower values of pressure were used. This has been

confirmed by instrumentation programs. The high cost of
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construction imposes the minimization of the design loads
while maintaining the safety standard. The results of this
study indicate that with the introduction of the correct
soil properties, parameters and pore pressures, the lateral
earth pressure diagrams and the deformation around the
excavation may be minimized reducing the cost of
construction. The finite element analysis does not imply any
earth pressure theory. It calculates the stress in the
element as a result of the stress level corresponding to the
laboratory stress-strain relationships. The results of the
F.E.M. indicated that the total lateral earth pressure
produced by the earth pressure theory is in reasonable
agreement with the predicted total lateral earth pressures,
suggesting the use of the classical earth pressure theory
for such host materials. It seems logical that with the
minimum deformation and the high guality ground control, the
lateral earth pressure will be close to the in situ
condition (K, conditions), but the soil improvement due to
grouting reduces the lateral earth pressures as indicated by
Broms (1988). A new apparent pressure diagram has been
presented adapting the diagrams suggested by Terzaghi and
Peck (1967) to be suitable for use with diaphragm walls. The
influence of the wall thickness and stiffness can be
introduced to the diagram by the use of the lower value of
0.2 for the samll thickness and 0.4 for the higher

thickness.
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It can be concluded from this study that the
construction procedure achieved its goals justifying the

high cost of such a procedure when it is needed.



7. CONCLUSIONS AND RECOMMENDATIONS

Geotechnical design problems are encountered when the
designer is uncertain of the properties of the materials.
This type of problem is particularly evident in Egypt where
no database exists on soil behaviour, not only with respect
to tunnelling but also in foundation design. There is then a
tendency to employ costly construction methods to overcome
this deficiency.

In this project, the Cairo Metro, the observational
method was employed. In this manner, data was collected for
use in this particular design, as well as establishing a
general corpus of knowledge as reference for other studies.

The main objective of this construction method was to
minimize ground deformation due to excavation. Consideration
of the ground water level and diversion of the present
surface traffic flow influenced both the design and
construction method.

To fulfill the requirements, two test sections were
instrumented in the Regional line of the Cairo Metro. These
provided measurements of the movement of the soil and
diaphragm wall, loads in the struts and structural elements,
and the pore water pressures. The data was used to determine
the deformation pattern and lateral earth pressures as a
function of material type and construction procedure. These
results were compared with finite element analyses.

A summary of the project is presented below.

1. A new concept to predict lateral earth pressures from

215
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field measurements has been introduced (i.e. y,, instead
of v,,.), and the hydrostatic pressure effect is
considered a separate component of the loads acting on
the wall, It uses the soil parameters obtained from
laboratory tests. Then by matching the field deformation
with predicted values, the lateral earth pressure is
evaluated as the forces causing these movements.

The most commonly used earth pressure diagram for this
type of material is that by Terzaghi and Peck for stiff
clays. Analyses showed that it was more appropriate to
use the effective unit weight of the soil rather than
the total unit weight and hydrostatic pressure as
recommended.

The influence of wall stiffness on the lateral earth
pressure was evaluated. For diaphragm walls of lower
stiffness, 0.2y'H should be used in the calculations,
and for walls of higher stiffness, 0.4y'H.

For clays underlain by sand, a modified pressure diagram
is proposed, with height ratios of 0.25 and 0.75 H from
the top, respectively keeping the pressure constant at
the bottom with no reduction.

To calculate the permanent (i.e. long term) earth
pressure acting on the walls, the use of the Rankin
earth pressure theory is suggested. For the case of wall
with lower stiffness, reduced pressures may be used.

The construction of the grouted plug and the improvement

of the excavation base as a result of the grouting
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pracedure (i.e. micro piles or soil nailing) contributed
to the reduction of the active earth pressure and
therefore minimized soil deformations.

The construction method succeeded in sealing the
excavation zone during construction, keeping pore
pressures hydrostatic. This reduced the risk of damage
to adjacent buildings.

The undercover excavation procedure significantly
reduced deformation around the tunnel. Using an extruded
liner in the tunnel construction method is the only
other procedure which may lay claim to such a high
degree of ground control,.

The construction method employed in this project
achieved its goals of minimizing deformation, thereby
justifying its high cost.

The installation seqguence of the temporary support
influenced the deformation pattern. Early activation of
the struts will minimize the deformation.

A set of numerical analyses were verified in this study
and the behaviour of such host material was
investigated.

The use of the PFT program to predict lateral earth
pressures based on the measured deformation, proved to
be an important tool in preliminary studies and on site
evaluation.

The ground control analyses showed that the construction

method produced high guality ground control. This
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encourages the use of diaphragm walls under these
conditions.
The use of the SAFE program produced satisfactory
results with the use of the appropriate parameters. It
is independent of any earth pressure theory.
The use of multipoint extensometers to measure the base
heave of an excavation is not recommended due to the
difficulties encountered.

In general, the width of the excavation base with the
presence of the plug and soil nailing has no significant
effect on the earth pressures or soil deformation.

It is suggested that further studies be conducted in
following areas.
More data is required to confirm the recommendations.
Three dimensional numerical analyses would be more
appropriate to simulate the third dimension effect due
to excavation of material adjacent to the analysed
section,
A direct method or instrument to measurement the lateral
earth pressure in the field would be greatly appreciated
accounting for the advancements in technical and
theoretical aspects.
The parameters used in this study can be used in the
design of the new Cairo Metro lines and thier
reiiability may be checked through a field
instrumentation program.

This study was primarily concerned with stiff clays
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underlain by sands. Studies on the behaviour of
different materials would be valuable.

Long term observation is needed to evaluate the
influence of the actual loading conditions during

operation.
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Figure D.17 Lateral Earth Pressure - Tunnel Section Set (1)
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Figure D.18 Lateral Earth Pressure - Tunnel Section Set (2)
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SHEAR STRESSES Tunnel Section
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Figure D.20 Shear Stresses - Tunnel Section Set (1)
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SHEAR STRESSES Tunnel Section
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Figure D.22 Shear Stresses - Tunnel Section Set (3)
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Figure D.31 Horizontal Displacement - Station Section -
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Figure D.33 Lateral Earth Pressure Station Section -

Undercover - Set (1)
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SHEAR STRESSES Station Section
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Figure D.35 Shear Stress - Station Section - Undercover -

Set (1)
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Figure D.36 Shear Stress — Station Section - Undercover -

Set (2)
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Figure D.37 Displacement Arrows - Station Section - Open Air

Excavation Step (4)
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E. Input/Output Files for SAFE
This appendix contains the Input and Output files for SAFE ,

each contains a sample of control cards and output

components (i.e.these are not the complete files).
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CAIRO METRO PROJECT TUNNEL SECTION
3 2 o] 0.0 15 15 1 1 1 8 0
13 13 300 981 2 13 -1 (o) (o] 1
1 15 0.000500
2 10 0.001000
(o] © 0.00100

0.0 0.0 o 0
0.85800 0.0 o 0
1.71500 0.0 o 0
2.57300 0.0 o 0
22.00000 40.00000 1 1
31.00000 40.00000 1 1§
40.00000 40.00000 O 1
1 3 35 33 2 23 34 22 2 1 1 o}
4
3 1] 37 35 4 24 36 23 2 1 1 0
4
5 7 39 37 [ 25 a8 24 2 1 1 (o}
4
7 9 a1 39 8 26 40 25 2 1 1 [¢]
4
<] i1 43 41 10 27 42 26 2 1 1 o}
4
11 13 45 43 12 28 44 27 2 1 1 o}
4
13 15 47 45 14 29 46 28 2 1 1 o}
1.0 750.0 0.0 -13.04 0.0 15.E3
0.4 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 -12.0 0.0 200.
4%50.0 0.79 0.69 0.60 33.0 101.33
120. 0.37 0.0 0.1 0.99
Q.0 0.0 0.0 0.0 0.0
Step: (1) for Intial Stress Calculation
1 o] (o] 0 (o} 0 (o}
1 1 1 (¢} 0 300
Step: (2) Slurry Tranch + Panne!
S3 (o] (o] o} 0 (o] (o}
1 1 o] 0 10 110
114 1 (o] [o] 9 180
181 1 (o] (o} 8 280
S4 (o] [o] o] (v} 0
64 (o] (o} (o] o} o]
Step : (13) Fina)l Case
9 6 (o] (o} (o} (o] (]
245 1 1 (o} 1 (o]
255 1 1 0 1 (o]
265 1 1 (o] 1 o]
271 1 1 [0} i1 275
281 1 1 0 1 285%
291 1 1 o] 1 285
1814 [o] (¢] [0} O 183
191 (o] (o] (o] 0O 1983
231 [o] (o] 0 0 233
886 (o] 1 0
827 (o] 1 o
918 (o] 1 ]
929 o] 1 o
950 (o] 1 o]
961 (o] 1 o



294

W0033¥4 40 SINUD3IA 40 ONILSIT

) s (S)ANINdI

GIINI¥D 38 JUIA NOTLOVHL IDVIUNS ¥O4 HOLOIA QYO ANIN3INI ‘O < INIMAI 41

O3INI¥d 38 1VIA ¥0103A GVOT ININIT1I ON ‘O »
40123A AQVOY IN3IN3ITE

N3IAID 38 TTIA HOLI3A GIONYIVBNN TYNIF ‘O <

G3INI¥d 38 TTIA HO103A QVO1 GIONVIVBNN TYNI4 ON ‘O =
¥OLD3A GVOT GIAINVIVENN TYNIJ

3A08Y NOLLYYH3L] (3 )ININDI ANIAI HOI NIAID 38 1IA HOLDIA QVOT G3INVIVENN ‘O <

Q3YINO3IY SI 1NO-INIYd ON ‘O =
NOIivd3ILI “87IN03 DNINNG ¥0LD3A QY0 GIDNYIVENN
NOTLIVYILY (1 )INIUDI A¥3A3 804 NIAID 38 T1I1IA SLINSIY ILVIGIWHIINT ‘O <

G3LINIY¥d 38V SINTVA TVNI3Z ATNO "NOILvH3LS “67IN03 ONINNO Q3VINO3Y SI 1N0-ANIND ON ‘O =

$133410 8O/OMY SuONN] WORS 2)N4 2AV NOILYININNIOO M ONY SEi70SN ONIONIDNE

TENOTAYIISLOON ANT QMY WYNDOEe M4 1WHI “O3LVM] BO OIS INGRD CBIAIULIVAA AINIREVA

On SINYM TLEINIY JO a133NIAINN M1 BO/ONY MYEUGEd 511 90 BI1e0V1IAIG g

.. Vi8I0 NO1NORGD
.. DNIRIINIOND 10AI1D D aniaL
.. 20 #1080 1WOIINIINIBID BMi AW GluD VA

01023432332
FRERERREF]]

¥
I
ERRREERORED D]
N
n
MWIININN
mnihinn

In
Qla¥ISEs Sole MY

" 9
48048048

198033304308
Hirisssisnne

LLELIRTES FILININT IR4 AN
BO4 NYEIOBS 0111

oS

18)MIT 4O 14152 driNn

St aravLEa Sl

$95L55555%3
$5555555958S
$s

s
£33333333331
$88555555S8
133
ss
$5555395535%
$9585505588

1N0-INT¥d SNIVHLIS ONV S3SSIHLS° SININIOVIASIA

(r)iNINd] 31
] = (¥)iNIddT
(E)1ININAT 31
(€)INfUdI 31
} = (E)iNlud:
(Z)INIYdI 41
(T)iNTudl 41
11} = (ZT)ININdI
(4 )ANTHdI 41
(4 )aNTudl 41
st = ($)iNIudI

(INTHA1) T0UINGD LNO-INING

NOILdNYIANT LNOHLIA @3300Hd WYHO0¥d ‘O « WHO4NI
X1divW TvE01D 3HL 40 3ZIS IHL ONININGILIG HILIV 4OLS VVIR NOILND3XI ‘I = WHOSNI
[} = (WN04NI) 3003 NOILYNNOIND

NIAID 38 VIA AX-VNDIS OGNV >>|<IO~ml.xx|(lm=m ‘e

ai1is1

N3IAIOD 38 UM AA-YNOIS ONY XX-YWOIS °Z = 31IS]
-

N3AIO 38 IR XX-YWDIS AINO °)

31181

N3IAID ST SS3u4S IVILINI ON 'O = 31151
o » (3LISI) :3003 NIVHLS ONV SS34LS 3L1S-NI

SISATYNY ASHI4 3HL ¥3L1dV OHIZ 135 38 TIIA SNIVHLIS ONV SIN3IW3IOYIdSIQO "0 > ¥50al
SISATYNY L1SHIJ 3HL ¥344V OHIZ 01 135 38 VIIA SININIOVIISIA ‘O = ¥9al
- = (¥901) :3000 iINIWIOVIdSIA 31IS-NI

00000 4 = SSIANMNIIHL €}

= 3dAl TWINALYN 40 "ON

T o (dIN) SINIOd NOIAVHOIAINI 40 HIGRNN
186 = (QONN) S3IAON 40 ¥IBWNN V101 00g = {13N) SIN3IN31I J0 HIBNAN TYI0L

€ = HIBWAN dILS LV SLAVIS SISATYNY € = SISATUNY 3HL NI Sd34S 40 ¥IBWN TVL0L

X207 GooOoD

(] = 443} SISATYNY SS3I¥1LS Tvios

SOIAVNIHLINY NOISIDO3¥d 318N0G

SISATYNY NIVHLS 3INVI4 IWNDISNIWIO OML
OIASYId-D11SY13 HVYINIT-NON NOILVNNO0430 1IYNS ¥ SI SIHL

P LT:00 : (D33S:NIN'SHH) 3IWIL

8861 ‘'OC 230 : 3tvq

NOILD3S I3NNNL 103Mr0dd OH13W ONMIVD : 31114 1D300Hd

NOI LYRUBOINIT TveEINID



295

> 0000000~~~

2 0000000~

10+30006LE O
10+30005LE°0
00
[s 38 +]
o0
00
00
oo
0°0
"GH00d-A
o

10+3000ErS O
$0+43000€PE O
TO+300000% 'O
TO+3005ZLY 'O
10+3000058°0
10+3000£6S5°'0
$0+3000E6F° O
10+3000€E6€ 'O
$0+300G4 L1 °O

" QH002-X

Elo,]

> 0000000 =~

D2 0000CQOQ~w~

$1043000SLE°0 10+3000€6F O 92 ' ' 10+43000GL€° 0  10+3000€rr O ST
10+3000SLEO 10+300G4LL°'O ET ) o] 10+30005LE° O 00 tt
0°0 ZO+300001€° 0 OC o (o] 0O 0 TO0+30000LZ°0 G
0°0 TO+300058Z1°0 ¢} o o 0'0 TO0«3000504 0 9
0°'0 10+3005902°0 ¥4 c o G 0O 10¢3000€P9°0 €}
0°0 10+3000€9G°0 41 0 o} 00 1043000815 0 Ol
00 10+3000897 0 8 ] o] 0O 0 1030002y O &
0°0 10+3000€vE ' O S (o] [8) D0 10+¢300€LS2°0 ¥
0'0 00+3000868°'0C ¢ o o 0 oo
“QY0023-A *Q8002-X 300N A n Qu00J-A Q3002 - X 3J00N
S3ILVYNIOGHOOD TYOON
€4-3 SI LINV430 "O¥3IZ 01 TYNOI B0 NVHI SS37 SI T0INL 31
Z0-300001 'O « (T0INL) SISATYNY TYNDISNINIG-€ NI IDNYH3II0L IDNIDYIANGD

®» (INLIW) SISATYNY TYNOISNINIG -€ NI S3SS3ULS IVHIONINS ININY3ILIQ 01 GIAOTIY NOILIVEIL! 30 UIDWNN WNIXVR

NOISN3L NIVISNS {fONNYD STIVIN3LvW INOS O < WIND
NOISNIL NIVISNS 01 318vdvYD 33V SIVI¥Iive 11V O=WiNI 41
o = {(WINI) SISAINVY NOISNIL ON 30 3002
SISATYNY NOISN31-ON

$00°0 SI 1INV43IQ ‘043Z 0L IWNOI ¥0 NVYHL SS3T SI1 101S 31
Z0-30000) "0 = (101S) IONVH3I0L IDNIDYIANOD
[+1} = (SLIN) NOILYINDIWD SSIULS ONIUNG SIVANIINIBNS 30 ¥3IBNNN

GOH13IN VILLINN-IDNNY € = ROIL

3W3IHOS ¥3INI Q3ACHIWI T = WO3I

INIHIS OHYANOS d3I NI '+ = NS
z = (WSI) NDI1VH3ILI NOL1IVINDIVYD SS3IHIS 30 QOHIIN

NCILYHILI NOILYTINDI¥YD SS3IALS

o = (11031) NOLVY3ILI NOSHJIVY-NOLM3N AJ100W ONINNG ¥Olvdy313D0V NINLIVY
100°0 SI 1INv43Q "083Z 0L 1YNO3 ¥O NVHL SS37 SI 10103 41

€0-300005°0 = (10103) 3IONVE3IT0L IONIODYIANOD

-1 = (DILIW) LINIWIAUONI GVOT A¥IAI ¥03 JIBWAN WNAWIXVYR

"O043 NOIAVYEILT ONDOJD3S A¥3AI NOIAIN 1N4 € = w031
NOTLVH3LT ¥3IHI0 AHIAI NOLAIN 1INd T « WO3I
NOTLVHILT NOSHAYY-NOIMIN 1INd i) = W03
] = (HDII) NOILLIVEILI WAIYBIINOI 30 QOHLINW
NOLiv¥3il ®WNIY¥8IIND3

3 = 3714 ONILHVISI¥ NI 3QIA08d IV13 JO HIBANN

6dViI 3714 NI Q3QIAONd SI W3180¥d INL 40 JILSI¥FLOVHVHO ONIOHWIANOD 3IHL ONIAYDIIOND LNJIND TWNOILIOGY ‘O < 6dvil JI

G3dINO3IY ST INdINO TYNOIL11QAY ON ‘0O = > &d¥il J]
o = {(6d4v11) 3002 iINd1NO IVYNOILilaav
S$d31S ONIAVDT NIIMLIE NI LUVLISIH WYHOOud ‘L = S3¥L 41

d31S ONIQYOT 3HL 40 ONINNIODIB 3HI 1V L1HVIS3Y WYYO08d 'O » ¥0 > SI¥I 41

o] = (S3Y1) 300D ONILUVISIY WVAD0Hd
8dVil NI Q3201S 38 VIA

‘d3LS LSYT 3HL 40 S1INSIY TYNIJ HO ‘NOILYHIL] WNINETINOI 1S3LV] 3HL 40 SLINS3Y ‘O < Bdvil 4

L # 3d4vi NI Q3d01S 38 17IM S1INS3IY GIDUIANOD AWNO O = ¥O > 8dvil Il

8 = (8d¥1l) 3000 INDINO ANYNISG

QIEINIHd 38 T1IA WOG3IIY4 40 SIIYDIQ 40 ONILSIT ‘O < (S)INIYCI 31
03INIY4 38 TTIM WOO3344 40 SIFWD3IQ 40 ONILSIT ON 'O = (S)ININdI J1



296

e R e e e E R EE ST -

AA A A A A AL AL AR A AR AL R RSl R EEE EE R EE RE X

Q000000000000 O0O00O000O00000OO0O000000

©
=

[x24
1z
61z
LT
1% 4
16!
684
L9}
{1
€01
6St
LS

VO AT YR R ST Um et YR YR R YR W N TR YR R O R YR e G Y R YR S e e Y W R
T UE UR n YT YR R YR e SN TR S TR R ST OGN TR R O OB v S YR W R g Ym v e R e e e e e
O OF O (V€ € 0V £ €V €0 €V €0 OF €V 0N €40 ©F OV OV €V €9 OV OV (% £V (¥ €F €F ¢V OV 09 O O 09 0%

™

L

-

91 S1 di

T0+3000007 O
T0+3000000° 0
Z0+300000F "0
T0+300000r "0
TO+300000¥ 'O
TO+300000¥ "0
TO+300000F° 0
Z0+305Z96€ 'O
Z0+30SC96E°0
TO+30GT96€E 'O
t0+305296€°0
20+300526€ 'O
T0+3005ZT6€ 0
T0+300526€°0
TO+3005Z6€°0
T0+3005Z6€°0
€0+3006Z6€°0
TO+3006Z6E O

T vz TiIT evz
OyZ TLT 8OT 6ET
9ET 0T »OT SET
TEL 8IT 00T IET
8TT 9IT 96% LT
TIT T6) 08 12
80T 064 911 LOZ
vOZ 88) TL) €O
00T 98F 891 66}
961 ¥8F 91 S63
084 09 6yt 6L
9LF 8St YL SLI
TLL 9SL OFy  11d
891  »SE 9€1 19}
¥9k TSI Ter €9)
Bre 8TF 941 ¥y
FPi 9Z8 Tis €N
ork ¥ZI 801 6ES
9€l TIZY 001 SEL
TEL OTL O00F i€t
94 98 14 -1 3
Tt 6 08 (133
€0} 6 9L L0
*0lL 06 TL €0t
00 89 a9 €6
(4] 9 (4 1]
o8 t9 (14 6L
9L 09 (44 L
Te 8s Or ‘L
a9 95 9€ L9
(4 Te oz (3
14 o€ 9 (14
1 {4 :14 T Er
or 14 e 6t
9€ [ 41 4 St
SY¥3amnNnN
TO0+300000r°0 186
TO+300GZLL O 89L6
$0+3000056°0 5.8
$0+3000€65°0 TL6
10+3000E6¥° 0 696
$10+3000£6€°0 996
10+300G1L3°0 €986
Z0+3000007 0 096
10+3000058°0 LS6
10+3000E6¥°'0 »S6
10430054 L3 °0 156
TO+300001€E°0 @86
T0+30005Z) "0 SP6
10+30059¥L°0 Zv6
10+3000€PS°0 6E6
10430008970 9€6
10+3000EVE"O €€6
00+3000859°0 O€6

Srt €Iz
s¥Z 60T
LET SOT
€EET 10z
6ZZ L6}
eIz 19
60 L1y
S0t €Ll
10T 691
L6 G941
18k 6vi
LLy sy
€LY 1yl
691 LEY
S9I €€}
64 L1}
Sri €41
7} 60}
LEL GO1
EEL 104
Liy S@
€ty 18
601 L
SOt EL
104 69
-1 €S
(1:} Sy
Le Sr
€L (14
69 Le
€S 134
(14 L
114 €l
(34 -]
LE S
3a0N

] )

) '

’ ]

] '

) 4

' '

] '

' i

} '

} 4

] (4]

3 3

4 ’

3 '

' )

J ]

' ]

) (]

1 1%4 oL

Lot 89

€ot 29

661 ¥3

S64 z9

6L} 09

Sih 8s

el 9s

L9y [ 4]

€9} [4]

ir} 0s

14 8y

G6E} oy

Sel [ 44

EL (44

S or

(13} -1

L0} 9€

[Xe]) ve

68 ze

€e (o]

SL 8z

[-13 14

(X3 144

L9 144

[ 1+ ot

Ly -1}

€y 91

6€ i

SE 4]

61 o1

St 8

1) -]

L [ 4

€ T

"373

T0+300000% 'O
TO+300000¥ 'O
T0+300000¢ 'O
£0+300000V 'O
£0+300000¥ ‘O
T0+300000¥ "0

T0+30000CP O
ZT0+30GZ96E°0
T0+306Z96€C 'O
T0+305Z96€ 0O
T0+305Z96€°0
Z0+300ST6E° O
20+3005Z6€°0
TO+3005Z6E°0
T0+3005Z6€ 0
T0+30062Z6E°0
TO+300626€°0
Z0+3006Z6E° 0

A AR A AR AAAAAAA LA LA AL AR XA AL R R E RER XX
COO0000OOO00OOO00OOO000COO0O00O00O000000
e e e e = e e v T e v v T Y= T e e e
- e P = = T e = = T T e -
VNNV NN NN NN NN NN NN NNNNNN

Wi 81 91 SI d1

T0+300001€°0
TO+30005Z1 °0
10+300S9FL O
10+43000€$5°0
10+3000890 O
10+3000€vE " O
00+3000858 0
T0+30000ZZ O
10+43000€09° 0
$0+3000EPY O

00
€0+30000ZZ°0
T0+3000501 'O
$0+43000€$9°0
10+3000815°0
10+3000€vY O
$0+300ELSZ O

o0

086
LLE
vLE
[ 43
896
€96
96
656
956
€S6
056
LYE
(44
o6
8€6
€6
TEB
676

D R I I upupue—

1444
[:]>14
bET
[+154
9zz
ol
20z
zoT
: 11
v64
8Lt
vLy
oLl
9914
[4:13
avi
Tri
8E}
PE}
[+]d)
[ 42)
o
204
zZot
e6
4}
8L
re
oL
99
os
14
44
-1
vE

€zz
(X4
134
Lz
SiT
164
684
L8}
S84
€8}
654
LSt
5S4
[}
131
LTy
524
€y
[X4]
611
s6
€6
1]
68
Le
£9
19
(3]
3+
sS
‘€
6Z
L
14
>4

oLz vz eve
80C (ET 6ET
20T €EeT SseT
864 6TZ €T
r6) SZTZ LTT
8L 60T iZ
vLl SOT Loz
oLI 10C €02
991 (61 66}
Z9l E61 S6t
ov4  LL} 6L}
Tyk ELY  SL8
BEL 69} L}
vEL GO L9
OE} 1S} E£91
piE SPL Lp)
otk ivi £V
904 LE} &€}
ot L€y SEi
: 13 6Z3 i€}
14:} ELL SIt
:73 60t 413
vL G0l LO¥
oL 0L €0l
99 L6 66
os '8 €0
b:34 LL 6L
144 €L SL
;] 69 L
vE s9 L9
84 (514 1]
143 14 Ly
o1 134 EY
9 LE 6€
[4 EE se

t1z 602
Loz SOt
€0 10¢
66} L6¢
S61 €61
6L LLd
SLy EL)
tLE  69)
L9159}
E9¢ 19}
13414}
EvL  ivs
6E}  LE}
SEL €€
LEV 62}
Sii €l
[ -Te 1
L0} SO}
€01 10}
66 L8
€e '8
6L LL
SL EL
[ Y3 69
19 s9
(31 (514
(A4 114
[ 4 (14
6¢ LE
SE €e
6} a3

St €l

‘e 6

L S

€ '

ON

DNIHIBNWANAN

OrreerrrOmermr e eo-

TO+300000% "0
T0+300000¢°0
T0+300000% "0
TO+300000v°0
Z0+300000V O
T0+300000v 'O
T0+300000¥°0
T0+30SZ96E°0
TO+30GZ96E°0
Z0+306296€ "0
T0+3005Z6E°0
Z0+300SZ6E O
Z0+30052Z6€°'0
20+300526€°0
20+3005Z6€°0
€0+300S2Z6€°0
ZO0+3005Z6€° 0
Z0+305L68€°0

ININI TSI

T0+30000TZ°0
T0+3000503 'O
10+3000€Ev9°0
10+3000816°0
10+3000€9¢ O
10+300ELG2°0

o0
20+30006Z4 'O
10+3000EvS° 0O
10+3000EPE O
TO+300000 "0
Z0+300SZL) 'O
10430000580
$0+3000€65°0
10+3000€6% 'O
10+3000E6€ "0
10430061 L) "0
TO+300000F% 'O

6L6
9.6
€L8
oLe
196
¥96
196
8se
SS56
56
6v6
a6
EV6
ore
LES
vEe
3]
8Z6



297

H010V4- 4

: g

90 08 03 08 09 co 0o 6o

00 00 00 ©6 00 60 o6 oo

Aldn3

00 o0
0006L°0 00" 05y

oo 00
0006L°0 00 0S5y
00004 "0 oo
0005y O 00° 00§
00004 "0 o0
00060 00" 0SSP
00001 ‘0 o0
0006L° 0 00°0SY

Aldn3
IN3INOdX3I-N SAMNCON-3nH

000LE 'O
00002

O00LE O
00°sZ2Z
00002 "0
00°00¢
000LE 'O
00°GZZ
000LE O
00°00Z

AN3NOdX3-N
sSMINaon-x

00°0Z4
[¢ Do)

00 0Ori
o'o

00°0s}
o0

00 Ori
0°'0

00°0Z1
o0

SNINQOK-B8N

EE 10}
0096 ¢

€EE 10}
oove v

€EE 108
000" 0Z-

EE 10t
0o0€ "84 -

EE" 10t
000" 81 -

SS3dd dv

30404 AQO8 Z 30804 AGD8 A 304034 AGO8 X HIDIS 'N3IL

7300M DI1SYI3 HY¥INIT-NON O1108Y3dAH

00 00
o0 0000F "0
o'o o0
oo 0CGO0Y 'O
00 00
0'0 0000Z 'O
00 g0
0°'0 [e 00 0] 5]
00001 "0 0’0
00 0000Y "0
00004 "0 0'0
o0 0000% " O
00004 "0 0’0
0’0 0000Y "0
0’0 0°'0
o0 0000F ' O
AldwW3 Aldmw3
Aldn3 olLivy "10d

° gq
=]

L0+30%E0

w

80+308Z1

© mo
o 00 00 oo

90+30000

o~

2
g°

00
"0000L

o0
"000S% )

[e 2 ]
‘000SH

Aldn3
SNINAOK-13

°e ©0 00 00 00 0o o 0o
Q0 ©O0 ©OO0 00 00 00 00 o0

AldW3

o0
00009 O-

oo
001674 -

0o'¢
000°6Z-

00
0000 " G~

o0
000 0Z-

00
O0E "8} -

00
000" 84 -

o0
Ov0 €1 -

ALdn3

000 €€ 000090
o0 (e ] o] [ X4 4]
000" ZE 00009 0
o0 00 st 1R}
000 0€ oo
00 00 i o]}
000" Z€ 00009 "0
00 o0 "1 6
000 €€ 00003°0
o0 o0 ") e
NOTL1OIM4 NOIS3HOD
1300 3dAL "1VN
(33 YIBWNN 1I00W 304 SITIYIJOND TVINILYM
[o e} 00
00 00 " [ 4]
00 o0
o0 T0009¢E "4 3
[ 3 ¢] oo
o0 O 0SEE b S
00 00
o0 0 00Zs 1 S
00 o0
o0 00 1 14
o0 oo
D0 00 3 €
00 (e 2o
00 00 ) z
oo o0
0o 00°08L b ]
Aldh3 ALdW3
J300W 3dAL "avm

3004 AQOH Z 30304 AGOB A 30803 AQOS X HIDIS "NIL

73008 2140Y10SI 214SVI3 AYINIT

YIBWNN T1IAOW O3 SITLIBIMONd IVINILYN



298

i
S6
o8
s9
(3]
1%
oz
S

o
o

J00Z 3400} 300N 400Z 400

(1]}
¥6
(o]
v9
os
vE
(]

v
o

(o]

08
L
9
9s
1:14
oy
14>
v
94
8

604
€6
6L
€9
6v
€E
61
€

o
[+]

801
6
|:73
9
ar
14
1]
z
o

o

6L
‘L
€9
SS
iy
6t
[ X
[ 24
S
L

3a0nN

L0V 901
'6 06
LL 9L
19 )
134 oy
IE  o©O¢
L S
' [¢]
o] (o]

o (]
400z 1004

8L
oL
9
[ 4]
14
-1
ot
(44
i
9

<Ol
68
SL
09
Sy
:14
St
o

o

]

L]
88
re
o
144
(14
vt
o

o

o

[¥3
[-3:]
19
€S
114
LE
67
[ X4
€
-+

€04
e
€L
[-14]
(14
1X4
€t
o

0

o

Tot
99
143
ec
144
9T
(1)
[+]

o

o

SL
89
09
s
1 44
1
[-14
oz
T
1 4

104 00
s8 8
L oL
s 9%
'y oOr
st e
[
o o

o o

o o

' SL
L9
6%
(1]
(14
[
[X4
6}
(313
€

66
€e
69
SS
6€
£z

o
(4]
[

1.0
(4]
89
1 4]
-]
[ 44
]
[+
o
o

vL
29
8s
oS
(414
re
:14
-1
¢}
z

18
8
L9
[+
i€
iz
L
o
o
o

98 €L
o e
99 .8
Te ey
9€ ¥
o ee
9 sz
o 4
o ]

o '

3aoN  J0aZ JO0% 300N  40GT 4004 IGON 400T 4004 IAON 4002 3004 3GON  300T 1004 300%

®OoQ3384 40

20000~~~

®80) |vu}4  (€)) : days

UIBNNN INIW3YONI 1V N1D38
SININIYONI

$33u¥v3Ia

X
=~

3000 "3°0°Q 300N O}

LXK I

[-J-X-¥-X-XN-]

40 ONIULSTO

t96
ose
(14
86
LGS
9688

198
0S8
:11.]
11}
169
280

300N WO¥3

+¢0313730 ¥0 Q304vY SIQON A3INee

000000000

(]
=]

ceemee000

o1

—reme=000

€ET
[1-1)
€84
S6Z
S8
§LT
|-1:14
114
1144

oI ‘13

a

(114
2:3
117
16T
314
e
1 3:14
&st
srt

‘13 Wous

©¢Q313730 Y0 GIAAVY ININITI AINee

AN3WIOVIISIQ AIN V04
avol AINIOd A3N 304
ABVYONNOB 340IS ¥O03
S3QON M3N ¥O4

ANIWITI AIN HO4

SITILULIT LT EINETINIGINIIITEEBEEITENEPEETINESOES

SISAITVYNY

[

d38NMANN

d31S

LNdNT 3INITY
4NdNT 3INIT
4NdNT 3INIY
10dNT 3NDY
4NdNI 3NIT

‘94318 SIHIL

AN3IN3YONT av0
avol

40 ¥3IBNnN
40 HIONNN
40 ¥3IGNNN
40 ¥3IBWNN
40 ¥3BNNN
40 ¥3IBNNN

404 3L



299

[4 41
2291
Ti9l
165}
€8S}
4951
TSS)
LESH
[X4-1]
10S
14:143
23 4
€908
(1423
(14 44
1343
Tors
98¢
HLED
9s€El
Trel
azeEl
118

19T%
[ Y343
L9T})

4 243
L)
1 244)

6614
E8LY
6Lt}

1119
6ELS
1413

(173
S604
1604

1903
1601
LYO)
1Y

€TOL
£L00}
€001
(4]

y9€ETE
TrolL 98
9Z91 896
o 096
9654 ZS6
TASI »¥6
9954 9¢€6
o ;243
9€ESt 076
TLSH TS
205} »06
o 968
oLy} 888
Zori 088
orrl ZLE
o roe
Syl 958
109} @re
S8EL Or8
[+] Tes
GSEs ¥Zo
IPES 918
SZEl 608
[¢] 008
o T6L
28T 8L
oLZ) 9LL
o 89L
[} 09L
TrTh TSL
oZZL rheL
o] 9€L
o 143
@614 0OrL
T8l Tyt
o oL
o 969
¥S4 989
BE4) 089
o TLe
o »99
Olit 959
#6801 8¢9
o or9
o zE9
9904 #T9
0504 919
0 809
[+] 009
TTO} Z6s
9004 »BS
0 9.8
o 89§

= 3ZIS XIYLVN SSINJSJILS

1rey
szel
(1511
S664
1854
$964
1551
SESH
1zsh
S0S¢
1694
sLrh
(3143
13443
ocrt
yivs
oo}
veEl
OLE)
vsEl
ores
vzes
oies
o

S8z
6921
99T}
o

(324}
sTTi
Tz
o

L6}
1844
8Lt
o

€SHE
LEV}
YELL
o

6011
€601
0604
(]

S904
6¥0}
90t
o

$ZOL
SO0}
[4e o 1)
o

or9}
(241
o191
r631
08s|
(£ 1]
0sS)
PESS
(2413
v0S}
7.1 4)
rivy
ogrs
[ 4443
144
|43 4)
66E})
E8EY
69¢€})
ESE}
-1}
[ 1444
60t}
o

[ 4:14]
89ti
1143
o

orZy
[ 4443
X448
o

96114
o8t
L1
(4]

TSHi
%€l
€EL
[+]

e04s
teos
6804
o

¥90}
8vol
SvO}
o

oroM
¥00}
1004
o

71 ]
L96
656
156
Ev6
s€6
LT6
(13 -]
16
€06
$60
180
6L
Lo
[4:1 ]
SS9
ir8
6€8
1e8
24 -]
sie
L0898
66L
6L
[31:73
SLL
194
6SL
I1SL
Ere
SEL
LTL
SiL
L
eoL
€69
L89
8L9
Lo
€99
$S9
L¥d
6€9
€9
14
Si9
L09
669
69
€8s
SLS
L9S

6€91
[14-13
809}
E£6S1
6LS)
-1
8rsi
€€St
6154
€0S3
68yl
€
(114}
(2443
[ 144)
14343
/-1
THEL
8¢t}
Tsel
ecer
(1443
SOE)
[¢]

[41:143
o
| £144
o)
6€ETt
(]

ozT)
o

$644
o
9L
o
1311
o
TEL
o
L0114
o

9804
o
€904
o]
rrY0i
o
610}
o
0004
o

8€9)
(14-15
809}
o

8Ls)
14:1-1]
ers)
o

131
TOS)
-1:14
o

-3 14
(144
1244
[o]

L6E}
18€3
L9ES
o

LEED
IZES
LOEY
o

[4:143
o

[>4:14)
[}

8ETH
o

[:1¥43
[}
(L1
o
SLi)
(4]
(o111}
o
tELL

o
9014
o

180}
o
901
o
[ o]}
Q
8101
0
666
o

ri6
996
| 1-1:]
0s6
[44]
rEE
i:24-3
816
oi6
toe
68
288
oLe
oL8
798
ySe
14 )
eee
oce
144}
e
908
86L
o6L
ToL
riL
p-1-72
:1-72
osL
(4143
reL
oTL
oL
oL
ToL
69
989
eL9
oL9
[4-1]
59
L1 4]
8€9
ot9
[£4:]
19
909
86S
06S
T8s
vis
:1:1+]

99

(4113
LEII
[ X413
1091
T6SH
LLS)
1954
13414
ZESH
LIS}
1051
1891
TLve
[3-144
(3443
azy)
(334}
96€E
08€El
99¢€)
1SES
9cEE}
ozes
20¢E})
96zt
1:143
[}

[1:14
14143
LET)
(]

[:1%4)
80z
{153
[¢]

[ 237
(£18%
6¥i1
o

Ot
oTii
[-{J 3]
o

9804
9L04
1901
[+]

Tros
TEOI
010
0

866
886

= NOILVH3LI

= "73 "VYIQ ON HLIQIAONYE8 3JIVH

(o]
9E9H
[o24:13
92091
o
9LS}
0951
E141)
o
91S)
00s51
ser)
o
9sri
orvi
(144}
(¢
565
6LE}
(1144
o
SEes
(1313
SOE)
(]
[«1:14)
o
1924
[+]
9€EZi
o
0T
o
(413
(]

€L}
o
8kt
o
144 3
o
[ 10)

o
$801
o

080}
[}
13413
0
2101
o
L66
(2]

186
EL6
$96
156
6ré
176
€£€6
14
L6
606
106
€68
s88
L8
698
198
€S8
Sre
LED
6Z8
ize
€18
soe
L6L
€8L
I8L
ELL
[-1:-73
LSL
(5143
Lre
€L
STL
Lre
60L
10L
€69
£89
LLe
699
499
€69
b14:)
LED
679
129
€19
§09
L6S
€85
188
ELS
59¢

1591
SE9L
6191
s091
(3313
SLSI
6554
Srsi
LES)
SiS)
6611
11:14)
[ XA 4)
sSri
6EXE
14444
oiri
rEE}
aLel
| £:11
0SEl
yEEL
8i€}
»OEI
S6T!4
6LZ)
o]

09z
1521
GEZI
o

:1%4)
LozT)
1641
(]

Ly
€9t
Loy
Q

-14 3}
611
€O}
(o]

#8014
GLOY
650}
o

ovol
1EOI
S04
o

966
L86

i

0594
FE9Y
8191
v09i
06514
vLsi
8ssG1
PPSe
OESH
[ 431}
: 131 43
1 4:14]
oLri
[4:14]
14 4]
Ezri
60v)
E6E1}
LLE}
[ 2-14)
6v€El
[543
LIE}
E0€}
[ {:14]
8LT)
o

6GZ4
[o]-14]
VETH
(]

SIT)
90T}
0641
(o]

Ly
[4:1%)
vl
o

LTy
el
ZOott
o

€801}
vLOL
as0}
(]

6£04
O€O0}
vi01
(]

G66
986

[o]: 3
TL6
»96
966
ere
or6
(44
1443
816
806
006
68
vee
oL8
998
098
tse
rye
1]
8ze
oze
tie
[ 4]
86L
88¢L
o8L
ZLe
[ £-72
9GL
ére
orL
TEL
vee
91L
eoL
00¢L
69
r89
9L9
899
099
Ts9
1 44:]
9€9
89
oz9
[43:]
v09
966
88%
08S
TLs
v9s

6094
EE9I
L1981
E09!}
68St
€LSs
LSS
£rsSh
(241}
[ A3
Levi
[4:14]
(-1 4
[ 33 4)
LEVI
11443
8ori
Z6Es
9LEl
(4113
ercs
TEE)
9icES
zoces
[:144
LLTH
[o]

:1-14)
[124)
€ETH
[}

[ 4X4}
S0zt
6811
[¢]

oL
[3:18)
Sy
o

143 )
L1
104}
o]

T80}
ELO}
LS50}
o]

BEOY
6204
€101
[o]

66
s86

XYM

1413
4% 1
9191
09}
985!t
TLsi
9S54
1441
8zsi
(431
s6ri
(414}
89ri
(414
9tV
X4 4]
[} 23
16E€4
SLEl
19€3
LYE}
1ECL
SiEl
10t}
14:14)
9Lzt
o

LSTH
:124}
TEZY
(]

[1X4)
yozi
881}
o

6911
0911
[ 442
o

ST
9kt
0011
o

180}
tiol
9504
L]

LEOY
azos
(4311
o

€66
v86

[4-3-13

6L6
146
€96
556
Lv6
6€6
1c6
[ 14
Si6
L06
668
168
1]
SiL8
198
656
tse
€re
sce
L8
618
[ 2%}
€08
S6L
L8L
6LL
bLL
E9L
172
Lvi
6€L
1€L
€L
SiL
Lot
669
169
€89
SL9
199
659
159
(A4}
(1> ]
LT
619
119
€09
S6S
188
615
LS
€9S

IN3IW3IAONT OvO1 G311ddv

€4

= HIGWON 431S

= W0G33¥4 40 338030 V104

Ly9)
1€94
5194
109}
L85}
(¥ 21
S5S4
1954
LTS1
(2}
S6ri
(X:14}
[3:14)
13144
seEri
ozri
20%4
06€1
ricel
[of-19)
arEl
oeel
rici
o 0751
314
Sttt
o

k114
Lreh
(314
(]

(2% 1)
£0Z3
L84
(]

891}
6644
(442
o]

vl
St
6601
o]

0804
1LO8
SSOt
0o

9€01
L2001}
1108
o

66
€86

141
0€9l
[ 43-1]
0091
98614
oLsi
rSSH
orst
2147
Q164
143 43
[e]:1 4]
o9ri
osrt
rEri
(-1 4]
Sori
68€1
€LEY
6SEl
SreEd
6Z€1
[ 114
66Z1
o6t
yLZh
]

SSTH
L1424)
Ottt
(o]

e
[4e14]
984t
(o)

L9t
854
Tri
0

€TH}
riis
8601
(]

610}
0L0}
#5014
o]

SEOY
9z0o}
o101
(o]

166
14:13

8L6
oLe
96
56
Sré
8cE6
0€6
1243
ri6
906
868
068
141’}
ree
998
9se
0S8
Tre
vEe
:-14 ]
1% ]
oie
Toe
6L
8L
8LeL
oLe
[4-73
[ 473
b-142
8EL
(o143
(143
e
90¢L
869
069
14} ]
(28]
999
859
059
Trs
[ £4:]
929
819
019
zo9
[ 13
98S
8LS
0.S
[4:1-]

(3 4-1]
6298
€19}
6654
S8S4
69S¢
€SS
6€S4
b-1471)
6054
ceri
(73 4]
S9re
6rri
cerd
1N 4
*OPL
88€E}
TLEL
8S€E14
recl
:2443
Tiet
862}
68Zt
€Lz}
[+]

1 414
srZi
6ZZ4
o

(o] R4}
(Y014
S8t
o]

99414
13418}
(R4 X
o

(24 3
[ A2 )
LEO}
o

8L0s
6904
€504
o]

PEO}
SZ04
6001}
o]

066
186

[ 441}
[ 241}
o

86s1
rass
9961
(]

SESI
rzsi
80St
(]

[ 72 4)
rori
sorl
(434}
Lirs
€ori
LecH
o

LSE}
€vct
LTed
(o]

L6Z)
1143
(734
o

€ST4
reZi
8Tl
(]

60T
00z
(41X
o]

Sati
961
oriy
o]

(2433
(431
9601
o]

LLod
8390}
(41}
o]

€EOL
[ 4413
8001
o

686
086

LLé
696
196
€56
1143
Lc6
626
1t6
€16
<08
L6®
688
188
€Le
S99
158
6v8
e
€ce
sZe
L8
609
108
E6L
S8L
LLe
69L
192
(373
1143
LEL
(14
(X413
€L
&0L
L69
689
189
€L
S99
159
609
(14
€c9
sI9
L9
609
109
€6%
S8S
LS
696
19%



300

£0+300009Z "0~
TO+IPEEEES O-
TO+3EEEEEL "0~
$10+369946L 0~
T0+3L9982ZZ° 0~
£0+3000009°0-
TO+3IEEEZOL "O-
10+3LLL0V06 O-
€0+300008} "O-
TO0+300000F "0~
T0+30000C4 "0~
10+3000006 "0~
TO+300S3 L) "O-
€0+3000021 "0~
TO+3L99v0C " O-
£0+35560081 'O~
€0+300008% " 0-
€0+3199%04 "O-
T0+3L9999L°0-
TO+3IECEEE) "O-
TO+3ICEELSY O-
€0+300009€ "0~
T0+3000r19°0-
TO+3L98T¥5°0-
¥0+30009Z4 "0~
€0+300008C "0-
T0+300000L° Q-
Z0+30000SE "0-
€0+305002) “0O-
€0+3000006°0-
€0+300SES) "0~
€O+3LLLSEL "O-
#0+3000084 "0~
€0+30000C¥ 'O~
E€0+300000} O~
T0+3000005°0-
EO0+300G4 L1 "O-
€0+3000006 '0-
€0+300SE£S1 "0~
€0+3L)LSE} "0~
0

0000
o000

30¥04-A

§0-390PLYS " 0O-
§0-3T98Z11°0
$0-38£0691 "O-
90-3TBLEOB O
€0-3996€00°0-

0’0
$0-31690¥Z°O-
$0-3082585°0
$0-3801992°0-~
$0-38€699€°0
§0-3LE996T 0~
S0-3TI1E69°0-
$0-2680Yr¥8°0

00
$0-3€y00SS "0~
€0-3€9ZLvS 0
S0-380¥8BEE "0~
»0-3ES9Y0I "0
§0-3668L89°0-
$0-3S¥950Y "0~
§0-3686028°0

00
$0-31558L5°0-
S0-3ELN YT O
$0-36T8TIT"0-
#0-39€€9Z) 0
S0-395909T "0~
$0-34T6L11 0~
S0-3ZTLL9IV'O

0°0
90-3S¥ESOL O~
90-3681298°0-
§0-392EY0S° 0~
SO-3LELLIL O
90-3IEIEYS O-
90-3E06ELT O~
90-3ZSPITS O~

00
SO-3ESYOLL "O-
90-36VEOEL " O-

00

9090
0000

30u04-X

€0-3901LE°O -
€O-3rrLL9°0 -
TO-3148T4°0 -
TO-3ES6YS°O0

00+37SIEL 'O

T0+3L99916°0
TO+3IEEETOT O
1 0+300000% "0
10+3L¥21ES°O
TO+3EEEYPII 'O
T0+31L99936 0~
$0+31 00006 "0~
TO+3EECH) ) "O-
T0+3006L89°0
TO+30SL4S) "0
10+30006L€°0
£0+3000SLE°O
10+3005.59°0
€0+3EEEEBI "0~
TO+3000001 "O-
T0+3L998ET O-
€0+3EEEES) 'O
TO+3L99900 'O
T0+3000004 'O
T0+3000008 'O
TO+3L998LT°0
€0+300005S "0~
TO+300000€ "0-
T0+3000989 '0-
€0+305T168%°0
€0+36TT90I 'O
TO+300629Z°'0
T0+3006792°0
TO+30S2009°0
#0+300SLE} "O-
20+300005L°0-
€0+4300S3 L} "0~
€0+3005289°0
€0+30G£164°0
T0+30005LE "0
T0+30006L€°0
TO+30051598°0
»0+300GLE} 'O~
TO+300006L°0-
€0+300S1 L) "O-
o

cooo
o000

30804-A

HoHY3

L1 E]

S0-3vYOTEE O~
S0-30TS0vP O
90-3€B06LE "O-
S0-346€861 0
€0-378SBIE O~
S0-38pTEET O
$0-319655€°0
60-3€8P065°0
S0-369L89Z°0-~
90-3L0T86E 'O~
90-3901 954 'O
$0-3L16101°0
S0-3ri$09T "O-
S0-3€BIBEE O
SO-3ILSYTT9 O-
SO-3¥SGESL O
GO-31TIv6V°O-
$0-31906¢T "O-
S0-3crLZZZ’O
90-3vSEVER O
$0-387986) "0-
S0-3ISLIGES O
£0-3160Z8Y "O-
§0-39Lv55%°0
$0-355684€°0-
S0-351101T°0-
$0-3S1LILY O
90-30Zv0TL°0
G0-3659551 "0~
§0-3EEPIET O-
90-3€1 80080~
90-39Z16Z€°O-
90-308BL60Y 'O
90-398v9LL°O-
80-35r9iSr° 0
90-3S6LLPY O
90-368EYST O
§0-311Z8€EZ°0-
90-3868LS5°0-
90-39¢6CES 0~

90000
00000

32¥04-X

1N3IN3DOYI4S IO
1N3NADVYI4S 1T
1N3IN3IDVIISIa
ININIOVI4SIa

IN3IN3OVIdS 10

6L}
sy
[ X3}
19
€91
6G1
(113
164
(3 4]
(A4}
6€Et
set
1)
[34)
EZ)
611
L1 )
(31
Lol
€01
66
S6
(13
L9
€8
6L
SL
(X3
L9
€9
6%
-]
13+
Ly
er
6€
SE
(1
LT
14
61

113

1)

L

€

€0+31999C)
T0+30009L2

TO+3IVEEEEL
TO+3L998ZZ
T0+300005¥
10+3PEEEEE

TO+3600L0Z
1043100008

TO+30051 L3

TO+38LE0))
€0+3IEEECEST
T0+30002SS
TOo+3cEELEl
T0+3199992
TO+3IEEELSY
€0+30000L2
T0+300000Z
TO+3EELEPE

€0+3006vvi
T0+300005€
T0+300000L
€0+30S0021}
€0+30005L9

TO+3EEBLSE
€0+3000056
€0+3000L02
T0+3000005
€0+3000004
€0+300S1 L}

300N 30¥04-A

€0-38S06L°0

€0-300L3L°0

€0-39.L€183'0

TO-3GEEBE 'O

10-3%LLSZ O

90000

‘0-
‘0-
1043299999

‘0-
-0-
‘0-
‘0-
10436801 LS"
2043000086

-0-
-0-
10+3866666°

-0-
T0+3000006 "
1043299999

‘0-
‘0-
‘0-
‘0-
-0-
-0-
-0-
‘0-
-0-
£0+3000599°

-0-
-0-
‘0-
‘0-
-0-
T0+3000006 "

‘0-
‘0-
-0-
-0-
‘0-
-0-
£0+30006L9°
TO+ 3000005
TO+3EEBLSH”

O-

O-
0O-
0-

0-
0-

0O-

0-

0-
O-

0000 9

vO-3vaeict
ro-31Z¢SL)
vO-3Z5L02E
S0- 3980962
S0-38EOLES

S0-36¢6096°
50-30SE666°

o}
S0-380691 0
§0-30Zr69S
S0-39GPL6E

90-31L8620L"

S0- 309009
»0-3v20S04

G0-35€8P69°
0

vOo-31EsZTr1

G0-3rTE9S9”
G0-3801€SS”
90-3960595"

§0-31ZLISY
v0-3LT6TIT
S0-361LOLE

o

§0-369prGZ6
S0-3EBI10TH
G0-3906E€}
SO-3EEPLOL
S0-30€6601

50-3L92198°
90-3090L19°
[+]

60-3I¥SSOEY

90-3ZPSESS”

90-350LS8C
90-3010£0S
90-350Zs7T!}
S0-3v1269)
90-38E68ZE

3oU04-X

900000

‘0
‘0-
0
‘0-
0
o
o-

0
‘0-
-0-
o
‘0
‘0
o-

0
o-
0-
o-
‘0
"0
‘0-

‘0
‘0-
-0-
‘0-
‘0
o
o-

‘0-
O~
‘0-
‘0-
‘0-
‘0-
‘0-

co0000

S$32¥0 4

aLt
| 41)
oLl
991
[4:1)
[:11)
(41
0S1
143
(44
8Et
vE)
(o]}
azy
(24}
et
1473
O
801
zol
e6
ve
06
98
(44
eL
vi
oL
29
9
es
1 4]
0s
9
[14
:1>4
vE
ot
9z
114
|: 1)

14}

[}

9

T

Z0+30000S¢
TO+3IEEEZO)

10+3v8SPOE "
1043612506 °
10+3SPPI LS
TO+3ELEZOT
10+366666Y "

T0+300006¢

T0+300SLEE”

10+300649L
1 0+ 3000062

10+38168LY"
10+3€858ZY "
T0+3L99Y00 "
10+3666666°

€0+30000Z1

T0+3000006°
T0+319900Z"
1043199999
TO+3ppOIBIL°
T0o+368C011 "
€0+300¥1Z4
Z0+300000€ °
€0+3000G4 €
€0+30529¢T
T0+3062LES”
TO+3000GL)
TO+3TYESLY
Z0+380000C€ "
£0+3005E0€°
0+30000SL°
€0+30000S5#°
€0+300SLEE"
TO+30C5L9L°
¢0+30000SZ "
TO+3LI68BLY”
20+3€8S8ZP°
€0+300G€0€°
Z0+30000SL "

3A0N 32¥04-A

TYyaoON

QY01 Q30NVIVBNN

avol GIONVIVENN

QY07 GIDNVIVENN

avoT QAONVIVBNNR

QY07 O3IINVIVENN

S NOTLAVH3L] WRIYBIINDI
[ 4 NOILVYY¥3IL1 WNIY¥BIIN03
€ NOTAVY3ILI WNIY¥BTIINDI
z NOLLYYHILT wWNINBIINDI

' NOILVH3LI WNIYEIINOI

0000000000000 000CC0000

0000000000000 00000000

9000009

90-38Z9966 0O-
$0-3I¥Z6TES' O
¥0-36008Z€ O-
GO-3L1L595°0-

[+ 2o
GO0-38G96LZ "O-
§0-300516Z " 0O-

o0
S0-3vE6PSL "O-
$0-3080»0Z°0
G0-36G6€Z1°0
GO-3I969EZS) "O-

o0
§0-355550Z "O-
SO-3ILEOVEE O~

00
S0-306860Z°0-
S0-3955884 °0
60-3GPLLST O
S0-3FP66PEL O-

0o'0
GO-36EPELZE"O
S0-36r660Z "O-

0’0
S0-39C£€80} "O-
GO-3ILLESSE O
S0-389ZLIL O
90-3L00€T8°0-

0°0
§0-3694962°0
90-38Z0¥Z8 0-

o0
90-3L€9669 O-
90-3086€Z5°0
90-3189€1€°0
80-35861Z5°0

oo
€0- 3€8¥YOT O-
90-36SL58Y O~

00

90000
00000

30¥04-X

LLs
EL)
691
G99t

G3IINY TYENDN



301

TO-3rLOLSY O-
€0-3WEO0LE9 O
TO-3IZTOPEYY O~
TO-3IGETYIY O-
€0-39Z16Z9°0
T0-380L9ST O-
TO-3€S08EY "O-
TO-39Z1LSP O~
ZO-39SCYEY "O-
€0-3086L19°0
Z0-3r€1 99€C O~
T0-395986€ "0~
E0-3GI1€E8P O
TO-3r6IriT O-
T0-31868ZC°0-
TO-3r6BYYE O~
T0-3198€SE O~
£0-3E£8909¢€ 0
TO0-319€481T°0-~
TO-3LLOSYT O~
€0-39L987) O
€0-3IELYE96° O~
TO-368L2€} O~
TO-3v86EY1 "O-
TO-3593161 “O-
#0-35SZ161°0
€0-39€¥T65 O-
€0-3L0€859 "0-

00000
[-X-N-J-N]

“1dS10-A

T0+3009986°0-
TO+300v0€1 “O-
10+300092¢ "0~
$0+3000€9} "0~
$0+3060656 "0~
TO+300898% "0~
T0+3Z8000} "0~
10423€L8r80°0-
EO+309€ELII O~
£0+300809Z "0~
$0+3000259 "0~
10+30009Z€ " O-
TO+3818184°O-
T0+3008985 "0~
T0+3Z80004 "O-
10+3€L8v88 O-
TO+3008¥96°0-
TO+3Z0vPIT O-
$0+30009€S O~
$0+3L906€Z°0O-

€0-361TIL) "O-

o0
€0-3689689°0
¥0-309Lv0Y O
»0-310Z9Z€° 0O~
E0-3LEEEZR O
£0-396¥519°0
€0-39T6Z9E O
¥0-39492ZZ4 'O

00
€0-3106TTL°0
€0-3€E60ST O
€0-3S9€341 0
€0-3T8L8L6°0
€0-358S6L9°0
€0-3460805°0
€0-30S€09VZ°0

o0
€0-30866ZL 0
€0-318Zy0F° 'O
€0-35949Z€°0
€0-3€0TYS8°0
€0-31598L5°0
€0-3984@99r°0
€0-360LT9C° 0

oo
£0-3285¥6€ O
€0-3€59TZT 0

00000
00000

“14S10-0

$1-39L1989°0

00
S1-35Y0ZTT 0~

o0
61-3491807 °0-

0°'0
$1-3€€5991 °0
S1-3680YPY° O
vi-3ZZ0848°0
$4-3¥€E1999°0
$1-39L598€°0
SI-3VEESIP O
Si-311ESO0E "0~

00

o0

o0
Y0-3IrTHLLY O-
€0-364598C1 0
si-3Isy0CtT O
$1-3r€4999°0

oues
9L8
tLs
@96
¥986
096
958
TSe
ere
e
oré
9¢t6
tee
86
rZe
ote
a16
(4] ]
806
Y06

C0-3T8ysSEy O-
€0-399628€ 0
TO-3IP9SELY O-
TO-3TPLELY O-
€0-300IS9€ O
TO-31¥ROPE O~
LO-3ITEYEYY O-
TO-3IPBTLSY "O-
TO-3I¥SEITY O-
€0-3IS¥9L6Z°0
TO-3r99L8€ O-
TO-3688TI6EC O~
€0-3€900€T "0
TO-3140TLT O~
TO-3LB¥Y9EE O~
ZO-3€10LYE O~
TO-3IPOLESE O-
¥0-3689566 0
TO-3L196ZL°0-
TO-3690TST "0~
€0-3500i 2} "0~
TO-3IEPP9L ) "O-
LO-3$€66€1 "0~
TO-3L0IGYL "0~
ZO-3ri¥ES) "O-
#0-3619656°0-
E0-30688819°0-
€0-3619LLY O~

90000
00000

"IdSIA-A

TO+3STIFPTT O
10+3C0LY6Y°O
10+3000€91 'O
10+3082CC1 0
10+359S8LT O
T0+3005968°0-
10+3000259°0-
TO+3918181 "0~
TO+30ST8rr O
10+301 96860
$0+30009Z€°0
$10+3006Y9Z°0
1043060655 °0
T0+3006368 "0~
$0+3000Z59 'O~
TO+38181)1 O~
T0+300589€ "0
10+31LEEIS O
10432910320
10+300€6L2) "0

€0-30164Z1 "0-
$0-300%c81 'O
€0-3L9066¥° O
»0-310€60L "O-
¥0-3IEISKIS'O
€0-30L0658 0
€0-36€0916° 0
€0-3rEE9BT 'O
r0-3T6519C°0-
€0-3L8SB6) "0
€0-35€6695 0
Y0-3L55518°0
€0-3¢9CCZE O
€0-3206626°0
€0-3099E19°0
€O-3Zriviy O
€0-3E€98871 'O
€0-3T601LS°O
€0-39LTVT9°O0
€0-3L¥¥Z0OZ° O
€0-36ZL98L°0
€0-351819L°0
€0-300ZSES "0
€0-3€9PEYY 'O
€EO-31T6YLL O
£0-3596905°0
€0-35S0IPE°O
€0-3604€11°0

000900
0000

“VdSia-n

o0
SI-3¥€1999 0-
) ~-300692Z4 'O
S4-3220143 'O~
S§1-3959ZS51 "0
st-3IsyoreT O
S1-3vE1999°0-
S1-3SY0ZTT O-
93 -3TI1555°0-
S1-3SY0TTT 0-
§1-300LPLE O-
SI-3IrETIPS O-
S§-32Z20138 "O-
?i-341C¥SS1 O
S4-3ISPOTZT O-

o0
$0-3T6v6y8 O-
¥0-3LE806L O
G1-3690222°0
§1-3Sr0ZTT "0~

1€
LT
ET)
61
St
(20
L0t
[o{e]
66
S6
16
10
[
6L
SiL
(X3
19
€9
€S
sS
IS
iy
[ 4
6€
s€
11
LT
€T
6}
114
(33
L

[

300N

6L6
SL6
(1]
L96
€96
656
$56
(31
Ly6
€r6
6£6
6E6
€6
LT
€6
618
S8
(XX}
106
£06

T0-32980Z¢
TO-36E9rLi
LO-3€1 808

rOo-31L0€8)
T0-3620S8¢€
TO-350EESY
TO-3cLLESY
TO-38SLTiv
T0-39PEE9S
T0-3585€6€
TO-3¥1998¢C

»0-3r0L989°
TO-3rZ086T
-0-
‘0-
TO-3LLGESE”
‘0-

T0-38Z96€€
tO-3v010S¢€

Z0-3810614

TO-ISETYET”

‘0-
-0-
‘0-
‘0-
-0-
‘0-
-0-

TO-380OEPST
€0-3820692
TO-3Iri sy
TO-319EL Y}
TO-3i8TLrL
TO-3SESYSE
€0-379S65€

€0-350v0€9"
€0-395.€89°

90000
00000

"dS10-A

£0+300L60¢€
10+30Z80L9
10+3000€E9)
10+300092¢€
10+306065S
TO+300100y
$10+30009Z¢
10+43L0€6SS
T0+300¢619
TO+3v96PEL
10+300092¢€
10+3000259
TO+3818B1 4}
TO+3001 00y
$0+300092¢€
10+3L0€6SS
TO0+300Z608G
T0+3TS6011)
10+3L4906€EC
$10+3ECIBLY

‘0-

O-

‘0-
TO-36ELEIY
0

‘0-

0-

O-
[+ 23

‘o-
‘0-
‘0-
o-

0-
O-

0-

O-

0-
0-

‘o-
-o-
-0-
‘0-
‘0-
‘0-
‘0-
‘o-
“0-
-0-
‘0-
-0-
-0-
-0-
-0-
‘0-
-o-
‘0-
-0-
‘0-

¥0-IZBOYSL”

€0-3L08029

£0-38r61LE

o
€0-3IrsL6TT

€0-3645€10°
€0- 390065y’

€0- 23,8084

Y0-301TIET
EO-3061ZC8°

EO0-3LL198Y

o
€0-36€082S "

€0-3G1€C6¥8

€0-39698LS5°

€0-3r0990F

r0-3€WLTIL
Z0-3TL6504 -
€0-3SroVLS’

(]
€0-300LLI6"
£0-3519569°
€0-399: 21§
€0-3c8LS6E"
PO-3VESZTBE
€0-3681009"
€0-3ZeLZre”

“IdsS10-n

G1-39€1999°
St-3spozZZT"

o
91 -3L99%€8
§1-3S0690€
Si-3vE1999

o
o
Si-38L1888°
o

S) -3TT809E

91 -3IvEE9L Y’

Si-31i1€50€
S1-36v0ZCC
S1-3680rPPY

o

€0-366Z191

G)-38L1888°
G) -38L€8€9 "

S -IZT6SET

900000

0000000000000 000000006000000000000

ooood?odoo

[ X =]
Vo

‘0-
0
‘0

‘o-
0

o-
‘0-

300N

€0-3081St Y
€0-3686Z5¢C
20- 355508y
€0-38€S8LY
TO-nT1ZLs
to-3Lrocey

z0-30Z09%y

‘0-
‘0-
‘0-
-0-

Zo-38rceLrr
tO- IECEBOY
ZO- 361 @90€
TO-3E6LL6E

€O0-ILETSSS

TO-3L89€S)
T0-36SE0ZE
TO-316020C

TO-3IrsTISE”
‘0-
-0-

Z0-39061LS¢E
C0-3.58684

TO-3ZvEBET
‘0

-0-
‘0-
-0-
‘0-

€0-3€10€L)
€0-368¢€9€L
ZO-3i1PreEE)
TO-3TELTe)
TO-36r1694
TO-39rersSH
€0-38ZTLLS

€0-37€8099°

T IdS1Q-A

N3Iw3idvrd

L6
vL6
oLe
996
T96
856
rS6
0s6
9r6
Zr6
ece
VEE
oce
aze
(44
8i6
vi6
016
806
o6

TO+300L9Y4 °
T0+3S2008) -
10+ 350Z06T
0043000518
10¢3LZEVET
10+381 L6€°

TO+3T68L61
10+ 300068y
T0+300vE6T

€0+ 30500ZT"
10+301 pO0S~
$0+3000€91 °

10+3pS9Z0PY
10+39€EV6LE
20+3Z8BL6Y
$10+300068¢
C0+«300Z4 9T
£0+ 3006084

10+308BEL 1P
1O+3IEESELY -
10+3€1902C"

900000
000000

000000000

0006006660660

0-

‘0-

o-
(4]

‘0-
‘0-

0-

o
o-

‘0-
‘0-

0-

0-

0-

‘0-

0-

[}
€0-3101vC0
€0-INQTPET

L]
€0-310CEDP9
€0-3r21669
€0- 366500V
€0- 3412208

o
€0-38:L001 6
€0-3LZ0LOY

o
€0-39C10L6
€0-396LZvL
€0-3Zv9CPS
€0-3S166€EC

o
€0- 39014 06

€0-3v0L0IS

o
€0- 3987906
£0-3T11029
€0-329860P
€0-30095vC

(]
€O-3L0rZ6Y
€0-300rEBT

“d4S1a-n

S1-368000P "
Si-3969LS) -

91 -3L99%€9

9t -39LL8EY

o

$1-3srozz’

S1-3rE1999
[¢]
o
Si-38L1888

S1-3Zi6008°

6 -30LsE8E

o

St -38L1808°
‘0-

o

Si-3svozZZl
£0-310Z9¥%}

S1-300LivLE

0000000000000 000C0C0000000O000000

©o0o0o0o00

©cocococo0000

1

00000

o
v

o]

‘o-

$1-3rE1999°
‘o-

o

o-
o

6Li
114
[N 4]
i
€4
603
S0t
108

€6
69
se
X ]
(33
€L
69
s
(%]
LS
(3]
(14
{14
124
Le

[ 14
114
(X4
(3
(41

J00N

186
Le
€L6
696
$98
196
156
€$6
606
Sr6
196
1€6
€cs
6Z6
$ 14
1Z6
L6
cie

106



302

€0+36TST 0 10430003 "O- 10-3LS6L°0 E€O+3IIGEL O-
00 00 10+3¥65V°0 E0-3%6ZZ O-
€0+39¥9ZL°0 10+30001 'O- 00+319IZ°0 €0+30LYI O-
0°'0 | 00 10+391€8°Q €0-38LL)O-
€0+30EST°O  10+30004 "0~ 10-31989°0 €0+3IISEL O-
00 0°0 10+3TB6Z°0 €0-30ZET O-
E0+399TZ°0 10430001 "0- 00+3Z191°0 EO+3LLPS O-
00 0°0 $0+438095°0 €0-3TOLI O-
€0+31ESTZ 'O 10430001 "O- 10-3ISLLY O €0+30GEL O-
00 0°0 10+39Y0Z°0 EO-3I¥EET O-
€0+399ZZ°0 $0+30004 "O- 30-39196°0 EO+ILLYY O-
o0 0°0 10+38YLE°0 €0-398L1 "O-
€0+3TEST O 10430001 "O- 10-30EIE°0 EO+3I0SEL O-
00 0°0C 00+3096€°0 E£0-3I1VET O-
€0+3L9ZZ°0 10+30001 "0~ $0-3ILL9€°0 ECO+3IYLYD O-
o0 00 OO0+39LE6°0 €0-328L1 0O~
€0+3ZEST 0 (0+30001 "O- ZO-3LIPE°0 £0+306EL O-
9-H191S S-H194S JTONY E-NIVHLS
T-Hi9iS aN31a ITONY €-YWOIS

€0-3)1ELELE O~
$0-3956¢¥ZTt "O-
10-3455€91 "0~
T0-369TYEE O-
TO-38Y6IPE O~
$0-31£8696°0

10-35Z€8B91 "0-
TO-3S9¥PEE"O-
r0-3B1EPLS O~
$0-31ZL618 O~
$0-3156291 "O-
TO-3¥98¥ZE O-
TO-3T096ZE "O-~
€0-3L€sveT 'O

$0-38¥8991 "0O-
t0-31€9L0¢€ 0-
€0-3L9€ESr1 "0

10-3E08¥3 ) "O-
10-31 26091 "O-
TO-310€9LT°0-
TO-3EESYET " O-
€0-39Z¥L9% "0

10-3686651 "0~
TO-3I6TSELT O~
€0-38S18¥5 "0

10-36LTT14 “O-
10-3Z6S55S1 "0O-
TO-3L86066 0~
T0-306006% "O-
€0-3LZS8YY° O

$0-398ECSH "0~
TO-311699r°0O-

TO-3IT¥HSSE O~
$0-3ZL831T°0-
$0-3E6TEET "O-
#0-3908008°0-
¥0-3018¥ZS O~
[ 2+
10-36EE9ET O-
70-3¥9€Z03 "O-
T0-3068S¥E O~
$0-3y0950Z "0~
10-3ETLOYZ "O-
E0-3IFTLIYI 'O
»0-3SELVEE O~
00
10-342999Z°0-
§0-3T96.95 O-
TO-3IVLILEE O-
10-3Z90S61 "0~
$§0-3ETSOST O-
€0-3016491°0
¥0-3rEE0o8Y O-
o°0
10-3ZSLPST O-
¥0-3VTYETY O~
TO-30€680€ "0~
10-36ZC1 61 "0~
10-3EYEELT O~
$0-3T96SZE O~
€0-39061€) "O-
00
10-391 9692 'O~
»0-3TTTERL O~

088
9.6
L6
896
»96
096
1=
zs6
ere
[ 44
ore
9€6
TEB
aze
»Z6
oze
E:11 ]
zi6

006
968
z60
088
vae
oee
9.8
TLe
e98
98
09%e
958

TO-3L9999T O-
$0-38L09S1 "0~
10-3£8685) 'O~
TO-3TEPLEE O-
TO-3I6ELLYE O-
TO-356S9ZZ "0-
10-34498G4 "0~
TO-3€40S9E O~
TO-328630T "0O-
10-3€E89LS) "0~
10-362ZTLSI "0-
TO-3€8ZYTE O-
TO-3B0L9EE O~
TO-3IPLLESY O~
10-30Z82S1 "0~
T0-3906TZ€°0-
TO-3EPLO9I "O-
10-39ZZ3r3 "O-
10-38659¥) "O-
Z0-30606LZ°0-
TO-3ILPSEOE O~
TO-31681 98 O~
10-3E90ZP) "O-
TO-369ST6T O-
TO-3ILESET) "O-
10-35886€1 'O~
$10-39E¥SEL "0~
10-3TPESOI “O-
T0-364Pi1S O-
TO-3ZTEOE "0-
10-3PSSOES “0-
T0-3€19118° 0~

€0+3086F "0~ €0+36L6¥ O0- 00+3IT6ZE
sevevecet
»0-36188°0 0°'0 rO-3EL0S
€0+311 ¥ O~ €0+310PY O- O0+3IEZLL
r0-3LTYE'O 00 ¢0-36909"
€O+3196¥ " 0- EO+36L6¥ O- 00+3BEBT
v0-36016°0 0°'0 +¢0-3LSEE
E0+3ZI¥y O- €0+310¥F O- OO+3IZIES
¢0-3T6Z€°0 00 ¢vO-3801Y
€0+3, 27 "0~ €0+43086¥ 0- OD+3IPLEY

¥0-3v¥006°0 0'0 v0-380€Z"
EO+3EIDY O~ £0+3ZOFY 0O- 00+3IEIPE
#0-3tZZE°0 0°'0 p0-316L2
€0+3Z86¥ O- £0+20B6Y 0O- OO+3PEZI
r0-31216°0 0°0 S0-396py
EO+3CI PP O- €0+5ZOFPP O- 00+3IPZEL
pO-38L1E°0 0°0 S0-36889
€0+3TBEY O- €0+3086¥ 'O- 10-36LVE
sscvncvel

L-Nivuis 2Z-N1vuss AX~YWAYD
1-YWDIS 22-¥YN91S AX-YNOLS

SNIvVY
TO-3rL60S68°0- 6L6 TO-3IFETSOS O-
1O-ILPIEET O- SIS 10-3SPYL9s O-
$0-31 ¥SZET O~ L6 TO-39059)E O-
¥0-36L199€°0- £96 TO-36Pi8EE O-
¥0-3S91£39°0- €96 TO-3ICOLLSE O-
TO-3ITILYE6 O- 656 ZO-3I6Z06Z6 0-
10-3691 LET 0~ §56 ZO-38106Z€ O-
¥0-3EZPSTY 0- 1S6 TO-3S4TSE O-
TO-300S916°0- L¥6 TO-3IPIPZSY O-
$0-39v6¥ZT O~ €6 10-3P9VS9} "O-
10-36Z9Z¥T°0- 6€6 TO-3IBLSEIE O-
€0-3CEO301 'O SE6 LO-3I9ELPZE O-
¥O-3EOSPIE "O- 1E6 ZO-3ILTETVE O-
TO-3€EL1L68°0- L8 TO-3IGLEPLE O-
10-3EL00SZ 0~ €6 TO-3IGEIHOE O-
0-30r18SE°0- 616 TO-30LOIEE O-
TO-38V8SLB O- $16 TO-3LEPOOY O-
10-38GLLIT O- 1316 $0-3BEBESI O-
10-3Z8YL9Z 0O- LO6 TO-3IEBBHEZ O-
€0-3699Z08 "0 €06 ZO-3Z1008Z O-
¥0-346Z8L€°0- 668 TO-3BOSEOE O-
TO-366SLP8 0- 68 C0-38LIbZ8°O-
10-3ESLIBZ 0~ 168 Z0-390L99Z O-
¥0-39198Zp 0~ L89 ZO-3BPLIOE O-
TO-3LELIZR O- €88 ZO-3119)6€ O-
$10-3€5291Z°0- 648 10-306L5Gt 'O-
10-30Z1€6Z°0- GL8 TO-360118Z°0-
$10-3B66SZE0- 1.8 ZO-308005p O-
#0-3006666°0- L98 Z0-3G9€GZ5 O-
TO-31Z446L°0- €99 TO-38Z5)108 O-
10-3L6ZEIE 0- 658 TO-38650826 0-
90-30(S1¥G° 0~ SG8 TO-3ILO9EIES O-

[ZX T PYY4

‘0O- €0+315€L°0O-
YIBWON IN3WII
‘0 €£0-36LZC°0-
‘O- €0+¢38LY9 O-
O €0-3¢ceLy "O-
"O- EO+3ISEL O-

‘0 €0-3TIET O-

‘0- E€0+3LLYS O-
0 €£0-3T8L)O-
"O- E0+30SEL O-
YIGWNN ININ3T3
0 €0-30E€Z O-
‘0- €O+3LLYY O-
‘0 €0-3LLLV°O-
"0- £0+305€L°0-
0 €0-30vEZ O-
"0- €0+39L¥9°0-
‘0 €0-3.8L1 0O-

"0- £0+30S€L°0O-

YIBWMAN INININI

AA-NIVYLS
AA-VHOIS

10-22901 ¥4 O~
10-38LL5€T O-
E0-305t #OZ O~
v0-3TPL801 "O-
v0-30€9L8€ O~
10-3LES68) "O-
vO-3I61ESEL 'O

(e 1)
10-36ZSSE) O~
10-301 LEEZ O-
€0-306.851 'O
»0-398SZEY° O
$0-3IPPS8IT O-
10-381 €081 "O-
€0-3L9€LSZ°0

00
$0-30¥S628 "O-
$0-395SE€EC 0~
€0-3vLevez O
»0-3864121 O
¥0-3LEBOPT "O-
10-3911€EL) 'O~
€0-3Z00i84 'O

00
10-359Z€Z) "O-
10-3L0L1EZ 'O~
$0-35TZE6L O
€0-3ESEBES O-
v0-31 99455 O-
$0-38L¥L9) "O-
10-3ZzZeoze "0-

€0+308B6¥°0- 10+35851 'O 10+31pSEC° O J4
NI SNIVH1S ONY S3ISSIULS eeseesvece
#0-35198°0 0°'0 £€0+3£90Z°0
€O+31IbY O- 10+43616G°0 310+3890E°0 TZ
v0-3€86T°' 0 00 €0+30LEC°O
€0+3186F 0~ 10+36851°0 10+3890€°0 I
v0-3L106°0 0°0 €0+3590Z°'0
€0+3ZIPP 0- 10+35165°0 10+38LOT°0 T4
»0-3060€ O 00 £E0+369EZ'0
€O+3186F O~ 10+3G8G51 "0 10+38L0C°0 ¢4
NI SNIVHIS ONVY S3SSIULS eeoscsse
$0-3€£968°0 0°0 €0+3€90Z°0
E0+3CHPY O- 10+3S165°0 10+3ESE1 'O T2
$0-3ZE4E° O 0°0 E0+369€EZ°0
€0+3Z86Y°0- 10+3SBG) "0 10+3ESEI 0 12
$0-36116°0 0°0 €0+3€90Z°'0
EO+3EL PP O- 10+36165°0 00+38Z9€°0 Th
»O-3IELIE O 0°'0 €0+399¢Z°0
€0+3TB6Y "O- 10+358G1 'O 00+3BTOE'0 114
NI SNIVHLIS ONV S3ISSIULS eveeeses
XX-NIVHLS P-H191S €-H191S
AX-YNO1S "Qa002-A ‘ayood-x ri
$3SS3uv1LsS I1N3INW3 T3
y0-36904 T4 "O- 00 13186
8L6 TO-3ISYE9ISE6 O- 10-ILSIPEL "O- LLG
vL6 10-3IPELLS) "O- 10-3ELEVET O- EL6
OL6 TO-3ITPPLZE O- EO-3ITOLEEL 'O- 696
996 [0-3SI8BEE O- ¥O-ILE6GTT O- G696
96 TO0-3IEPEESE O- 0°'0 196
8S6 10-31€9vSt "0O- 10-3G8SBZT O- LG6
¥S6 TO-3IBYSSEE O- PO-3ILYEBTT 'O €66
056 €0-3Tv9veZL 0 00 6v6
96 ZO-3I6FSE06 O- 10-3Z8BY8L "O- GrE
Tr6 10-355Z891 '0- 10-ILVPT6ET O- 196
8E6 TO0-3E991TE°0- €O-3IL6TTOL 'O LEB
VEE ZO-3ISTIPTZE O- LO-3TS9EE9 O EE6
0E6 TO-3v9Zyre O- Q°'0 68
976 10-38896F1 "O- 10-3I8B1S4I2ZT°0O- GZ6
TZ6 TO-3ITITSOE O~ EO-ISTYSPL 'O IZ6
816 E€0-3Lp0OZVE"O 00 (6
¥16 ZO-3T099p8 0~ 10-3IZ¥8SLI "O- €18
016 10-309L€91 "0~ 10-38VTOST O- 606
906 T0-3SBELOT O- E£0-3IBEESHPT'C SO6
206 Z0-3069S8Z O- p0-38S0L9T G- 1068
868 CO-30VEZIE O- 0°'0 168
P68  10-3900EP) "O- 10-3E6SLIT O- E£68
068 70-3188€9T°0- $0O-3ITLOSET O 688
988 €0-3681165°0 00 ss8e
88 Z0-386T108 0- 10-3S6S0LI "O- )88
8.8 10-30PPSSH O- 10-38TOBST O~ LLIE
vLi8 TO-392968T6°0- 10-3IEVESZE O- £48
OL8 TO-3SEBP9Y°0- €0-3TBO9YI "O- 698
998 ZO-3ISBZIES O- $O-3IVSLCEZB O- S98
298 10-36GL8€L "O- 10-3LTI91Z°0- 198
8S8 10-36TESOL "O- 10-39PEOZE O- LGB
$G8 E€O0-3IPSBEOE O 0'0 €S8

o0



303

©009
[-X-X-]

© cgoo
[~ -X-Y-¥.¥-1

$0000000000000000000000000000000000000000

€ 438mWNN d3I LS 10 QN3

"O3S 1M 06Zv9 = d31S SIHL ¥03 03SdvI3 3IWiL
"035 177Im 15959 - d31S SIHI 804 1IN0 3INIL
"33S 1711w 1968 - d31S SIHL ¥04 NI 3INLL

$S9Z) L1551 1Z86T S vion

L1414 oLig 6r8S S

(1414 660¢€ (441 [ 4

6SST €0lE S¥8s [

LT5T €ole (4314 r

106 Tose E6PY 1]

(23S 171IW) (23S 111INW) (23S 171Iw)

INDIVDY SS3HLS 311 NO11INT0S ‘WH0438 3411S NOlILVN3L])

oocoooooooooo00000000000000000'0000000000000

INiL H31NndNWOD 40 ABVYNnNDNS

0°'0 00+3ETBY 0 E€O-3ISEIEC O- €0-31€LE'Q 0°0 $0-39S1) "0O- E0-3ISEIE O- €0-31€LE°0 o0 00
$0+30001 "0O- 00+3€Z8Y 0O $0+3Z60Z°0- 10+3SLZS°0 $0+3LL28°0 10-3€619°0- 10+3Z8B0Z O~ 10435125 0O CO+3¥86E O TO+30T9EC O T
0°0 10+34L01°0 €0-3IEr8y 0- €0-3LL9¢c°0 0'0 v0-3EBIE O- E0-3I0VBF O- €0-3IPLOE O 00 o0
$0¢30001 "O- 10+34£03°0 10+3L99L O- $0+35¥P1 "0 10+3B69Z O- 00+350L4 O- $0+3PB9L°0- 10+3BEPS O ZO+II¥6E O TO+30Z9€°0 1T
0°0 00+3IE0S5°0 €O-3EE4S 0- €0-3€9L9°0 0°0 v0-358ZZ°0- €0-3IZE1S O- €0-3Z9L9 0 00 00
10+30004 "0~ 00+3€0SS°0 10+3800Z O- TO+3PL01 "0 10+3Z69E°0 00+3IPZZI O- $0¢3L00Z°0- TO+3¥L01 'O ZO+39B6E O 20+3085Z O T4
0°0 10+30691°0 €0-38289 O- €0-36099°0 0°'0 ¥0-31Z6L°0- €0-31189°0- €0-31659°'0 00 oo
$0+3000) "0~ 10+30691°0 10+3SVLL O- 10+3Z199°0 O00C+3569% 0~ O0+3IPFZH O- 10+3ELLL O~ 10+36659°0 ZO+31»6€ O TO+308SC°0 1¢
*vsveresO0C HIBWNAN INIWITII NI SNIVHIS ONY SISSIHLS eeesvsee
0°0 O00+3ELEE"0 €0-39969 0O- €0-369v6°'0 0'0 v0-3GE6I "O- €0-38969 0- £O-369v6 O o0 00



