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ABSTRACT

An experimental procedure was designed to redigtically characterize the
compaction behavior of e-glass fabric preforms during all stages of Vacuum Infusion
(VI). To mimic VI, the loading (compaction) was done on a dry preform, and the
unloading (decompaction) was done after the preform was saturated with the resin.
When fabrics were wetted at constant full compaction pressure, a significant decrease
in thickness was observed for the random type fabric, but not for the woven and
biaxial fabrics and polypropylene distribution medium. The rate of change of thickness
oh/ ot had different signs and order of magnitudes when various constant compaction
pressures were applied during fiber relaxation stage. Thus, previous coupled
compaction-mold filling models based on static relationship between thickness and
compaction pressure do not appropriately simulate the compaction physics of VI. The
time-dependent database output from this study is a useful and straightforward tool to

model VI.



OZET

Bu deneysel prosediir, Vakum infiizyon (V1) usuliinde kullamlan cam elyaf
dokumalarin sikistirma davranislarimi gercekci bicimde tanimlamak icin tasarlandi. VI
Uretim usultindeki davranmsa tamamen benzetmek icin, yikleme islemi kuru eyaf
dokuma usttinde, bosaltma islemi ise elyaf dokuma regine ile doymus hale geldikten
sonra yapilmigtir. Elyaf dokuma sabit tam sikistirma basinci altinda 1slatildiginda, kege
elyaf tabakanin kalinliginda 6nemli 6lclide azalma gozlemlenirken, 6rguld, cift-eksenli
dokumalarda ve polipropilen dolgu katmamnin kalinhginda belirgin bir degisim

gbzlemlenmemistir. Bosaltma sonunda uygulanan ¢esitli sabit sikistirma basinglarinda,

kalinhiktaki degisim orammin, ON/0t  farkli isaret ve blytklik degerlerine sahip
oldugu belirlenmistir. Bu nedenle, kalinlik ve sikistirma basinci arasindaki statik
iliskiye bagli dnceki etkilesimli ve kalip dolum modelleri, VI imalat usulini dogru
sekilde temsil etmemektedir. Bu ¢alismadan elde edilen zamana bagli veri taban, VI

usultiniin modellenmesinde faydal1 ve kullanimi kolay bir aragtir.
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NOMENCLATURE

1] Porosity of the fabric

oh/ ot The rate of change of thickness [m/g]

Psup Superficial (surface) density of fabric per layer [kg/m?]
Psup Superficial (surface) density of glass fibers [kg/m?]

o Standard deviation of thicknessin each configuration set [m]
dP/dt The rate of change of compaction pressure [Pa/s)
Dcontact Diameter of the contact surface [m]

Dhole Diameter of the resin hole [m]

F Compaction force on fabric [N]

h Thickness of the fabric perform [m]

Naverage Average thickness of the fabric perform [m]

h; Initial thickness of the fabric perform [m]

Nettied Thickness at the end of the settling time [m]

Ah Change in the perform thickness until the gelation [m]
Abhrgaxation Change in thickness during relaxation stage [m]
ANunicading Change in thickness during unloading stage [m]
Ahyetting Change in thickness during wetting stage [m]

Avt Changein fiber volume fraction

P Resin pressure [Pa)

Po Initial compaction pressure [Pa]

Patm Atmospheric pressure [Pa]

Pc Compaction pressure on fabric [Pa)

P final Final compaction pressure on fabric [Pa]

P relaxation Relaxation pressure [Pa]

N Number of experiments

t Time[9|

Vi Fiber volume fraction

Vi fiberwet Fiber volume fraction after the wetting stage
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Chapter 1

INTRODUCTION

This study focuses of compaction/decompaction characterization of glass fabric
preforms during Vacuum Infusion (V1) process. This characterization of reinforcing
materials determines the dimensions and thus the mechanical properties of the final part.

In this chapter; the introduction to composites, VI process, and previous studies in

the literature are discussed.

1.1. Composite Materials

Composites are the heterogeneous combination of reinforcing fabric and polymer
fabric. Recently, composite material usage has been increased because of their advance
properties such as high specific strength and stiffness, high corrosion resistance and low
electrical and thermal conductivities. Considering the properties mentioned above,
composite materials are used in military applications, marine industry, energy, sporting

goods and transportation vehicles.



Chapter 1: Introduction 2

Figure 1.1 Use of composite materialsin different industries [1-6]

1.2. Fabric

In advance composite applications, fabric preforms are used for reinforcement
purpose by weaving fibers (filaments) or similar processes. Mgjor fraction of the structural
loads are carried by the fabric. Depending on the application, different fabric types are
used. Fabric type and its structure affect the mechanical properties of the material. Fabrics
used in composite material manufacturing, are generally made of glass, carbon or aramid

fibers. Some mechanical properties of different fabric types are givenon Table 1.1.
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Table1l.1 Modulus of elasticity and ultimate tensile strength for different materials [7].

Material Modulus of Elasticity, Ultimate Tensile
E [GPa] Strength, UTS [MPa]
Aluminum 69 - 79 90 - 600
Steel 190 - 200 415 - 1750
Thermoplastic polymer 14-34 20-120
Thermoplastic polymer
(reinforced with short 2-50 20-120
fibers)
Thermoset polymer 35-17 35-170
Glass fiber 73 -85 3500 - 4600
(unidirectional)
Carbon fiber 275 - 415 2000 - 3000
Kevlar (Aramid) 62 - 117 2800

Fiber volume fraction ( Vf =1—¢, where ¢ is the porosity ) is the ratio of fiber
volume to the total volume. As Vf of the part increases, the strength of the part increases.
However, during resin injection, impregnation of the fabric with higher fiber volume
fraction is more difficult due to its resistance to flow.

In this study, different E-glass fabric structures are used in the experiments (see

Figure 1.2
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Icm 1

(R) (W) (B) ()

Random (stitched) fabric Woven (plain) fabric Biaxial (stitched) fabric Distribution medium

Fibroteks Fibroteks F50 90°/0° Polypropylene core

500 g/m2 Warp/Weft ratio = 18/24  Metyx LT850 E10D Metyx Meticore 250 PP
500 g/m?2 860 g/m? 250 g/m?

Figure 1.2. E-glass fabric types (R: random, W: woven, and B: biaxial) and distribution
media (C: polypropylene core) used in this study.

1.3. Resin

Resin is a polymer with the cure agents added in it during injection stage. It
saturates the fabric and keeps fibers in shape after it solidifies. Moreover, protection of
fabric against the environmental conditions and transmitting the external 1oad to the fabric
are provided by resin.

Two types of polymer are commonly used in the composite material manufacturing:
thermosets and thermoplastics. Thermosets are liquid, and they have low viscosity at room
temperature. By heating or adding cure agent chemicals, molecules structure three
dimensional network by cross-linking. This phenomenon is known as curing. Thermosets
are usually stronger than thermoplastics due to covalent bond. Since the curing process is

irreversible, the product cannot be reshaped or melted.
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Thermoplastics are generaly in solid phase and have higher viscosity at room
temperature. To inject the thermoplastics into the mold cavity, external heating and heat
induced by friction are necessary. As thermoplastics are heated, weak secondary bonds are
broken, and the fluid is injected in a mold, or extruded through a die. During cooling the
thermoplastics, bonds are regenerated between the molecules. Therefore, polymerization of
thermoplasticsisreversible.

In this study, Poliya Polipol™ 336-RTM Polyester [8] with curing agents Cobalt
%1 and Butanox M60 solution is used. The density and the viscosity of the polyester are
1.04 g / cm® and 0.3 Pas, respectively. The effect of curing agent fractions on the resin

gelation time of polyester isshowninthe Table 1.2 [9].

Table 1.2 Gellation time of the Poliya Polipol ™ 336-RTM polyester [8] for two

different fractions of curing agents at the room temperature (= 20°C ).

Polyester 1000 ml 1000 ml
Butanox M 60 5mi 5ml
Cobalt (% 1) 5mi 3ml

Gellationtime (min.) |~=20 ~35
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1.4. Vacuum Infusion Process and I ts|ssues

Vacuum Infusion (V1) is one of the Liquid Composite Molding (LCM) processes
used to manufacture large composite parts, particularly in the automotive and marine
industries. A reinforcing fabric preform, typically made of continuous glass or carbon
fibers, is draped on a one-sided mold surface. A resin distribution medium, peel-ply and
vacuum bag are stacked on the preform. The mold cavity is sealed using tacky tape
between the mold wall and the vacuum bag. A vacuum is drawn for two reasons: first, to
compact the preform; and, secondly to drive thermoset resin from the reservoir to the mold
cavity to fill the empty spaces between the fibers of the preform. The resin system is
usually designed so that the gelation time (pot life) is slightly longer than the mold filling
time to ensure the complete mold filling. The part is demolded after green strength and
rigidity are achieved in the part during the curing stage.

Mold design (i.e., deciding the dimensions and locations of the distribution
medium, resin inlets and exits) is critica to achieve complete mold filling and thus
eliminating micro-level and macro-level voids (dry spots) in the part. A distribution
medium has higher porosity and permeability than the preform used. The resin flows
mainly through this medium in in-plane directions first, and then flows in the adjacent
preform with alag. The distribution medium can be either disposable (a.k.a. flow mesh) or

embedded (a.k.a. core). The disposable distribution medium is placed between the peel-ply
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and the vacuum bag; the embedded distribution medium is sandwiched between the fabric
layers and thus it becomes a part of the finished part. The embedded distribution medium
increases the thickness and moment of inertia of the part’s cross-section, however it
reduces the overall fiber volume fraction and mechanical strength.

The major issues in the generic VI process are (1) low fiber content due to the
limited compaction of the preform since the compaction pressure cannot be higher than
atmospheric pressure; (2) high surface roughness of the part on the peel ply/vacuum bag
side, and (3) variation in the part thickness dueto (i) the change in the compaction pressure
as resin pressure changes during the resin infusion, and (ii) fiber relaxation with time even
at constant compaction pressure. In this study, the item (3) was investigated for commonly
used e-glass fabric types, and a compaction/decompaction database was constructed to be
used in the process models such as[10,11].

1.5. Previous Compaction Experiments

Chen and Ye [12,13] and Chen and Chou [14,15] studied compaction behavior of
fabric preforms with their micromechanical anaytic models based on the beam theory.
These analytical studies were for single [12,14] and multi [13,15] layer plain woven fabric
preforms. As the number of layers increased in a stack of fabrics, the thickness reduction
per layer increased [13]. Chen et al. [16] conducted compaction experiments on multi layer
preforms made of various fabric types, such as continuous strand mats, plain woven fabric

and unidirectiona knitted materials.
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Considering the difficulty in the analytical study of a wide variety of fabric
structures, some empirical models were used to represent the compaction behavior of the

fabrics [17-20]. Robitaille and Gauvin [17-19] used empirical equations to relate the fiber

volume fraction, V; to the compaction pressure, F with a power law: V; = AP where the

coefficients A and B are determined from the experimental data by curve fitting. To model
the time-varying compaction pressure at fixed fiber volume fraction due to fiber relaxation,
they used another empirical relation, P=P0(1—Ct1’ D) where R, is the initial compaction
pressure, C and D are determined from the experimental data. To investigate the effect of
process parameters on their empirical model and compaction behavior, Robitaille and
Gauvin varied the following parameters: the number of layers, compaction rate, maximum
compaction pressure, holding time before the relaxation, the number of cycles, and
saturation of the fabric. In Somashekar et al.”s compaction/decompaction experiments [21]
on dry continuous filament random mat, plain woven fabric and biaxial stitched fabric
specimens, first the thickness is reduced until a particular value. It is kept at that thickness
for a while, and then the compaction pressure is unloaded to a minor value (0.12 kPa)
rapidly. The recovery after the unloading step was divided into the following two stages,
which behaved differently: “elastic” and “time-dependent”. Elastic recovery was due to the
spring-back which took place immediately after the unloading. Following the elastic

recovery, nonlinear time-dependent recovery occurred. The part thickness did not reach the
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original undisturbed value, and a permanent deformation, hjngisturbed —Nfinar  F€Mained.

Somashekar et a. aso investigated the effect of the following parameters on the
compaction: cycling loading type (single and multiple cycles, and different hold times
between the cycle steps), holding time, compaction speed, and the number of layers. As
observed in their experiments, the major part of the time-dependent recovery occurred in
25 minutes, and the complete recovery took along time in the order of days. For example,
the time-dependent recovery was 5.2 % at t = 25 minutes, and it increased to 6.2 %
(corresponding to 0.29 mm changein h) at t = 68.5 hours for a continuous filament random
mat. However, the dry loading/dry unloading experimental procedure does not resemble
the compaction of preforms in the actual VI process due to the absence of the lubrication
effect which takes place during both unloading and relaxation stages. For this reason, some
experiments were designed to include the wetting process. However, the wetting procedure
of these studies [18,19,22,23] was done at the beginning of the compaction experiments,
not between the loading and unloading stages. However in the actua VI process, a dry
preform is compacted during the initial vacuuming, and then decompaction takes place
after being wetted with resin. Thus, it is much more appropriate to model the VI process by
wetting the preform between the loading and unloading stages, as done for the experiments
of this study. Robitaille and Gauvin saturated the specimens with either distilled water [18]

or a mixture of distilled water and silicon oil [19] at the beginning of the experiments.
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Grimdley et a. [22], and Buntain and Bickerton [23] used actual thermoset resin for
saturation.

Some cycling loading studies were done to obtain higher fiber volume fractions
[17-19,21]. Robitaille and Gauvin [19] indicated that, the organization of the fiber structure
become nearly stable after ten cycles of compaction/decompaction.

In the most of the mentioned experimental studies, compaction pressure was
measured (as the dependent variable) while controlling the thickness (as the independent
variable). As it will be discussed in the following section, the opposite approach will be
used in this study to mimic the actual VI process more accurately. Also, in the mgjority of
these previous studies, the specimens were compacted up to high fiber volume fractions
that could be achieved in the Resin Transfer Molding (RTM) process only, thus the
measured maximum compaction pressures were in the order of MPa. The fiber relaxation
was investigated afterwards in terms of measuring the decrease in the compaction pressure
at fixed thicknesses. This approach is idea to calculate the maximum compaction force
that must be applied to close the mold initialy, and then its variation with time, as it was
done in [23]. However, this is applicable only in the RTM in which the part thickness is
constant, but the compaction pressure is changing with time; whereas the VI process has

different features due to the non-rigid upper mold part used, which is a vacuum bag.
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1.6. Objectives
In this study, the following were achieved:
e Compared to the previous characterization experimental approaches, a more
realistic compaction experimental procedure was designed for the VI process.
During all stages of the experiment, the compaction pressure, P. is controlled as the

independent variable; and the part thickness, h, which is the dependent variable of

the actual VI process, is measured. Briefly, the stages of the experiment are shown

on Figure1.3.

— A Fiber wetting

© Fiber settling (DRY) /¥

- 0080

= =] !

g x| s\ _

Py ! g Fiber relaxation @ 80 kPa

— 80 Q‘? | (= 0 \

7 = E)

o 8| E; Each of th

o ' = ach of these
fu— -~ | o . .

% ol = = Fiber relaxation @ 60 kPa relaxation
o &l =} experiments is
= X 1 o

i3] o ! ] [ ) done
S w0l g| S Fiber relaxation @ 40 kPa > se_garatel
IS =1 ?U using separate
8 2| e\ . specimens

2 = | 3 Fiber relaxation @ 20kPa
18 : B
= ! = Fiber relaxation @ 10 kPa
URUNUET-N .1y iy B S TR e ,
I:’c,mlnor start s—=1.. i I Fiber relaxation @ 2 kPa J
P —2/0"_"'_":L ____________________ — = + >
¢,minorend ~ 0 2 17 19 24

Time, t [min]

Figure 1.3. The stages of a compaction characterization experiment. Compaction pressure,
Pc is the independent variable of the experiment, and the specimen thickness,

h ismeasured which is dependent on Pc.
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(i) dry loading (compaction) from a minor compaction pressure of P. = 5 kPato 100
kPa; (ii) fiber settling at P, = 100 kPa to resemble the pre-injection vacuuming
condition; (iii) quick fiber wetting with actua resin; (iv) wet unloading (de-
compaction) up to P; = 2 kPa; (v) fiber relaxation at P. = 2 kPa to resemble the

post-injection condition.

The compaction experimental setup used in [24] was modified in this study, such
that the fiber wetting could be done while the specimen stays inside the setup under

constant compaction pressure.

Three different types of e-glass fabric (random, woven and biaxial) were tested in

different layup configurations.

The fiber relaxation was investigated at different levels of compaction pressure
besides 2 kPa by measuring h(t) and thus cal culating the rate of change of thickness,
oh/ ot . This part of the constructed database is important to realistically simulate
the preform decompaction, particularly during the late stages of the process. This
was demonstrated in [10] by comparing the results of actual VI experiments and the
coupled compaction/flow model in which the database constructed in this study was

used.
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To model the VI process appropriately, one needs to know how the fabric
preform’s thickness changes during the compaction and decompaction stages of the
process. Thus, a carefully designed characterization test is proposed here to mimic
the process step by step. (i) During the loading and fiber settling stages, the fabric
should be dry and the compaction pressure should be increased up to a maximum
value of one bar; (ii) the fabric must be wetted to resemble the resin arrival in VI,
and (iii) the wetted fabric should be unloaded up to a compaction pressure reached
at the end of the VI process at the interested location in the fabric. In the previous
studies, the compaction characterization of fabrics was done on either dry or wet
specimens from the beginning to the end of the experiment except [Senan
thesis,Y enilmez,Senan,Sozer] in which the fabric is wetted between the loading and
unloading stages, as also done here. In the previous studies, the thickness was
changed and the corresponding compaction pressure was measured (similar to the
universal compaction test). However, this is not suitable to characterize the actual
V1 process, but valid for the RTM process only. Thus, in this study to mimic the VI
process appropriately, the compaction pressure was controlled: (i) from a minor
pressure of 5 kPa to a maximum pressure of 100 kPa during the compaction stage;
and (ii) from 100 kPa to 2 kPa during the decompaction stage. Also, the fiber
settling was investigated at Pc = 100 kPa for 15 minutes, and fiber relaxation was

investigated at Pc = 80, 60, 40, 20, 10 and 2 kPa for 15 minutes. In each stage, the
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part thickness was measured as the dependent variable. Each fabric configuration
was tested using ten separate specimens; and each relaxation test was performed on

ten separate specimens. The average and standard deviations were tabul ated.

In this study, the main contribution was to create a very redlistic
experimental procedure to characterize the compaction/decompaction behavior of
different fabric types and configurations. The constructed database is going to be a
useful tool for prospective researchers during modeling the VI process in which the

compaction and flow modules are coupled.
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Chapter 2

EXPERIMENTAL SETUP AND PROCEDURE
2.1. Experimental Setup
The experimental setup is schematically shown in Figure 2.1. It stays on a horizontal
table. The compaction cylinder and the base cup were machined so precisely that the
compaction cylinder can slide in the base cup with no resistance, and yet no significant tilt

OCcurs.

€——— D=076mm —3

Compaction force, F(t)

) 4

Il Compaction cylinder

@ Deontact = ® 54 mm %"
"H --------------
T Base cup _) .(_ Gate diameter

Stiff disk

&2 mm

Fabric preform
with a central hole

Digital dial gages (x4) diameter of 20 mm

connected to DAQ
t Resin inlet

Figure 2.1 Experimental setup for compaction characterization
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2.2. Experimental Procedure

The experimental procedure is detailed below:

(1) Preparation of specimens: Each circular fabric and core layer is cut with an outer
diameter of 60 mm and an inner hole diameter of 20 mm. Sharp punches are used so
that a minimum deformation occurs on the fabrics or core. The layers are stacked to
construct the preform specimens. They are stored on a shelf for at least 24 hours so
that complete (or aimost complete) fiber relaxation is allowed, thus a permanent

fiber structure and thickness of the specimen is restored.

(2) Zeroing dial-gages: After the compaction cylinder is placed in the clean and empty
base cup, the average of the four dial gages’ readings is recorded by the DAQ

system to set the zero-thickness reference.
(3) Placement of specimen: A specimen is centered in the base cup.

(4) Loading (compaction): This step of the procedure mimics the early stage of
vacuuming in the VI process. The compaction force, F(t) is increased by filling a

light-weight water barrel on the compaction cylinder with a water pump. The

compaction pressure, P, =F(t)/ [ﬂ(Dgomact ~Déye )/ 4J is initially 5 kPa when the

minor load (the weights of the compaction cylinder, the stiff disk and the barrel) is

applied. The rate of change of the compaction pressure is set to a constant
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approximate value of dP./dt= 0.8 kPa/s by keeping the water flow rate constant.

Thus, the loading stage takes approximately two minutes for P, to reach 100 kPa.

(5) Fiber settling: At this maximum compaction pressure, P.= 100 kPa, the change in

the specimen thickness is recorded for 15 minutes to see the effect of fiber settling
due to nesting. This step is conducted to mimic the last stages of vacuuming in the
VI process before resin infusion is begun, in which the compaction pressure reaches
a steady value, but the preform thickness may till decrease with time due to fiber

nesting.

(6) Fiber wetting: This step of the experiment resembles the arrival of the resin flow
front to a specific location of the preform in VI where the compaction behavior is
being studied. The specimen is saturated with thermoset polyester resin, Poliya
Polipol ™ 336-RTM. Theresin isinjected from the central hole (see Figure 2.1) at a
low flow rate so that the maximum resin pressure is insignificant, relative to the
compaction pressure of 100 kPa. The preliminary case studies reveaed that this
undisturbed condition is obtained if the flow rate isin the order of 1 cc/s or less for
the fabric types used in this study. Thus, the wetting stage takes approximately 10
seconds for thin specimens (four fabric layers plus one layer of embedded core),
and approximately 20 seconds for thick specimens (eight fabric layers plus two

layers of embedded core).
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(7) Unloading (decompaction): This step of the procedure mimics the thickening of the
preform during mold filling as the resin pressure, P builds up (and thus compaction

pressure, P. =Py, — P, decreases) while the flow front continues to propagate away

from the point of interest in the preform. In a similar (but reverse) way to the
loading step, the compaction force, F(t) is decreased by emptying the water barrel
using the water pump. The rate of change of the compaction pressure is set to

dP. /dt = - 0.8 kPals until P, becomes 5 kPa when the water barrel is empty. During

this stage, the readings of the digital gages are recorded with a frequency of 10 Hz.
The compaction pressure is further decreased from 5 to 2 kPa in one single step
simply by removing the water barrel from the top of the compaction cylinder. This
part of the experiment is done with care to ensure that the remova is done 4

seconds after P, reaches 5 kPa so that dP./dt_is kept almost uniform during the

entire experiment.

(8) Fiber relaxation at 2 kPa: At afixed compaction pressure of P.= 2 kPa, the change
in the specimen thickness is recorded for 15 minutes to observe the fiber relaxation
due to “spring-back” and “time-dependent deformation” [21]. This step resembles
the last stages of the mold filling and extratime until the gelation of the resin. Even
though the resin pressure (and thus the compaction pressure) does not significantly

change with time, the part thickness may change due to the fiber relaxation.
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2.3. Fiber Relaxation Experiments at Different Compaction Pressures

The experimental procedure mentioned above can be useful to study the
decompaction  characterization of fabric preforms which undergoes an unloading

up to P.= 2 kPa during the actual V1 process. This is the only case when the resin

pressure reaches P = 98 kPa for the preform sections near the resin inlets. Away

from the inlets, P decreases hence P, increases. Thus, for a complete and more

realistic model of the VI process, further experiments should be conducted in which
the unloading stage ends at different levels; and the relaxation cycle is continued
afterwards at that fina compaction pressure value. As schematically illustrated in
Figure 1, different sets of characterization experiments are done exactly the same

way as described in the previous section, except that Step (7) is performed until B,

is either 80, 60, 40, 20 or 10 kPa, and Step (8) is continued for 15 minutes at that
particular compaction pressure. The constructed database is assumed to be enough
to extend it to the entire compaction pressure range by interpolating the datain 2-80
kPa range, and extrapolating it in 0-2 and 80-100 kPa ranges. Particularly,
extrapolating the data in 0-2 kPa range should be done with caution as the
unloading and fiber relaxation characteristics become very nonlinear at and near

that range
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2.4. Fabricsand Layup Configurations

Three types of e-glass fabrics (random (R), woven (W) and biaxial (B)) and one type
of embedded distribution medium (polypropylene core (C)) were tested in this study. The
photographs, brand names, and superficial densities are shown in Figure 1.2. The
compaction characterization experiments were conducted on the following configurations:
C, Cy, F4, F.CF, and F,CF4CF, (or in adifferent representation, 1C, 2C, 4F, 2F/1C/2F, and
2F/1C/4AF/1C/2F) where F stands for e-glass fabric layer (R, W or B) and C stands for the
core material. In each configuration layup, the fabric orientations were kept the same; that

is, the individual layers were all stacked in theroll direction.
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Chapter 3

RESULTSOF THE EXPERIMENTS

Considering (i) the non-uniformity in the fiber structure of fabric rolls and (ii)
inaccuracy in the specimen preparation (such as different nesting during fabric stacking),

each set of the experiment was conducted on ten separate specimens. In this study, the

1/2
N
results will be represented as hyyerage T Where o {ﬁZ(h, —Naverage )ZJ is the
i=1

standard deviation of those ten experiments (N = 10) in each configuration set.
Two typica experimental data are shown in Figures 3.1 and 3.2 for random

preform, 2R/1C/4R/1C/2R and woven preform, 2W/1C/4AW/1C/2W, respectively.
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Figure 3.1. The change in specimen thickness during a typical compaction characterization
experiment for 2R/1C/4AR/1C/2R preform.

During the short wetting stage (from the end of the fiber settling to the beginning of the
unloading), the thickness decreases significantly. This phenomenon is not as significant for

the other fabric types (woven and biaxial) as this random type. Note that the thickness



Chapter 3: Results of the Experiments 23

increases with very high rate when the compaction pressure is relatively low (2 kPain this
case) at the end of the unloading stage. This explains why the part thickness increases with
time at sections near the injection port, even when the compaction pressure is not changing

significantly with time at those sections.

E‘ i | |
E, | | Ldading from
< 8[| P=sKPate
v || | 100kPa
U) | | |
q) : | |
c -l
x 77777777777\7 77777 | |
'L_) | | |
= l l l l l
= | | | | |
********* Fiber settlingat - huﬁroécﬁea””i”””i*””l””*
N Unloading from
. : / _P.=1100 kPa to 2 kPa

the preform

Wet:ting of EN hweﬁ‘ted i i i
- .

8(50 1000 1200 1400 1600 1800 2000
Time, t[s]
Figure 3.2. The change in specimen thickness during atypical compaction characterization
experiment for 2W/1C/4W/1C/2W preform.
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This woven preform, 2W/1C/4W/1C/2W has a different compaction characteristics than
random preform (compare this figure with Figure 3.1 during their wetting stages).
Some of the qualitative similarities are as follows:. (1) at the end of the loading stage

(i.e., at full compaction pressure of P.= 100kPa), h is reduced to approximately half of the

initial thickness corresponding to the minor pressure of 5 kPa. (2) The thickness recovery
during the 2-minute unloading stage (approximately 1.4 and 1.0 mm for the random and
woven preforms, respectively) is less than the thickness reduction during the 2-minute
loading stage (approximately 7 and 5 mm for the random and woven preforms,
respectively). The average values of the ten experiments are tabulated in Table 3.1. (3)
Both fabric types have very steep thickness recovery oh/ ot in the early part of the fiber

relaxation at P.= 2 kPa, and then the recovery becomes rather slow afterwards. (4) Both

fiber settling at 100 kPa and fiber relaxation at 2 kPa do not converge to steady valuesin 15
minutes. This is important from the view point of the control and/or modeling of the VI
process, since the part thickness keeps changing with time, even if the compaction pressure
is set to a constant value during the initial vacuuming and gelation stages of the VI process.
The mgjor difference between the random and woven fabrics’ compaction characteristics is
their response upon being wetted. When the specimens are saturated with resin, the random

preform has an average thickness reduction, Ahyeging Of 0.28 mm (minimum of 0.22 mm,

maximum of 0.38 mm, and a standard deviation of +0.05 mm). On the other hand, the
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woven preform has an insignificant average thickness reduction, Ahyeting 0f 0.03 mm only

(minimum of 0.02 mm, maximum of 0.04 mm, and a standard deviation of +0.01 mm). As

tabulated in Table 3.1, the biaxial preform, 2B/1C/4B/1C/2B has Ahyeting = 0.15 mmin

average (minimum of 0.10 mm, maximum of 0.20 mm, and a standard deviation of +0.04
mm), which is not as insignificant as in the woven fabric, but smaller than the random

fabric.

The comparison of Figure 3.1 (for R eaxaion= 2 kPa) and Figure 3.3 (for
P relaxation = 40 KPa) indicates very different unloading and relaxation behaviors of the

preforms. When the unloading stage is terminated at a compaction pressure of 40 kPa, not

only  Ahynioading » PUt SO Ahygjaxation @€ insignificant as shown in Figure 3.3 for the

random preform, 2R/1C/4AR/1C/2R. The two other types of the fabrics (woven and biaxial)
also exhibited the same qualitative behaviors at relatively high compaction pressures (80,

60 and 40 kPa).
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Figure 3.3. A typical compaction characterization experiment in which the compaction
pressure is P; = 40 kPa during the relaxation stage (which takes place after the
unloading stage).

Experimental results are plotted in the following figures: 1C and 2C in Figure 3.4,
4F in Figure 8, 2F/1C/2F in Figure 3.6, and 2F/1C/4AF/1C/2F in Figure 3.7, where F

represents fabric types (R, W and B) and C represents the core distribution medium. For
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each case, the four characterization stages were plotted: h vs. P. during loading; h vs. t
during fiber settling at 100 kPa; h vs. P. during unloading; and h vs. t during fiber

relaxation at 2 kPa. Percentage fiber volume fraction, V¢ =100 n(psyp / pfiver )L/ ) was

used on the right-hand vertical axis in each graph. Here, n is the number of fabric layersin

the preform, pg,, and pper are the superficial (surface) density of the fabric per layer
and density of glass fibers, respectively. pg,, values are tabulated in Figure 1.2 and
P iiver 1S taken as 2540 kg/m>. h, V¢, Ah and AV; values corresponding to different stages

of the compaction experiments are tabulated for each fabric configuration in Tables 3.1 and

3.2.



29

Results of the Experiments

Chapter 3

“T 9|0eL Ul pare|nce] SiuawiLiadxa ay) o) aBueyo S1i pue ‘A ‘Uoioel) SWN|OA JagH Z'S 9|geL

~oF =Y Buisn Jou ‘18S eIUSWIISMXS Yoes ulsanen ual
ay1bumsn pare|noed a1aMm SuoIRINSP plepueis ay] pue sabelane ayl “psl ulare sanea A |V

86'0F 10T+ LTO* 0c0+ S60F 09T+ oTT+ VIT+ €0T+ 860 F S90+

6'S- eevr- 650 T 44 06'¢C ¥8'8¢ LT'EE 85'CE vT'TE 29'8T 8Ot Ry
9e0+F 6E0F TT0+ veo+ STT+ €T+ 8r'T+ ETF 62T+ rTF CETF azoT Az
cro- 0Ly~ 9’0 €s'T et 65'¢¢ 1,82 ar'ee 96'¢E r'ie ¢r'6T

G880+ S9'0F JAAOES LTO* ve1+ 190+ ITT# €T+ SST+ YT+ 990+ ar
S¢'L- 60'S- Tce 0S'T /87¢T 80'Tr €e8y v'es T¢18 0L'6% €892

G880+ €L0F 900+ FANVES 6T T+ ¢80+ 0CT+ 19T+ SOT+ 9T+ 9.'0%F

9L 681~ 0co 6v'T 454" 6881 91'9¢ S0'TE G8'0€ 9g'6C 441 MeDLINY DT IMe
€90+ 850+ S00+ 91’0+ 080+ 190% S6'0+F 8CT+ 1T+ vC1+ 8L0F MZOTIME
8¢'L- LLY- 91’0 't L0°€T 0g'8T 1§9'Ge vE0e 8T'0g 9.'8¢ 69'ST

29TF 9T+ 280+ 6C0+F RKTF 9GC+F cETF G8T+ 9T+ 0ST+ SCTF M
75 8r'e- 790 €1 8ETT T0v¥ (744 06'¢S 6¢'¢S 90TS 89'6E

L10F 950 F 0co+ cE0F ST+ i+ 60C+ 8E'¢CF 6C'CF c0cF S6'0F

V.G 20’ €TT ¥0'C €.0T ST'ST 680 16'Ge 6.v¢ §l'¢e 20¢t DT My DT
690F TL0* 6T0+ 8T0+ LETF v6'0+ GGT+ vreF 90C*F €6 T+ 69'0F N2 DT AZ
S6'G- 6v'S- VT 454 YO'TT oVt 65°0C 80'9¢ 19v¢C JAL44 EV'TT

veETF TLT+ ve1+ S90+ STe+ eeCF 8L T+ 8L'¢c+ vweF 00c+ or'iT+ iy
9¢'8- 196G 0sv 8¢ 'St 60'SE Seer 26'87 4444 09°0¢ aT'se

000+ 000+ 000+ 000+ 000+ 000+ 000% 000¥ 000% 000* 000+ 3z
000 000 000 000 000 000 000 000 000 000 000

000+ 000+ 000+ 000+ 000+ 000+ 000+ 000+ 000+ 000+ 000+ o1
000 000 000 000 000 000 000 000 000 000 000

Eg_mz\/Q _ m:_umo_cz,h>< mc_:m\sg\/Q mc__:mmu>< mc__umo:\/Q Uy, n uwumo_::,‘\/ FEIYETNY N pamss’y n Uwumo_,h\/ _m___:_g) O




(a) Preform: 1C

(b) Preform: 2C
Thickness, h [mm]

Chapter 3: Results of the Experiments

30

Thickness, h [mm]

w

N

Loading and Unloading Data

} Unloadlhgfrom | |
! —100:kPat02!<Pa !

0 20

1
40 60
Compaction Pressure, P, [kPa]

Loading and Unloading Data

- -Loadling frem,P.=5kPa - - - 4 - -
to 100 kPa
|

UnIoadmgfromwLLL EEEREREREESRRSsSS
P.=100kPato2kPa | ‘ ‘

0

1 1 1
20 40 60 80

Compaction Pressure, P. [kPa]

Fiber volume fraction, V, [%]

Fiber volume fraction, V; [%]

Thickness, h [mm]

Thickness, h [mm]

3.5

2.5

5.5

4.5

Fiber Settling and Relaxation Data

‘ W‘W 1]
i i

|

1

0 5
Time, t [min]

10

Fiber Settling and Relaxation Data
T T

Fiber relaxation at P.= 2 kPa_

I
TR

‘Flber settling au P.=100 kPa

|

|

1 \ \
0 5 10
Time, t [min]

Fiber volume fraction, V, [%]

Fiber volume fraction, V, [%]

Figure 3.4. Compaction characterization test results for CORE only: (@) one layer core, 1C,

and (b) two layers of core, 2C. In each case, one experiment was done on each

of the ten separate specimens. The averages are shown with solid lines and the

standard deviations of the experiments are shown with error bars.
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Figure 3.5. Compaction characterization test results for four layers of FABRICS only: (@)
4R, (b) 4W, and (c) 4B.
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Figure 3.6. Compaction characterization test results for one layer of core embedded in four
layers of FABRICS: (a) 2R/1C/2R, (b) 2W/1C/2W, and (c) 2B/1C/2B.
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Figure 3.7. Compaction characterization test results for two layers of core embedded in
eight layers of FABRICS: (a) 2R/1C/4R/1C/2R, (b) 2W/1C/4W/1C/2W,and
(c) 2B/1C/4B/1C/2B.
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Since the core polypropylene distribution medium does not contribute to the

reinforcing of a composite part, V; is zero in 1C and 2C experiments as shown in Figure

3.4; and this embedded core is the cause why 2F/1C/2F and 2F/1C/4AF/1C/2F preforms have

much lower V; than 4F preforms. The maximum Vs is Vi fiperwet Which is achieved after
the fiber wetting stage. The average Vi fiperwet 1548.9, 52.9 and 53.4 % for 4R, 4W and 4B

preforms, respectively. When one layer of core is embedded in these four layers of fabrics

(2F/1CI2F), Vs fiperwet Can become only 26.1, 30.3 and 33.4 % for random, woven and

biaxial preforms, respectively. When two layers of core are embedded in eight layers of

fabrics (2F/1C/4F/1CI2F), Vs fiperwet Can become 25.9, 31.5 and 33.2 % for random, woven

and biaxial preforms, respectively, which are approximately equal to the corresponding
valuesin the 2F/1C/2F cases.

The following compaction characterization data of Table 3.1 essentially affect the
results of a coupled compaction/flow modeling of the VI process such as [10,11]: (1)

heettiec T Tsettied Which determines the thickness distribution in the dry preform just before

the resin infusion is begun. (2) The change in the preform thickness until the gelation is

Ah=" Ahyetiing + Ahynioading + Ahrelaxation - These values are applicable only if the pre-

infusion vacuuming is done for 15 minutes, and the pot life (gelation time) of the resin is
adjusted to 17 minutes (corresponding to 2 minutes of the unloading + 15 minutes of the

fiber relaxation of the characterization experiments). If these stages last shorter than the
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durations mentioned above, then the user of the database should refer to Figures 3.4-3.7
instead of the valuesin Table 3.1.
The relaxation experiments were conducted as explained earlier in Figure 1.3. The

results at R, 5in5 = 80, 60, 40, 20, 10 and 2 kPa are shown in Figures 3.8-3.10 for the

random, woven and biaxial fabric preforms with a configuration of 2F/1C/4F/1C/2F.
Although the fabric types have different quantitative thickness and fiber volume fraction
values during the relaxation stage, there are some qualitative similarities. At the high
compaction pressure of B.= 80 kPa, no fiber relaxation is observed. Indeed, the fiber
settling continues as shown in part () of Figures 3.7-3.10 where the part thickness
decreases with time. At the other compaction pressures (60, 40, 20, 10 and 2 kPa),
thickness increases with time, however with different rates of change of thickness, oh/ ot .
At both P.= 60 and 40 kPa, there is an initial immediate increase in h , which was
explained as “spring-back” in [21,22] for suddenly unloaded specimens, and oh/ét is
insignificant afterwards. When the compaction pressure is 20 kPa or less, the immediate
“gpring-back” causes different order of magnitude in Ah, and h does not reach a steady
value in 15 minutes. This slow response was aso observed in the “time-dependent”

deformation range in [23].
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Chapter 4

SUMMARY AND CONCLUSION

An experimental procedure was designed to characterize the compaction of e-glass
fabrics during the following stages: (1) loading (compaction from 5 kPa to 100 kPa), (2)
fiber settling (for 15 minutes at constant compaction pressure of 100 kPa), (3) saturation of
the preform (with actual thermoset polyester resin a 100 kPa), (4) unloading

(decompaction from 100 kPa to P, finy ), and (5) fiber relaxation at R, fin, for 15 minutes.

These stages resemble different stages of the VI process: (1,2) vacuuming before the resin
infusion, (3) arrival of the resin to a particular preform location of interest, (4) thickening
of the preform due to the change in the local resin pressure, (5) thickening of the preform
due to time-dependent fiber relaxation.

Just upon being wetted at constant full compaction pressure, significant decrease in the
thickness was observed for the random fabric; and this is in agreement with the
observations in [24]. However this characteristic is not valid for the woven and biaxial

fabrics and the polypropylene distribution medium. The early stage of the unloading
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yielded a very insignificant change in the thicknesses of all fabric types used; the thickness
increased notably only when the compaction pressure was half abar or less.
To cover the mgjor domain of compaction pressures at which the preforms may undergo

relaxation stages, the relaxation experiments were performed at R, 5,4 = 80, 60, 40, 20, 10
and 2 kPa. Very different relaxation behaviors at different R, 5., indicate that coupled

compaction-mold filling models based on a static relationship between thickness and
compaction pressure do not appropriately simulate the actual compaction/decompaction
physics of VI. Thus, atime-dependent relationship should be used to redlistically model the
process.

The experimental procedure designed in this study enables to redlistically
characterize the compaction/decompaction of fabric preforms in the VI process. The
approach is different from the previous studies due to the following items: (i) the
compaction pressure is the independent variable, and the part thickness is the dependent
variable which is measured during the test; (ii) the test has the following stages: loading,
fiber settling, wetting, unloading and fiber relaxation. The first two stages are performed on
a dry specimen, and then it is saturated with resin afterwards. The database constructed in
this study shows that, different fabric types have different compaction and relaxation
behavior, therefore the process model should have the database for the fabric type and
configuration used in the actual VI process instead of a generic fabric type. The two

sandwich configurations (2F/1C/2F and 2F/1C/4AF/1C/2F) suggest that the thickness is
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almost linearly proportional with the number of layers used (or, fiber volume fractions are
almost the same). For the three fabric types used here, single sandwich configuration may
be sufficient to estimate the behavior of multilayer configurations assuming that the fabric
preform is manufactured symmetrically. Using core material significantly decreases the
effective fiber volume fraction, thus the mechanical properties are expected to be
influenced. Since the relaxation is not linearly dependent on the compaction pressure, the
relaxation behavior at different relaxation pressures should be carefully investigated as

donein this study, and used in the process model.
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APPENDI X A

COMPACTI ON EXPERI MENTS:

1C 1 layer core

2C 2 layer score

4R 4 layers random

AW 4 layers woven

4B 4 layers biaxial

2R/1C/2R 2 layers random, 1 layer core and 2 layers random

2W/1Cl2wW 2 layers woven, 1 layer core and 2 layers woven

2B/1C/2B 2 layers biaxial, 1 layer core and 2 layers biaxial

2R/1C/ARI1CI2R 2 layers random, 1 layer core, 4 layers random, 1 layer core and 2 layers random
2W/1C/AW/1C/2W 2 layers woven, 1 layer core, 4 layers woven, 1 layer core and 2 layers woven
2B/1C/4B/1C/2B 2 layers biaxial, 1 layer core, 4 layers biaxial, 1 layer core and 2 layers biaxial

All hvaluesarein [mm].



47

APPENDIX A

000 000 000 000 000 000 000 000 000 000 000 0 g
SN 10} SNO ILV INSA AIVANVYLS
000 000 000 000 000 000 000 000 000 000 000 0 g
I\ 10} SFOVHANY
000 000 000 000 000 000 000 000 000 000 000 0 g
000 000 000 000 000 000 000 000 000 000 000 vZe g
000 000 000 000 000 000 000 000 000 000 000 6T¢C dxg
000 000 000 000 000 000 000 000 000 000 000 9T¢ dxg
000 000 000 000 000 000 000 000 000 000 000 86T dxg
000 000 000 000 000 000 000 000 000 000 000 L6T g
000 000 000 000 000 000 000 000 000 000 000 G6T g
000 000 000 000 000 000 000 000 000 000 000 09T dxg
000 000 000 000 000 000 000 000 000 000 000 6ST dxg
000 000 000 000 000 000 000 000 000 000 000 LST dxg
000 000 000 000 000 000 000 000 000 000 000 96T dxg
_%_ﬁxm_m:>< 7 Buipeoluna v/ _ BunemA 7 Buimasin v _ Buipeor v/ 7 TN _ papeojun’} 7 TN _ papEsT PaPEO[yA [EITN 7
¢t 0 900 000 c0°0 G¢ 0 8T 0 ¢t 0 L0°0 800 60 0 6¢ 0 0 dxg
‘Y 10} SNO ILV IN3A QIVANV1S
90T v 0 00 '0- €1 °0- €€ ¢~ L0°€ T0°¢ 85T 65T cL'T v0 v 0 g
‘Y 10} SFOVHINY
90T v 0 00 '0- €1 °0- €€ ¢~ L0°€ T0°¢ 85T 65T cL'T v0 v 0 g
66 '0 9€ 0 00 '0- ¢1°0- 88 'T- 76 ¢ G6 T 6S T 65T T.°T 09 '€ vee g
06 '0 LE0 00 '0- €1 °0- ¥0'¢- €8°¢C 76T LS°T LS°T 69T €L°€ 6T¢ g
86 '0 €V 0 T0°0 11 °0- v '¢- 96 ‘¢ 86T GS'T ST G9°'T 90 v 91¢ g
70T v 0 00 '0- €T °0- (XA 16 ‘¢ /8T I T 97 'T 65T 18 '€ 86T g
€0°'T v 0 00 0- ¥T1°0- GE€ ¢~ 80 '€ S0 ¢ 69T 65T €L°T 80 ¥ /6T dxg
LT°T 8€°0 T0 0~ €T °0- ve'¢- T¢’€ €0°¢ S9°T 99T 8L°T €TV S6T dxg
€6 °0 Sv 0 00 0- 9T '0- T G6 ¢ c0'¢ LS°T LS°T €L°T 86 '€ 09T dxg
9T 'T ¢S50 00 '0- 9T '0- €L°C- 8€ '€ ¢c e 0L'T 0L'T /8T 09 v 6ST g
ST'T 0S'0 00 '0- ST 0~ v e 1€ '€ L1°¢C 19T 19°T 18T €C'v LST g
8¢'1T €0 00 0~ €T °0- 19°¢- 11°¢ €8T 67T 6V 'T 29T €Cv 9GT g
:c_ﬁxm_w__._< mcﬁmc_::c< mc_:wgr_< mc::wmc< mc,umo;._< _.m:cr_ vmumo_:sr_ ﬁEmn_f um_:mmc umumof _m_u_:f
oT



48

APPENDIX A

000 000 00°0 00°0 000 000 000 000 000 000 00°0 0 dxg
SN 10 SNO ILV INSA YVANVLS
000 000 000 000 000 000 000 000 000 000 000 0 dxg
SN 10} SPOVHINY
000 000 000 000 000 000 000 000 000 000 000 0 dxg
00°0 000 00°0 000 000 000 00°0 00°0 000 00°0 00°0 9¢e dxg
00°0 000 00°0 000 000 000 00°0 00°0 000 00°0 00°0 Gce dxg
00°0 000 00°0 000 000 000 00°0 000 000 00°0 00°0 8vT dxg
000 000 000 000 000 000 000 000 000 000 000 LYT dxg
000 000 000 000 000 000 000 000 000 000 000 144’ dxg
00°0 000 000 000 000 000 000 000 000 000 000 eVl dxg
00°0 000 000 000 000 000 000 000 000 000 000 44" dxg
000 000 000 000 000 000 000 000 000 000 000 i dxg
000 000 000 000 000 000 000 000 000 000 000 ovT dxg
00°0 000 00°0 000 000 000 00°0 000 000 00°0 00°0 8¢€T dxg
_ UOTIEXE[aI\ /- [ BUIPEOIUN vy BUMRAT 7 BUMBSTAy [ BUIPEOTIA Y RUIA [EN BTN _ (RN Papeoriy
8T 0 ¥¢ 0 T0°0 00 VAZN0] 9€ 0 [450] 9T '0 9T 0 8T 0 €5°0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
€81 LL°0 T0°0- €¢°0- 60 ¥ - 0€ 'S LY € TL°¢ clLe G6 ¢ 0 'L 0 dxg
‘Y 10} SPOVHINY
€81 LL°0 T0°0- €¢°0- 60 ¥ - 0€ 'S LY € TL°¢ ¢lL¢e G6 ¢ 0 'L 0 dxg
68T ¢S 0 000~ ST 0~ €ce- SLY TC¢ '€ 89 ¢ 69 ¢ ¥8 ¢ 209 9ce dxg
69T S50 T0°0- 8T '0- 6¢ '€~ S6 v G¢ '€ TL¢C TL°¢C 68 ¢ 8T 9 Gce dxg
06T €8°0 €0°0- vZ'0- €5 V- Lv'S 1G°€ v.'¢ Ll°¢C 10°€ vS 'L 8vT dxg
68T S8 0 T0°0- L¢0- T¢ V- €8°G 6 '€ 60 '€ 0T ¢ LE€°€ 8G /L LVT dxg
ST ¢ v.°0 T0°0- €¢°0- ve v - 09°S Sv '€ TL¢C clL’e G6 ¢ 6¢ L 144’ dxg
16°T S9°0 T0°0- 6¢ 0~ S¢ V- ve€ 'S LE'E ¢lLe €L°¢C ¢0°'¢ YA eVt dxg
9.7 90T ¢0°0- G¢'0- S0 v - 1S°S 18°¢€ GL'¢ LL°¢C ¢0°'¢ 90 'L 44" dxg
86T €50 000~ 8¢ 0- ¥9 Y- €0°S G0 '€ 25 ¢ €9 °¢C 18 °¢ Sy L T dxg
9.1 69 0 T0°0- T¢0- ITv- ¢6 v LT € 87 ¢ 6V ¢ 0L°¢C 189 ort dxg
G917 ve'1 T0°0- €2°0- 44 1S°S 16 '€ 19°¢C 89 ¢ 16 ¢ €T, 8€T dxg
uonExely v mc_umo_cch mc_:ws:< mc__:ﬂ:< mc_nmafq ULy papeojuny emidly pamesy papeoyy Uy
o¢



49

APPENDIX A

vE'T LT vZ'T G9°0 ST ¢ [4 504 8L°'T 8L°¢C vy ¢ 00 ¢ ov'T 0 g
SN 10} SNO ILV INSA AIVANVYLS
9¢ ‘8- LG °G- 0S¥ ¢8 '€ vy ST 60 'G€ GE eV 26 '8Y 44N 4% 09 "0 9T 'S¢ 0 g
I\ 10} SFOVHANY
V€ '8 - 0§ G- 8V v 6L°€ ¢ ST 76 V€ 8¢ '€V 8/ '8¥ 0€ v 15 0¥ 80 'S¢ 0 g
16 'L~ LCL- S¢S 6v v €V LT G0 '8¢ 96 'S¥ €C €S 16 LY 8V '€ G0 '9¢ GST g
659 - 00 L~ 474 ¢y 98 ST 0¥ "G€ 66 ‘T 66 '8¥ 18 V¥ 99 0¥ 08 'v¢ VST g
G0 '6 - €6 °G- 19°S €Y 0L ST vy '9¢€ 6V "S¥ [A72N%°] 18 'S¥ 86 TV 88 'S¢ €GT g
8¢ '6- v V- 16°S 8T '€ 29 V1 99 'v€ 4 ov "8v 68 ¢V 1. °6€ 60 'S¢ 18T g
6/, '8~ V€ '9- €V '€ 197 S 6T 6¢ 'S€ 80 'v¥ €¥ 09 00 'L¥ 8¢ "¢ 6 '¢¢ 0€T g
80 '6 - 9T '9- S0 v v '€ 1€ v1 97 'T€ S 0¥ 0L '9v G9 ¢v ¢ '6€ 6 'v¢ 8¢T g
88 'L - 8y L~ L9V oc'v €V 91 S '9¢€ €€ V¥ 18 ‘TS A'WA% G6 ‘¢ ¢S '9¢ 8TT g
0 0T - 9§ v - 0T v 98 '€ €6 V1 L6 '0€ 10TV LS °SY LV TV 19 °.€ 89 '¢¢ 0TT g
1G°G- .8 °T- 66T 1S°¢C LE VT €V L€ 00 '€V 18 V¥ 88 ¢V 1€ 0¥ ¥6 'G¢ 16 dxg
6€ ‘8- 9 v - 9¢ 9 8¥ '€ 0€°'TT S. Ve V1 €y 8L 7LV ¢S Ty ¥0 '8¢ G/ '9¢ 1L g
_%_ﬁxm_m:>< 7 Bupeolun vy [ Bumiemia v Bumaspy, [ Bupeorpy TN papeojun’} TN papEsTy PapeO[yA [EITN
0T 0 900 S0°0 200 8T 0 9T '0 800 60 0 0T 0 0T 0 8T 0 0 dxg
‘Y 10} SNO ILV IN3A QIVANV1S
€V 0 0c'0 9T '0- LT°0- 0C'T- G¢ ¢ 28T 191 8L°'T 76T v1 '€ 0 g
‘Y 10} SFOVHINY
€V 0 0c'0 9T '0- LT°0- 0C'T- G¢ ¢ 28T 191 8L°'T 76T v1 '€ 0 g
9€ 0 €20 9T '0- LT°0- 1¢'T- L0°¢C LT 87T 79T 18T ¢0 '€ GST g
GE 0 .20 ST 0~ 8T '0- ve'T- ¢c e 88T 191 SL'T 76T 8T '€ VST g
€V 0 0c'0 6T '0- LT°0- ST'T- 9T ¢ €L'T €S T cL'T 68T 70 '€ €GT g
87 0 LT°0 T2 0~ ST 0~ 9T 'T- L2 ¢ 6L°T €9°T 78T 86 'T v1°€ 19T g
S¥ 0 ¢¢ 0 TT1°0- 8T '0- LS°T- €¢'¢C 6.°T 9% 'T 89°1T 98T €V '€ 0€T dxg
950 920 9T '0- 9T '0- ST 'T- 0S¢ V6T 69T 68T T0°¢ 9T '€ 8¢T dxg
8€ 0 920 ST°0- 9T '0- v1'T- 9T ‘¢ 8.1 ¢S T 19°T €8°T 16°¢C 8TT dxg
290 6T 0 LT°0- 0cC '0- 8¢ 'T- 144 26T €L'T 06T 60 ‘¢ Ly € 0TT g
L20 800 80 0~ ¢1 0~ 80 'T- 0T ¢ €8T 9.1 78T G6°'T 70 '€ 16 g
v 0 8T 0 G¢'0- LT°0- 1870~ L2°¢C €81 S9°T 06T L0°¢C 6 "¢ 1L g
:c_ﬁxm_w__._< mcﬁmc_::c< m:_:w;r_< mc::wmc< msumof< _.m:cr_ vmumo_:sr_ ﬁEmn_f um_:mm: umumof
dv



50

APPENDIX A

29T 9€ T 280 6C 0 9¢'T 9G ¢ ce'T G8'T 19°T 0S'T G¢'T 0 g
SN 10} SNO ILV INSA AIVANVYLS
¢l 'S~ 8T '€~ T9°0 €C'T 8€'TT 10 'v¥ ¢l 6V 06 ¢S 6¢ ¢S 90 'TS 89 '6€ 0 g
I\ 10} SFOVHANY
18 'G- 9T '€ - 090 €C'T 8€'TT 88 '€V 69 "6V G8 ¢S G¢ ¢S ¢0'TS G9 '6€ 0 g
GG '9- 9¢ v - LL°0 GE'T 16°'TT Z8 eV L€ 09 €9 'vS L8 €S ¢S ¢S GG 0 T1€ g
1¢°'G- G9°'T- S¢'0 G50 GG 0T VAR 474 88 6V ¢S TS LC°TS ¢l 0S8 9T ‘O 0o€ dxg
G0 ‘G- 1§ °¢- 60 ¢ YT T 0§ €T G6 'S¥ 00 ‘TS TG €S ¢r 1S 8¢ '0S 8/ '9¢€ 66¢ dxg
88 'L - 6G°'T- 090 €T T 69 '8 8¢ ‘0¥ 9T '8¥% S, 6V ST 6V 20 '8y €€ '6€ 86¢ dxg
TL°G- 88 ¢C- 8T '0- €T 88 0T v ¢y A 14 T0 TS 6T ‘TS 88 "6V 66 '8€ L6¢ g
G9 '9- ¢0°'G- 8°1 G9'T €8 'TT 29 vy L2 TS 6¢ 99 8V '¥S €8 ¢S 66 0% 96¢ g
v 's- [ 8¢ 0 ve'T G¢ 11 6L €Y 0¢ ‘6v €5 ¢S GZ ¢S 10 TS Ll "6€ S6¢ g
18°'T- ¥9 T - €60 ¥S T ce'TT 0L '6¥ 1618 9T ‘€S €2 ¢S 69 '0S 8€ '6€ v6¢ dxg
90 '9- v1°G- L0°0- ¢c’'T LE€°CT €0 ¢y 60 '8¥% €C¢'€q 0€ ‘€S 60 ¢S T.°6€ €6¢ dxg
28 '9- 08 ¢ - 9€ '0- 8T T vy Tl 6. ¢y T9 ‘6% ¥ €9 8L °€S 09 ¢S 9T 'T¥ 262 g
_%_ﬁxm_m:>< 7 Bupeolun vy [ Bumiemia v Bumaspy, [ Bupeorpy TN papeojun’} TN papEsTy PapeO[yA [EITN
L0°0 00 c0°0 T0°0 S0 °0 0T 0 00 S0°0 G0 0 G0 0 90 0 0 dxg
‘Y 10} SNO ILV IN3A QIVANV1S
T¢°0 600 ¢0°0- 70 '0- vy '0- 6L°'T 89T 6V T 18T vS'T 66 'T 0 g
‘Y 10} SFOVHINY
T¢°0 600 ¢0°'0- 70 '0- vy '0- 6L°'T 89T 6V T 18T vS'T 66 'T 0 g
€20 ¢1 0 ¢0°0- 70 '0- vy '0- 08'T 96 'T vy T 97 'T 0S'T v6 T T1€ g
8T 0 S0 0 T0'0- ¢0°'0- v '0- 9.°'T 89T €S T vS'T GS'T 96 'T 00€ g
LT°0 L0°0 90 '0- €0 °0- 8G°0- LT VST VA2 €S5'T LS°T v1°¢ 66¢ g
¢e 0 S0 0 ¢0°0- 70 '0- 9€ '0- G6°'T 79T 8G T 09T 79T 00 ¢ 86¢ g
f44N0] 600 T0°0 ¥0 0 - ¥¥0- 98T v9°1 vS'T vS'T 86T c0'¢ 162 dxg
€2°0 v1°0 S0 '0- G0 0- €V °0- 9.°'T VST orv 1 Sv'T 6V T 26T 96¢ dxg
0Cc'0 0T 0 T0 0~ ¥0°0- ¥¥0- 08T 0917 0S T 18T vS'T 86T S6¢ dxg
900 S0 0 €0°0- G0 '0- S '0- 85T €5 T 8v T 18T GS'T 00 ¢ v6¢ g
vZ 0 9T 0 000 €0 °0- Ly 0~ /8T 79T 8v T 8V 'T 18T 86 'T €6¢ g
S TAN0] IT°0 T0°0 €0°0- ¢ 0- 8T 65T Lv'T 9 'T 0S'T 16 'T ¢6¢ g
:c_ﬁxm_w__._< mcﬁmc_::c< m:_:w;r_< mc::wmc< msumof< _.m:cr_ vmumo_:sr_ ﬁEmn_f um_:mm: umumof
WY



51

APPENDIX A

G8°0 S9°0 Lv 0 LT°0 ve'1 1970 LT'T €917 SS9 °'T ST 990 0 dxg
SN 10 SNO ILV INSA YVANVLS
G¢L- 60 G- T¢'¢ 0S'T 18°¢CT 80 TV €€ '8y A T¢ 18 0. 6V €8 '9¢ 0 dxg
I\ 10} SFOVHINY
€¢L- 10°G- T¢'¢ 0S'T ¥8 '¢T 10TV 0€ '8v LEES LT 1S 19 6V 28 '9¢ 0 dxg
06 'G- 0€ v - €v'T ST eV 1T vy oy V€ '9v 9 09 (4414 9L 'Ly €€ '9¢€ 6v¢ dxg
80 '9- ¢S °S- 8T ¢ ce’l 0 ¢1 ov '1v 8y 'Ly 00 ‘€S ¢8 '0S 0S "6¥ 9v "€ 8¢ dxg
¢S °9- ¢0°S- ¥8 ¢ 8¢'1T 69 °'TT ¢S oy v0 'Ly 90 ¢S (4414 6 'Ly G¢ '9¢ Lve dxg
vSL- SS v - €¢'¢ 96 'T 9,11 €8 '0v L€ '8V 26 ¢S 69 '0S ¢l '6v LE°LE ave dxg
1€ L~ €0°G- 18T G917 ¢¢ el 66 ‘1v 0€ "6V V€ 'vS VAAac] 18 '0S 09 L€ ave dxg
Sv L~ 0S v - €0°¢ eV'T A 66 '6€ Sy 'Ly 6 ‘19 26 6V 6v ‘8% 90 '9¢€ 1444 dxg
6% '8 - 0¢ 'S~ v'e cL'T Ve V1 99 ‘O¥ ST ‘6% G€ VS 76 '1S ¢¢ '0S 68 'G€ eve dxg
8¢ L~ 6¢°S- 9,7 Ge'1T 08 €T 9. °1v 1 '6v eV 'vS 19 ¢S ¢e 1S [A< QWA cve dxg
L8~ 659 - €V ¢ 9.1 [4<1* 6V "1V 9/ '6¥ G€ 99 ¢6 €S 9T ¢S 0 L€ ve dxg
GG L - 26 v - €6 ¢ 16T 88 '¢T 69 '1¥ €¢ '6¥ 9T '¥S ¢¢ 18 1.°6v €8 '9¢€ ove dxg
co_.mxm_w‘__h\/Q m:_umo_::.u>< m_.__:m>>.u>< m_.___zmm.u\/Q mﬂnmo_;\/Q _m:_z\/ Umumo_::u\/ «w\shmn_E\/ _ uw_zmmu\/ Umumo_u\/
S0 °0 ¢0°0 ¢0°0 T0°0 L0°0 S0 0 L0°0 800 800 800 L0°0 0 dxg
‘Y 10} SNO ILV IN3A Q4VANV1S
6% 0 .20 TT°0- 80 0- S6 '0- 0€ '€ 08¢ vS ¢ §9 ¢ €L°C 89 ¢ 0 dxg
‘Y 10} STOVHINVY
6% 0 .20 TT°0- 80 0- S6 '0- 0€ '€ 08¢ vS ¢ §9 ¢ €L°C 89 ¢ 0 dxg
€V 0 S¢ 0 80 0- 80 0- 68 0- Ge '€ 26 ¢ 19°¢C S.°¢ ¥8 ¢ €L°€ 6v¢ dxg
f472M0] 0€ 0 T1°0- L0°0- 88 °0- L¢°€ g8 '¢ 96 ¢ 19°¢ vL'¢ ¢9°¢€ 8¢ dxg
9¥ "0 8¢ 0 ST '0- L0°0- 16 0~ ve€ '€ 88 ¢ 09 ¢ S.°¢ €8¢ v,.'€ Lve dxg
[A<0) ¥¢'0 TT°0- 60 0 - .80~ [45> 08¢ 9§ ¢ 19°¢C 9.°¢C 29°¢ ave dxg
87 0 G20 60 0 - 80 °0- 6 0 - €¢’°¢ GL'¢ 6v "¢ 85 ¢ 19°¢ 09°¢€ ave dxg
€5°0 G20 T1°0- 80 °0- 96 0~ 6€ '€ g8 '¢ 19°¢ TL°¢C 6L°¢C 9,°¢€ 14744 dxg
8G°0 9¢°'0 ¢r1'0- 60 °0- 80 'T- €e’¢ 9.°¢ 6v "¢ 19°¢ 0L'¢ LL°€ e€ve dxg
6% 0 .20 80 0- L0°0- .60~ ve'e 9,°¢C 67 'C LS°¢C ¥9 ¢ 19°¢ cve dxg
S0 [A5N0] TT°0- 80 0- 90 'T- 9¢ '€ ¢l ¢ ov ¢ 16 °¢ 09 ¢ 99 '€ ve dxg
0S50 G20 ¥1°0- 80 °0- G660~ G '€ Gl'¢ 0S¢ 9 ¢ clL'e 89 '€ ove dxg
:o_ﬁxm_w__._Q m:_umo_cch m::ﬁan m:__:mmr_< m:_nmafq _mc_f vmumo_:zc _ms_mn_f uu_:mms umumof
av



52

APPENDIX A

69 °0 T.°0 6T 0 8T 0 LE'T 6 0 SS T vl ¢ 90 ¢ €6°T 69 °0 0 dxg
A 10 SNO ILV I3 GHVANVYLS
G6 ‘G- 67 'S - VT v1°¢ ¥0'TT ¥9 v1 65 '0¢ 80 '9¢ 19 'v¢ Ly e eV 11 0 dxg
I\ 10} SFOVHIANVY
06 'S- SY G- VT v1°¢ €6 0T 85 1T 8% '0¢ 9 've c¢e ‘¢e 6€ 11 0 dxg
19 V- v1°G- W't 00 ¢ 16 '8 €5 €T 6T ‘8T ¢6 'T¢ 26 ‘61 1011 80v dxg
20 G- €¢°G- ¢s'T v1¢ €V 6 G6 €T 86 ‘8T 69 "¢¢ GS '0¢ ¢T'1T pA 4 g
T¢°9- 00°9- 16T LT¢C c0 ¢t €9 6T ¥8 '1¢ €€ '9¢ 9T 'v¢ ST '¢T 90¥ g
€6 °G- 9T ¥ - 19°T 88T 16 '6 v1 Vi 10 °0¢ 9§ "¢¢ 89 '0¢ 9,07 Sov g
8 '9- 09 '9- T19°1 le¢ LL¢T 6T 9T €0 '€¢ 20 '8¢ G/ 'S¢ 86 'C1 4014 dxg
0L°G- 9¢ 'S- 9T'T G6 T ¢80T TL°€T ¥ 61 16 €¢ 9§ '1¢ v, 01 {0} 4 dxg
9€ '9- 18°G- v 'T 9€ ¢ Tcct 9T 'ST €59 °'T¢ 88 'G¢ [4 I 14 0€'TT 66€ g
¥1°9- G9'G- Sy 'T 9T ¢ 6L°TT 60 'ST ¢c’'1e [472°14 9¢ '€¢ 87 ‘1T 86€ g
16 'G- 68 ¥ - 9T '1T L0°¢C 6T 0T TL'€T 29’61 G€ '€¢ 6¢ '1¢ 0T 'TT 8€€ g
¢L9- T¢°9- €L°T vy ¢ 8¢ ¢1 G¢ ‘ST 16°1¢C 9% "9¢ 20 've v9 11 TEE dxg
_gz>< 7 BUpeoi}\ ;[ BUmamiy v/ BUmsTA Y 7 Buipeory vz _ N 7 Papeojun’} Pamas’\ _ PapeolyA _ 7
0T 0 80°0 €0°0 700 T¢°0 v€ 0 620 G¢ 0 120 0€ 0 6€ 0 0 dxg
‘Y 10} SNO IV INA QYVANVLS
S5 °T 180 8T '0- T€°0- 8¢ '€~ ov 'S ¥8 '€ ¥0 '€ ¢c’e €5°¢ 16 9 0 dxg
‘Y 10} SFOVHINVY
GS T 18°0 8T 0~ T€°0- 8¢ '€~ ov 'S ¥8 '€ ¥0 '€ ¢c’e €9°¢E 9 0 g
67T G6 0 ¢c'0- 9€ '0- 0c¢ ‘€~ 28§ €V 8¢ '€ 6S '€ G6 '€ L 80v% g
67T 060 ¢c0- 9€ 0~ G¢ €~ ¥9°S STV G '€ VAN €8¢ L L0V dxg
ev'T 8.0 9T '0- L2 0~ ¢ce- Y0 'S 19°¢ €8°¢C 66 ¢ 9¢ ¢ 9 90v dxg
v9'1 L9°0 ¢ 0- ¢e0- 16°¢€- LS°S ¢6 '€ G¢ '€ 6v '€ 18°¢€ L Sov g
1472 9,70 ST '0- G¢'0- T0°€- 98 ¥ v e 99 ¢ 18 ¢ 90 '€ 9 14004 g
89T /80 9T '0- 0€ 0~ 89 '€- v.'S 90 v 6T '€ GE '€ G9 '€ L €0y g
¥S'T 8.°0 9T '0- T€°0- ¢9°€e- 6T 'S 99 °¢ 88 ¢ 0 '€ ge ¢ ‘9 66¢€ dxg
19°T 8.0 LT°0- 6¢C 0~ 8 '€- ¢c’s 1.°¢ €6 'C 0T '€ 8¢ '€ 9 86¢€ dxg
€L°T 080 9T '0- €€°0- oy '€ - v.'S 10V 1¢°¢ LE°€E 0L°€ L 8€€ g
89T 6.°0 8T '0- 0€ '0- 6v '€- 9T 'S 8G9 '€ 6L °¢C 86 ¢ 8¢ '€ ‘9 T€ee dxg
:c_ﬁxm_w.__._< m:_umo_::r_< _ m:;«mEQ 7 m:__:wm_._< m::.ﬁcf< 7 _m:_f 7 Umnmo_:z_.._ 5>amncr_ vm_zmmr_ umumo_: 7
de DT ™[



53

APPENDIX A

€9°0 850 S0 0 9T 0 080 L9°0 G660 8¢ 1 12T ve'1 8.0 0 dxg
SN 10} SNO ILV INSA QIVANVLS
8¢ L~ LL V- 9T '0 172" L0°ET 0€ 8T LG °G¢ € "0€ 81 '0¢ 9/ '8¢ 69 'GT 0 dxg
N 10} SFOVHANY
lLC L~ 9L V- 9T 0 v 'T 90 ‘€T 8¢ ‘8T S 'G¢ 0€ '0¢€ T '0€ ¢l '8¢ 99 ‘ST 0 g
ce ‘8- 0S v - ST 0 €5 °T ¥S'¢1 09 LT 26 'S¢ ¢y '0€ L2 0¢ G/ '8¢ T¢ 9T 8¢t dxg
¢L 9~ 90 'G- 0T 0 ve'T LE€°CT 8¢ LT 0T '¥e ST '6¢C 90 ‘6¢ TL°/.¢ GE ST LCE dxg
ST 'L~ 9S8 V- ¥1°0 Lv'T TT°€T 19781 28 °6¢ 8€ '0€ ¢ 0¢ 9/ '8¢ 99 'ST otTe dxg
9T "L~ 6¢ ‘G- ¢¢ 0 18T L0°ET €6 ‘8T 60 '9¢ 8€ 'T€ 9T 'T€ G9 '6¢ 8G 9T 60€ g
1G9~ ¢L €~ 6T 0 YT T g9 '¢T G9 '8T [44-14 6 '8¢ G/ '8¢ 2¢9°/¢ 96 VT 80¢€ dxg
G9 '9- V. V- LT°0 6E T 16 '¢T 69 LT Ve 've 86 '8¢ 18 '8¢ cvle 19 'vT S0€ dxg
€C'L- 0T 'G- vZ 0 SL'T L0 €T 00 ‘8T ¢ 'S¢ 7€ '0€ 0T '0€ G€ '8¢ 8¢ ‘ST v0€ dxg
€6 '9- ¢S v 0T 0 8¢€'T 0€ '¢T 26 ‘8T G8 'G¢ LE '0€ LC 0¢€ 06 '8¢ 09 9T €0€ dx3
68 "L - 6€ V- €T 0 ve'T L9°€ET 96 LT 8 "G¢ €2 '0¢ 0T ‘0¢ 9/ '8¢ 60 ‘ST [4013 dxg
€T '8- 8 °G - 00 9€ T 20 ST 6C 6T eyl 9¢ ‘€€ 90 ‘€€ 0L°1€ 89 9T T0€ dxg
UOTIEXERIT\ v/ 7 BUIPEOIUNT v/ _ B 7 7 BUmssT v/ _ BUIpeoT] A 7 7 TN _ Papeojun’y 7 TN _ PaISI _ Papeoriy _ 7
0T 0 S0 0 000 00 LT°0 9T 0 TT1°0 TT°0 110 110 GZc 0 0 g
‘Y 10} SNO ILV INIA QIVANVY1S
€¢'1T 8% 0 T0°0- €1 °0- 6¢ 'C- €'V 80 '€ 09 ¢ 19°¢ v.'¢ €0°S 0 dxg
‘Y 10} SFIOVHINV
€T 87 0 T00- €10~ 6¢ 'C- €'V 80 '€ 09 ¢ 19°¢C /A €0 'S 0 g
vl Sv 0 T0 0~ ¥T1°0- ¢l ¢~ 8V v 0 '€ 65 '¢C 09 ¢ vL'¢ 98 v 8¢t dxg
9¢'T LS 0 T00- €1 °0- 6¢ ¢~ €SV LC°€ 0L ¢ TL°¢C 78 ¢ €T 'S LC€ g
LT'T v 0 T0°0- €1 °0- 6¢ 'C- (444 G0 '€ 65 ¢ 09 ¢ v.'¢ €0°S ote dxg
4" 16°0 ¢0'0- €1 °0- 60 '¢C- 9T ¥ c0°€ 16 °¢ €5 °¢C 99 ¢ SL'Y 60€ dxg
0T 'T ov "0 ¢0°0- 11 °0- v ¢~ e’y ¢1 '€ ¢L ¢ vL'¢C G8 ¢ 9¢ 'S 80¢€ dxg
€T €50 ¢0°0- ¥1°0- GG ¢~ 8y v GC '€ ¢L ¢ €L°C 18°¢C €V 'S S0€ dxg
G¢'T ¢S50 ¢0°0- 9T '0- 8€ '¢- LEY ¢1 '€ 09 ¢ c¢9°¢ 8L°¢C ST 'S v0€ g
T T Sv 0 T0 0~ ¢T1°0- ¢0°¢- 9T ¥ G0 '€ 65 '¢C 09 ¢ cL ¢ vL'v €0€ dxg
ve'T v 0 T0'0- ¢T1°0- 8y '¢- 6€ 'V G0 '€ T9°¢C 29°¢ vL'¢ 2¢’s [4015 dxg
1¢'T 0S50 T00- 0T '0- ve'¢- 80 v 18 °¢C LEC 8€ ¢ 8V ¢ Ly T0€ g
uoneXeplyy mcﬁma_zzr_< mc_:m;_._Q mc:zmmrz mcﬁmon _mr_cr_ uwumo_::_._ «w\s_wn__r_ uw_:wmr_ uwumof 7
WZ DT M



APPENDIX A

9€ 0 6€ 0 IT°0 ¢ 0 ST'T €T 8y T ce'T 6C'T [472m" [43" 0 dx3g
YA 104 SNO IV INFA QUVANVLS

¢t '9- 0L ¥~ 97 0 €5 °'T 1€ ¢l 65 ‘¢¢ T.°8¢ (474 96 '¢€ ¢y 1€ ¢l 61 0 dx3g
I\ 10} SFOVHINY

¢T'9- cL v - 9% '0 G5 'T €e ¢t ¢S5 '¢e ¥9 '8¢ LE'EE 16 '¢€ 9€ 1€ 70 6T 0 dxg
16 'G- 99 v - 950 LS°T 67 'TT 16 °'1¢ v le 80 '¢€ ¢S 'Te G6 '6¢ 9% 81 514 dxg
€L°G- 6S v - 9€ 0 Vo1 ¢9 01 9€ '1¢ 60 "L¢ 89 '1¢ ce 1€ 89 '6¢ 90 ‘61 €4¢ dxg
S0 '9- 60 G- 190 99T 06 'TT ST '¢¢ 0¢ '8¢ 6¢ ‘€€ 89 '¢¢ ¢0 1€ ¢T 61 [4°14 dxg
1G°9- GE V- €V 0 4" 0S 1T 414 T0 '0€ 9€ 'v¢€ €6 ‘€€ 18 °¢cE 1€ °1¢ T16¢ dxg
89 '9- 96 '€ - 19°0 9¢'T LE°CT 1T 've 8/ '0¢€ v, ve €T 'vE 18 °¢¢ 0S "0¢ 0S¢ dxg
ve 9- LSV - 6% 0 18°T g€ ¢l 86 '1¢ €€ '8¢ 68 '¢€ oy "¢¢ 6S '0€ €¢ 81 Tce dxg
LL°G- LLY- [4720] T 0T €1 26 ‘e 69 '0€ 9 'S€ ¥0 'S€ 9 ‘€€ ¢S '0¢ 0ce dxg
6¥ "9 - 0L v~ [4720] eV'T 16 VT 0T ‘€¢ 6S '6¢C 6¢C V€ /8 €€ v ce €9 °.T 8T¢ dxg
€6 G- 00 G- 9¢ 0 16T c9 ¢l G.°0¢ 89 '9¢ 89 '1¢ ¢y 1€ 16 ‘6¢ 6C LT qT¢C dxg
v,.°G- €G- v 0 26T 0c ¢t 09 '¢¢ ¥€ '8¢ 89 ‘€€ G¢ ‘€€ €€ 1€ €161 vic dxg
_#_.mxm_m:\/Q 7 m:_nmo_::h>< _ m:_:mzz\/< 7 m:__zmmh)< 7 m:_umo:\/Q _ _m:_§> 7 uwumc_::u\/ Hmz:wg_&\/ _ um_:mmg\/ umumo:\/ _ _m:_::\/ _
¢t 0 600 100 00 ov 0 ¥€'0 ¥¢'0 9T 0 9T 0 6T 0 6% "0 0 dxg
‘Y 10} SNO ILV IN3A Q4VANV1S
8¢'1T L9°0 90 °0- 0c'0- 08 ¢ - 109 €LY 90 ¥ 4584 [4 04 117, 0 dxg
‘Y 10} SPOVHINY
8¢'1T .9°0 90 '0- 0c'0- 08 ¢ - 109 €LY 90 ¥ 494 ey 1L 0 dxg
9€'1T cL0 L0°0- €2°0- 18°¢C- 0€ 9 V6 v e’y 0e v sy Ve 'L 4514 dxg
ve'T €L°0 G0 '0- vZ0- S °¢C- v€ 9 00°S L2V (A5 4 9S8 v RVA €9¢ dxg
€1 €L°0 80 °0- ¢¢'0- ¢lLe- 119 08 v L0V vi'v LEY 80 L [4°14 dxg
12T LS°0 G0 '0- v1°0- €¢¢- 8L°S 18 v 6 '€ 66 '€ €Ty GE€'9 T6¢ dxg
(44" 0S50 L0°0- ST '0- 6v '¢- 29°S ov 'v 06 '€ L6°€ ¢ty 199 0S¢ dxg
8¢ '1T 990 90 '0- G¢'0- 00 ‘€ - 9T 9 8LV [4 4 8T ¥ Ev'y €V 'L Tece dxg
c¢0'T 650 G0 '0- 9T '0- LS°¢C- €V 'S 'y 28°'¢€ /8°€ €0V 099 0ce dxg
6C°T €9°0 G0 0~ 8T '0- GG '€~ 98 'S 85 v G6 '€ 00 v LTV €L°L 8T¢ dxg
ST 080 ¥0°0- ¢c0- 0€ '€- €979 80 'S lLeY €V €S 'Y €871 qT¢ dxg
T¢'T 9.0 G0 '0- G¢'0- 9L°¢- 66 'S 8LV 0y L0V [4 04 80 L vic dxg
MEEEE R =] Ty Bumany Buiiesyy Bupeo ;7 Uy papeojuny ey paimesy papeoly 7
a¢ POT /ac



55

APPENDIX A

LL°0 950 0c 0 2e0 LS°T 472" 60 ¢ 8¢ ¢ 6¢C ¢ c0'¢C G6 0 0 dxg
S\ 10} SNO ILV INIA QUVANVLS
v,.°G- ¢0°G- €11 0 ¢ €L°0T ST 'ST 68 '0¢ T6 'S¢ 6L Ve Gl °¢c 20 °ct 0 dxg
SN 10} SPOVHINY
99 'G- 10°G- 4" T0'¢ 79 0T 70 ST 0. 0¢ T.°G¢C 6S 'v¢ 6G '¢¢ G6'TT 0 dxg
9,°G- 87 'G- el 90 ‘¢ LYV 'TT 29 ST 8€ 'T¢ 98 '9¢ 9 'S¢ 8G '€¢ 11 ¢t TEC dxg
60 '9- 26 G- w1 99 ¢ et LV LT 96 "€¢ 8Y "6¢ L0 '8¢ v 'S¢ 00 CT (0574 dxg
v 9- LSV - €T'1T 00 ¢ 6L°1T G6 91 LE €T V6 'LC 08 '9¢ 18 'v¢ TO €T 6¢c dxg
GG G- 9€ v - 10T S.°1T 8¢ '8 v vl 16 61 €€ Ve 9¢ ‘e¢ ¢S '1¢ Ve el 8¢¢ dxg
16 '9- 16 v - L0°T G¢'¢ 8G'TT Ly 9T 8€ '€¢ 6¢ '8¢ €¢’le 86 ‘¢ ov €T Lee dxg
v¢'9- G9°G- 86 0 9¢'¢ L9°TT €L V1 16 °0¢C 29 '9¢ 9 'S¢ 8€ '€¢ ¢L 1T 9¢e dxg
8L V- 0€ v - 0T 8.1 T€'6 18 €1 8G 8T 88 '¢¢ 18 'T¢C €0 '0¢ ¢L 0T Ggee dxg
9¢ v - 99 v - 68 0 0S'T 88 '8 9T €1 v LT 80 '¢¢ 6T 'T¢C 69 ‘61 18 '0T vee dxg
S G- 10°G- €60 vl '¢ 0T 0T vy vl 86 6T G0 'S¢ ¢1l ve 86 '1¢ 88 'TT €ee dxg
28 °G- €€°G- 8y '1 66T €80T SY v1 8¢ '0¢ 09 'S¢ ¢t 've €T '¢c €11 18T dxg
_#_.mxm_m:\/Q 7 m:_nmo_::h>< _ m:_zm\f\/Q 7 m:__zmmh)< 7 m:_umo_h>< _ _m:_§> 7 uwumc_::u\/ 7 Hmz:wg_&\/ _ um_:mmg\/ 7 umumo:\/ _ _m:_::\/ _
.20 ¥¢'0 S0 0 S0 0 S.°0 96 0 8.0 850 790 €90 v0'T 0 dxg
‘Y 10} SNO ILV IN3A Q4VANV1S
/8¢ 8v'T 8¢ '0- LG50~ T¢°9- L¥ 0T 19°L ¢t 9 ov "9 1679 8T ‘€T 0 dxg
‘Y 10} SPOVHINY
18°¢C 8v'T 8¢ '0- LG50~ T¢'9- Lv 0T 19721 ¢t 9 ov "9 169 8T ‘€1 0 dxg
cL'e 0S'T 8¢ 0- S °0- €€ 9~ 80 0T 9€ 'L 98 'S v1°9 899 TO'€T TEC dxg
€€ ¢ ve'T 120~ 650 - €6 '9- 106 899 ve€ 'S 19°S 0¢ 9 €T €T (0574 dxg
GG ¢ 0T T ¥¢'0- LV 0~ G.°G- 6C 6 V.9 v9 'S 88 'S SE€ 9 0T '¢tT 6¢¢ dxg
€0°¢ W't 0€ '0- GG °0- 8G v - ¢6 0T 68 "L LV 9 LL79 ce L 06 'TT 8¢¢ dxg
e8¢ LT'T 2¢'0- ¢S50~ S¥ "G - 95’6 V.9 1G°G 8.°G 0€ 9 GL°TT Lee dxg
8T '€ 65T €¢°0- 6G°0- TL°9- 69 0T 1671 16 'S v1°9 €L°9 v €T 9¢e dxg
€6 ¢ 65T ¥€'0- 90 - €89~ 1 87 '8 889 cc’L 98 'L 69 1 Ggee dxg
€6 °C 16T 0€ 0- LS°0- LS9~ 1611 0 '6 €T, eV 'L 00 '8 LS VT vae dxg
(A 65T ¥2¢'0- 90 - 60 '9- 06 0T 88 7L 6C 9 €59 LT°L 9¢ €1 €ace dxg
€T’ 29T 8€ 0 - 6G°0- 18 °9- 06 ‘0T LL7L ST 9 €979 [ A €6 €T 18T dx3a
MEEEE R =] Ty Bumany Buiiesyy Bupeo ;7 Uy papeojuny ey paimesy _ papeoly 7 7

d¢ OT Ay DT ™¢



56

APPENDIX A

G680 €L°0 900 LT°0 6T 'T ¢80 0Cc'T 19T S9°T 19°T 9.0 0 dxg
I\ 104 SNO ILV INIA QUVANVYLS

9¢ 'L~ 68 'V - 0c 0 67T vT vl 68 8T 9T '9¢ S0 ‘1€ 68 '0€ 9€ '6¢ ¢c St 0 dxg
I\ 10} SFOVHINVY

ve 'L 98 v - 6T 0 67T 60 V1 98 '81 0T '9¢ 96 '0¢€ L1 °0€ 8¢ '6¢ 6T ‘ST 0 dxg
1€ '9- 0 v - 9T 0 65T 1611 LT 8G '€¢ €9 /¢ VA VXS 88 'S¢ LE VT e dxg
0L°L- ¢c’S- ST0 €51 8 ST 6G 6T 6¢°L¢ 16 '¢ce 9€ ¢ €8 °0¢€ G€ ST cce dxg
¢0'9- 9€ v - 0T 0 T¢'T G8 €T ¢L 81 SLve TT '6¢ 00 '6¢ 6. °/¢ 6 ‘€1 Tce dxg
1€ '9- €0°'S- ST 0 69T L0 v1 T9 ‘61 ¢6 'S¢ 96 '0¢ 18 '0¢€ ¢l '6¢ 0 'ST 0ce dxg
1€ L~ €09~ €20 99T ¢S ST 88 '81 6T '9¢ ¢c ce 66 'T€ €€ '0¢ 28 vl 6T€E dxg
1G°8- LE°G- 810 291 YT °ST 98 8T gv'le 18 '¢€ €9 ¢e T0 ‘1€ 18 °ST LT1€ dxg
19°L- €C°G- ¢c’o 05T Le vl L€ 8T 86 'S¢ 0c¢ ‘1€ 86 '0€ 8Y ‘6¢ Tc st 9T¢ dxg
€V 'L~ 86 V- 9¢ 0 LT ¥8 ‘€1 ¢S 61 S6 '9¢ €6 ‘1€ L9 °T€E 0¥ "0¢ 9§ 91 vie dxg
0L~ ¢r'S- 820 ¥S'T 6v v1 1661 T0 "L¢ €T '¢¢ G8 'T€ 1€ '0¢€ €8 'GT €TE dxg
e ‘8- ¢S e ¢c o 0e'T TC¢ €l ST '81 Ly "9¢ 86 '6¢ 9/ °6¢ 9% '8¢ ve¢ ST [4%3 dxg

co_ﬁxm_m‘:\/Q 7 m:_umc_c:u)Q mc:ﬁsu)Q mc__:mmg)Q mc_nmo_u)Q _m:_E\/ umumo_::,h\/ «wEwn_E\/ um_:mmu\/ umumo:\/

9¢°'0 IT°0 T0°0 700 LE°0 LE°0 6¢°0 6¢°0 620 1€°0 250 0 dxg
‘U 10} SNO ILV INId QUVANV1S
4504 S6 0 €0°0- 9¢ 0~ 66 v - G€ '8 €09 60 'S ¢S 8¢S L€ °0T 0 dxg
‘Y 10} SFOVHINVY
[4 54 G660 €00~ 9¢ '0- 66 ‘¥ - GE€ '8 €09 60 'S ¢1’s 8€ 'S L€ °0T 0 dxg
44 86 0 €0°0- G€ 0~ 18 V- ¢l 6 899 0L°S €L°S 60 9 96 0T e dxg
lLe¢ €60 ¢0°0- ¢ '0- ST G- 0 '8 LL°S 8 v 18V 1T°S 9¢ 01 [443 dxg
G0 ‘¢ G660 ¢0'0- ¢ '0- €9°G- v '8 9€ 9 v's €V ’S 19°S 0€ 1T Tce dxg
96T 66 0 ¢0'0- 0€ '0- 90 °'G- €0'8 809 60 'S 11°S v's Ly 0T oce dxg
€€ ¢ €T T 00 - 120~ vy 'S- € '8 109 68 v ¢6 v 6T 'S €9 01 6T€E dxg
19°¢ ¥6 0 €0°0- G¢ 0~ 8 v - G€ '8 v.°S 08 v €8 v 80 °S 266 LT1€ dxg
16 ¢ ¢0'T 00~ 9¢ 0~ T0°G- 15°8 90 '9 S0 'S 80 'S 0] §€ 0T 9T¢ dxg
cece 16 °0 00 - 1¢°0- €€ V- L0°8 89 €6 'V 16V 81 'S 1676 Vi€ dxg
90 ‘¢ €60 00 - G¢ '0- SL'v- 68 "L €8°G 06 v 6 v 0¢'S G6 '6 €1e dxg
€L'C 0.0 00~ ¥¢ 0~ 08 ¥ - 89 '8 §6 'S S¢S 6¢°S €579 €€ 0T (4% dxg
:c_ﬁxm_w__._< mcﬁmc_::r_< m:_:w;r_< mc::wmr_< msumof< _m:_f uuumo_::: ﬁEmg_E uu_:mms umumof _ 7

WS DT MY DT M¢



57

APPENDIX A

86 0 T0°T LT°0 0C¢ 0 G6°0 09T oT'T V1T €0°T 86 0 S9°0 0 dxg
SN 10} SNO ILV INSA QIVANVLS
6 'S - €e V- 650 vy 1 25 ¢t 06 '¢¢ 8 '8¢ LT €€ 8G ¢t ¥1 1€ 2981 0 dxg
N 10} SFOVHANY
66 G- €E V- 6S 0 eV 'T 19 °¢T 18 '¢¢ 08 '8¢ €1 ‘€€ GG '¢€ 11°T€ 09 '8T 0 g
LT°9- 99 ¥ - ¥ 0 vy T 80 °¢CT LT €C € "6¢ 00 'v¢ €5 '€¢ 60 ‘¢€ T0 '0¢C 06¢ dxg
€V 'G- 6V v - 6.°0 ¥S T €9 V1 €8 'v¢ 9¢ '0¢€ 9. 'v€ 96 ‘€€ €¥ ¢ 08 LT 68¢ dxg
99 '9- ¥1°G- cL 0 vy T 00 ‘€T 08 'T¢ 9% '8¢ 09 ‘€€ 88 '¢¢ vv 1€ ¥ 81 18¢ dxg
9G ‘G- 28 v - 8€ 0 GS'T ¢0 ¢t 6V "¢¢ G0 '8¢ 18 °C€ 6V '¢€ 76 '0€ €6 '8T 98¢ g
TL°€- e ¢ - €9°0 9v T 19°TT L2 °9¢ 86 '6¢C [A5r4 89 '1¢ €¢ '0¢€ 96 8T 8¢ dxg
6G '9- 9G '€ - IS0 19°T 18°'TT TL°T¢ 0€ '8¢ 98 'T€ GE 'TE . °6¢ €6 LT €8¢ dxg
¢€ '9- T¢ G- 88 0 19°T ¢v el T9 '€¢ €6 '6¢ 1 'GE G¢C 'v€ A €C 6T 28¢ g
79 '9- 99 ‘€ - LS °0 0€'T G9'TT 0 '¢¢ 99 '8¢ T€ '¢€ V. 'T€ v "0€ 6. 8T 18¢ g
127G~ v.°G- 8€°0 6V 'T 9T '¢T €€ 'T¢ 65 '9¢ €€ '¢¢ G6 ‘1€ G¥ '0€ 6¢ 8T 08¢ dxg
0 "L - 69 '€- 8350 26 °0 |ZArA) G, °T¢ 08 '8¢ 6v '€ 16 1€ 00 ‘1€ 9¢ ‘8T 6.¢ dxg
UOTIEXERIT\ v/ 7 BUIPEOIUNT v/ _ B 7 7 BUmssT v/ _ BUIpeoT] A 7 7 TN _ Papeojun’y 7 TN _ PaISI _ Papeoriy _ 7
€50 €0 700 900 Ly 0 8.0 LE°0 8¢ 0 9¢ 0 120 0SS0 0 g
‘Y 10} SNO ILV INIA QIVANVY1S
VA4 €¢'T ST '0- 8€ 0 - G8°'G- 88 °'TT v '6 8T '8 ¢e '8 1,.°8 9S8 'vT 0 g
‘Y 10} SFIOVHINV
Ly ¢ €C'T ST 0~ 8€ '0- G8 G- 88 'TT v 6 8T '8 cE '8 1.°8 9§ 'vT 0 g
v ¢ 12T TT°0- 9€ '0- 60 °G- 69 °TT €26 167, 80 '8 v '8 VS €T 06¢ dxg
96 'T 9T T 8T '0- 8¢ '0- 18°9- 16 0T G6 '8 6L°L 16°L GE '8 ¢c ST 68¢ g
16 ¢ Ww'T 8T '0- 8€ 0 - 1079~ [44r4) 256 90 '8 ¢ '8 19°8 69 VT 18¢ dxg
6€ ¢ A28 0T '0- ¢ 0- 9G°'G- 0 '¢1 996 ¢ '8 7€ '8 G, '8 1€ v1 98¢ dxg
LC'T G9°0 LT°0- v '0- 79 G- 1€ 0T €06 8€ '8 GG '8 96 '8 09 'vT 8¢ dxg
16 ¢ L0°T v1°0- Ly 0~ 00 '9- 81 '¢T LS 6 0S5 '8 79 '8 116 11 °'GT €8¢ dxg
v ¢ vE'T 0c '0- 6€ '0- 6L°G- Ly 'TT S0 '6 TL°L 16 'L 0€ '8 60 VT 28¢ g
€8¢ L0°T ST 0- 9€ '0- 25°G- 6C 'CT S¥ 6 8¢ '8 €58 06 '8 144" 18¢ dxg
258 ¢e 8°1 0T '0- ¢ 0- 16 °G- 0L°2T 6T 0T 8¢ '8 87 '8 68 '8 8 'vT 08¢ dxg
G0 '€ L0°T ST 0~ GZ '0- 0T '9- Sy ¢T v 6 7€ '8 67 '8 V.8 78 'vT 6.¢ g
uoneXeplyy mcﬁma_zzr_< mc_:m;_._Q mc:zmmrz mcﬁmon _mr_cr_ uwumo_::_._ «w\s_wn__r_ uw_:wmr_ _ uwumof _ 7

ac 0T /av PT /ac



APPENDIX B

58

APPENDI X B

RELAXATI ON EXPERI MENTS:



59

APPENDIX B

S0°0 L0°0 0Z¢'0 920 96 0 121 12T 0c'1T 9¢'1T 47 GE'0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
6T 0 ST°0 IT°1T 18°T 6€ 0T 18 'S¢ 29 °6¢ VAZ-T4 9¢€ 'v¢ 8% '¢¢ 60 °CT 0 dxg
SN 10} STFOVHINVY
6T 0 ST'0 ¢T'T /8T G€ 0T 9/ 'S¢ 96 'G¢ 472814 0€ 'v¢ €v '¢c 80 '¢CT 0 dxg
8T 0 0T 0 GE'T €517 6. °0T €6 'S¢ G/ 'S¢ §9 'G¢ 0€ 'v¢ Ll°2e 86 'TT 7S¢ dxg
0T 0 9T '0 €¢'T ve ¢ 67 0T 08 '9¢ 69 '9¢ €5 °9¢ 0€ 'S¢ 90 '€¢ 1S°¢CT €5¢€ dxg
T2°0 8¢ °0 ve'1 88T 98 'TT 9¥ "L¢ g¢'le 1692 €,.°9¢ G8 '€¢ 62 'CT [4°13 dxg
L2°0 1¢°0 96 0 €6°'T 79 6 €L Ve v 've G¢ 've 6¢C '€¢C 9€ '1¢ ¢L'TT 15€ dxg
20 6T °0 780 €517 0T 0T 6V 'S¢ S TANT4 90 'S¢ cc ve 69 ‘¢¢ 6G °CT 0s€ dxg
¥1°0 1070 S¢'1T 0917 6€ 6 29 've 87 'v¢ ¥ 've 9T '€¢ GG 'T¢ 9T '¢1T 67€ dxg
€20 110 LT°T 98T v 6 8¢ ‘¢ S0 ‘¢ 6 '€¢ L1122 16 '0¢C 67 'TT 8ve dxg
8T 0 070 1,70 T¢'¢ 8 11 LT °/2 66 '9¢ 26 '9¢ ST '9¢ €6 '€¢ 60 °CT LVE dxg
€2°0 ¢t 0 66 0 L0°¢C LETT 26 '9¢ 69 '9¢ 1G°9¢ 19792 16 °€C y1°¢T Ve dxg
¥1°0 9T 0 1€°T 68T €€ 6 89 ‘¢ S 've 6€ V¢ 80 '€¢ 6T '1¢ 98 'TT Sve dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
T0°0 200 900 L0°0 0€ 0 8¢ °0 620 620 €€°0 9€ 0 8€ 0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
G0 0~ ¥0°0- 6¢ '0- S0 - T0'9- 119 9T 9 0C 9 8% 9 c0°L ¥0 €T 0 dxg
Y 10} SFIOVHINVY
G0 0~ ¥0°0- 6¢ '0- S0 - T0'9- 119 9T 9 0C 9 8% 9 c0°L ¥0 €T 0 dxg
0 0 - ¢0°0- ¥€°0- v 0 - €279~ 079 2T 9 v1°9 8% 9 269 VT €T 1 dxg
200~ ¥0°0- 6¢ '0- 09 °0- 0L°G- 88 'S 06 'S 6 'S 2¢ 9 €879 €5 °¢CT €5¢€ dxg
00 - 90 0~ 8¢ '0- 8% '0- 129~ v,.°S 8.°G 8 'S ¢t 9 099 18 °¢CT [4°13 dxg
L0°0- 90 0 - 120~ T9°0- L0°9- L€°9 v 9 6V "9 9.9 LE°L vy €T 1S8€ dxg
90 '0- G0 0~ 2¢'0- v 0 - 959 G- 8T 9 ¥2'9 829 0S 9 76 '9 0S'¢T 0s€ dxg
00 - 2¢0°0- GE'0- TS50~ 79 °G- 0¥ "9 €V 9 Sv 9 08 9 1€°L G6 'CT 6V€ dxg
90 '0- €0°0- ¥€°0- 29°0- LT 9~ 67 "9 G5 9 859 269 €57, 0L°€T 8v€ dxg
0 0 - ¢0°0- LT°0- 960~ S¥ '9- 08°S ¥8°G 68 'S ¢0'9 8G9 €0°€ET LVE dxg
G0 0~ €0°0- €2°0- S0 - 1279~ G8°S 06 'S €6 'S 9T 9 0.9 16°¢CT Ve dxg
00 - 700 - L€°0- T9°0- G8°G- 8€ 9 v 9 9% 9 289 eV 'L 8¢ ‘€T Sve dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ papeoly 7 7

edX 08 = dd®  UZ DT MY DT M2



60

APPENDIX B

900 TT°0 S 0 6C 0 IT°T 8T 'T [ 8¢ T ov'T 6T 'T 9€ 0 0 g
SN 10} SNO ILV INSA AHVANVYLS
€10~ 700 - 0Cc'T 8¢ ¢ ¢80T 90 '9¢ 6T '9¢ €¢ '9¢ ¢0 'S¢ Gl '¢¢ €6 'TT 0 g
N 10 ) STOVHANY
€10~ €0°0- (44" 9¢ ¢ 8. 0T T0 '9¢ T '9¢ LT °9¢ G6 V¢ 69 '¢¢ 16 'TT 0 g
€10~ 80 0~ €S T €8T L€ 0T 89 'S¢ 18 'G¢ 68 'S¢ 9€ 'v¢ €G'¢¢ 9T '¢T 19€ g
ZT°0- T0'0- €0'T 8¢ ¢ 2811 90 "/¢ LT°L¢C 8T "L¢ GT '9¢ 18 °€¢C 90 '¢T 99¢€ dxg
ZT°0- L0°0- [0172M0] Sv ¢ 9¢ ¢l €6 '9¢ G0 'L¢ [AYAA €L °9¢ 8¢ 'v¢ 20 ¢t €9¢ dxg
L0°0- ¢0°0 TL°0 11°¢ 6€ 6 16 °€C 0 'v¢ 20 've 1€ °€c 0¢ '1¢ 18 °'TT 29¢ dxg
0T '0- 0T 0 0€'T 9T ¢ 96 '8 G9 'v¢ 9/, ‘v G9 'v¢ GE '€¢ 6T 'T¢C €¢ ¢l 19¢€ g
¢T 0~ T0°0 LT 9€ ¢ 69 ‘0T 6. °9¢ T6 '9¢ 06 '9¢ 6T 'S¢ €8 '¢¢ 41 09¢€ dxg
G0 '0- L0°0 9.°T v6 T 60 0T 8 'v¢ 68 V¢ €8 'v¢ 10 °€cC ¢T'T¢ €0°TT 6G€ dxg
1 °0- 9T '0- 66 0 88 ¢ ¢9'TT 8¢ 'L¢ ey le 6S "L¢C 09 '9¢ ¢l e 60 '¢T 8G¢€ dxg
¢ '0- T0°0 80T ov ‘¢ 08 'TT T.°'9¢ G6 '9¢ 76 '9¢ 98 'S¢ 91 "€¢ G9'TT LS€ g
0C¢ '0- G¢'0- vS T €e ¢ €C'11 0L °9¢ T6 '9¢ 9T "L¢ 19 'S¢ 8¢ '€¢ G0 '¢T 96¢€ dxg
_%!m_m:>< 7 BUIpEoung A v/ _ Bumamn v/ 7 Y _ BUIpEoT]p 7 7 N _ PaPEOIUNT 7 eMRAGA _ PamS _ DN _ 7 7
T0°0 ¢0'0 4 N0] 90 0 €V 0 8¢ °0 620 0€ 0 9€ 0 L€°0 [4720) 0 dxg
‘Y 10} SNO ILV INIA QIVANVY1S
€00 T00 6¢ '0- €9°0- 8¢ '9- G0 9 ¢0°'9 ¢0 9 €9 76 9 ¢C el 0 g
‘Y 10} SFIOVHINV
€0°0 T0°0 6C '0- €9°0- 8¢ '9- S0 9 ¢0'9 ¢0'9 €9 76 '9 ¢C el 0 dxg
€00 ¢0°'0 8€ '0- €59 °0- 96 'G - €19 0T 9 80 9 97 '9 66 '9 G6 'CT L9€ g
€00 000 €C°0- LS50~ 9% "9 - 28 'S 08 'S 6L°S 09 099 90 ‘€T 99¢€ g
€00 ¢0°0 60 0~ 65 '0- 19 '9- G8 'S 28 'S 18 'S 68 'S 67 9 0T ‘€T €9¢€ g
200 00 0- 0¢ 0- 19°0- 06 'G - 1S°9 G99 99 9 S.°9 eV L €EET 29¢ dxg
€0°0 €0°0- 9€ '0- 69 0- S¥ 'G- 6€ 9 9€ 9 6€ 9 .9 eV L 88 '¢CT T9¢€ g
€00 00 '0- o '0- G9 '0- L0°9- 88 'S G8 'S G8 'S GZ'9 06 '9 16 °CT 09€ g
T0°0 ¢0°0- 87 '0- €9°0- 289~ V€9 €€ 9 V€9 €89 9 'L 8¢ 'vT 6S€ g
€00 €00 T¢ 0~ ¢L 0~ 8€ '9- LL°S V.S TL°S ¢6 'S 799 ¢0 €T 8G¢€ g
S0 °0 00 0- ¢ 0- 29°0- 08 '9- 06 'S 8 'S 689 60 9 1,79 TS €T LG€ dxg
0 "0 S0°0 G€'0- 29°0- 1€ °9- 06 'S G8 'S 08°S ST 9 9,79 L0°ET 9G¢€ dxg
:_u_ﬁxm_m:r_q m:ﬁmn_:_._r_< m:_:mzcﬂ m:::mmr_< m:ﬁmofﬂ R:cr_ uwumo_::_._ 7 «@Ewn__r_ _ uw_zwmr_ _ uwumof _ 7

edX 09 = . d® UZ DT MY DT M2



61

APPENDIX B

G0 0 T¢ 0 0c 0 €20 ¥S°0 LS50 960 790 090 G9°0 ¥€ 0 0 g
SN 10} SNO ILV INSA AHVANVYLS
6T '0- LS50~ IT°1T 66 'T 70 'TT G6 'S¢ T '9¢ T.9¢ 09 'S¢ 19 '€¢ JARYAN 0 g
N 10 ) STOVHANY
6T '0- LS50~ IT°1T 00 ¢ €0'TT 6 'G¢ €T '9¢ 0L '9¢ 6G 'S¢ 09 '€¢ 9G ¢T 0 g
0c '0- G50~ 6C°'T ¢6'T vZ'T1 €8 'G¢ €0 '9¢ 6S '9¢ 6¢ 'S¢ 8€ '€¢ v1°'¢T 06€ g
0C '0- 9,70~ 80T 6T ¢ 26 0T 96 'S¢ 9T "'9¢ T6 '9¢ ¥8 'G¢ G9 '€¢ €L°¢CT 6.€ dxg
ZT°0- 6T 0- €T'T 00 ¢ 166 86 '¥¢ 0T 'S¢ 6¢ 'S¢ 9T 'v¢ 9T "¢¢ 6T CT 8¢ dxg
T¢°0- 8. °0- €T €L°T 99 'TT 6¢ '9¢ 0S '9¢ 8¢ 'L¢C 90 '9¢ ce 've 99 '¢T LLE dxg
¢1 0~ 65 0~ T 79T 16 'TT Ll °9¢ 68 '9¢ 8v 'L¢C L0 '9¢ €V ‘v ¢S ¢t 9.€ g
6T '0- ¢ 0- €T'T 18°1 ST'TT LT °9¢ 9€ '9¢ 6S '9¢ LYy 'S¢ G9 '€¢ 0§ ¢T SlE g
LT°0- S0 - T0°'T 9T ¢ 00°'TT 85 '9¢ G/ '9¢ 6¢C 'L¢C 8¢ '9¢ ¢t 've ¢TET cLE dxg
LT°0- 29 °0- 9T T €0 ¢ T0°'TT LT °9¢ € '9¢ 96 '9¢ 08 'S¢ LL°€C 9. °¢T T.E dxg
¢c 0~ 69 '0- .90 70 ¢ €5 0T 8¢ 'S¢ 0S 'S¢ 6T '9¢ 414 Ly '€¢ 76 '¢T 0L€ g
0€ '0- ¥/, °0- 96 '0 ov ¢ ¥0 1T 8% 'G¢ 8/ °G¢ 25 '9¢ LS °S¢ LT °€¢C €T °¢CT G9¢€ g
_%!m_m:>< 7 BUIpEoung A v/ _ Bumamn v/ 7 Y _ BUIpEoT]p 7 7 N _ PaPEOIUNT 7 eMRAGA _ PamS _ DN _ 7 7
T0°0 S0°0 S0°0 1070 8¢ 0 €10 €T 0 ST 0 ST°0 6T 0 ¥€'0 0 dxg
‘Y 10} SNO ILV INIA QIVANVY1S
700 €10 G¢'0- ¢S50~ 98 'G - 209 €09 06 'S ST 9 199 ¥§ ¢l 0 g
‘Y 10} SFIOVHINV
0 "0 €T 0 G¢'0- 2¢5°0- 98 'G - 2079 €09 06 'S ST 9 1979 ¥§ ¢l 0 g
G0 0 €10 0€ '0- 19 °0- vZ'9- 0T 9 G0 9 26 'S €29 v.'9 16 °CT 06€ g
S0 0 LT°0 vZ '0- 95 '0- TL°G- 209 ¢0 9 G8 'S 0T 9 99 9 L€ °CT 6.€ g
€00 S0 0 6¢ '0- 65 '0- 18 °'G- 0€ 9 L29 €29 ¢S 9 112 ¢6 ¢l 8.€ g
S0 °0 LT°0 120~ €V °0- 96 'G - 66 'S 6 'S L.°S 709 Ly 9 vy ¢t LLE dxg
€0°0 €T 0 T€'0- ¥ °0- v1°9- 88°G 98 'S €L°9 709 G¥ 9 85 °¢CT 9.€ g
700 S0 0 9¢ '0- Ly 0~ 76 G- ¢0'9 86 'S ¢6 'S 8T 9 99 9 6G '¢CT GLE g
700 ¢1 0 ¢c0- 75 °0- Ly G- 26 'S 68 'S LL°S 66 'S €599 00 ¢T cLE g
700 vT°0 9¢ '0- ¢S50~ ¢L G- 209 86 'S 8 'S 0T 9 299 14 rA T.E g
S0 °0 9T '0 9T '0- 75 °0- 9¥ 'G - €29 8T 9 109 LT°9 1,79 LT°¢CT 0.€ dxg
L0°0 LT°0 ¢c0- ¥9°0- 8T '9- 8T 9 19 6 'S 9T 9 089 86 ¢CT G9¢€ dxg
:_u_ﬁxm_m:r_q m:ﬁmn_:_._r_< m:_:mzcﬂ m:::mmr_< m:ﬁmofﬂ R:cr_ uwumo_::_._ 7 «@Ewn__r_ _ uw_zwmr_ _ uwumof _ 7

edd O = dd®  dZ DT MY DT M2



62

APPENDIX B

10 €V 0 IS0 7€ °'0 G8 0 7.0 L0 080 G8'0 160 €20 0 g
SN 10} SNO ILV INSA AIVANVYLS
85 '0- v1°¢C- 98 0 10 ¢ v Tl 1T 've 69 'v¢ €8 '9¢ 96 'S¢ G6 '€¢ €9 °¢T 0 g
I\ 10} SFOVHANY
LS50~ v1°¢C- /80 ¢0'¢ 6E 'TT 60 'v¢ 19 v 18 '9¢ 6 'S¢ ¢6 '€¢ €9 °¢T 0 g
v 0 - 80 °¢C- 96 0 GC ¢ 10 0T G¢ '€¢ 89 '€¢ L/l 'S¢ 08 'v¢ 9§ '¢¢ ¥§ ¢l 68€ g
87 '0- Sy '¢- 86 '0 0c ¢ ve 11 L0 °'¥e 96 'v¢ T0 L2 20 '9¢ €8 °€¢ 87 '¢T 88¢€ dxg
29°0- €5 °¢C- [0172N0] 76T 6T 'CT €L°€C G€ 've 18 °9¢ Lv "9¢ €59 V¢ €€ ¢l 18€ dxg
0S50~ e ¢ - €T 0 VT 00 '¢CT g9 '€¢ 9T 'v¢ 0S '9¢ 9€ '9¢ 06 ‘¢ 06 'CT 98¢ dxg
96 '0- ¢S ¢ [AN" 9¢ ¢ 91 '¢T 8T 'G¢ v/, 'S¢ 9¢ '8¢ v1°.¢C 88 'v¢ v ¢t G8E g
S.°0- 0T '¢- L0°0 v 'l vy ¢l 96 '€¢ ¢l ve 18 '9¢ Gl '9¢ €€ 'a¢ 88 '¢CT 8¢ g
TS50~ 90 ‘¢ - €T 18°1 L€ 0T ST '€c 99 '€¢ €.°6¢ 6V ‘¢ 89 '¢¢ 1€ ¢l €8¢ dxg
95 '0- GE'T- 09°1T 8T ¢ S0 °'TT G¢ 'qe 28 °6¢ LT °LC 1S °G¢ 6€ '€¢ ve '¢T 28¢€ dxg
G, °0- Sy 'T- 78 "0 Ge¢ ¢ €6 0T 9T 've 16 'v¢ G€ '9¢ 18 °6¢ 9¢ ‘€c €e ¢l 8¢ dxg
85 °0- 0§ ‘¢- 0e’'T ce ¢ v Tl €L v T€ 's¢ 08 /¢ TG '9¢ 6T 'v¢ LL°CT 08¢ g
_%_ﬁxm_m:>< 7 Buipeoluna v/ _ BunemA 7 Buimasin v _ Buipeor v/ 7 TN _ papeojun’} 7 TN _ papEsT _ PaPEO[yA _ [EITN 7
€00 0T 0 [40] 0T 0 ¥e¢'0 0c0 0C 0 LT°0 0c'0 .20 €20 0 dxg
‘4 10} SNO ILV INSA Q4VANV1S
ST 0 150 0c '0- 19 °0- 66 G- 59 8€ 9 /8 'S .09 8G9 1G°¢T 0 g
‘Y 10} SFIOVHINV
ST 0 16°0 0¢ '0- 16°0- 66 'G - 59 8¢9 1/8°G 1079 8G9 1G°¢CT 0 dxg
€10 7S50 ¢ '0- €9°0- LG°G- L9 G99 19 GE€'9 86 9 GG ¢l 68€ g
€10 850 2c'0- 96 '0- T0'9- 59 v 9 €8 'S S0 9 199 29 ¢l 88€ g
LT°0 T9°0 60 0~ Ly 0~ GE '9- 799 LV 9 98 'S G6 'S v 9 LL°CT 18€ g
v1°0 850 €0°0- GE€ '0- 68 'G- 99 '9 259 76 'S 169 c¢e9 Tc ¢t 98€ g
v1°0 G50 €C°0- €5 °0- 9€ '9- GZ 9 ¢1 9 LSS 08 'S €€ 9 69 ¢CT G8€E g
0Cc'0 050 ¢0°0- €€ °0- T0°9- 1S°9 LE°9 /8°G 68 °S 2c’9 ¢c ¢l 8¢ dxg
ST 0 €5°0 T€'0- 15 °0- G8°G- 089 G99 ¢t 9 €V 9 6 9 6. °¢CT €8¢ dxg
¥1°0 0€ 0 9€ '0- 1G°0- €0°9- Ve 9 0T 9 08°S 9T 9 €L°9 9,°¢T 28¢€ dxg
0c 0 S€ 0 0cC '0- 09 '0- 00 '9- 259 ¢e 9 86 'S LT°9 LL°9 LL°CT 18€ g
ST0 960 8¢ 0~ 1570~ 28 G- LE€°9 ¢c’9 99 'S 76 'S 159 ve€ '¢T 08€ g
:a_ﬁxm_w_r_ﬂ mcﬁma_::r_ﬂ m::_wz,_._ﬂ mc:zwmr_ﬂ mcﬁmofﬂ _m:cr_ umumc_c_f 7 Hm\s_mnc_.._ _ Um:ﬁ&.; _ umumof _ 7

edX 02 = dd®@ {2 DT MY 0T ™2



63

APPENDIX B

820 150 250 6€°0 79T 66 0 ZT'1 T 291 0S'T €5°0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
6€ T~ 8€ '€ - v.°0 l2¢ 06 1T 1T °€c 16 've 68 °L¢C ST "L¢ 88 ‘¢ 16°CT 0 dxg
SN 10} STFOVHINVY
6€ T~ 9€ '€ - 9.°0 lLe'¢ 8 11 80 ‘€¢ 9¥ 've 28 7L¢e 90 "L¢ 6L 'v¢ G6 'CT 0 dxg
8¢ 'T- 9,°¢- GE'0 T¢'¢ €L°ET v, °€c 414 88 '8¢ €9 '8¢ 2€ '9¢ 6S 'CT V18 dxg
98 'T- 90 ‘€ - ¥¥ 0 92 ¢ 98 '0T 8L °¢¢ V€ 've ov "2 96 '9¢ 0L 've 78 €T €19 dxg
€V 'T- 09 ‘€- 18 °0 ve ¢ €86 79 '1¢ 80 '€¢ 89 '9¢ 98 '9¢ 29 °'€ec 6L €T 218 dxg
18T~ GG '¢C- S¢'T 85T .01 16 °'T¢C 81 '€¢ €0 '9¢ 6L v 1¢°€c Ly CT T1S dxg
v 'T- v e ve'T 6V ¢ S0°'TT G0 ‘€¢ LV 've 88 /¢ G99 '9¢ G0 ‘e TO €T 0TS dxg
0C'T- 8¥ ¢ - 6C°'T l2¢ S8 6 8G '¢¢ 8. '€c G2 '9¢ 96 ‘¥¢ 69 '¢¢ 78 '¢CT 6059 dxg
v0°'T- 88 '€ - 710 9T ¢ 69 ‘€T G¥ '€¢ 8¥ 'v¢ 9€ '8¢ ¢ '8¢ 90 '9¢ L€°CT 805 dxg
Y1 °T- 19°€- 8€ 0 0L°¢ T0°¢CT €6 '¢¢ 10 '¥e Gl°l¢C VASRAA 19 °'v¢ g9 °¢T 108§ dxg
T¢°T- €L°€- L0°0 98T 8G €T 86 '€¢ 8T 'S¢ T6 '8¢ 8 '8¢ 86 '9¢ oV €T 90§ dxg
0 ¢ - 89 '€ - 1€°T 16°¢C 89 ‘€T 20 'S¢ L0°.2 S/ '0€ ¥ "6¢ L¥'9¢ 6L°CT S0S dxg
CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
L0°0 0T 0 2T '0 600 790 62 0 820 820 S€°0 8€ 0 87 0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
6€°0 8.°0 9T '0- €5°0- 08 'S - 2879 v 9 99 'S 28°S GE 9 9T '¢T 0 dxg
Y 10} SFIOVHINVY
6€°0 8.°0 9T '0- €5°0- 08 'S - 2879 v 9 99 'S 28°S GE 9 9T '¢T 0 dxg
9€ 0 280 L0°0- 9% 0 - €579~ €979 1279 o -] [AIe] 86 'S 16 °¢T V18 dxg
vy 0 2L 0 60 °0- €5°0- T0'G- 16 9 v '9 S.°S 78 'S 8€ 9 8¢ 'TT €19 dxg
S¥ 0 260 6T '0- 85 °0- SLv- 8¢ L 289 06 'S 60 9 1979 v 1T A5 dxg
9 "0 990 0€ '0- €V '0- G8°G- L1171 1.9 S0 9 GE€ 9 6.9 €9 °¢T 118 dxg
6€°0 6.°0 8¢ '0- T9°0- 959 G- €879 v 9 S9°S €6 'S G5 9 1121 0TS dxg
SE€'0 290 T€°0- €9°0- 2€ G- 169 299 009 T€9 76 '9 92 '¢1 608 dxg
820 880 €0°0- 9% 0 - 69 '9- 2L 9 €V 9 oo il 89 'S 709 €L°¢CT 805 dxg
€€°0 /80 80 °0- €9°0- 90 '9- /1879 759 89 G S.°S 8€ 9 Sy '¢T L0S dxg
T€°0 78°0 T0°0- 8€ '0- 26 °G- 1S9 G¢ 9 o) -] v 'S 78 'S SL°TT 90§ dxg
8% 0 0L°0 €2°0- 09 °0- LE€°9- 62 9 28°'S Zr's S€ 'S G6 'S ce ¢t S0S dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ papeoly 7 7

edd 0T = dd®  dZ DT MY DT M2



64

APPENDIX B

8.°0 750 0C¢'0 2e’0 LS°T T 90 ‘¢ 8€ ¢ 6C ¢ c0'¢ G6 0 0 dxg
A 101 SNO ILV INSA QUVANV1S
88 'G- 68 ¥ - €T'T 0 ¢ €.°0T GT 'ST €0 °'T¢C T6 'S¢ 6L 'v¢C Gl '¢e 20°¢tT 0 dxg
I\ 10 ) SOVHANY
18 °G- 18 V- ZT'T T0°¢C 79 0T 70 ST ¥8 '0¢ TL°S¢C 69 'v¢ 6S '¢¢ S6°TT 0 dxg
G8°G- 6€ °G - 2’1 90 ¢ LYV 'TT 29 °ST Ly 12 98 '9¢ 9 'G¢ 8G '€¢ 1121 T€C dxg
1 °9- 18°G- 7T 99 ‘¢ v €T Ly LT 19 '€¢C 8% '6¢ 10 8¢ v 'S¢ 00°¢CT (01574 dxg
9¥ '9- ¢S V- €T T 00 ¢ 6L°TT G6 9T v '€c V6 "LC 08 "9¢ 18 ‘¢ TO €T 6¢2¢ dxg
29°6G- 6C V- .0°T SL°T 8¢ '8 v vl S0 '0¢ €€ Ve 9¢ '€¢ 25 °'1¢ V2 €T 8¢¢ dxg
90 'L~ 9L v - 0T S¢ ¢ 85 'TT Ly 9T €5 '€C 6¢ '8¢ €c¢le 86 ‘¢ ov ‘€T lec dxg
0S5 '9- 6€ 'S - 86 0 9¢ ¢ L9°TT €L V1 €¢'1¢ 29 '9¢ 9 'G¢ 8€ '€¢ ¢L 1T 9¢e dxg
16 V- 9T v - .0°T 8.1 T€'6 18 €T ¢. 8T 88 '¢¢ 18 'T¢C €0 '0¢ ¢L 0T T4 dxg
v v- 18 v - 680 0S'T 88 '8 9T ‘€1 VARVA) 80 '¢¢ 6T 'TC 69 ‘6T 18 '0T vee dxg
9 °G - 16 V- €60 A4 0T 0T vy i 80 '0¢ G0 'S¢ 444 86 '1¢ 88 'TT €ee dxg
ST '9- 66 v - 8v T 66T €80T S vl 19 '0¢ 09 'S¢ ¢1 've €T '¢¢ 1€°'TT 18T dxg
_#_.mxm_m:\/Q 7 m:_nmo_::h>< _ w:_:m\f\/Q 7 9::&2)4 7 m:_umo:\/Q _ _m:_§> 7 uwumc_::u\/ 7 Hmz:wn_&\/ _ um_:mmg\/ 7 vmumo:\/ _ _m:_::\/ _
620 2¢¢ 0 S0 °0 S0°0 S.°0 96 0 9.0 85 °0 T9°0 €9°0 v0'T 0 dxg
‘Y 10} SNO ILV INSA QYVANV1S
26 ¢ ev'T 8¢ '0- LG50~ T¢'9- Lv 0T 96 'L ¢t 9 ov "9 1679 8T ‘€T 0 dxg
‘Y 10} SPOVHINY
26 °¢C €V'T 8¢ '0- LS50~ T2 '9- L¥ 0T 9% 'L 2T 9 0¥ 9 1679 8T ‘€T 0 dxg
v, '¢ VT 8¢ '0- S0 - €€°9- 80 0T Ve 'L 98 'S ¥1°9 899 TO'ET TEC dxg
e ¢ €e'T 1270~ 6G °0- €6 °9- T0°6 1979 ve 'S T9°S 0C¢ 9 €T 'ET (01544 dxg
1S9°¢C 60T ¥2'0- LV 0~ G.°G- 6C 6 €L°9 9 'S 889 GE 9 0T '¢T 6¢2¢ dxg
90 '€ 8T 0€ 0~ S5 °0- 8G9 ¥ - 26 0T 98 'L ¥ 9 1279 ce L 06 ‘1T 8¢¢ dxg
18°¢C €T'T 2¢'0- 25 °0- S¥ 'G- 95’6 69 9 1S°S 8.°9 0€ 9 SL°TT lec dxg
8¢ '€ 0S°'T €2°0- 65 °0- TL°9- 69 0T v L 16 'S ¥1°9 €L°9 vy €T 9¢¢ dxg
66 ¢ €9°'T ¥€'0- 9 °0- €87°9- aan v '8 889 cc L 98 'L 69 VT 144 dxg
T0°€ €8T 0€ '0- 1S°0- LS9~ 16 1T 96 '8 €T L eV L 00 '8 1S VT vee dxg
90 '€ SS9 °'T ¥¢'0- 9 0 - 60 '9- 06 0T ¥8 L 629 €979 YA YA 9¢ ‘€T €ee dxg
Ge¢'¢e 67T 8€ '0- 6G°0- 18 °9- 06 ‘0T ¥9 L ST 9 €979 ¢t L €6 ‘€T 18T dxg
vonrxeRI Bupeo Buam )y Bumesyy Bupeol Uy popeouny 7 Tomady 7 paiasyy _ popeoly 7 7

edd ¢ = 0d® dZ DT MY DT Me



65

APPENDIX B

L0°0 T0°0 200 6T 0 8€'T €8°1T G8°'T S8'1T S8'T €8°T 89 °0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
800 €0°0 L0°0 €9°17 €9 V1T 98 ‘1€ 6. °T€ 9/, °'T€ 69 'T€ 90 ‘0€ €V 'ST 0 dxg
SN 10} STFOVHINVY
800 €0°0 L0°0 €917 98 vT LL°1€ 69 ‘1€ 99 'T€ 65 'T€ 96 '6¢ oV 'ST 0 dxg
700 700 L0°0 9.1 60 9T 80 '€ 0 'v€ 00 'v€ €6 ‘€€ JARNAS 80 9T 26v dxg
T0°0- 000 S0°0 28T 7€ ‘ST L0 °€€E 80 ‘€€ L0 €€ 20 ‘€€ 12 °'1¢€ 18 °ST 16V dxg
L0°0 200 L0°0 V1 9, °ST 9% '¢¢€ 6€ 'C€ 9€ '¢¢ o€ ‘¢¢ 90 ‘1€ 0€ 'ST 06¥ dxg
800 700 L0°0 98T €€ 9T 8T ‘€€ 0T ‘€€ 90 ‘€€ 66 C€ €1 '1¢ 08 'ST 68V dx3a
c0°0 700 S0 °0 8.1 €L°CT 1T '0€ 0T ‘0€ 90 '0€ TO '0€ €¢ '8¢ 0S 'ST 88Y dxg
60 0 €0°0 600 SS'T 2591 69 ‘€ 19 'v€ 1S 'vE 8¥ 'v€ 6 '¢€ v 9T 18Y dx3
800 €0°0 900 67T [AI 4 L2 0¢€ 8T '0¢ ST '0€ 0T ‘0¢ 09 '8¢ 60 VT 98¥ dxg
0c'0 ¢0°0 600 09T TL'€ET T.°0€ 16 '0€ 6% '0€ 0¥ "0¢ 08 '8¢ 60 'ST 1214 dxg
T0°0 ¢0'0 L0°0 VT Sv €T Ll °6¢ S/ '6¢C €62 99 '6¢ 6T '8¢ V. vT 1414 dxg
6T 0 200 2T '0 VLT S8 °¢T 0€ '0¢ Z¢T o€ 60 '0€ 86 '6¢C 2 '8¢ 6€ ST €8¥ dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
T0°0 000 00°0 700 T€'0 8¢ °0 620 620 62 °0 2e’0 9% '0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
T0°0- 00 °0- T0°0- 1270~ 16 V- 96 v 16V 16V 66 ¥ 9¢ 'S €2 °0T 0 dxg
Y 10} SFIOVHINVY
T0°0- 00 °0- T0°0- 1270~ 16 V- 96 v 16V 16V 66 ¥ 9¢ 'S €2 °0T 0 dxg
T0°0- T0°0- T0°0- G2 '0- 06 v - 229y €9 'Y €9 Y 9 v 06 ‘v 6.°6 26V dxg
00°0 00 °0- T0°0- 82 '0- 88 ¥ - 9L ¥ 9L ¥ 9L ¥ LLY G0 'S €66 16V dxg
T0°0- 00 °0- T0°0- 6T 0- 22'S- G8 ¥ 98 ¥ /8% 88 ¥ L0°S 6¢ 0T 06¥ dxg
T0°0- T0°0- T0°0- 6¢ '0- 16 V- SL'Y 9L v 9L v LLY 90 'S 166 681 dxg
00 °0- T0°0- T0°0- €€°0- 85 V- €2°S €2°S vZ 'S S¢S 85 'S 9T ‘0T 88¥ dxg
T0°0- 00 °0- T0°0- T2 °0- 18 ¥ - 1404 SS v SS v VAT 4 8LV 65 6 18V dxg
T0°0- 00 °0- T0°0- L2°0- 19°G- 0C 'S 22¢’S 22¢’s €29 18°S 8T 1T 98Y dxg
€0°0- 00 °0- T0°0- 6¢ '0- 16 V- €T°S 9T 'S LT1°S 8T 'S Ly 'S vy 0T S8Y dxg
00 °0- 00 °0- T0°0- 8¢ '0- 0T 'S - 6C 'S 62 'S 0€ 'S T€'S 6S°S 89 0T 1414 dxg
€0°0- 00 °0- 200~ 2e0- S9 ¥ - 0C 'S €2°S €2°S G2 'S 8G 'S €2°0T £8¥ dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ popeol 7 ey 7

edX 08 = dd® MZ DT MY DT MZ



66

APPENDIX B

S0°0 9T '0 L0°0 12°0 12T €5 °T 18T €517 SS'T 71 0S°0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
L0°0- ¥1°0- €10 9.1 SE VT ¥8 "0€ 26 '0€ G0 'T€ 26 '0€ LT °6¢C 18 VT 0 dxg
SN 10} STFOVHINVY
L0°0- ¥T°0- €10 SL°T € V1 8. °0¢€ G8 '0€ 66 '0€ 98 '0¢€ 1T '6¢ 08 '¥T 0 dxg
90 '0- ¥ 0- 2T '0 VLT 92 ‘ST ¢L 1€ LL°T€ TC '¢€ 60 'C€ 9€ '0€ 0T 'ST 87 dxg
80 '0- TI1°0- S0°0 €8T 8T 'ST 00 ‘¢€ 80 '¢€ 6T 'C€ 1 °¢¢ 1€ '0€ €T °GT 8% dxg
TT°0- 6¢ 0- TIT°0 0L'T 8€ €T 08 '8¢ 16 '8¢ 6T '6¢C 80 '6¢ 6€ "L¢C 10 '¥T (01214 dxg
S0 0~ 60 0 - ST°0 ¢ ¢ o€ L1 60 ‘€ vT 'v€ €¢ Ve 80 'v€ 8 'T€ GG VT 6LV dxg
€0°0- €0°0 L0°0 08'T 60 VT 0 1€ L0°T€ 0 "1€ 86 '0€ 8T '6¢ 60 'ST 8.V dxg
€0°0- €0°0- 0T '0 2s 1T €8 €T €9 '6¢ 99 '6¢ 69 ‘62 85 '6¢C 90 '8¢ €C vl LYy dxg
80 0- €€ °0- L0°0 99T TE VT 1¢°'1¢ 6¢C ‘1€ 29 1€ G5 'TE 68 '6¢C 8G 'GT 9.V dxg
90 '0- G0 0~ ¥1°0 I 'T L8 €T 1 0€ 0¢ ‘o€ G¢ '0¢€ ¢T '0€ G9 '8¢ 6L VT VA4 dxg
€0°0- ¥0°0- ¥2'0 8.1 TO'€T ¢¢ '0g 9¢ '0€ 6¢C '0€ S0 '0€ 12 '8¢ 9¢ 'ST vl dxg
0 '0- 2¢0°0- TAN0] €8T 0€ €T 8G '6¢ 8. '6¢ 08 '6¢ S5 '6¢C ¢l e v vT €LY dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
T0°0 €0°0 T0°0 €0°0 €€°0 G20 ¥2'0 20 S TAN1] 920 9€ 0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
T0°0 c¢0°0 200~ T€'0- €2°6- ¢T’s 0T 'S 80 'S 0T 'S 'S ¥9 0T 0 dxg
Y 10} SFIOVHINVY
T0°0 c¢0°0 200~ T€'0- €2°6- ¢T’s 0T 'S 80 'S 0T 'S 'S ¥9 0T 0 dxg
T0°0 L0°0 200~ 8¢ '0- ¥Z 'S - 96 v 96 ‘¥ 68 'V 16 ¥ 6T°S €V 0T 14214 dxg
T0°0 200 T0°0- 0€ '0- T2°G- 26 v 16 'V 68 'V 06 v 02 'S ¥ 0T 8% dxg
200 S0°0 200~ €0~ 67 G- L¥°S S¥ 'S 6€ 'S v s GL'S vZ 11 (01214 dxg
T0°0 T0°0 ¢0°0- €€°0- 88 G- a9y 19°'v 09 ¥ (A4 G6 'V €8 0T 6LV dxg
T0°0 00 °0- T0°0- T€'0- 0 °G - L0°S L0°S L0°S 80 'S 0¥ 'S ¥¥ 0T 8.V dxg
00°0 T0°0 200~ 6¢ '0- 9¥ "G - 1€°S T€°S 0€ 'S fA5-] 19°S L0°TT Ll dxg
T0°0 S0°0 T0°0- 82 '0- 8 v - G0 'S €0°S 86 'V 66 ¥ 12°S 1T 0T 9.V dxg
T0°0 T0°0 ¢0°0- 1270~ ST 'G- ¢c’s 1¢°S 1¢°S €¢°S 0SS G9 0T Sly dxg
T0°0 T0°0 ¥0°0- €€°0- SL V- 1¢°S 0C'S 0C's ¢ 'S 1S°S ce 0T vl dxg
700 000 700~ GE'0- vZ°G- ¢e’S 62 'S 8¢ 'S €€ 9 89°G 26 0T [9VA4 dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay pomRsy _ popeol 7 ey 7
ed¥ 09 = dd® MZ DT MV DT MZ



67

APPENDIX B

0T 0 LT°0 900 920 €917 99T S9°T 91T 91T 19°T 79 °0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
€2°0- €5°0- ¥1°0 LT 9¢ v1 8¢ '0¢€ 0S '0€ €0 °'T€ 06 "0¢ 8T '6¢ 26 VT 0 dxg
SN 10} STFOVHINVY
€¢°0- €5°0- €10 €L'T 6T VT 6T '0€ [A72N01 G6 '0€ 28 '0€ 60 '6¢ 06 T 0 dxg
0 '0- €€ °0- 80°0 86T T6 ‘€T 0S '0€ 0. '0€ €0 'TE S6 '0€ 86 '8¢ L0°ST €6V dxg
€ 0- 19°0- LT°0 SE'T 0S ‘€T 25 '0€ 98 '0€ S 1€ LE'TE 20 '0¢€ 25 9T Ly dxg
2 0- 0¥ 0- L0°0 8T 08 1T T4 6V "L¢C 68 "L¢C 28 7.¢ 66 'S¢ 6T VT 1A% dxg
1270~ 1570~ 6T 0 26T 80 LT GG ¢ 18 '¢€ 6€ ‘€€ 0c¢ ‘ee 8¢ '1¢€ T¢'v1 (0FA4 dxg
9T '0- T9°0- L0°0 98T ¢¢ el €0 '6¢ 6T '6¢C 08 '6¢ €. °6¢C 18°/¢ S9 VT 69V dxg
ST 0- 6% 0 - 800 281 L2ET v '6¢ 1S 62 90 ‘0¢ 86 '6¢C 9T '8¢ 06 T 89% dxg
8€ '0- €L°0- ST'0 281 60 ¥T 10 '0¢€ 0¥ '0¢€ €T 'T¢ 86 '0€ GT '6¢ L0 °ST 99¥ dxg
6C 0~ G9°0- 0C¢'0 I 'T ¢9°¢el 0¢ "‘6¢ 8% '6¢ 1 '0€ €6 '6¢C L¥ '8¢ S8 VT S9v dxg
9T '0- 99 '0- ¢t 0 12T 0§ 91 86 ‘1€ €T '¢¢ 6. °¢C€ 89 '¢¢€ ov '1€ 06 VT 1414 dxg
80 '0- 0¢ 0- ¥2'0 /8°T LS °ST 0€ ‘¢¢ 8€ '¢¢€ 1S °¢C€ €€ '¢¢ 9% '0€ 68 VT €9¥ dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
200 €0°0 T0°0 900 S¥ 0 62 0 820 820 L2°0 2e’0 €V 0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
00 600 200~ 0€ '0- 9T ‘G- ¢e’s 8T 'S 60 'S TT°S 'S 1S °0T 0 dxg
Y 10} SFIOVHINVY
00 600 200~ 0€ '0- 9T ‘G- ¢e’s 8T 'S 60 'S TT°S 'S 1S °0T 0 dxg
€0°0 S0°0 T0°0- GE€'0- ¢0°G- 9T 'S €T°S L0°S 60 'S Yv 'S S¥ 0T €6V dxg
900 TIT°0 €0°0- €2°0- 62 V- 9T 'S 0T 'S 66 ¥ 20°'S G2Z'S €576 Ly dxg
S0°0 800 T0°0- 0¥ '0- 70 °G- 8.°S €L°S G9°S 99 'S 90 9 0T ‘1T 1A% dxg
00 800 €0°0- 6¢ '0- S0 '9- 8 v 08 ‘¥ Ly VL'V €09 60 'TT oLy dxg
€0°0 TIT°0 T0°0- GE€'0- 0T 'S - v s 6€°S 82 'S 0€ 'S G9 'S S, 0T 69¥ dxg
€0°0 600 T0°0- € 0- 86 'V - GE'S €€'S vZ 'S S¢S 65 'S 1S °0T 89¥ dxg
L0°0 ¢t 0 €0°0- 2€0- S0 °G- G2Z'S 8T 'S 90 'S 80 'S 0¥ 'S S¥ 0T 99¥ dxg
S0 °0 4 0] ¥0°0- 1270~ L0°G- 6€°S Y€ 'S €2¢°S 9¢ 'S €59 09 '0T S9v dxg
20’0 0T 0 200~ 0C¢ '0- GG G- 26 v 06 ‘¥ 08 ¥ a8 v 10°S 1S °0T 1414 dxg
T0°0 €0°0 700~ 0€ 0~ 7 'S- 88 ¥ 98 ‘¥ €8 ¥ 18°¥ LT°S 85 0T £9¥ dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay pomRsy _ popeol 7 ey 7
edY OF = dd® MZ DT MY DT MZ



68

1

9

29
99
€6
L0
9T
€9
LL
TS
€9
514
S9

CrdddddaN -«

T

66 '8¢

6€°'T 8T 'T 98 0 0 dx3g
I\ 104 SNO ILV INIA QYVANVLS
G8 '8¢ T¢'Lc SC V1 0 dx3g

I\ 10} SFOVHINY

6. 82 1112 0z ‘¥T 0 dxg
¥9 '82 80 /2 66 €T L9y dx3
8z ‘1€ v ‘62 60 ‘ST zZ9r dx3
02 '82 €192 S0 €T 9y  dx3
€9 '6¢ 112 vy vT 09t dxg
8T ‘82 S5 92 0€ ‘ST 6sy  dxa
9T ‘82 6€ 92 85 ‘€T gsy  dx3a
TL°62 02 ‘82 T2 €T L5y A
6. 82 9T /2 G9 €T 9sy  dxa
28 62 1€°82 80 ‘ST gsy  dx3a
1092 414 0T ‘ST sy daa

_co_ﬁxm_wh_~>< m:_umo_::.h><

DUy

TN _

cooococococoocoo
coocococococoocoo

80"

€e”’

€e”’

ST

© 16 10 16 © O 16 16 16 © 1
© 16 1016 16 16 16 16 16 16 10

JAAN)

4]

©
rst
© 101010161010 10 16 16 10

um_zmﬂ> Euao:>
12°0 S2°0 19°0 0 dxg
Y 10} SNO ILV IA3A QAVANVYLS
v'S 08°§ 60 'TT 0 dxg
Y 10} STOVHINVY
v'S 08°§ 60 'TT 0 dxg
0S 'S 18°G 92 1T 19v dxg
€0°S 1€°G €Y 0T 297 dxg
85 'S €0°9 10°2T 9% dxg
4] €L°G 16 ‘0T 09t dxg
65 'S €6°G 62 0T 657 dxg
65 'S 16°G 09 'TT 85Y dxg
0€ 'S 85 G 26 1T 1SV dxg
v 'S 08 'S S TT 9SG dxg
82°S GG 'S v¥ 0T SSY dxg
%09 6T 9 €% 0T 414 dxg

R 7 omiaaly

peiesyy _ papeoly 7

APPENDIX B

edX 0¢

= 0d® MZDOTMYOTMZ



69

AdddN A A A Ao

ST ¢

0e”

_co_ﬁxm_wh_~>< m:_umo_::.h><

TN _

Ccooocoocooocoo
coocococococoocoo
© G © OGS NG ©
© GG GGG OSSO

8¢ 0

ov 'S

o
rss
DWW W0LW IS LW

popeojunyy 7

omiaaly

vT 2 26T 96 '0 0 dxg
S\ 10} SNO ILV IASA QUVANVLS
6T 62 67 L2 9 T 0 dxg
SN 10} SOVHINY
90 '6¢ 8¢€ "¢ oV '¥T 0 dx3
9/ 82 §6 92 €L €T 125 dxg
8y ‘1€ 6T '0¢ 69 V1 925 dxg
02 '92 08 '¥2 9z V1 ¥2S dxg
G€ '8¢ €5 '9¢ GE ‘9T €25 dxg
16 '82 ¥0 .2 v, ST 125 dxg
€5 €€ S/ 0€ T vT 6TS dxg
vT L2 1S °S2 86 2T 8TS dxg
¥8 62 o ‘82 ve vl LTS dxg
¥0 '82 €€ 92 80 ¥T 91§ dxg
S0 "0€ 9¢ ‘82 8c V1 STS dxg
um_:mmu\/ umueo:\/ h\/
80 60 0.0 0 dxg
Y 10} SNO ILV IA3A QAVANVYLS
Zr S G.°S €6 0T 0 dxg
Y 10} STOVHINVY
Zr S G.°S €6 0T 0 dxg
8 °g ¥8°S v 1T 125 dxg
00°S 22°S 2. 0T 925 dxg
10°9 Ge 9 ¥0'TT ¥2S dxg
S5 °S ¥6 'S €96 €S dxg
2SS 28°S 00 0T 125 dxg
0LV TS 9T ‘1T 6TS dxg
08 'S 9T '9 €121 81§ dxg
82°S ¥S 'S 90 'TT P dxg
29°S 86 'S 8T 'TT 91§ dxg
¥Z 'S G5 'S S6 0T STS dxg
Ponsy _ popeol 7 7

APPENDIX B

ed) 0T

= 0d® MZDOTMYOTMZ



70

APPENDIX B

260 0L°0 900 LT°0 6T'T 280 9¢'T 19°T 91T 19°1T 9.°0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
G€ L~ 08 v - 0C¢'0 6V T Y1 v1 68 ‘81 2 '9¢ G0 'T€ 98 '0€ 9€ "6¢ 22 'ST 0 dxg
SN 10} STFOVHINVY
€€ L~ LLY- 6T 0 6V °'T 60 VT 98 ‘81 6T '9¢ 96 '0€ L, °0€ 8¢ '6¢ 6T 'ST 0 dxg
T€'9- 0 ¥ - 9T '0 65T TIS°'TT YXAVA) 85 '€¢ €9°/¢ VA AWAA 88 'S¢ LE VT Tve dxg
68 "L~ €0°G- ST'°0 €517 8% ST 6S 6T 8v 'L¢ TG '¢€ 9€ '¢¢ €8 '0€ GE€ ‘ST 449 dxg
209~ 9€ ¥ - 0T 0 12T L8 €T ¢L 81 S.'ve TT ‘62 00 '6¢ 6L°.¢C 16 ‘€T TZe dxg
€V '9- 16 v - ST°0 69°T L0°VT 19 61 ¥0 '9¢ 96 '0€ 78 '0€ ¢T'6¢ 70 'ST oce dxg
eV L~ 26 °G - €2°0 99T [A<<* 88 ‘81 T€ '9¢ ccce 66 'T€ €€ '0¢€ 28 VT 6TE dxg
€8 8- ¢1°G- 8T 0 291 1 °GT 98 ‘81 69 /¢ 18 ‘¢¢ €9 '¢¢ 10 °1¢€ 18 °ST AR dxg
99 'L - LT°G- 2¢'0 0S'T L2°vT L€ 8T €0 '9¢ 0C '1€g 86 '0€ 8% '6¢ T2 °'ST 9T¢ dxg
eV L~ 86 V7 - 9¢ 0 12T 78 €1 ¢S 6T G6 '9¢ €6 'T€ 19 °T€ 0¥ 0€ 9G 9T vi¢e dxg
0L - ¢1°G- 8¢ °0 14 6V vT 1661 T0 /¢ €T '¢¢ 98 'T€ 1€ '0€ €8 °GT €Te dxg
S¥ '8- 6€ '€ - 2¢'0 0€'T T¢'€T GT 8T 09 '9¢ 86 '6¢C 9,62 9% '8¢ ¥2¢ ST A% dxg
CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/ h\/
920 T11°0 T0°0 700 LE0 L€°0 0€'0 620 62 °0 T€°0 250 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
Ve ¢ €6°0 €0°0- 9¢ '0- 66 V- GE '8 109 60 'S 4 -] 8€ 'S L€ °0T 0 dxg
Y 10} SFIOVHINVY
Ve ¢ €6°0 €0°0- 9¢ '0- 66 V- GE '8 109 60 'S 4 -] 8€ 'S L€ °0T 0 dxg
vy ¢ 86 0 €0°0- GE€'0- 18 V- ¢T1’6 899 0L°S €L°9 60 9 96 ‘0T ve dxg
T€¢C 680 200~ ¥Z0- ST G- 70 '8 €L°S 8 v 18 ¥ 1T°S 92 '0T 449 dxg
S0 ¢ S6°0 200~ ¥Z'0- G9 'G- 7 '8 9€ 9 7 'S €v 'S 19°S ceTT Tce dxg
86T 96 '0 ¢0°0- 0€ '0- 90 'G- €0°8 G0 9 60 'S T1°S v 'S Ly 0T oce dxg
9€ ¢ 0T '1T ¥0°0- L2°0- vy G- 7€ '8 66 'S 68 'V 26 v 6T 'S €9 °0T 6TE dxg
99 ¢ 680 €0°0- G2 '0- 8 v - GE '8 69 'S 08 ¥ €8V 80°S 266 LT€ dxg
25 ¢ 00T ¥0°0- 92 '0- T0'G- 1S°8 S0 9 S0°S 80 'S ¥€'S GE 0T 9T€ dxg
cee 760 ¥0°0- T¢'0- €€ V- .0°8 ¥8°G €6 v L6V 8T 'S 156 V1€ dxg
90 ¢ €6°0 ¥0°0- G2 '0- SL V- 68 "L €8°G 06 ¥ 76 v 0C¢'S G6 6 €Te dxg
SL°¢C 19°0 700~ ¥Z'0- 08 v - 89 '8 26 °S G2 'S 6¢ 'S €9°S €€ 0T A% dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ papeoly 7 7

Bdd 2 = 9d® MZDT MY DT MS



71

APPENDIX B

60 0 200 0T 0 TIT°0 9T 'T 2L 0 €.°0 .0 0L°0 G9°0 9.°0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
jTAN0] G0 0 GE'0 LS°T 88 'TT € €€ 60 ‘€€ G0 ‘€€ 69 '¢€ ¢t 1€ GC 6T 0 dxg
SN 10} STFOVHINVY
e TAN0] G0 0 GE'0 LS°T 68°'TT €€ ‘e 80 ‘€€ €0 ‘€€ 89 '¢¢ 11 1€ ¢¢ 61 0 dxg
0€ 0 S0 0 T€°0 T [AAs 98 ‘€€ 9G ‘€€ TG ‘€€ 0¢C ‘€€ 6L °1€ LV 6T 1%4%4 dxg
T2°0 700 920 T ¢ 01 €L°¢¢ 25 '¢e 8% '¢¢€ ¢cce 18 '0€ 1S5°0¢C (01474 dxg
T€'°0 L0°0 9€ 0 €L°T €6 'CT 88 ‘€€ LS €€ 0S ‘€€ 1 €€ v 1€ 87 8T 6TV dxg
L2°0 700 ¥€ 0 89T 09 ¢1 € €€ 80 ‘€€ €0 ‘€€ 69 '¢€ 11°T€ 156 '8T L1V dxg
€€°0 700 [0172M0] 2s'T 9% ‘0T ce ‘¢ 86 'T€ 6 ‘1€ S 1€ ¢0'0¢ 9SG 6T 9TV dxg
900 200 6T 0 291 08 1T 86 '¢€ 26 '¢¢€ 06 ‘¢€ TL¢¢ 60 ‘1€ 6C 6T STV dxg
8T 0 700 €V °0 99T 6L°TT €0 'vE 98 ‘€e Z¢8 '€ee 6€ ‘€€ €L°1¢€ 76 ‘6T viv dxg
620 T0°0 0S°0 €L°T 68 'CT 9¢ 'v€ 16 €€ 96 ‘€€ av €€ ¢L 1€ €8 8T €Ty dxg
€€°0 0T 0 620 2s'T 9¢€ '0T 1€ '¢¢ 86 'T€ 88 'T€ 09 ‘1€ 10 °0€ T.°6T 4474 dxg
0Z'0 900 S¥ 0 0S'T LEET 0L €€ 0S ‘€€ vy €€ 66 C€ 6V 1€ 2181 TtV dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
200 T0°0 200 €0°0 790 8T 0 8T '0 6T 0 8T 0 6T 0 S50 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
90 '0- T0°0- 60 °0- v o- 6€ G- €18 6T '8 0C '8 6C '8 T.°8 60 VT 0 dxg
Y 10} SFIOVHINVY
90 '0- T0°0- 60 0 - v o- 6€ G- €18 6T '8 0C '8 6C '8 T.°8 60 VT 0 dxg
L0°0- T0°0- 80 °0- 9€ '0- 6€ G- 00 '8 .0°8 80 '8 9T '8 25’8 26 €T 1%4%4 dxg
S0 °0- T0°0- L0°0- 6€ 0 - 8€ ¥ - 8¢ '8 €€ '8 € '8 v '8 6.°8 LTET (01474 dxg
L0°0- 2¢0°0- 60 °0- S¥ 0~ €0°9- 66 L ,0°8 60 '8 /T8 29'8 S9 ¥T 6TV dxg
L0°0- T0°0- 60 0 - v 0- €6 °G- ¢1'8 6T '8 0C¢ '8 6C '8 1.°8 €9 VT L1V dxg
60 °0- T0°0- TIT°0- v 0 - €8 ¥ - 8€ '8 Lv '8 87 '8 65 '8 206 G8 ‘€T 9TV dxg
200~ 00 °0- G0 °0- €V '0- €€°G- 12°8 €2'8 €28 8¢ '8 1.°8 ¥0 '¥T STV dxg
00 - T0°0- 0T '0- v o- S0 °G- 96 L 00 '8 T0°8 TT°8 75 '8 8G ‘€T viv dxg
L0°0- 00 °0- ¢r1'0- v 0 - G8°G- 16 L 16 "L 86 'L 0T '8 75 '8 8¢ VT €1V dxg
60 0 - €0°0- 80 °0- €V °0- V.V - 8€ '8 LV '8 05 '8 .S9°8 T0°6 V. €T 4474 dxg
S0 °0- T0°0- TIT1°0- 6€ 0 - GE€ '9- 70 '8 80 '8 0T '8 128 09 '8 S6 7T TT¥ dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ popeol 7 ey 7
ed) 08 = 9d© dac¢ OT1 /av DT /ac



72

APPENDIX B

L0°0 600 920 LT°0 cee 20T €0°'T S0°'T LT'T 0C'T LT 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
L0°0- 00 °0- [0172M0] TL°T €eet v ve 6V V€ 6V V€ 60 V€ 8€ '¢¢ T °0¢ 0 dxg
SN 10} STFOVHINVY
L0°0- 00 °0- v °0 LT Te ¢t 6€ V€ 9¥ '€ 9 'v€ S0 'v€ 144 €0 '0¢ 0 dxg
€T °0- T0°0 69 °0 76T 00 ¢T GG ‘€€ 89 ‘€€ L9 €€ 86 ¢C€ G0 '€ G0 6T 1514 dxg
90 '0- €0°0 T.°0 S8'T .9 86 ‘€€ S0 'vE 20 've TE ‘€€ 9% '1€ ¢l ve (014 dxg
€0°0 S0 0 2¢'0 9.1 S0'TT 20 '€ee 66 'C€ 6 '¢¢ ¢l ce 96 '0€ 16 6T (51474 dxg
00°0 070 [4=0] ST €eet 9€ ‘€€ GE '€e 6¢C ‘€€ 9, °¢¢ 1€ 1€ 60 6T 51474 dxg
ST 0~ €0°0 6.°0 65T 96 °¢T G0 ‘vE TC 'vE 8T V€ 6€ ‘€€ 08 ‘1€ ¥Z 61 VA44 dxg
9T '0- 700 0€ 0 19°1T 70 '¢T 76 ‘v€ 60 'G€ S0 'S¢ S, 'vE €T 'ee 60 'T¢C 1474 dxg
60 0- 2¢¢'0- 900 98T SL°€T 18 'vE 06 '€ 41 90 'S¢ 0¢C ‘eg ¥ 6T 217474 dxg
90 '0- ¢0°0 8€ 0 VT T9 V1T €T '9¢ 8T '9¢ 9T '9¢ 8/ 'G€ 1€ 'vE 0L 76T 1444 dxg
00 °0- S0°0 120 68T Ve V1 8/ °G€ 6/, 'GE v/, S€ 9 "G€ 19 ‘€€ L€ 6T evy dxg
L0°0- 60 0 - 800 TL°T ¢T el GG V€ 29 'veE TL V€ €9 'v€ 26 '¢€ 08 6T vy dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
200 200 900 S0°0 90T €2°0 €2°0 20 L2°0 T€°0 66 0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
20’0 000 60 °0- v o- ST G- 88 L 98 L 98 'L 96 "L 8€ '8 ¢S ET 0 dxg
Y 10} SFIOVHINVY
20’0 000 60 0 - v o- ST 'G- 88 L 98 L 98 'L 96 "L 8€ '8 ¢S ET 0 dxg
€0°0 00 °0- LT°0- TS5 °0- 6v 'G- .0°8 70 '8 0 '8 T¢'8 cL '8 124 15514 dxg
T0°0 T0°0- LT°0- 8% '0- S€C- 16 L 96 "L 96 "L €T '8 19°8 96 ‘0T (014 dxg
T0°0- T0°0- S0 °0- L0~ S8 ¥ - 0C '8 12°'8 22’8 8¢ '8 G.'8 09 ‘€T 677 dxg
00 °0- ¢0°0- €10~ 8€ '0- S G- ¢1'8 cT '8 18 128 G9 '8 6T vT 2144 dxg
700 T0°0- 6T '0- ¥ '0- 959 G- G6 L 26 "L 26 7L TT°8 258 80 VT VA%44 dxg
€0°0 T0°0- L0°0- 8€ '0- L9V - SL°L cL L €L7°L 6L 7L .1°8 78 '¢T 1474 dxg
200 S0°0 T0°0- €V '0- LL°G- 8L°L 9,7, TL°L €L, 91 '8 €6 ‘€T 1474 dxg
T0°0 00 °0- 80 °0- 2€0- 98 'G- 0S L 6V "L 6V "L VASRWA 68 'L GL€T 14744 dxg
00°0 T0°0- 90 '0- v o- 26 °G- 1S 7L 1S°L 85 'L 9 L 90 '8 86 €T evy dxg
T0°0 200 200~ 7 '0- S¥ G- 78 'L 28 7L 08 L 28 7L €2'8 89 ‘€T 444 dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ popeol 7 ey 7
ed) 09 = 9d© dac¢ OT1 /av DT /ac



73

APPENDIX B

800 6T 0 €10 12°0 20T €e’1 €T Se'1T 't 9€'T 6.°0 0 dxg
SN 10} SNO |1V INSA ddVANVY1S
0C '0- v °0- €2°0 19°1T ce ¢t 10 €€ L2 €€ 19 €€ av €€ 78 '1€ 2561 0 dxg
SN 10} STFOVHINVY
0Cc'0- 0¥ 0 - €20 1917 o€ ¢1 ¢0 'ee ¢C '€ €9 '€ ov ‘€€ 6. °1€ 67 6T 0 dxg
T€'0- 08 °0- 700 69°T TL'ET 6V V€ 08 'v€ 09 'S¢ G99 'S¢ 98 ‘€€ ST '0¢C V61 dxg
8T 0- 1€ °0- 2e’0 69°T TIS°'TT 6G '¢€ YNRrA 80 ‘€€ L) °C€ L0°T€ 1S °6T 147474 dxg
Zr°0- 9T '0- v€°0 0S'T 99 ¢T LY vE 6S V€ S, Ve ¥ 'v€ 16 '¢€ G¢ '0¢ (01474 dxg
0Cc'0- 9% "0 - 9T '0 LS°T €L°€ET 68 '€ 60 'G€ GG 'G€ 6€ 'G€ [4: % 60 '0¢C 6EY dxg
TT°0- LT°0- 800 66T 08 0T 1S °¢¢E 89 '¢¢€ 8 '¢¢ 9/, °¢¢ L. °0€ 16 6T 8EY dxg
LT°0- L¥°0- 9€ 0 9¢'1T /80T ¥Z 1€ v ‘1€ 88 'T€ 15 'T€ G¢ '0¢g 6€ 6T LEY dxg
6T 0- 2e0- ST'0 T 6T CT T1¢ '¢e ov '¢€ cLce VASRNAS 9T ‘1€ 16 8T 9eY dxg
ZT 0~ 8€ 0 - 6T 0 28T vy C1 T¢ 've V€ 'vE TL V€ 25 Ve 0L °¢¢ 9¢ '0¢ GeY dxg
2 0- S¥ 0 - 8T 0 99T L.°2T 8% '¢¢ ¢l ce 9T ‘€€ 66 C€ [4 96 '8T vey dxg
G€'0- 7S °0- €V °0 0S'T €9 °¢CT 9G ‘1€ 16 'T€ Sy '¢€ 20 '¢e 25 '0€ 66 LT €ey dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ _ Uw_zmwu\/ Uwﬁﬂo_u\/
200 700 €0°0 900 v 0 €€°0 2e€’0 Ze’0 7€ 0 9€ 0 85 °0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
S0°0 0T 0 90 '0- v '0- 8€ G- 0C '8 ST '8 90 '8 TT°8 25’8 06 ‘€T 0 dxg
Y 10} SFIOVHINVY
S0°0 0T 0 90 '0- v '0- 8€ G- 0C '8 ST '8 90 '8 TT°8 25’8 06 ‘€T 0 dxg
L0°0 8T 0 T0°0- 8€ '0- vy G- G8 L 8L 7L 1972 297, 00 '8 vy €T 14514 dxg
S0°0 800 80 °0- S¥ 0~ €T G- 1€ '8 12°8 6T '8 128 2.8 78 €T 147474 dxg
€0°0 700 80 °0- 9€ '0- ¥1°G- 98 'L €87, 08 L 187/, €2'8 LEET (01474 dxg
00 0T 0 ¥0°0- 9€ '0- Ly G- 9.7, cL L 297, S9 L 10°8 8V ‘€T 6EY dxg
€0°0 700 200~ S0 - 9L ¥ - 2e '8 6¢ '8 G2 '8 128 08 '8 LSET 8EY dxg
S0°0 €T 0 0T '0- 9€ '0- 20°G- 19°8 29'8 0S5 '8 09 '8 G6 '8 L6 €T LEV dxg
S0°0 800 ¥0°0- 8€ '0- 65 G- v '8 9€ '8 8¢ '8 [A%:] 69 '8 8¢ V1 9eY dxg
€0°0 600 ¥0°0- v 0 - 60 G- 26 "L 68 "L 087, 687, 8¢ '8 LEET SEV dxg
900 IT°0 ¥0°0- v 0 - G6 °G- € '8 8¢ '8 LT°8 T¢'8 G9 '8 09 '¥T vey dxg
60 0 ¥1°0 TIT1°0- v o- 8T 9- 85 '8 67 '8 GE '8 9% '8 88 '8 90 ‘ST c€eY dx3
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ papeoly 7 7

edd Oy = .d® 92 /0T /Av DT /¢



74

Addddd A A AN

9¢”

150

(4530 6¢'T 850 0 dx3g
I\ 104 SNO ILV INIA QYVANVLS
6 'vE 9¢ ‘€€ 08 6T 0 dx3g

I\ 10} SFOVHINY

68 '€ A1 8/ 6T 0 dxg
25 'se €T €€ 11702 zey  daa
6T 'vE 1S °2€ 0¥ '6T ey daa
¥8 '2e v 1e €0 6T oey  dx3
66 '2€ 8¢ ‘1€ 67 ‘6T (Y47 dxg
o "S€ 86 ‘€€ ¥ 02 lzy daa
20 'S¢ S0 ‘€€ 1161 gzy  dx3
G6 ‘vE Gz €€ 1€ 6T gzyr  dx3
Gl °S€ 9z 've 19 6T vey  dxa
S "ge 00 ‘¥€ G9 6T gy daa
12°1€ 85 'Ge €502 zzy daa

_co_ﬁxm_wh_~>< m:_umo_::.h><

TN _

cooococococoocoo
coocococococoocoo
NN N 00 60 N 60 00 65 00 &

Le”

89"

89
09
8
L0
80
€9
0L
v,
8v
0S
LT

NN NN NN 0000 N N~

um_zmﬂ> Euao:>
0€ 0 20 60 0 dxg
Y 10} SNO ILV IA3A QAVANVYLS
9.°L ST '8 69 ‘€T 0 dxg
Y 10} STOVHINVY
9.°L ST '8 69 ‘€T 0 dxg
€9°L 8T '8 ¥0 €T 434 dxg
26°L €8 96 ‘€T ey daa
Gz '8 298 € vl oey  dx3a
128 €98 06 ‘€T 6zy  dxa
S92 16°L 12°€T Lzy daa
€LL 0z '8 0L €T gzy  dx3
SL°L ST '8 €0 V1 szy  dxa
8S ‘. 6L 18 €T 1244 dxg
¥9 L 16°L 6. €T gy daa
122 19°L 02 €T zzy dag

omiaaly

peiesyy _ papeoly 7

APPENDIX B

edX 0¢

= 0d® 9Z/oT1/av T /ac



75

6¢”

€6°

€6°

SS9
6.
€¢
69
€0
LL
T9
8L
VL

80"

NeddddaNda A«

85"

90

GG °
AT
€e”’

89"

€8’

TL°0 180 vv 0 0 dx3g
I\ 104 SNO ILV INIA QYVANVLS

V. €E 18 1€ 78 '8T 0 dx3g

I\ 10} SFOVHINY

2L €e 6. 1€ 18 8T 0 dxg
12 €€ 99 '0¢ §S '8T ¥0S dxg
8S 've 6L °2€ ¥2 61 €05 dxg
86 '€ S/ 0€ 28 '81 205 dxg
11 °2¢€ 80 'T¢€ v 8T T0S dxg
S0 ‘v€ 20 2¢ ST 6T 00§ dxg
% 26 2¢ €S '8T ey  dx3a
60 ‘€€ Ly 1€ Z€ 81 ger  dx3a
1S €€ 6. °T€E 6 8T L6y dx3
90 ‘v€ (44 T0 6T 96y  dx3a
6€ V€ 1€ 2€ 99 6T ser  dx3a

_co_ﬁxm_wh_~>< m:_umo_::.h><

DUy

=] _§>

TN _

cooococococoocoo
coocococococoocoo

60 -

6v "

6v "
89"
ev -’
09~
1
0§~
1
1
1
A
18-

8T~

c0”

c0”
G6 -

00 00D WD GO WD D O

9T~

T0°

T0°

4
8
LT
ve
€6
6L
ST
90
6
98

I~ 00 00 I~ I~ 00 00 I~ a0 @

um_zmﬂ> Euao:>
LT0 22°0 €€°0 0 dxg
Y 10} SNO ILV IA3A QAVANVYLS
€08 258 oy 'vT 0 dxg
Y 10} STOVHINVY
€08 258 oy 'vT 0 dxg
9T '8 €88 09 'vT 70§ dxg
€8°L 9z '8 80 '¥T €0S dxg
12°8 18°8 6E 'vT Z0S dxg
128 2.8 99 '¥T T0S dxg
G6 L 9¥ '8 YT T 00S dxg
18°L €28 29 YT 6617 dxg
6T '8 19°8 6L VT 8617 dxg
10°8 258 €L VT 16V dxg
G6 'L 8¢c '8 S2 YT 961 dxg
88 L 8¢ '8 8/ €T 567 dxg

omiaaly

peiesyy _ papeoly 7

APPENDIX B

ed) 0T

= 0d® 9Z/oT1/av T /ac



76

APPENDIX B

96 0 66 0 LT°0 0C¢'0 S6°0 09°1T 80T Y11 €0'T 86 0 S9°0 0 dxg
SN 10} SNO |1V INSA d4VANVY1S
66 'G- L2V - 65 °0 12740 [ARrAs 06 ‘¢¢ 06 '8¢ LT €€ 89 '¢€ ¥1°1€ 2981 0 dxg
SN 10} STFOVHINVY
G0 '9- L2V - 650 eV'T T6°¢T 18 '¢¢ 98 '8¢ €T '€e GqG '¢€ 11 1€ 09 '8T 0 dxg
T2 °9- 19 v - L0 vy T 80 '¢CT LT °€C 8€ '6¢ 00 'v€ €9 €€ 60 '¢€ T0 '0¢C 06¢ dxg
S G- 6€ ¥ - 6.°0 14 €9 VT €8 ‘¢ L€ '0€ 9/, 'v€ 96 ‘€€ €¥ '¢¢€ 08 LT 68¢ dxg
99 '9- ¥1°G- 2L 0 12740 00 €T 08 '1¢ 9% '8¢ 09 ‘€€ 88 '¢€ v 1€ ¥¥ 81 182 dxg
69 'G- 69 v - 8€ 0 G5 'T c0'¢t 6¥ "¢¢ 8T '8¢ 18 °¢C¢€ 6v '¢€ 76 '0€ €6 8T 98¢ dxg
V. °¢- 0€ ‘¢ - €9°0 I 'T 99 °'TT L2 9¢ 20 '0€ ce '¢e 89 'T€ €2 '0¢ 1S °8T 8¢ dxg
99 '9- 6% '€ - 15°0 19°1T 18°'TT TL°1¢ L€ '8¢ 98 ‘1€ GE 'TE .62 €6 LT €8¢ dxg
GE '9- LT°G- 880 19°1T AR 19 'ec 96 '6¢C T 'GE S¢ 'vE 9 '¢¢ €261 28¢ dxg
19°9- 09 ‘€- 1S°0 0€'T S9°TT ¥0 ¢¢ T.°8¢ T€ '¢€ v, 1€ ¥ o€ 6. 8T T8¢ dxg
v G- 6G°G - 8€ 0 6V T 9T '¢1T €€ '1¢ .92 €€ '¢¢ 96 'T€ S¥ '0€ 6¢ ‘8T 08¢ dxg
00 .- v.°€- 85 °0 26 °0 .21 G.°1¢ G/ '8¢ 6¥ '€ 76 'T€ 00 'T€ 9¢ ‘8T 6.2 dxg
_ CO:NXm_w‘E\/Q _w:_ﬁmo_cj.u>< m_.__:m>>.~>< m_.___:ﬂ.u\/< mﬂnmo__h\/Q _m:zk\/ Umumo_::c\/ aw\s._mnc#\/ Uw_zmwu\/ Uwﬁﬂo_u\/ h\/
€5°0 0€ 0 700 900 VA1) 8.°0 9€ 0 820 920 120 0S°0 0 dxg
‘Y 10} SNO ILV INSA QIVANV1S
6V ¢ T¢'T ST '0- 8€ '0- 68 °G- 88 1T 6€ 6 8T '8 ce '8 T.°8 9S8 '¥T 0 dxg
Y 10} SFIOVHINVY
6V ¢ T¢'T ST '0- 8€ '0- 68 G- 88 1T 6€ 6 8T '8 ce '8 T.°8 9S8 '¥T 0 dxg
VA4 STA TT1°0- 9€ '0- 60 G- 69 1T 22’6 16 7L 80 '8 v '8 VS €T 06¢ dxg
66T €T'T 8T '0- 8€ '0- 1879~ 16 0T 26 '8 6L 7L 16 7L GE '8 22 'ST 68¢ dxg
16 ¢ v 'T 8T '0- 8€ '0- 1079~ 424 256 90 '8 v '8 19°8 69 VT 182 dxg
eV ¢ LT 0T '0- v 0- 96 G- 70 '¢T T19°6 ¢ '8 € '8 G, '8 1€ v1 98¢ dxg
6C°T 790 LT°0- ¥ '0- 29°G- 1€ 0T 206 8€ '8 9598 96 '8 8G VT 8¢ dxg
€6 °¢C 70T ¥1°0- LV 0~ 00 '9- 87 ¢1 G5 6 0S5 '8 79 '8 11°6 1T ST €8¢ dxg
€V ¢ €e'T 0¢ '0- 6€ 0 - 6L.°G- Ly 1T 706 TL°L 16 'L 0€ '8 60 VT 282 dxg
g8 '¢ S0'T ST '0- 9€ '0- ¢S °G- 6¢ CT €V '6 8¢ '8 €9°8 06 '8 12n4’ 18¢ dxg
1S°¢C S.°T 0T '0- v o- 76 °G- 0L°¢CT €T 0T 8€ '8 87 '8 68 '8 18 VT 08¢ dxg
€0°€ 80T ST'0- G2 '0- 0T '9- S¥ 1 v 6 7€ '8 67 '8 v,.'8 78 '¥1 6.2 dxg
vorxeR )y Bupeorn Bumamy )y Bumesyy Buipeol Uy popeojunyy 7 Tomaay 7 pomRsy _ papeoly 7 7

eddl ¢ = 9d® 92/ 0T /Ay DT /ac



APPENDIX C

77

APPENDI X C

ANALYSI S OF SAMPLE EXPERI MENTS:



c

Compaction Pressure, P_[kPa]
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Exp # Atioaging | Atunioading | Minitiar | Nioaged | Nsettiea Niiverwet | Nunioaded | Niinat | Bhioading | BNsetting | ANsiverwet | Ahunioading | ANretaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
324 136,06 106,93 3,60 1,71 1,59 1,59 1,95 2,94 -1,88 -0,12 0,00 0,36 0,99
Fabric type = 1 layers of Core Material °f ; i ‘
3
(METYX, 250 g/m?) o
Exp # =324 ati 1
“~—h 1
Date =09/07/08, 16:24 g” el Naies
g 3 q
Done by = Barns g
£ 25 &
Fabric weight = 0.8 g h PR
s / loaded ! o
Note = NA o |
N ™ Niperdeing
hfiberwet =1.59 mm Y 500 1000 1500 2000
Time, t[s]
Modified hpoe = NA ‘ S ‘ :
22f : o
°
hunloaded =2.14mm 21F b
Modified h,5adeq = 1.95 mm i :
£ Modified Nyoaea @
g19 [ ]
£ /
H
1.8 =
17k .
16 o
1(;80 11‘00 11‘20 11‘40 1160 11‘80 12‘00 1220
Time, t [s]
. : Pressure vs Thickness : . ‘ Thickness vs Time during (i) 15-minutes of fiber settling, and (i) 15-minutes of fiber relaxation
100 - - L!; g'sﬂeﬂ!" y & o o o O
38 + Punload o
90~ o P relax "
> & &
80~ il 1 o
P
s +
70- * oy El 251 =l
* + e
* = O hs
* + 2
40~ 3 ki | g
* g
* A 2 -
30- bt e 1
#* +
* +
* &
20- * + 4
* +
* +
10- i R | 4 A o o ) &
" b © o o o o o o ¢
0 L i L i i L i 15
0 05 1 1.5 2 25 3 35 4 0 5 10 =
Thickness, h (mm) Time, t (min)

Compaction experiment #324—-1C




Cempaction Pressure, P [kPa]
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Exp # Atigaging | Atunioading | Minitial | Nioaded | Nsetiea | Niiberwet | Nunioaded | Nfinat | Bhioading | Bhsetting | ANfiverwet | Ahunioading | ANretaxation
(sec) (sec) (mm) | (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
144 135,97 105,30 7,29 2,95 2,72 2,71 3,45 5,60 -4,34 -0,23 -0,01 0,74 2,15
Fabric type = 2 layers of Core Material e ; ‘ ‘
(METYX, 250 g/m?) 'Y__ h
2L initial
Exp # =144 h
%l relaxed |
Date = 12/06/08, 11:56
Doneby = Onurand Talha

Fabric weight = 1.6 g

Note = NA

Niiperwer = 2.71 mm

Modified Nyporpe = NA

h

unloaded = 4.25mm

Modified h

unloaded = 3.45mm

Pressure vs Thickness

T T T T
100 St + Pload
bl < Pset
5 * & #* P unload
s © Prelax
* o+
* it
80— g
o+
+ 1+
£ 0%
701 * =
+ +
= +
¥ i
60 ¥
* +
* +
= +
50 ¥ ~
* +
i
x
a0 * +
* +
= +
* +
30 * ot
* +
¥ |
*
201 % &
* +
- +
* +
10r * o+
x |
i
0 I i [ i i I i
a 1 2 3 4 5 6 %

Thickness, h {mm)

Thickness, h [mm]
o
T

—h unloaded

/ h loaded

h ™~ hhberwemng
settled

. .
0 500 1000 1500 2000
Time, t[s]

Modified Nyioxsea

Thickness, h [mm]

h | 0 i
1160 1180 1200 1220
Time, t[s]

i L
1240 1260 1280 1300

Thickness vs Time during (1) 15-minutes of fiber settling, and (i) 15-minutes of fiber relaxation
[ T

g H
55 i B Eponss Sl
e 82 °
L
o
5 o
’245
i < hset
¢ N h relaxation
g
% 4o il
£
3.5,
3},
& &
- ¢ 6 o b o ¢ o o ¢
25 : ‘
) - 10 15
Time, t (min)

Compaction experiment # 144 — 2C
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Exp # Atioading | Alunicading | Ninitiar | Nicaded | Nsettiea | Neiberwet | Nunioaded | Niinai | Bhioading | ANsettiing | ANfiberwet | BNunioading | Ahreraxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
155 134,67 105,29 3,02 1,81 1,64 1,48 1,71 2,07 -1,21 -0,17 -0,16 0,23 0,36
Fabric type = 4 layers of Random Fabric ‘ ‘ ‘ :
(Fibroteks, 500 g/m?2)
35F
Exp # =155 -
|
L <«
Date =16 /06 /08 , 14:42 2 1 Mo
Doneby =Tolgaand Talha £
; hre\axed
Fabric weight = NA h .
& / toed hsemeu : 1
Note = NA (/humcaded
15 h T
_ fiber wetting
hfiberwet = 1.48 mm | . .
0 500 1000 1500 2000
. Time, t[s]
Modified hgperet = NA . ‘ ‘ ‘ ‘ ‘ ‘
hunloaded = 175 mm 2 . 1
Modified h0a4eq = 1.71 mm 3 o |
£
G : ]
2 Modified Nyoadeq |
E 17+
18
138
1100 11‘20 11‘40 11‘50 11‘80 12‘00 12‘20 12‘40
Time, t [s]
‘ ‘ ‘ Pressure Vf Thickness ‘ : Thickness vs Time during (i) 15-minutes of fiber settling, and iii) 15-minutes of fiber relaxation
100+ o+ - P load o !
T o Pset . § @ 8 © © W @ @ #B @ @ ¢
o ~ P unioad 2050 & . 1
90 ;( ‘+ P relax
i
50 o] 2
- I
T ol ’{ jr‘ 195
3 ¥ + oy R
v x %, £ 19 D hrebation
5 % T £ =
F * + =
o * +
o 50p # + ? 185
= . % g
o e + E
T o} 1 oL 2 18t 1
g H 3 L
8] i | s
0 X iy 175 etiweens
T c
* + 2
% 3 | 17k Mg 1
2 £ L A
* + & B oz
B o i 185 S S A ageng e
' L B
0 i i i & . i i i
o 05 1 15 2 25 3 35 4 45 5 5 i
Thickness. h (mm) 0 5 10 15
Time, t (min)

Compaction experiment # 155 — 4R
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Compaction Pressure, P_[kPa]
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Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
399 137,28 109,45 6,97 3,35 3,04 2,88 3,66 5,19 -3,62 -0,31 -0,16 0,78 1,54
Fabric type =[2R+1C+2R],Sandwich ’ ‘
R= Random Fabric, (Fibroteks, 500 g/m?) ~
C=Core Material, (METYX, 250 g/m?) B[
i
Exp # = 399 I
Piniia
T
Date =29/07/08,10:43 £, h
';- velaxen\
Doneby = Talha =
5
Fabric weight = 10.2g !
# /hmaued hsemed Khun‘oadw
Note =NA
3 >
_ i fiber wetting !
hfiberwet = 2.88mm 0 500 1000 1500 2000 2500
Time, t [s]
Modified hgperyer = NA s ‘ : =
b
ERES <'
Punioaded = 3.74mm Modified humnadenf
36 4
Modified h,,oaqeq = 3-66 mm - i
= ]
i |
3 4
ki &
29 l
WZ‘EIEI WZ‘ZD WZ‘AD WZ‘ED WZ‘EI WS‘EIEI 'S‘ZEI 13‘4D
Time t[s]
Pressure vs Thickness Thickness vs Time during () 15-minutes of fiber settling, and (i) 15-minutes of fiber relaxation
' T T &5
100 * G- + Pload A
X i O Pset
*
% ’ii F nioad o B 4 ® o @ B @ @ o @
i g Sy
80 * % |
1 "
H 5
701 #* 4 N
l I+ 45
o z +++ ] E
* + = sef
- T E 4
40 *
* +
t s
301 % + o
% +
“ t
200 % S 1 35
“ bl
10+ *** St + 1 % o
" I ¥ L +\ ° (\) . = ¢ a @ o o o o
02 3 5 8 7 8 3EI 5 10 15
Thickness, h (mm) Time, t (min)

Compaction experiment # 399 — 2R/ 1C/ 2R




Compaction Pressure, P [kPa]
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Pressure vs Thickness
T T T

+ + Pload
& 1 o Psat
2 : + P unioad
x is . Prelax
4 %
- +
¥ ¥
* I
L i3
L2 Zs A
A I
+ I:
3 - -
¥
* +
3 +
¥ I
3 +
* 2
3 + -
< ¥
¥ +
¥ I
x - -
- +
* hi d
* &
+ 4, J
= &
* %
* i 9 I I I i
6 7 8 1" 12 13 14 15

9 10
Thickness, h imm)

Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Nunioaded | Nfinat | ANioading | Ahsetting |  ANfiberwet | ANunioading | ANrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
230 134,22 101,82 13,13 6,20 5,61 6,68 9,01 -6,93 -0,59 -0,27 1,34 2,33
Fabric type =[2R+1C+4R+1C+2R],Sandwich 1 ‘ ‘ ‘
R= Random Fabric, (Fibroteks, 500 g/m?) p
C=Core Material, (METYX, 250 g/m?) |
Exp # =230 1
Date = 26/06/08, 18:34 £ A ]
Doneby = Onurand Baris 2 |
Fabric weight = 12.4¢
:4/ humcaded
Note = NA
hfiberwet = 534 mm 0 500 1000 15‘00 2000
Time, t[s]
Modified hypee = NA ‘ ‘ ‘ ‘
741 B il
(2
hunloaded =7.34 mm 2 : ]
e Modified Ny e —
Modified h,ageq = 6-68 mMm Sl |
- »
EG.G* e o
; 6.4 }
E 6.2 1 4
6
5.6 o
5,68~y
54

h i i
1120 1140 1160 1180 1200 1220 1240
Time, t[s]
Thickness vs Time during (i) 15-minutes of fiber setting, and (ii} 15-minutes of fiber relaxation
5 T
9 I
u
o
o
851 C| 1
o]
- 8F ol
€
E
=
¢ 75l O hset ]
2  _ hrelaxation
£
]
£
=gk o
65
[ R <
¥ WS 8 o ds
55 L
0 5 10 15
Time. t tmin)

Compaction experiment # 230 — 2R/ 1C/ 4R/ 1C/ 2R
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Atjoaging Ninitial

Exp # Atun\cadmg Nioaded Nsettied Nfiberwet Nunioaded Nfinal Ahmadmg Ahseulmg Ahfiperwet Ahunlnadmg AR gjaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
254 138,06 | 110,01 | 7,34 | 452 | 4,30 4,22 4,94 6,30 -2,81 -0,23 -0,07 0,72 1,36
Fabric type =[2S+1C+2S],Sandwich 3 i j ‘
. . 1
S= Stitched Fabric, (METYX, 860 g/m?) st i
. e—
C=Core Material, (METYX, 250 g/m?) LT P |
hre\axed
Exp # =254 el ]
Eor 7
Date =30/06/08, 21:38 -
8 550 I B
% &(‘ hun\oadeu
Doneby = Tolga Fosp Nowes ; 1
/ settled
. . 45 \
Fabric weight = 11.5¢g
ar hhber wetting / 1
Note = NA 35k E
5 I ‘ ‘
I,]ﬁberwet 4.22 mm 0 500 1000 - 1500 2000
Modified hpower = NA
h 5.22 = -
= o. mm )
unioaded Modified Ny oued (
5h 5 " |
Modified h,, oageq = 4-94 mm T :;
; a8} : al
/
46 +
4.4 4
42 L ? it 1 1 |
1100 1120 1140 1160 1180 1200 1220 1240 1260
Time, t [s]
Pressure vs Thickness Thickness vs Time during (i) 15-minutes of fier settling, and (ii) 15-minutes of fiber relaxation
100 ‘ ‘ l-‘i ‘ + Pload : ‘
P 2 ? P ond g @ B BEw &g 5Em e
90 61 T . Prelax a
h | 6 A
80 1 +
{ y
c A
70 *- +
bt ! i
* & B -
80 i i E
* * 3
1o} pos s £ sp 4
¥ I
] .
30 % Hy
i :
t "
20t 2 . x i BoPg o i il
il 3* ! . 2 > b g & o e
¥
#* +
0 | i i #i 9 " 4 L L
) b5} 4 45 5 &5 g 65 7 ] 0 5 10 15
Thickness, h (mmj Time, t {min)

Compaction experiment # 254 — 2B/ 1C/ 2B
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Fabric weight =

109 g

Note

NA

h

fiberwet

= 2.60 mm

Modified h

NA

fiberwet =
hunloaded =2.88 mm
Modified hyoageq = NA

100

80~

Pressure vs Thickness
T T

+ -
+ +
* v
* 3
+ :
¥ i
*
*
* +
* +
* +
¥ +
* +
s T
* B
* +
* A
* '
* +
* -
¥ '
+ +
- +
¥
*
i e
* +
) s
- 1
*
*
% +
*
*
*
*
»
i +

'
25

Thickness, h (mm)

T
+ Pload ||
P set
* Punload
Prelax ||

<« humuaded

Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
247 133,18 103,63 3,74 2,83 2,75 2,60 2,88 3,34 -0,91 -0,07 -0,15 0,28 0,46
Fabric type =[4 Stitched Fabric] s \ \ ‘
S=Stitched Fabric, (METYX, 860 g/m2)
4.5
Exp # =247 -‘
4
i
Date = 30/06/08, 16:28 _ |ven,. h,mux
£ 350 g
Done by = Onur and Barig /hmmﬁ (
£ af : 4

251 hflher wetting h
2
15 L L L
0 500 1000 1500 2000
Time, t[s]
T T T T T T T
295} 1
29
[:4
2.85 ,f 4
£ f
E !
= e
H H
A i
-
£ 27 1
27 :
265} \ 1
286
i i i i | i i i
1180 1200 1220 1240 1260 1280 1300 1320
Time, t[s]
Thickness vs Time during () 15-minutes of fiber seting, and (i) 15-minutes of fiber relaxation
35 T
34F 4
s &8 B % B 8 B © & 8 H © 3
33l -
_32f -
3
E
= < hset
31 5 hrelaxation
]
g
3
291 2
28F -0 gy 4
© o o o o o o o o o
27 :
[} 5 10 15
Time, t (min)

Compaction experiment # 247 — 4 B.
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Compaction Pressure, P_ [kPa]
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Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
287 134,46 94,95 14,69 8,61 8,24 8,06 12,42 -6,07 -0,38 -0,18 1,46 2,91
Fabric type=[2S+1C+4S+1C+2S],Sandwich ey ‘ ‘ ‘
S=Stitched Fabric, (METYX, 860 g/m2) ne ] |
C=Core Material, (METYX, 250 g/m?) P
14+ ol
hve\axed
EXp # =287 13k .
E
=13
Date =07/06/08, 16:04 =
% 1M
Done b = Ban ¢
y 3 10 hseﬂled \é —Nuioacea
. ) hmaued
Fabric weight = 20.8¢g o \/
Note =NA : P weting
70 5(‘)0 10‘00 15‘00 2000
_ Time, t[s]
hfiberwet =8.06 mm
Modified hgperet = NA o o
35 & <:
hunloatded =9.94 mm Modified Nypyoases N
I~ f
Modified h,,0aded = 9-52 mm EN
27¢ i i i i iz
1100 1120 1140 1180 1180 1200 1220 1240 1260
Time, t[s]
Pressure vs Thickness Thickness vs Time during () 15-minutes of fiber setling, and (i) 15-minutes of fioer relaxation
100 - — Pload T
b B et m N g B B R
%0 o | o Prelax || H
PO
1 42 1
80 * +
Lo
70l : 1 4
a0k % .t{ ’ga.s» \(? :?:Ita)tat\on 1
50 :; ‘t ; a6
i + £
40 * ' 2 a4k 1
4 +
5 4
30+ * +3 g 22b B
b +
2“ % 3l 4
3; i + +
10+ * 45 q
* 281 L2 =
- » o <] > [
0 | | i d . .
2 25 3 35 4 45 5 55 6 26
Thickness, h (mm) 5 10 15
Time, t (min)

Compaction experiment # 287 — 2 1 4 1 2 Biaxial configuration
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o

Compaction Pressure, P_ [kPa]

Pressure vs Thickness

T T T T
P load
100+ A— -1
* P set
L + Punload
%0 e Prelax | |
* +
* 4
* : 3
80+ * + 1
* +
+ +
*
70+ + + 1
* *
*
+ +
60 * + 4
* ;
* +
3 =
50 * +
¥ ;
* +
* +
40+ * 8
¥ +
* +
* +
30+ * +-
* +
* |
¥ 3
20+ * 4
* '
* +
* |
10+ * 4
* +
* +
0 - 1 i L
2 25 3 35 45 5 55 5

Thickness. h (mm)

Thickness, h [mm]

w
|

46

Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
305 136,38 100,39 5,43 2,87 2,73 2,72 3,25 4,48 -2,55 -0,14 -0,02 0,53 1,23
Fabric type =[2W + 1C +2W] Sandwich °l | ‘ ‘
W=Woven Fabric,(METYX, 500 g/m2) csl
C=Core Material,(METYX,250 g/m?) M
2 hre\axed
Exp # = 305
45
7
E
Date =08/06/08, 16:43 =l
Doneby = Bars F st e
/ Plioaces hsenled ;
Fabric weight = 6.2 g o \
Note =NA —
20 500 10‘00 15‘00 20‘00
hfiberwet = 2.72mm Tiret
Modified hgperet = NA B o
33k : : -
Pynioaded = 3.33mm Modified hmad§~
I~
Modified h,,oadeq = 3-25 mm
kg

A T
1100 1120 1140 1180 1180
Time, t[s]

1200

i
1220

i
1240

i
126

Thickness vs Time during (i) 15-minutes of fiber settling, and (i) 15-minutes of fiber relaxation
T T

44+

IS
n

~

w
@
T

Thickness, h (mm)
o
>

w
~
T

o

o

O hset
O hrelaxation | —

Time. t (min}

Compaction experiment # 305 — 2W/ 1C/ 2W.
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Compaction Pressure, P_[kPa]
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Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
322 137,01 102,66 10,26 5,11 4,87 5,77 8,04 -5,15 -0,24 -0,02 0,93 2,27
Fabric type =[2W + 1C +4W+1C+2W], Sandwich & : ‘ ‘ !
W=Woven Fabric,(METYX, 500 g/m?) Wk i
C=Core Material (METYX,250 g/m?) o
10- (_—hmmal -
Exp # = 322
'g i hre\axed 1
Date =09/06/08,14:38 =
Doneby = Talha £, ]
. . t§></humoaaed
Fabric weight= 11.7g * /hmaaeu Ples ‘
d N\ |
Note =NA
hhbevweﬂlng
40 5(‘]0 1 0‘00 1 5‘00 2(;00
hfiberwet = 4.84mm e
64T | T . |
Modified hgperyet = NA
6.2 e
hunloaded = 6.23mm 8
it - g 88 Modified Ny
Modified h,oaqeq = 5-77 MM 2 foaded
§56 ‘/
F 5
52
5 il
amlo i | i i
120 1140 1160 1180 1200 1220 1240 1260
Time, t[s]
Pressure vs Thickness o5 Thickness vs Time during (i) 15-minutes of fiber settling, and (ii) 15-minutes of fiber relaxation
100~ *-l i t g\so:td 4
x 4 P unload &
%0k L Prelax | 8 T s = e e
s o
2 L
8o o 7] 754 o
i %
70- = + -
* +
3 i _at ]
60— ; 1} 1 é
50 j ‘>+ g” o otaslion
* + £
40- i A - E sl 1
* L
* *
30- 3 1y g
+ +
* 55 1
20- * 5 4
* +
* t b
il x** I il LA e G B S R See o o &
* +
% 5 - s 7 8 s 0 i 12 45
Thickness, h (mm) 0 s Time, t (min) b *

Compaction experiment # 322 — 2W/ 1C/ 4W/ 1C/ 2W.




o

Compaction Pressure, P_[kPa]
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Exp # Atioading | Atunioading | Ninitiar | Nicaded | Nsettied Niiverwet | Nunioaded | Nfinai | BNioading | ANseting | Ahfiverwet | ANunioading | Ahrelaxation
(sec) (sec) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
293 137,78 100,48 1,98 1,51 1,48 1,48 1,64 1,87 -0,47 -0,03 0,00 0,16 0,24
3 T T
Fabric type =[4W] agl 1
W=Woven Fabric,(METYX, 500 g/m?) Lol |
!
Exp # = 293 245 1
'
Ta2b | 1
Date =07/07/08,18:58 = i N reasea
é 2 o N \4 1
Doneby = Bars CRE h h ]
loaded settled
16 (-/hun\oaded
Fabric weight = 5.8 g
14} 1
hhberweﬂlng
Note =NA 12} ]
4 . | .
—_ 0 500 1000 1500 2000 2500
hfiberwet = 1.48 mm Time, t[s]

. _ - > t|
Modified hgpenet = NA ' !
hunloaded = 1.64 mm 181 i .

- .
ser _ d
Modified h,oaqeq = NA - 3
: §
* 1
155 - .
.
i
g
1"E[| WZ‘DD WZ‘ZD 12‘44] WZ‘ED WZ‘ED WS‘DD
Time, t[5]
Pressure vs Thickness Thickness vs Time during (i) 15-minutes of fiber settling, and (i) 15-minutes of fiber relaxation
! | | | | 19 ! !
59 = oy T EEERE >
o P unload 185L = c = -
LS * 4 Prelax || b
o B
sof i ] 18
1
70 i i 8 175 -
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£ o P
50 x 1 2
& & £ 168
40l i + E 1
g 8 16~ <
0 + v
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* T+ 155+ -
20 % 28
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% g ]
10+ % + 15 o - p
. i = o ¢ < [} © o e} > [} o > o
L 1 Il + . 5 i L
% 12 14 16 2 22 24 26 28 3 145 s i 8
Thickness. h (mm) Time. t (min)

Compaction experiment # 293 - 4 W.
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APPENDI X D

EXPERI MENTAL SETUP:
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Appendix D.3. Dial Gage used in Compaction Setup

%)
BTy | Al
Wk
-
mm/in  ZERD  ONJOFF g
£ >
s o
1 4
Range (i) Resolution A {mm)| Dia {mm) Accuracy
{mm) {mm)
0-10 0.01 /0001 | 8.00 250 0.03
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Appendix D.5. The Setup to Saturate Fabric Specimen
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Appendix D.6. Water Pump for Loading the Water Barrel.
Datasheet of the pump.[http://www.coastal -koi.com/index.php]
!
i
H —
2 HK-6530
. — HK6540
™)
0 600 1200 VGO0 2400 3000 3800 4200 4800 400 S000
Flow (L/H)
MODEL | VOLTAGE | FREQUENCY | POWER | FLOW | MAX.JET| CALIBRE | WEIGHT SIZE
HX-6520 | 220-240V | 50/60Hz | 35W [12000Uh]| 16m | @145mm | 1.0Kg | 200x120x120 mm
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Appendix D.7. Water Pump for Loading the Water Reservoir.

700
w=-2.038x"+86.52%-261.9
600 &
= 500 /
3‘5 400 /
E 300
Y200
100
0
8 9 10 11 12 13 14 15 16
Voltage (Volt)
Voltage (V) Current (A) FlowRate (I/h)
8 0.65 300
10 0.95 400
12 1.20 480
14 1.40 554
15 1.63 576
16 1.75 600
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Appendix D.10. Samples used in the experiments

Random and woven fabric

Biaxial and core material
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Appendix D.11. Cutting Tools

20 mm punch

(@ Cutter (b) 20 mm punch

65 mm punch 7 65 mm punch

(c) 65 mm punch (d) 65 mm punch
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Appendix D.12. Resin

Polipol™ 336-RTM

SIVIHALDEKI| OZELLIKLERI
PROPERTIES OF LIQUID FORM

TEST METOD DEGER
TEST METHOD WALUE
Renk 150 2211 - max. 100 Hazen
Colour

Yogunluk I1SO 1675 +%5 1,094 gricm
Density

Kirnlma Indisi IS0 0489 +%5 1,532
Refraction Index

Asit Degeri IS0 2114 +%10 23 mg KOHIgr
Acid Value

Viskozite' Brookfield” IS0 2555 %30 300 cp
Viscosity Brookfigld®

Tiksotropi - +%30 N/A
Thixotropy

Jel Siiresi IS0 2535 +%40 14

Gel Time

Monomer Oram - +%12 3%
Monomer Content

Parlama Noktasi Abel-Pernsky - 28°C

Flash Point

Raf Omrii - - 4 ay

Shelf life in menths

El 23 °C de, 4 ug, 50 devir ile 6lgiilmistir.
Itis measured at 23 °C, 50 rpm with spindle 4.

E 23°Cde,% 1 ml% 1lik Co, % 1 ml Mek-p ( Butanox M 60 ) ile dlgulmiistir.
Itis measured at 23 °C added 1 % mi Co ( 1% con. } and 1 % ml Mek-p ( Butanox M 60 ).

SERTLESME VERILERI *
CURING DATA

TEST METQD DEGER
TEST METHOD VALUE
tesic ys05c SO 0584 +%10 6'13"
tescs e

t esec y Tmaks IS0 0584 +%10 8'38”
tese o Tmax

1 maxs IS0 0584 +%10 11'36"
t max

T maks IS0 0584 +%10 222°C
T max

ﬂ Regine 80 °C sicakhi@indaki banyoda, %2 oraminda %50 lik Benzoil Peroksit Pasta ( Lucidol BT-50,Akzo ) ile sertlestirilmistir.
Resin cured in 80 °C bath with 2% Benzoyl Peroxide Paste ( 50% con,Lucidol BT-50,Akzo )


http://www.poliya.com.tr]
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SERTLESMIiS REGINENIN GZELLIKLERI *
PROPERTIES OF CURED RESIN

TEST METOD DEGER

TEST METHOD VALUE

Yiik Altmda Egilme Sicakhdi ( HDT ) 1S 0075-A +%10 i7°C
1SO0075-B 91°C

Heat Deflection Temperature ( HDT )

Su Absorbsiyonu 130 0062 +%10 0,185 %

Water Absorption

Barkol Sertligi ( Barcol 934-1) ASTM-D 2583 %10 44

Barcol Hardness ( Barcol 934-1)

Toplam Hacimsel Cekme 1302114 +%10 9,04 %

Taotal Volume Shrinkage

- SERTLESMIiS RECINENIN MEKANIK OZELLIKLERI®

MECHANICAL PROPERTIES OF CURED RESIN

TEST METOD SAF RECINE DEGERI
TEST METHOD PURE RESIN VALUE
Egilme Dayanimi 130 0178 +%10 113 MPa

Flexural Strength

Elastiklik Modiilii IS0 0178 +%10 3110 MPa

Flexural Modulus

Kopmadaki Uzama 150 0178 +%10 43%

Elongation at Break

ekme Dayanimi 130 0527 +%10 64 MPa

Tensile Strenght

Elastiklik Modiilu IS0 0527 +%10 2801 MPa

Modulus of Elasticity in Tensile

Kopmadaki Uzama 1SO 0527 +%10 2,8%

Elongation at Break

lzod Darbe Dayanimi 130 0180 +%10 9 kjim’

Izad Impact Strength

1 & Sertlegmis reginenin testleri igin regine sertlestikten sonra post-kiir islemine tabi tutulmustur.
Before the mechanical tests, the cured resin is post-cured.





