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ABSTRACT

Tests were conducted on several types of fracture specimens made from a
carbon/epoxy composite. The composite material was stitched prior to introducing
epoxy resin. Boeing used this material to develop a composite wing box for a transport
aircraft in the NASA Advanced Composites Transport Program. The specimens
included compact, extended compact, and center notched tension specimens. The
specimens were cut from panels with three orientations in order to explore the effects of
anisotropy. The panels were made with various thicknesses to represent a wing skin
from tip to root. All fractures were not self-similar depending on specimen type and
orientation. Unnotched tension specimens were also tested to measure elastic
constants and strengths. The normal and shear strains were calculated on fracture
planes using a series representation of strain fields for plane anisotropic crack
problems. The fracture parameters were determined using a finite element method.
Characteristic distances for critical tension and shear strains were calculated for each
specimen and a failure criterion based on the interaction of tension and shear strains
was proposed.

Srenme

e



INTRODUCTION

Tests were conducted on a carbon/epoxy composite material to measure fracture
properties that could be used in developing allowables to design for damage tolerance
criteria. Unnotched tension specimens were also tested to measure elastic constants
and strengths. ASTM standards were used. The carbon/epoxy composite material was
made from a three dimensional preform using a resin film infusing process in an
autoclave. The preform, which contained IM7 yarns in the spanwise (longitudinal)
direction and AS4 yarns in the chordwise (transverse) and bias (+45°) directions, was
stitched prior to introducing epoxy resin. Boeing used this material to develop a
composite wing box for a transport aircraft in the NASA Advanced Composites
Transport Program [1].

The crack-tip strain fields for planar anisotropic crack problems can be
determined using a series expansion. Fracture parameters (stress intensity factor and
T-stress) were determined using a J-integral method with finite element results [2]. The
series expansion of the strain field contains a singular term which dominates the
magnitude of the strains near the crack tip. The next largest term represents a uniform
stress or strain field and is sometimes called the T-stress. This term was shown to
govern the stability of the crack path in isotropic materials [3]. When the crack path is
perturbed, the crack will naturally return to its original path only for a negative value of
T-stress.

Panels were made with various numbers of fabric layers to represent the
variation in thickness from tip to root. Fracture specimens of various configurations and
loading directions were cut from the panels and tested to determine the influence of T-
stress and anisotropy on fracture properties. The three specimen configurations were
the center notch tension (CNT), the extended compact tension (ECT), and the compact
tension (CT) specimen. For isotropic solids, the T-stress varies from negative to
positive for these specimen configurations [4]. The specimens were cut with three
orientations in order to apply the loads in the longitudinal, bias, and transverse
directions. For longitudinal and transverse loading, the specimens are specially
orthotropic. However for bias loading, the specimens are anisotropic, and shear and
extension deformations are coupled.

For the elastic case, stresses and strains are infinite at the crack tip due to the
singular terms. Thus, the distance from the crack tip to the point where the stress or
strain reaches a critical value is often used as a fracture parameter. For a given critical
value of stress or strain, fracture toughness is approximately proportional to the square
root of this characteristic distance. With some specimen types and material
orientations, the fracture path was not in the same direction as the original crack. In
these cases when the crack growth was not self similar, both normal and shear strains
are present along the fracture path. Thus, characteristic distances for critical values of
shear and tension strains were calculated for these fracture paths, and an interaction
equation was determined.



a crack length for ECT and CT specimens measured from load line

a crack length for ECT specimens measured from specimen edge

2a crack length for CNT specimens S

B biaxiality ratio, T (ma)"?/K,

COD crack opening displacement

d, characteristic distance

O coefficient

E Young’s modulus

G shear modulus

K stress intensity factor

L specimen length

n index

O(r'?)  terms of radius (r) higher than 1/2

P applied load

r radius from the crack tip

S compliance matrix

t thickness normalized by fiber mass fraction of 66%

t measured thickness

T transformation matrix

T, T-stress

W overall width of CNT specimen and width of ECT and CT specimens measured
from load line

w’ overall width of ECT specimen .

X;,X,  Cartesian coordinates where x, commdes Wlth crack :

X, ,X, Cartesian coordinates where x; coincides with fracture path

X,, X, Cartesian coordinates where X, coincides with 0° fibers

d, exponent

€ engineering strain components

C. functional

Brier inclination of 0° fiber from the cut direction

Birac inclination of fracture path from the cut direction

A +1 for positive fracture strain and —1 for a negative fracture strain (see Eq. 6)

i, roots of characteristic equatlon

v Poisson’s ratio

o stress components

Subscnpts

frac fracture path o

1,2 matrix component in Cartesnan coordinate system orlented wnth the crack tlp

max  pertaining to the max load

SYMBOLS



r, 0 matrix component in polar coordinates system oriented with the direction of
damage growth

critical value

pertaining to 5% offset load

mode 1 fracture

mode II fracture

=—0c

Abbreviations:

COD crack opening displacement
COV  coefficient of variation

CNT  center notch tension

CT compact tension

ECT extended compact tension
SIF stress intensity factor

EXPERIMENTS

Materials and Specimens

Preforms were made by stacking layers of a 50-inch-wide carbon warp-knit fabric
to obtain various desired thicknesses. A three-dimensional preform was then made by
stitching through the layers using a modified lock stitch. The yarns in the fabric were
oriented in the 0°, £45°, and 90° directions, resulting in what is commonly known as a
fiber dominated composite. (The warp direction of the fabric was designated the 0°
direction.) The orientation and areal weight of each ply of the fabric are given in Table
1. The areal weight of the fabric is equal to the fiber areal weight of 9 plies of
0.0324 Ib/ft? (158 gm/m?) prepreg tape. Also, composites made by stacking layers of
this fabric are equivalent to balanced and symmetric laminates made from prepreg tape.
The 0° yarns were 12K IM7 carbon, the +45° yarns were 3K AS4 carbon, and the 90°
yarns were 6K AS4 carbon. The 3K, 6K, and 12K designate the number in thousands
of carbon fibers in a yarn. Both the
warp and bias direction plies

contribute approximately 44% of the Table 1. Warp knit fabric constituents.

yarns by weight while the remaining Ply Yarn Yarn Areal
12% were in the weft direction. The number | material | orien- weight,
specified tolerance on areal weight tation Ib/2 (gm/m?)
per ply was +3%. 1 3K-AS4 |  +45]0.0320 (156)
Stitching was done with a 2 3K-AS4 -45 | 0.0320 (156)
numerically controlled single-needle 3 12K-IM7 0|0.0643 (314)
stitching machine using Kevlar-29 4 6K-AS4 90 | 0.0350 (171)
thread and a modified lock stitch. 5 12K-IM7 0|0.0643 (314)
The denier of the needle and 6 3K-AS4 -45 1 0.0320 (156)
bobbin threads were 1600 and 400, 7 3K-AS4 +45 | 0.0320 (156)
respectively. The rows of stitches Total | 0.2916 (1423




were made in the 0° direction 0.2 inches apart with 8 stitches per inch, resulting in 40
stitches per square inch. This pattern was determined by experiments to be optimum
for maximum post-impact compression strength with minimum manufacturing costs [5].

Design studies for a 155 passenger commercial transport airplane indicated that
the thickness of the tension wing skin would vary from 2 to 8 stacks of warp-knit fabric
from wing tip to wing root. Thus, 11 flat panels 44 by 35 inches in length and width, and
2, 4, 6, and 8 stacks in thickness were made using 3501-6 epoxy resin. The resin was
introduced in an autoclave using a resin-film infusion process where precast tiles of
resin were placed between the lower caul plate and the preform. The resin tiles were
sized with 2% excess resin which would flow through small holes uniformly distributed in
the upper caul plate. All of the panels were made from the same batch of fabric and
resin. Fiber mass and volume fractions were determined by acid digestion on 4
coupons taken from each panel. ASTM test method D3171 [6] was used. The average
and coefficient of variation of the fiber mass fraction measurements were 66% and
2.7%, respectively. Detailed results are reported in the Appendix as Table A-1

Unnotched tension specimens to be loaded in the 0°-yarn (longitudinal) direction
were cut from each panel. From most of the panels, specimens to be loaded in the 90°
yarn (transverse) direction were also cut. At least one transverse specimen was taken
from a panel of each thickness. The specimen configurations, which were 1.00-inches
wide by 10.0-inches long, satisfy ASTM standard D3039/D3039M [7].

Three types of fracture specimens were cut from the composite panels—center
notch tension (CNT), extended compact tension (ECT), and compact tension (CT)
specnmens - j'be speCImens were cut from the panels with orientations parallel
(longitudinal) and perpendicular (transverse) to the 0°-yarn direction. In addition, some
CT specimens were cut on the bias of 45° and -45°. If the CT specimens cut on 45°
and -45° biases are viewed from opposite sides, they are identical regarding laminate
properties and loading direction so the results from these specimens are presented
together as if they were all +45° specimen. They do differ slightly in that the +45 plies
within the laminate are reversed along with the stitch and bobbin thread sides of the
laminate. Table 2 records the specimen sizes, thicknesses, range of cut lengths, and
loading directions. Scaled sketches of the test specimens are given in Figure 1 while.
detailed dimensioned drawings are included in Appendix B. The configurations of the
CT and ECT specimens were those prescribed in ASTM E399-90 [8] and E1922-97 [9],

respectively.

The cuts were made usmg an ultrasomc machine thh silicon carbide slurry. The
blade of the tool was made from shim stock with a thickness that resulted in cuts with
widths of approximately 0.020 inches. Thus, the aspect ratio of the cuts is small enough
to be mathematically equivalent to cracks for analysis purposes.

Procedure

All specimens were tested in closed-loop, servo-hydraulic testing machines. The
fracture specimens were tested in 100-kip capacity machines, and the unnotched



Table 2. List of fracture tests performed.

Specimen | Width, | Length, | Thickness, | Cut length, Loading
type W, L, inches a, inches direction
inches | inches -
CNT 9.50 19.0 0.11,0.33 3.33—-4.75 | Longitudinal
CNT 12.00 24.0| 0.11,0.33| 4.85-5.67 | Transverse
ECT 5.6 28.0| 0.11,0.22, 2.10-2.80 | Longitudinal
0.33,0.44
ECT 5.6 28.0| 0.11,0.22, 2.10-2.80 | Transverse
0.33,0.44 |
CT 5.6 6.7| 0.11,0.22, 2.10-2.80 | Longitudinal
0.33,0.44
CT 9.6 11.5| 0.11,0.22, 2.10-2.80 | Longitudinal
0.33,0.44
CT 5.6 6.7 0.11,0.22, 2.10-2.80 | Transverse
0.33,044 |
CT 9.6 11.5] 0.11,0.22, 2.10-2.80 | Transverse
0.33,0.44
CT 5.6 6.7 022,044 | 2.10-2.80 45° bias
CT 5.6 6.7 022,044 2.10-2.80 -45° bias

tension specimens were tested in a 50-kip capacity machine. The testing machines
were operated in stroke control, and the stroke rate was 0.050 inches per minute. A clip
gage was used to measure crack opening displacement (COD). (See Appendix B for
placement of gages.) The COD measurements were used to determine the applied
load associated with a 5% increase in compliance. Load, stroke, date, and time were
recorded on a digital data acquisition system. Strain for unnotched tension specimens
and COD for fracture specimens were also recorded.

Radiographs were made of several failed specimens to reveal damage. The
specimens were radiated with an industrial X-ray unit. The images were recorded on a
self-developing film. A radiation-opaque dye penetrant was applied prior to radiation
exposure. The penetrant was a liquid mixture of zinc iodide and a surfactant to facilitate
penetration.

Unnotched tension specimens

The unnotched tension specimens were tested using hydraulically actuated
wedge grips. Two inches of each specimen end were clamped by the grips. Instead of
bonding loading tabs to specimens, plastic shims were placed between the serrated
faces of the grips and the specimen. Carborundum coated screen, which is normally
used for an abrasive, was placed between the plastic shims and the specimen to
increase the coefficient of friction. The large failing loads for the 8-stack longitudinal
specimens were the upper limit for this gripping method. The large hydraulic pressure
necessary to prevent slip was about equal to that necessary to crush the composite.



Strain gages were bonded on the center of each face of the specimens. In some
cases, a single gage was bonded on each face, and in other cases, a 0/90 rosette was
bonded on each face. The modulus in the loading direction was determined according
to ASTM standard D 3039/D 3039M [7], and Poisson’s ratio was determined similarly
from the 0/90 rosette data.

CNT specimens

The CNT specimens were loaded through friction grips similar to the unnotched
tension specimens. However, 1-inch-diameter bolts were used to provide the normal
force rather than hydraulically actuated wedges. The holes for the bolts are shown in
Figure 1A and 1B. Transferring the load between the grips and the specimen through
friction precludes stress concentrations in the specimen around the bolt holes. Also,
clearance was sufficient between the bolts and edges of the holes in the specimen to
preclude significant bearing forces.

To prevent Euler buckling in the compression regions above and below the cut,
the specimens were sandwiched between aluminum guide plates. The plates were
lined with 1/16-inch-thick Teflon sheet to minimize friction. A diamond shaped opening
in the guide plates allowed access for a clip gage to be mounted over the cut along the
centerline of the specimen. The clip gage measured the COD and had a gage length of
approximately 0.5 inches. The gage was held in place by aluminum blocks that were
bonded to the faces of a specimen using a room temperature epoxy. This method was
believed suitable for obtaining the 5% offset load. Drawings of the test specimens,
guide plates, test assembly and clip gage mounting are included in Appendix B.

ECT and CT specimens

The procedure for the CT specimens was patterned after ASTM E 399-90 [8],
and the procedure for the ECT specimens is prescribed in ASTM E 1922-97 [9]. To
prevent twisting and Euler buckling in regions with compression stresses, the
specimens were sandwiched between aluminum guide plates. The plates were lined
with 1/16-inch-thick Teflon sheet to minimize friction. Each ECT and CT specimen was
loaded using a clevis and pin arrangement that prevent bending in either direction. A
clip gage was mounted over the cut to measure COD. The clip gage was clipped to
aluminum blocks bonded to the edge of the specimen. The clip gage assembly was
similar to that used for the CNT specimens. Detail drawings of all test specimens, guide
plates, and assembly drawings are documented in Appendix B.

ANALYSIS
Crack-tip Strain Field
Consider the coordinate systems in Figure 2. Three Cartesian coordinate
systems with origins at the crack tip are shown. The primary coordinate system is

defined with x, in crack direction or, in this application, the cut. The second coordinate
system is defined with x; in the direction of the fracture path and finally the 0° fiber
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direction of the material, X, , defines the third coordinate system. The angies 6y,,, and
0,.. define the orientations of the 0° fiber and the fracture direction, respectively,
relative to the crack coordinate system.

For monoclinic materials with plane symmetry, Yuan has shown that the stress
fields for a cracked body can be written as follows [2]:

Oy = 3 (8, +1)r* Re{

n=1 1 2

[gm(uigi" RETL S P RTRTI (TR TR )]}

Oz = 3B )" Re{m onlet —et) v gualuct st )]} W

n=1 17 M2

Oy = 3 (8, +1)r' Re{

st st sl -]

where g,. are the unknown constants which are functions of loading and geometry.
The g, terms are real for n=1,3,5,... and imaginary for n=2,4.6,... .

8, =(n-2)/2
G, =C0S0+pu, Sinod
u, are roots of the characteristic equation
Sim* —2S,eu° + (2812 + See)l‘-z 28,0 +S,, =0

and the S terms are from the compliance matrix such that
€44 Si S Si][0own
E=1€x|=|S1 Siu Six||0z|= [S]O (2)
€42 Sie Sz Ses |02

The first two terms of the series expansion for stress and strain can also be
written in term of the fracture parameters as shown in equation 3 and 4

o, 1 [ [o, o, ]) 1

o=|0,, =W[KI o, | +Kylo, | |+Ts|0 +O(r”2) (3)
[C12 O12 C12 [y 0
€44 1 ( 2% €11 ) Sy

e=le,, |= F——anlK' e | +Kule, | [+T.|Se|+O r'2) 4)
_£12 €42 I S12 n S16

where K, and K, are the mode I and mode II stress intensity factors (SIF), T, is the T-
stress, and O(r'?) represents higher order terms. Comparing equation 3 to equation 1, it
can be shown that [2]

11



| aa Lo /uz _ My \] 1 /“2 Hf\
5 -tz (Ver &) 5 TR VR
! 1 ([, w) " 1 (1 1)

= =Re 2 = Re
“ 222 ”FUZL S2 §1} “ 222 “2kxfg \/a)
i !vh”z ([ 1 1) = 1 e W \
uzk\/_ \/g) U2L Sy Gz}_

and ¢, and g, can be obtained from ¢, ‘and o, and equation 2,
The equations 1 through 4 are written in the crack-tip coordinate system. The
strains along the fracture plane can be written

€ £y , SR ‘ ' h
(s)frac = € = [T] Exp|= [T]E (5)
€t Jirac €12
where
COSZ 9frac Sin2 efrac Sin 6frac cos 6trac
T= sin? 0, c0S? 040 — 8iN 0y, COS By e

—28iN0y,, COSB;,. 2SNy, COSO,,, COS? 0. —Sin? 6,

Substituting equation 4 into 5

Etrac = —J%[Kl (al)frac +K, (e )ffac]+ T, (ET)frac + O(ruz) (6)
where
S11
(€ )vae =[TTE0 (Eu)ae = [TTews (£7)ae =[T1[S1z |
Sie

The values of the coefficients (€)iac, (E)raer @NA (g7)4ae iN €QUAations 6 depend
only upon 6,,. and the elastic constants. The coefficients for normal and shear strains
(eqs and e, respectively) were calculated for the three loading directions (longitudinal,
transverse and bias) and were normalized by the S,, compliance. The shear strains
were then plotted against 6,,. in Figure 3. The coefficients for radial strain (¢,) are not
considered because they do not contribute to the surface tractions on the fracture

surface defined by 0,,.. Isotropic results are shown in each figure for comparison.

Plane stress is assumed for all calculations in this report. The subscripts in S,, indicate
the 2 direction of crack tip coordinate system. Thus, S,, is different for the three
loading directions. The values of the coefficients are either symmetric or asymmetric
with respect to 6,,. except for the bias loading direction where the principal material

12

RIRRERT]



axis is not aligned with the crack, resulting in anisotropy. The coefficients for isotropy
and anisotropy are significantly different. The mode I coefficient for the normal strain
and the mode II coefficient for the shear strain are maximum at 6,,. = 0, whereas the
others coefficients for longitudinal and transverse loading are minimum at 6,,. =0, and
those for bias loading are minimum near 6,,, = 0. For the normal strain, the coefficients
for K, and T-stress (T,) can be much greater than that for K, . The T, coefficients for the
normal strains at 6, = £90° and the shear strains at 6,,. = +45° can also be very
large. o

Fracture Criteria

Failure is assumed to occur on the plane 6,,. when either the normal or shear
strain on that plane reaches a critical value (¢ ), at a characteristic distance d,.
Substituting €., = (¢ )re @nd r=d, into equation 6, neglecting terms of O(r'?), and

solving for 2ad ,
K, (8(90)1) +K; (e(ee)n) K, (E(rﬁ)l) +K,, (E(rﬁ)ll)
( \/2—T|Zdz )Be - - frac frac ( m )re - frac frac (7)

oo\ E(voju ),rac =T (E(OO)T frac re(g(rﬂ)u ),rac =T (E(rﬂ)T rac

The A in equation 7 is +1 depending on the sign of equation 6. The fracture
parameter 1/Zyrdo is used instead of the distance d, to obtain a fracture parameter

proportional to the strength for small values of T,. The use of the critical distance d,
directly, would have resulted in a failure parameter proportional to strength squared
(assuming small values of T,).

The five fracture paths 6,,. that correspond to planes normal to the fiber
directions are 0°, 45°, 90°, -45°, and -90°. (Values of 6,,.< -90° or 6,,.> 90° are not
considered.) The

critical fibers are Table 3. Critical fiber for different failure directions.
those normal to

these paths. The Loading Oiac

critical fiber types Direction Biiver 0° 45° | -45° | 90° | -90°
are given in Table 3 Longitudinal | 90° | IM7 | AS4 | AS4 | AS4 | AS4
for each of these Transverse | 0° | AS4 | AS4 | AS4 | IM7 | IM7
paths. The value of Bias 45° | AS4 | AS4 | IM7 | AS4 | AS4
(896(u))frac used fOF -45° |M7 AS4

fiber tension failure
is 0.0148 for AS4 fibers and 0.0171 for IM7 fibers [10] and the value of (&) Used
for shear failure is 0.022. (The average value of shear failing strain for woven and
braided textile composites in reference 10 is 0.0110; however, use of twice the average
value gave more satisfactory results. This seemed justified, because the variation in
shear strength was very large among specimens of a given type and even larger
between tubular and flat specimen types.)
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Calculations of K, K, and T,

Values of K, K,, and T, were calculated using the procedure described in
reference 2 which uses finite element results and a J integral calculation. In Figure 4, K,
is normalized by the applied load and plotted against 2a/W for the CNT specimens and
against a/W for the ECT and CT specimens. T, is also plotted in Figure 4 as a function
crack length but is normalized by K,. K, is zero except for the CT specimens with bias
loading, and the ratio of K,/K, for this case is plotted against a/W in Figure 5. Third-
degree polynomial equations were fit to the data and plotted in each figure. The curve-
fit equations which are listed in Table 4 were used to determine the critical stress
intensity factors and T, for each fracture test conducted.

Values for isotropic properties are also plotted in Figure 4 to show the influence
of anisotropy. The equations that were used to caliculate the curves in Figure 4 for the
isotropic case are as follows:

Table 4. Curve fit equations for various figures.

Fig. |Specimen y x Curve Equation R
4 CNT | K/S(ra)"” 20/W Longitudinal | y= 0.8020 +[.408x -2.961 x* +3.273 x*
Transverse y= 08020 +1.408x -2.961 x> +3.273x’
T (na) /K, 2a/W Longitudinal | y= -06204 -0.1803 x
Transverse _y=_ -1.382 -04161«x
ECT | K(W"/P AW Longitudinal | y= 9418 -3804x +8805x® -26.50x’
i | Transverse y= 9418 -3804x +88.05x° -26.50x’
T (rra) /K, yW Longitudinal | y= 04539 -3.843x +9.889x° -7.143 x°
Transverse y=_ 03700 -4079x +1158x> -7.841 x°
CT KtW'*/P a'W Longitudinal y= 7.880 -1538 x +37.88x7 +4.251 x}
Transverse y= 7688 -21.37x +46.69x> +4.608 x’
I Bias y= 8012 -2086x +45.96x* +4.292x’
T (ra) /K, YW Longitudinal y= 002464 +3098x +5.798x' -7.813 %’
Transverse y= 06524 +4.401x -3.946 x> +0.4100 x
Bias y= -0.6627 +4.417x -5639x7 +1.746x°
5 CT | K/K wW | Bias y= 0.03507 +0.5602 x_-1.333 x2 +1.0159 x'
10 All A Slope (P,..-Po) P, | Longitudinal y= 8496  +1.220x 0.638
Transverse y= 1525 +0.2792x 0.157
CT Bias y=_16.103 +0.07053x 0.047
11 CNT Kg t/a Longitudinal | y= 2585 -59.94 log(x) 0.950
- Transverse y=__ 4139 -2.090 log(x) 0.352
T t/a Longitudinal | y= -8433 -15.44 log(x) 0.901
Transverse y=  -2428 -2.759 log(x) 0.770
Ka t/a Longitudinal y= 8345 -10.01 log(x} 0.174
Transverse y= 3270 -6.211 log(x) 0.552
Ta ta Longitudinal y= 09746 -2.317 log(x) 0511
Transverse y= 0.2574  -1.739 log(x) 0.500
CT Ko Va Longitudinal | y= 7340 -14.66 log(x) 0.636
Transverse y= 3291 -6.046log(x) 0.500
Bias y= 1459 -36.24 log(x) 0.857
Ta t/a Longitudinal y= 17.33 -0.1991 log(x) 0028
Transverse y= 6798 +0.1817 log(x) 0.006
Bias y= 2.151 -3.837log(x) 0.860
12 CT Kig t/a Bias y= 1424 -4216 log(x) 0.863
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CNT specimen (references 12 and 4, respectively)

K AW
Nerie Jsec(ra/W) (8)

T.\na
K = {1+0.085(2a/W)] (9)
ECT specimen (reference 9;

y = —0.08834 - 0.05964(a /W) +1.146(a/W)® - 0.4537(a /W)’ (10)

where the a’ and W’ are measured from the specimen edge rather than
the load line and a’’W’ = (4a/W + 1)/5. No results were available for T..

CT specimen (reference 8 and 4, respectively)

y = -0.2014 - 0.1252(a /W) + 2.523(a/ W)* - 0.9640(a / W)’ (11)
ToVma _ ~0.4199 + 4.408(a/W) - 6.211(a/W)* + 2870 (a/W)’ (12)

The above polynomial equation was fit to the biaxiality ratios that were
tabulated in reference 4. For bias loading, K, =0 for the isotropic case.

Anisotropy did not affect values of K, for the CNT and ECT specimens, but did
influence the CT specimen. The longitudinal loading values were about 13% greater
than those for transverse loading for this case. The values for bias loading were in
between and were in agreement with the isotropic case. The values of K, for the CNT
specimen were between 1% and 2% less than those for the isotropic case. This
difference was probably caused by the finite length of the specimen and uniform
displacement boundary condition.

The value of K, in Figure 5 for the CT specimen with bias loading was about
11% of K,. The ratio declined only very slightly with increasing a/W. For the isotropic
case, K, is of course zero.

Anisotropy did strongly affect the magnitude of T, but not the sign. The values
of T, were negative for the CNT specimen and positive for the ECT and CT specimens.
The absolute magnitudes of T, were greatest for the CNT specimen and smallest for
the ECT specimen, and those for the CT specimen were in between.
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TEST RESULTS

Unnotched Tension Tests

Failure load and strain were measured for each test specimen. Stress was
calculated using the width and a thickness that was normalized to a uniform 66% fiber
mass fraction which was the average mass fraction for all panels. (See Table A-1.)
Slopes of the stress strain curves were determined using a linear regression analysis for
strains between 0.001 and 0.003. Young’s modulus was taken as the slope for the
strain parallel to the loading direction, and Poisson’s ratio was calculated as the ratio of
the slopes for the strains perpendicular and parallel to the loading directions.

Average values of strength, failing strain, Young’s modulus, and Poisson’s ratio
are summarized in

Table 5 for longitudinal and transverse loading. The values are averages for all
thicknesses, and each is the average of more than 15 measurements. Coefficients of
variation, which are shown in parentheses, are reasonably low. Strength and Young’s
modulus for longitudinal loading are more than two times those for transverse loading
because of the larger areal weight of the longitudinal yarns.

Strength and Young’s modulus are plotted against thickness in Figure 6 and
Figure 7 for I'aﬁg’l't'Udinal and transVerse loading, respectively The strengths and moduli

transverse Ioadlng The strengths of specimens that failed very near or m the grips

were not included in fhe -averages nor plotted in Figure 6 and F"gure’7 Thus, it seems

unlikely that the larger pressures necessary for gripping the thicker specimens ‘caused

the decrease in strength. Also, increasing gripping pressure should not have caused

Young’s modulus to decrease. Even though the decline in strength and modulus with
thickness is noticeable, the coefficient of variation is only 6.5% for strengths and 4.7%
for modulus.

All calculations in this report were made using the laminate elastic constants
shown in Table 6. Here the subscript 1 and 2 in this case denote the primary 0° and 90°
fiber directions, respectively. The laminate constants were calculated using lamination
theory and the AS4/3501-6 and IM7/3501-6 lamina properties shown. The lamina
moduli in the fiber direction were adjusted so that the laminate E,, would match the

experimental unnotched tension results available at that time. Since that time,

Table 5. Results from tension tests.

Loading Strength, Failing strain, | Young’s modulus, | Poisson’s ratio
direction Ksi (COV) (COV) Msi (COV) (COV)
Longitudinal | 130 (6.5%) |0.0117 (7.5%) 11.3 (4.7%) 0.377 (8.1%)
Transverse | 45.4 (5.9%) |0.0112 (9.8%) 4.70 (4.9%) 0.169 (4.1%)
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Table 6. Material property values used in analysis.

Laminate | AS4/3501-6 | IM7/3501-6
E,, (Msi) 11.8 18.0 22.0
E,, (Msi) 5.16 1.60 1.60
G,, (Msi) 2.48 0.80 0.80
Vi 0.401 0.34 0.34
Vo, 0.176 0.025 0.025

additional unnotched tension data was added to the data base causing a slight
discrepancy between the E,, and E,, values derived by experiments and lamination
theory (less than 5% and 9%, respectively). This difference is not believed to be
important in the context of this report.

Detailed test results and calculated failure parameters to be discussed in the next
section are listed in the tables of Appendix A for each test specimen. The data is
grouped by type and loading direction.

Fracture Tests

COD and Py

Graphs of crack opening displacement (COD) plotted against load are shown in
Figure 8. Two graphs each are shown for the CNT, ECT, and CT specimens. The 5%
offset line is shown in each figure. Values of P, and P, which are the maximum
load and the load corresponding to a 5% offset, are shown as symbols. For a given
specimen type, the top graph represents the smallest P_,./P, case while the bottom
represents the largest P,,/P, case. Thus, the variety of measured COD behaviors is
represented. In most cases, the increase in COD due to stable damage progression
was large, but in some the increase was small (bottom CNT response). Also, the
difference between P, and P, was significant in most cases, but in some cases the
first peak was the largest (top CT response). The magnitude of the COD and applied
load were quite different in each case because of differences in specimen thickness and
crack length. The specimen number associated with each response is noted on each
graph so that the response can be related to the detailed experimental data provided in
Appendix A.

The values of P, /P, were arranged in ascending order and plotted in Figure 9.
A different symbol was used for each specimen type and loading direction. The mean
value of P,,/Pq is 1.0947 and the values for the mean plus and minus one standard
deviation are 1.1701 and 1.0192, respectively. For each specimen type and loading
direction, the ratios varied widely. However there does seem to be some segregation in
values with specimen type. The eight lowest values of P,./P, were for CT specimens
(five were unity) and, the largest four values were for ECT specimens. The average
values of P,,/P, were similar for each loading direction. The mean values for

17



longitudinal, transverse and bias were, 1.114, 1.070, and 1.106, respectively. The
standard deviations were also similar, 0.0896, 0.0567,and 0.0510, respectively.

The crack length is approximately proportional to the value of COD/P. Thus an
increase in slope of the COD versus load curve is an indication of failure at the notch tip
of fibers in the loading direction. Figure 10 shows the percent increase in slope
(COD/P) that occurs between P, and P plotted against the corresponding percent
increase in load. The percentage in each case is taken with respect to the value at P,.
Different specimen types are indicated by different symbols and a linear regression line
is shown for each loading direction. The strongest correlation is for longitudinal loading
with nearly a one for one correlation. The correlation is small for transverse loading and
is nearly zero for bias loading. Thus, the damage evolution that occurs between Pg,
and P, for longitudinal loading may be characteristically different from that for
transverse and bias loading.

Effect of thickness on values of K. Ko, and T

In order to determine the effect of thickness on the fracture results, values of K,
and T., are plotted against the logarithm of the thickness ratio t/a in Figure 11 for CNT,
ECT, and CT specimens. Values of K, were zero for all cases except for the CT
specimen loaded in the bias direction. These values of K, are plotted in Figure 12
against the logarithm of thickness. The subscript Q indicates that values of P, were
used to make the calculations. The range of thickness ratios is nearly an order of
magnitude for longitudinal and transverse loading but only a factor of two for bias
loading. Different loading directions are indicated by different symbols. For the CNT
specimens with longitudinal loading, the values of K, decrease 40% from the smallest
to largest values of t/a, whereas those with transverse loading are mostly unchanged
with increasing thickness. This response is somewhat similar to that observed for the
unnotched tension specimen where the strength in the longitudinal direction decreased
with thickness while the strength in the transverse direction remained unchanged
(Figure 6 and Figure 7). Scatter for the longitudinally ioaded ECT specimens was much
greater than for the other tests configurations and loading directions. The regression
line for K in this case decreased only 9% with increasing t/a which is less than the
coefficient of variation (15.8%). For the CT specimens, the values of K,decrease less
than 14% with increasing t/a for longitudinal and transverse loading and 19% for bias
loading. The decrease is more significant for bias loading case because the range of
t/a values is much smaller. The variation of T, in Figure 11 and K4 in Figure 12 with
thickness is similar to the variation in K, because K, and T,, are approximately
proportional to K,,. Note that in the CNT case the magnitude of T, is decreasing
similar to the variation in K, noted earlier but the slope of the curve is positive because
the T, values for this case are negative. For the ECT specimen, the effect on T, due
to increased thickness seems intensified over the effect on Ko while for the CT -

specimen the effect on T., seems diminished.

18



Fracture paths

Fracture paths were self-similar (6, = 0°) for all specimen types with transverse
loading and for all CNT specimens with longitudinal loading. Radiographs showing self
similar crack growth are presented as Figure 13 and Figure 14 for a failed CNT
specimen loaded longitudinally and a failed CT specimen loaded transversely. For the
CNT specimen, radiographs are shown for both notch tips. The wide white lines are the
cuts, and the wide dark regions indicate damage along the fracture paths. The small
white spots within the damage region of the CNT specimen are gaps in the material
indicating that the specimen was nearly pulled apart. The small dark spots near the
damaged regions are stitch locations. On the other hand, the failure path for all CT
specimens with longitudinal loading was 6,,. = 90° and with bias (8., = 45°) loading
was 0,,. = 45° as shown in Figure 15 and Figure 16 respectively.

The fracture paths for the longitudinally loaded ECT specimens were complex
and varied. The radiographs of three failed ECT specimens are shown in Figure 17-
Figure 19. In Figure 17, the fracture path is 6,,, = -45°. In Figure 18, the overall
fracture path is 6,,, = 0° but the path meanders. In Figure 17 and Figure 18, the initial
fracture path appears to be 6;,, = +90° but changes to 6,,. = -45° and 0°, respectively.

In Figure 19, two fracture paths are revealed in the failed ECT specimen. The
fracture path originating at the end of the cutis 6,,. = +90°. The fracture that initiates at
the free edge opposite the cut and propagates toward the cut has the appearance of a
shear-kink type compression failure caused by the large bending stress in the net
section. Similar failures occurred in longitudinally loaded ECT specimens with
thicknesses of 2 and 4 stacks (0.11 and 0.22 inches) but not in specimens with a
thickness of 8 stacks (0.44 inches). Of the two specimens with a thickness of 6 stacks
(0.33 inches), a compression-like failure occurred in one but not in the other. Thus, the
propensity for the compression-like failures varies inversely with thickness. The order of
occurrence of the failures that initiated at the end of the cut and at the free edge is not
obvious from the COD versus load graph (Bottom ECT graph in Figure 8). However,
since compression failures were never observed alone, they may have been the second
to initiate.

Use of ,/Zxdo as a failure parameter

Values of 2nd, were calculated using equation 7 for each observed fracture

path and for both the normal tension strain, ¢, and the shear strain, ¢,. The critical
values of Ko, K,q, and T,y in Table 6 were calculated for t/a =0.1 using the
regression curves in Figure 11 and Figure 12. The value t/a =0.1 is approximately the
smallest value of t/a common to the CNT, ECT, and CT specimens. The coefficients
(888(1))frac’ (Ees(ll))frac, (EGH(T))fracv (ere(l))frac’ (Ere(ll))frac’ and (erem)frac were determined fOI' eaCh

value of 6, using the curves in Figure 3. The critical distance parameter,/égdO is

plotted against crack extension direction in Figure 20 for each test specimen type and
for both tension and shear strains. Even though the results are for the discrete values

19



of 6,,. = 0°, 45°, 90°, -45°, and —90°, continuous curves are drawn through the values to

assist in visualizing the results. The curves were drawn using a spline fit method. A
larger critical distance parameter can be interpreted as larger strains driving growth in
that direction. Detailed calculations dealing with failure of specimens normalized to a t/a
ratio of 0.1 are listed in Appendix A.

For longitudinal loading, the curves for the critical distance due to normal strain
are similar in shape with all having a maximum at 6, = 0°. However, there is some
separation between the curves. The failures for the CNT specimens and for one of the
ECT specimens were self-similar (6,,. = 0°). The other ECT specimens failed along
0,.. = -45° and £90°. The maximum values of y21d, due to normal strain and
longitudinal loading was about 7% higher for the CNT and ECT specimen which
exhibited self similar crack growth than it was for the CT which did not fail in the 6,,, = 0°
direction. Because failures of the ECT and CT specimens failed in directions other than
0,.. = 0° where the critical distance parameter is highest for the normal strain, shear
must contribute to the fracture in these cases. The curves for ,/ano due to shear
strain with longitudinal loading reach a maximum at 6., = £90°. The minimum value of

J27d, for shear occurs at ,,,, = 0°.

All tests conducted in transverse loading direction failed in a self-similar manner.
The 27d, curves due to the normal strain for the three specimen types are virtually
identical for transverse loading and similar in shape to that seen for longitudinal loading
The maximum /2nd, values were on average about 12% higher for the transverse
direction than they were for the longitudinal loading direction. The curves for shear
strain due to transverse loading are also quite close for the ECT and CT specimens, but
the CNT curve is about 15% higher than the other two. The critical distance due to
shear in the fracture direction (6,,. = 0°) is zero indicating that shear did not help drive
the fracture process for these tests. The shape of the shear curves are quite different
from those seen for longitudinal loading. The values of 21d, for shear in the
transverse direction is a maximum at 8,,. = +45° but no failures were observed in that
direction for transversely loaded specimen.

Only CT specimens were tested with bias loading. The ,lzzrdo curve for normal

and shear strain for this case is plotted on Figure 20. The curve due to normal strain is
somewhat similar in shape to those for transverse and longitudinal loading but it is
skewed toward positive values of 8,,.. The value of 27d, due to normal strain at
By = 0° and -45° are about equal but all specimens failed in the 6y, = 45° direction
where the ,/2ndo due to shear strain was larger. The shear curve for bias loading is
asymmetric and has two maxima, one at 0, =-45° and one at 6;,. =90°. The fact
that failure occurred in a direction that was not a maximum for either normal or shear
strain but where both were large is an indication that there is an interaction between
these two crack driving forces.
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To examine the influence of normal and shear strain on fracture path, the critical
values of 1/Zrzdo for normal strain were plotted against the critical V"—‘a?o values for

shear in Figure 21. The values for each type of specimen are plotted separately.
Critical values in all five fracture directions (8,,, = 0", #45°, and £90°) and in each
loading direction were plotted, but actual failures were observed only in the directions
marked with an "X". Because of material symmetry in the longitudinal and transverse
loading cases, the critical values in the 6,,, = +6 directions are the same. For
longitudinal and transverse loading, self-similar failures lie on the ordinate, and non-self-
similar failures lie to the right of the ordinate. For bias loading, all failures lie to the right
of the ordinate.

Two failure criteria are also plotted in Figure 21. These failure criteria were fit to
all the critical points corresponding to observed failures (those marked with an "X") from

all of the specimen types. The "maximum ,27d, cirterion" requires that neither the

normal or shear value of \2md, be greater than their respective critical value. This
criterion therefore ignores any interaction between the normal and the shear. The
average value of ,/2ndo for specimens that failed with an absence of shear (in a self-

similar manner) was 0.361 +/in. with a coefficient of variation of only 7.3%. Thus, a
maximum normal strain criterion represents self-similar failures accurately. On the
other hand, for failures that were not self similar, the values of ,/2ndo range from

approximately 0.03 to 0.28 +/in. for normal strain and from 0.20 to 0.54 /in. for shear
strain. Thus, failures that were not self-similar are not well represented by maximum
strain criteria, indicating a significant interaction between shear and tension.

The "polynomial criterion” was generated by fitting a second order polynomial
through all the data marked with an "X" in Figure 21. Although the values of ,Edo

were accurately represented for observed critical fracture paths, the criterion could not
be used to accurately predict the fracture paths because the curve also fell though
points representing failure directions that were not observed in testing. For example the
polynomial criterion indicates that 0° and 45° fracture paths are equally likely for CNT
specimens with transverse loading, but only 0° fracture paths were observed. Because
the polynomial failure criterion does fall through all the observed critical values, it can be
used to predict the strengths of the CNT, ECT, and CT specimens with longitudinal,
transverse, and bias loading correctly. The strength of actual structures however might
not be predicted accurately with this criterion because the fracture path could not be
correctly predicted. The fracture path must be predicted correctly in order to determine
the effect of structural elements on the ultimate strength of the structure and on the
arrest and containment of the fracture.

The polynomial 2zd_ criterion provides a failure criterion that is independent of

loading direction which distinguishes it from a criterion based on K, where the critical
values change significantly with loading direction as seen in Table 7. The critical K4
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Table 7. Summary of fracture parameters for different specimen.

Specimen Loading ‘Fiber | Observed P=P, and t/a=0.1

type Direction | Fracture Ko Ko T, 2nd, for
Over Path | ksifin. |ksi~in. |ksi~in. | g =ge,

Brrac Jin
| CNT Longitudinal | 90° 0° 85.8 0| -23.87 0.329
ECT Longitudinal 90° 0°,45° 90° 93.5 0 33 0.339
CNT | Transverse 0° 0° 414 0 -215 0.395
ECT Transverse 0° 0° 38.9 0 20 0372
CT Transverse 0° 0° | 390 0 6.78 0.369
Average 0.361
Cov 7.3%
CT Longitudinal 90° 90° 88.1 0 17.5 0.310
CT ~ Bias | 45°-45° | 45°,-45° 50.8 56| 5988 0.340

values vary due to their dependence on modulus which varies with loading direction.
Unlike Ko, the ,/erdo parameter is also influenced by the T-stress.

Influence of T-stress

The T-factor is defined by [xij - T (eii(T))

be calculated for each critical strain component (normal or shear). The sign of the T-
factor indicates the sign of the critical strain but no negative (compression) values for
normal strain were calculated for fracture paths observed in tests. The deviation of the
T-factor from +1 indicates the relative magnitude of the T, contribution to the failure
strain calculated from equation 6. If IT-factorl>1, the T-stress augmented strains due to
the stress intensity at the crack tip causing an early failure while if IT-factorl<1, the T-
stress reduced these strains. Values of the T-factor for the fracture paths observed in
the tests loaded in the longitudinal direction were ranked and plotted in Figure 22 for
critical normal and shear strains. For critical tension, the values of T-factor range from
0.98 to 1.30, but the value of 1.30 is of no consequence because the resulting ,fZTzdo
is very small (The failure was dominated by shear instead of normal strain). Neglecting
values that correspond to ,/ano < 0.1, the values of T-factor, for normal strain, range

only from 0.981 to 1.050. For critical shear, the values of T-factor range from 0.915 to
1.000. The range of the T-factor for observed fracture paths indicates that the T-stress

influences values of /2zd, by less than 8% for either normal or shear strain.

1
/(su)”ac} and a separate T-factor can

frac

Although the T-stress had less than a 8% effect on the magnitude of 1/é;do , the

sense or sign of the T-stress has been shown to play an important role in influencing the
stability of the fracture path. In reference 3, Cotterell determined the approximate

isotropic stress field for a crack with a small kink at one end and showed that a negative
T-stress would cause an extension of the kinked end to turn back toward the direction of
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the main crack, resulting in overall self-similar crack extension. In the present
investigation of orthotropic composites, the T-stress is only negative for the CNT
specimens with both longitudinal and transverse loading, and indeed, the cracks did
extend in a self-similar manner. (See Table 7.) The T-stress is positive for the
longitudinal and bias loaded ECT and CT specimens, and cracks grew in a non-self
similar manner. However, contrary to Cotterell’s prediction, all transversely loaded ECT
and CT specimens extended in a self-similar manner even though the T-stress was
positive. Therefore, a negative T-stress was sufficient for self-similar crack extension
but not necessary.

Comparisons to historical data.

An average value of ,/szo = 0.30 +/in. due to normal strain was reported by

Poe[14] for CNT specimens of specially orthotropic composite materials with self-similar
fracture paths. The shear component would be zero due to the self-similar fracture
direction. The calculations by Poe were made using maximum loads and equation (6)
with 6,,. = 0° but without the T-stress term. The median value of P_./P, in Figure 9

is 1.095. Dividing 27d, =0.30 by 1.095 gives 27d, =0.274 +in., which is 24%
less than the average value of 0.361 Jin. found in this study.

Harris and Morris[15] reported fracture test results for [0/90], [0/+45/90],,, and
[0/+45],, laminates of various thicknesses made from T300/5208 carbon/epoxy prepreg
tape. CT and three-point-bend specimens (TPB) were used for the thicker laminates
and CNT specimens for all thicknesses. Values of |2zd, were calculated using
equation 7 and plotted against thickness in Figure 23. The calculations were made with
the 5% offset load P, and 6,,. = 0° and the T-stress term was neglected. The elastic
constants in reference 15 and a value of (ggg))rac = 0.010 were used. The values of
,/erdo for the [0/90],, and [0/+45/90],, laminates decrease with increasing thickness.
They appear to have reached a minimum at t/a = 0.7. However, the values for the
[0/+45],, laminates increase with increasing thickness. For the [0/90],, and [0/+45/90],,
laminates, the values of ,/2ndo for the various specimen types are in good
agreement. For the [0/+45], laminates, on the other hand, the values for the TPB and

CT specimens are significantly less than those for CNT specimens. All failures were
self-similar except those for the [0/+45],, CT specimens that were 6,,. = 45°.

The values of ,/ano for the [0/90], laminates with t/a=0.1 are in good

agreement with the average value of 0.368 +/in. for the stitched warp-knit composites
with self-similar failures found in this study. Those for the [0/+45/90],, laminates are
about 25% smaller, and those for [0/+45],, are about 45% smaller.

23



CONCLUDING REMARKS

Tests were conducted on center notched tension (CNT), extended compact
tension (ECT), and compact tension (CT) specimens made from a carbon/epoxy
composite. The composite material, which was made from a stitched warp-knit fabric,
contained 44% 0° yarns, 44% +45° yarns, and 12% 90° yarns. The modulus in the
longitudinal direction was twice that in the transverse direction. In order to determine
the influence of anisotropy, specimens were cut with three orientations from panels —
longitudinal, transverse, and on a 45° bias. The specimens loaded longitudinally and
transversely were specially orthotropic, but the specimens loaded on the bias were
anisotropic. Crack opening displacements (COD) were measured and loads P,
corresponding to a 5% offset in the COD versus load curves were determined. The
mean ratio of the maximum load P, to P, was 1.09. The standard deviation was
0.07.

The panels were made with thicknesses ranging from 0.22 to 0.88 inches to
represent a wing skin from tip to root. Values of fracture toughness were calculated for
the offset loads P,. For CNT specimens with longitudinal loading, the mean value of
fracture toughness for 0.33-inch-thick specimens was 40% less than the mean value for
0.11-inch-thick specimens. However, with transverse loading, the mean values were
essentially equal. The difference was 19% or less for the other specimen types and
loading directions.

Failures were self-similar for all specimens with transverse loading and for all
CNT specimens with longitudinal loading. Except for one ECT specimen, failures were
not self-similar for ECT and CT specimens with longitudinal loading nor for the CT
specimens with bias loading. The ECT specimens with longitudinal loading were the
only type to fail along more than one path. The thinner ECT specimens also failed in
compression on the edge opposite the cut due to large bending stresses. The failure
appeared to a shear-kinking type material failure. The compression failures never
occurred alon&.”” "~ = ' - -

The normal and shear strains were calculated on fracture planes using a series
representation of strain fields for plane anisotropic crack problems developed by Yuan.
The singular terms and the uniform stress term (T-stress) were included. For
specimens with self-similar failures, shear strains were zero along the fracture paths.
But for specimens with failures that were not self-similar, large shear strains were
calculated along the fracture paths. Characteristic distances for tension and shear
strains were calculated for each specimen. For specimens with self-similar failures, the
values of the characteristic distance were reasonably constant and were in agreement
with other values in the literature for carbon/epoxy composites. When failures were not
self-similar, the values of characteristic distance for critical tension strain were smaller.
A polynomial failure criterion was applied to the characteristic distances for critical
tension and shear strains. The predictions of strength using this criterion were
reasonably accurate, but the predictions of fracture paths were not accurate. A stability
analysis for a kinked crack may be required to predict fracture paths.
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1inch

1 inch

Right notch tip

Figure 13. Radiograph of longitudinally loaded CNT specimen (CNT-3L2C) .
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1 inch

1 inch

Figure 15. Radiograph of longitudinally loaded CT specimen (CT-2L6). -
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“Notchtip ==

1 inch

Figure 16. Radiograph of bias loaded (0,,=45°) CT specimen
(CT'ZLT, (efracture=45°))'

1 inch

 _

Figure 17. Radiograph of longitudinally loaded ECT specimen (ECT-L7).
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1 inch

Figure 19. Radiograph of longitudinally loaded ECT specimen (ECT-L3).
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Figure 22. Ranking of T-factors for fracture paths observed in test specimens
loaded in the longitudinal direction.
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Table A-1. Fiber volume and mass fractions.

Sample Sheet Thickness, Thickness Density, Fiber Fiber

number number stacks inches per stack, Ib/ft3 mass volume

inches fraction fraction
2C-1 2C 2 - - 96.1 0.644 0.560]
2C-2 2C 2 - - 96.1 0.604 0.525
2C-3 2C 2 - - 95.5 0.583 0.504
2C-4 2C 2 - - 97.4 0.624 0.550
Average 0.1140 0.0570 96.3 0.614 0.535
Deviation 0.5 0.020 0.020
COV 0.6% 3.3% 3.8%
3-1 3 2 - - 98.0 0.696 0.618
3-4 3 2 - - 98.6 0.649 0.579|
3-7 3 2 - - 98.0 0.664 0.589
Average 0.1074] 0.05370 98.2 0.670 0.595
Deviation 0.3 0.018 0.015
Ccov 0.3% 2.6% 2.5%
4 -1 4 2 - - 98.6 0.679 0.606
4-4 4 2 - - 98.6 0.683 0.609
4-7 4 2 - - 98.0 0.654 0.580
Average 0.1108] 0.05540 98.4 0.672 0.598
Deviation 0.3 0.012 0.012
COV 0% 1.8% 2.0%
5-1 5 4 - - 98.6 0.663 0.592
5-2 5 4 - - 98.6 0.663 0.591
5-3 5 4 - - 97.4 0.634 0.559
5-4 5 4 - - 98.0 0.646 0.573
Average 0.2184} 0.05460 98.2 0.652 0.579
Deviation 0.5 0.012 0.013
COV 0.5% 1.8% 2.2%
6-1 6 4 - - 98.6 0.681 0.608
6-2 6 4 - - 97 .4 0.669 0.590}
6-3 6 4 - - 99.3 0.683 0.613
6-4 6 4 - - 98.6 0.680 0.607
Average 0.2136 0.0534 98.5 0.678 0.605
Deviation 0.5 0.005 0.007
COV 0.6% 0.7% 1.2%
F44-1 Fd4 4 - - 98.0 0.654 0.580]
F44-2 Fa4 4 - - 97.4 0.660 0.581
F44-3 F44 4 - - 97.4 0.634 0.559
F44-4 F44 4 - - 98.0 0.651 0.578
Average 0.2250 0.0563 97.7 0.650 0.575
Deviation 0.3 0.008 0.008
cov 0.3% 1.2% 1.3%
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Table 1. Concluded.

Sample Sheet Thickness, Thickness Density, Fiber Fiber

number number stacks inches per stack, g/cc mass volume

inches fraction fraction
6A-1 6A 6 - 1.57 0.659 0.585
6A-2 6A 6 - 1.57 0.649 0.576
6A-3 6A 6 - 1.57 0.652 0.579]
6A-4 6A 6 - 1.57 0.654 0.581
Average 0.3380 0.0563 1.57 0.654 0.580}
Deviation 0.00 0.003 0.003
Qv 0.0% 0.5% 0.5%
1-1 1 6 - 1.51 0.657 0.560]
1-4 1 6 - 1.50 0.651 0.552
1-7 1 6 - 1.51 0.659 0.562
Average 0.3468 0.0578 1.51 0.656 0.558
Deviation 0.00 0.003 0.004
0% 0.3% 0.5% 0.7%
2-1 2 6 - 1.58 0.672 0.600
2-4 2 6 - 1.58 0.666 0.594
2-7 2 6 - 1.6 0.694 0.627
Average 0.3273] 0.05455 1.59 0.677 0.607
Deviation 0.01 0.011 0.013
v 0.6% 1.6% 2.2%
7-1 7 8 - 1.57 0.635 0.563
7-2 7 8 - 1.56 0.631 0.556
7-3 7 8 - 1.56 0.630 0.555
7 - 7 8 - 1.56 0.631 0.556
Average 0.4443 0.0555 1.57 0.632 0.558
Deviation 0.00 0.002 0.003
Qv 0.2% 0.3% 0.5%
8-1 8 8 - 1.59 0.687 0.617
8-2 8 8 - 1.58 0.667 0.595
8-3 8 8 - 1.58 0.676 0.603
8- 8 8 - 1.59 0.681 0.612
Average 0.4313 0.0539 1.59 0.678 0.607
Deviation 0.01 0.006 0.008
Qv 0.3% 0.9% 1.3%

All Sh

Average 0.0557 1.57 0.656 0.581
Deviation 0.0016 0.02 0.018 0.020
v 2.9% 1.0% 2.7% 3.5%
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Table A-2. Unnotched tension test results for longitudinal loading.

Specimen Thickness, Width, | Failing | *Strength, | Failing ®Young's Poisson's
no. inches inches load, psi strain modulus, ratio
Actual | ®Normal- Ibf Msi
ized
Sheet 3
TEN-1L3 0.106 0.108 0.995] 13,951 129,924| 0.0110 11.7
TEN-2L3 0.108 0.110 1.013] 14,314 128,875] 0.0114 11.3
TEN-3L3 0.108 0.110 1.013] 14,819 133,360f 0.0117 11.4
Average 0.107 0.109 1.007} 14,361 130,719 0.0114 11.5
Deviation 0.001 0.001 0.010 436 2,346/ 0.0003 0.2
COovV 1.0% 1.0% 1.0% 3.0% 1.8% 2.9% 1.8%
Sheet 4
TEN-1L4 0.111 0.113 1.008] 15,452 135,062 0.0125 11.3
TEN-2L4 0.110 0.112 1.006] 15,240 134,833 0.0119 11.4
TEN-3L4 0.111 0.113 1.013] 15,387 134,839 0.0122 11.3
Average 0.111 0.113 1.009| 15,360 134,911 0.0122 11.3
Deviation 0.001 0.001 0.004 109 130 0.0003 0.1
COV 0.5% 0.5% 0.4% 0.7% 0.1% 2.7% 0.7%
Sheet 2C
TEN-1L2C 0.115 0.107 0.998] 15,747 147,301 0.0129 11.8 0.359]
TEN-3L2C 0.114 0.106 0.999f 14,129 133,787 0.0119 11.9 0.356
TEN-4L2C 0.112 0.105 1.003] 14,694 140,034} 0.0115 12.1 0.423
TEN-5L2C 0.114 0.106 1.006] 15,671 146,737} 0.0119 12.1 0.409)
TEN-6L2C 0.113 0.105 1.008] 14,694 138,553] 0.0113 12.3 0.416
Average 0.114 0.106 1.003] 14,987 141,282 0.0119 12.0 0.392
Deviation 0.001 0.001 0.004 699 5,726| 0.0006 0.2 0.032
COoV 0.9% 0.9% 0.4% 4.7% 4.1% 5.2% 1.6% 8.3%
Sheets 3. 4_and 2C
Average 0.111 0.109 1.006] 14,918 136,664 0.0119 11.7 0.392
Deviation 0.003 0.003 0.006 676 6,034| 0.0006 0.4 0.032
COv 2.6% 2.9% 0.6% 4.5% 4.4% 4.6% 3.2% 8.3%)
Sheet 5
TEN-1L5 0.218 0.215 1.004] 27,676 128,481} 0.0111 11.7 0.384
TEN-2L5° 0.215 0.212 1.007} 28,795 134,861} 0.0117 11.7 0.370
TI§N-3L5t 0.206 0.203 1.003] 19,180 94,091] 0.0078 12.3 0.370
Average 0.213 0.210 1.005] 28,236 131,671] 0.0114 11.9 0.375
Deviation 0.006 0.006 0.002 791 4,511} 0.0004 0.4 0.010
COoV 2.8% -~ 2.8% 0.2% 2.8% 3.4% 3.4% 3.1% 2.8%
Sheet
TEN-1L6 0.211 0.217 1.010] 28,390 129,450 0.0124 11.3 0.372
TEN-2L6°' 0.213 0.218 1.005| 26,090 118,811 0.0107 11.3 0.413
TEN-3L6 0.200 0.205 1.005] 27,140 131,475] 0.0107 10.4 0.324
Average 0.208 0.214 1.006] 27,765 130,463 0.0116 11.0 0.348
Deviation 0.007 0.007 0.003 884 1,432} 0.0012 0.6 0.034|
({0} 3.3% 3.3% 0.3% 3.2% 1.1% 10.2% 5.1% 9.6%,
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Table A-2. Continyed
Specimen Thickness, Width, Failing aStrength, Failing abYounvq's Poisson's
no. inches inches load, psi strain modulus, ratio
Actual | ®Normal- Ibf Msi
ized
Sheet F44
TEN-1LF44 0.233 0.230 1.007] 25,894 112,009 0.0103 10.9 0.369
TEN-2LF44 0.232 0.228 1.009] 30,666 133,097} 0.0118 11.0 0.393
TEN-3LF44 0.233 0.229 1.012] 29,138 125,755} 0.0115 10.8 0.337
Average 0.232 0.229 1.009] 28,566 123,620} 0.0112 10.9 0.366
Deviation 0.001 0.001 0.002 2,437 10,705} 0.0008 0.1 0.028
COV 0.3% 0.3% 0.2% 8.5% 8.7% 6.8% 0.8% 7.6%
Sheets 5.6, and F44
Average 0.218 0.218 1.007] 28,243 127,875} 0.0114 11.3 0.370
Deviation 0.012 0.010 0.003 1,530 7,617 0.0007 0.6 0.025
CoVv 5.6% 4.5% 0.3% 5.4% 6.0% 6.1% 5.2% 6.7 %
Sheet 1
TEN-1L1¢ 0.347 0.344 1.001} 44,315 128,586| 0.0130 10.9
TEN-2L19 0.347 0.345 1.006] 43,424 125,254 0.0114 10.8
TEN-3L1 0.347 0.345 0.995] 45,487 132,518] 0.0144 10.4
Average 0.347 0.345 1.000] 44,901 130,552} 0.0137 10.7
Deviation 0.000 0.000 0.005 829 2,780} 0.00t0 0.2
cov 0.1% 0.1% 0.5% 1.8% 2.1% 7.2% 2.3%
Sheet
TEN-1L2 0.328 0.337 1.003| 43,567 129,027 0.0119 10.9
TEN-2L29 0.327 0.336 1.004| 42,896 127,162 0.0115 11.0
TEN-G)Lgd 0.326 0.335 1.004] 45.078 134,106] 0.0118 11.2
Average 0.328 0.336 1.004| 44,323 131,567 0.0119 11.0
Deviation 0.000 0.000 0.001 1,068 3,592] 0.0001 0.2
CcoVv 0.1% 0.1% 0.1% 2.4% 2.7% 0.5% 1.6%
Sheet 6
TEN-1L6A 0.341 0.337 1.003| 41,942 123,866] 0.0113 10.7 0.356
TEN-2L6A 0.340 0.337 1.012| 41,815 122,461 0.0112 10.9 0.362
TEN-3L6A 0.344 0.341 1.007] 38,821 113,197 0.0105 10.8 0.376
TEN-4L6A 0.331 0.328 1.006| 43,186 130,925| 0.0127 10.7 0.391
TEN-5L6A 0.331 0.328 1.008] 41,376 125,275] 0.0107 11.4 0.449
Average 0.337 0.334 1.007| 41,428 123,145 0.0113 10.9 0.387
Deviation 0.006 0.006 0.003 1,605 6,423| 0.0009 0.3 0.037
Cov 1.8% 1.8% 0.3% 3.9% 5.2% 7.6% 2.6% 9.6%
Sheeis 1, d 6A
Average 0.337 0.337 1.005| 42,843 126,662 0.0119 10.9 0.387
Deviation 0.008 0.006 0.004 2,091 6,382|] 0.0011 0.3 0.037
CoVv 2.5% 1.8% 0.4% 4.9% 5.0% 9.5% 2.4% 9.6%
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Table A-2. Concluded
Specimen Thickness, Width, | Failing aStrength, | Failing abYoung's Poisson's
no. inches inches load, psi strain modulus, ratio
Actual | ®Normal- Ibf Msi
ized
Sheet 7
TEN-1L7' | 0.443]  0.424] 1.004] 47,700l 112,044} 0.0103] 11.3] 0.334
Sheet
TEN-1L8 0.440 0.452 1.008] 40,272 88,457] 0.0076 11.5 0.371
TEN-2L8 0.443 0.455 1.010] 51,700 112,624] 0.0107 10.5 0.368
Average 0.441 0.453 1.009] 51,700 112,624 0.0107 10.8 0.368
Deviation 0.002 0.002 0.001 0.7 0.002
cov 0.5% 0.5% 0.1% 6.5% 0.6%
Sheets 7.and 8
Average 0.442 0.443 1.007] 51,700 112,624 0.0107 11.1 0.358
Deviation 0.002 0.017 0.003 0.5 0.020}
CoVv 0.4% 3.8% 0.3% 4.8% 5.7%
All sheets
Average 1.006 130,393} 0.0117 11.3 0.377
Deviation 0.005 8,511] 0.0009 0.5 0.030
COoV 0.5% 6.5% 7.5% 4.7% 8.1%

®Normalized to 66% fiber mass fraction. —
PModulus was calculated between 1000 and 3000 ustrain.
Strain at 118.26 ksi; gages failed subsequently. Not included in average and deviation.
9Specimen slipped in the grips the first three times it was loaded.
_*Transverse strain measured on only one side.

'Failed in grip

9Specimen failed at or very near a grip.

50

L

LA L TR T )



Table A-3. Unnotched tension test results for transverse loading.

Specimen Thickness, Width, Failing | ®Strength, | Failing albYoung‘s Poisson's
no. inches inches load, psi strain modulus, ratio
Actual | ®Normal- Ibf Msi
ized
Sheet3
TEN-1T3 0.109 0.111] 1.010 5,236 46,858] 0.0115 4.82
TEN-2T3 0.109 0.110] 1.006 5,537 49,949 0.0111 5.10
TEN-3T3 0.108 0.110] 1.006 5,274 47,6021 0.0115 4.74
Average 0.109 0.110] 1.007 5,349 48,136f 0.0114 4.89
Deviation 0.000 0.000| 0.002 164 1613} 0.0002 0.19
Cov 0.3% 0.3% 0.2% 3.1% 3.4% 2.1% 3.9%
Sheet 4
TEN-1T4 0.110 0.112] 1.019 5,051 44,438] 0.0117 4.30
TEN-2T4 0.111 0.113] 1.014 4,894 42,694] 0.0106 4.61
TEN-3T4 0.110 0.112] 1.006 4,919 43,654} 0.0110 4.65]
Average 0.110 0.112] 1.013 4,955 43,596] 0.0111 4.52
Deviation 0.001 0.001] 0.007 85 873} 0.0006 0.19
CoV 0.7% 0.7% 0.6% 1.7% 2.0% 5.0% 4.2%
Sheet 3 & 4
Average 0.109 0.111 1.010 5,152 45,866] 0.0112 4.70
Deviation 0.001 0.001] 0.005 245 2744} 0.0004 0.26
007 0.9% 1.0% 0.5% 4.8% 6.0% 3.6% 5.6%
Sheet
TEN-1T5 0.222 0.219] 1.008] 10,456 47,496] 0.0106 4.87 0.168
TEN-2T5 0.224 0.221 1.005] 10,702 48,135} 0.0123 4.79 0.165
TEN-3T5 0.216 0.214] 1.008] 10,278 47,716} 0.0110 4.80 0.175
Average 0.221 0.218] 1.006] 10,479 47,783} 0.0113 4.82 0.170]
Deviation 0.004 0.004) 0.001 213 325] 0.0009 0.04 0.005
CcOV 1.7% 1.7% 0.1% 2.0% 0.7% 7.9% 0.9% 3.0%
Sheet 6
TEN-1T6° 0.217 0.223] 1.005] 10,505 46,900f 0.0101 5.11 0.171
TEN-2T6 0.218 0.224] 1.006] 11,094 49,223} 0.0130 4.65 0.169
TEN-3T6 0.214 0.220] 1.005 9,291 42,086} 0.0106 4.38 0.168
Average 0.216 0.222] 1.005] 10,297 46,070] 0.0112 4.72 0.169]
Deviation 0.002 0.002| 0.000 920 36401 0.0015 0.37 0.002
CcOov 1.0% 1.0% 0.0% 8.9% 7.9%] 13.7% 7.8% 0.9%
Sheets 5 and 6
Average 0.218 0.220f 1.006] 10,388 46,926] 0.0113 4.70 0.169]
Deviation 0.004 0.004 0 605 24951 0.0011 0.24 0.003
CoVv 1.7% - 1.7% 0.1% 5.8% 5.3%] 10.0% 5.1% 2.0%
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Table A-3. Concluded.

Specimen Thickness, Width, | Failing | ®Strength, | Failing | *Young's Poisson's
no. inches inches load, psi strain modulus, ratio
Actual | ®*Normal- Ibf Msi
ized
Sheet 1
TEN-1TH1 0.339 0.337 1.004] 15,068 44,519 0.0108 4.54
TEN-2T1 0.340 0.338] 1.005f 15,585 45,906] 0.0129 4.48
TEN-3T1 0.343 0.340] 1.002} 13,356 39,169] 0.0093 4.50
Average 0.341 0.338] 1.003] 14,670 43,198} 0.0110 4.51
Deviation 0.002 0.002] 0.002 1,167 3,558 0.0018 0.03
cov 0.5% 0.5% 0.2% 8.0% 8.2%] 16.4% 0.6%
Sheet
TEN-1T2 0.318 0.348] 1.001] 14,990 43,046] 0.0121 4.73
TEN-2T2 0.325 0.349 1.004] 16,086 45,942 0.0114 4.77
TEN-3T2 0.325 0.351] 0.990] 15,246 43,839] 0.0113 4.78
Average 0.323 0.349] 0.998] 15,441 44,276 0.0116 4.76
Deviation 0.004 0.002| 0.008 573 1497 0.000 0.02
COV 1.2% 0.5% 0.8% 3.7% 3.4% 4.1% 0.5%
Sheet 1 & 2
Average 0.332 0.344 1.001} 15,055 43,7371 0.0113 4.63
Deviation 0.010 0.006] 0.006 924 2511] 0.0012 0.14
COV 3.1% 1.8% 0.6% 6.1% 5.7% 10.8% 3.1%
Sheet 7
TEN-1T7 | 0.447] 0.428] 1.004] 18,947] 44.,114] 0.0087] 5.11] 0.1812
Sheet8
TEN-1T8 0.439 0.451 1.004] 19,997 44,136] 0.0127 4.44 0.164
TEN-2T8¢ 0.434] 0.446] 1.005] 17,204] 38,367| 0.0092 4.53 0.156
Average 0.437 0.449] 1.005] 19,997 44,364] 0.0127 4.48 0.164
Deviation 0.004 0.004] 0.001 0.06
COV 0.8% 0.8% 0.1% 1.4%
Sheets 7 and 8
Average 0.440 0.442 1.005] 19,472 44 1251 0.0107 4.69 0.167
Deviation 0.006 0.012] 0.001 742 15] 0.0028 0.37 0.013
[e{0)Y] 1.4% 2.8% 0.1% 3.8% 0.0% 26.1% 7.8% 7.6%
All Sheeis
Average 1.005 45,371] 0.0112 4.70 0.1687
Deviation 0.005 2,670 0.0011 0.23 0.0070
COV 0.5% 5.9% 9.8% 4.9% 4.1%I

#Normalized to 66% fiber mass fraction.
®Modulus was calculated between 1000 and 3000 ustrain.
‘Transverse strain measured on only one side.
dSpecimen failed at or very near a grip.

52

]

R 1 2T TR



uonoe)) SSEW Jaql %99 O} PAZI[BWIOU SSBUNII} JO SONep,

%Vv€ AOD
120’0 ‘AQp "PIS
y€£9°0 abelony

%60 %00 %6°0 AOD
€00°0 000°0 €00°0 "ABD "PIS
SEE0 ¥59°0 [8€€0 abelany
%8 L £0-369°1 |L0-3€G° L |6£€0°0 |61€0°0 |0 9'LL |9°49]005°0(94+£0°0)L€€°0 ¥69°0 ove'0 |GV 066 V91p-LND
%0°0) |Z0-32G°4 |£0-36E°} |80¥0°0 |09€0°0 |0 0'68 |9'S8|6¥¥'0198L0°0 |C€EEC0 ¥S9°0 |9€€°0 |L2°F 056 V9IE-LND
% €9 20-394°1 |£L0-360° ) [L9E0°0 |9620°0 {0 €'v0L |L'S8|00V'0|€L80°0 |62€°0 ¥59°0 ¢EE’'0 |08°'FE 06°6 V912-AIND
%l'vy |L0-36€°1 |180-38G°6 |96v0°0 |S9¢0°0 |0 0’80} |88 |1SE€°0|5660°0|82€E'0 ¥G9°0 ¢EE'0 |eg'e 0S'6 V91L-1ND

%Vt %00 %b L AQOD
100°0 0000 |200°0 A9 'PIS
9010 PL9°0 VLLO ebesony
Y%o¥'€C [|L0-IVL L {LO0-FLY' L |LP90°0 (96¥0°0 {0 9'8¢€ 11°G€)005°0[L€20°0|S0L°0 ¥19°0 [N [V 06°6 O2T-1IND
%P 8 20-39€°} }J20-3GS2°} |LO0S0°0 |8€Vv0°0 |0 ¥'6€ |v'SE|6¥¥ 016920°0 |L0L°0 PL9'0 |SHL'O jL2'Y 0S°6 021Ee-1LND
%2 Gy ]L0-3€G°} |Z0-3G0° )L |PE90°0 |L9€E0°0 |0 ¥'€¥ |G'SE |00V O{LOEO'O |90L70 ¥19°0 |v1L°0 J08'€E 0S°6 0212-1ND
%8°9v |L0-3EV’} |80-31.°6|L090°0 |C6E0°0 |0 6'SYy |8 LY |ISE'O0|ISED'O0|60L°0 vi9°0 LLL'O |EE'E 0S°'6 0211-1ND

sayoul
seslbep e/l 1 S8youl seyoul
‘g ‘onel ‘ssau uolijoesy 1 ‘eg sayou}

abueyn |euid [eniu| sayoul | sayoul yyed sdiy | sdiy ssau Il sseuw ‘'sseu | ‘yibus) ‘M ‘ou

t-18d ‘dn @o9 ‘edoig **¥a0o | ©aoo |eimoeig | *Ud | ©°d [ m/ez | -%01uL | passnipy, | 4eqid | -¥owL | woeiD | ‘uipim uawioads

‘Buipeo) jeuipniibuoj 1o} synsai is8) IND -V @jqel

53



%8 81 - %6 L+ %¢C 61 - %8 81

0'S A 9’y VA

s 92- 0 L' 66 L'p2- 0 L 06

%6 V1- %2Z 9 %8 8- %0 Z

S'e 0'S Ll 2's

e 1e- 0 £°08 9°'61- 0 L'€L

¢ Oc- 0 827 9 Z1- 0 879 WALE 0 It b

v ee- 0 8'28 S'Lg- 0 S'6L 0.°0- 0 gL't
S'52- 0 8'68 8'02- 0 £'6L 69°0- 0 oL’1
V'S5~ 0 6'v8 g8 02- 0 9'69 89°0- 0 L0}
%l 2- %V S %8 V- %V L

60 v'9 a 0'8

9" L€- 0 L'6L1 9'82- 0 8 /01

£ce- 0 e Vel S6c- 0 2 eIt WALE 0 I+

6 0€- 0 6 €k L L2~ 0 V2ol loz 0- 0 et

L 2e- 0 S'SLL 8'92- 0 v v6 l6g-o- 0 oLt

g ge- 0 8'801 9°62- 0 0°66 89 0- 0 10"}

1SH o, Cuisy | (Cup)isy ISy o, unisy | Cupisy |
‘9@ iy Iy ‘0l iy iy N/ , 2/ —Amph )
g 104 4 104 e (B L | My /MY

‘penunuo) “p-y ejqel

(e



%881 %0 | %1 0¢ %L°0
€400 100 880°0 000
0 L 98¢0 650} 0 3 LEE'0 pSO°L
%S9 %S0 %V L % 0
10’0 900°'0 120’0 ¥00°0
0 b 12’0 6%0'1 0 L 84¢°0 6%0° |
0 3 962°0 evo’L 0 I 8920 cvo't 0 LPE0'0- |EOV'O 0 0 $290°0
0 4 91€'0 Lv0'L 0 - S0€°0 2S00’} 0 LP€0°0- |EOV'O 0 0 ¥290°'0
0 } SveE'0 €S0} 0 3 1L8¢°0 0so’'} 0 LPEQ'O0- |EOV'O 0 0 $290°0
0 3 9¢€’0 €50°1 0 3 4920 050} 0 Ly€0°'0- |€0¥'0 0 0 $290°0
0 b %9°S %¢ 0 %08 %¢€°0
0] 3 Sc0'0 ¢00°0 cE0'0 £00°0
0 1 LS¥'0 890° L 0 3 S6€°0 090'1
0 i §8Y°0 690°1 ] I 6EY'0 c90'1 0 LPEQ'0- |EOP'O 0 0 ¥290°0
0 b EVy’0 S90'L 0 3 S6E°0 860’1 0 LYED'0- JEO¥'0 0] 0 $290°0
0 2 LS¥'0 0L0°}) 0 8 Y9€'0 950’} 0 L¥€0°0- |€EOV'O 0 (0] $290'0
0 ' LAY 690°1 0 L ¥8E°0 €90°1 0 LP€0°'0- JEOV'0 0 0 $290°0
2, 07Ul 10108} 2, LUl jojoey 2 LUt 10}08} 2., Lut) 10108}
2, Opre) 1 ‘2 OPLE) 1L e (%P1 ) i 2 Opre) 1
0220°0 = “3 104 1L10°0 = %3 104 02200 = 3 104 1L10°0 = "3 104 (IS ;IS LIS LIS LIS LIS
xﬂEn._ 104 O4 o4 OBl ((L)wig) | ol ((Llng ) | "ORN{UDw3 ) | ORI (Waig ) | OB ((HDang ) | "9} (Lidong )

0= od:@ 104

"PONURUCD 7~V GIGEL

55



%v Ve %l L %l'SL %v'e %G'5¢ %¥'9 %6'¢l %2 ¢
S.0°0 0040 6€0°0 020°0 9900 580°0 6200 6100
80€£°0 60V'1 Sve’0 0.8°0 L52°0 34 ¢Lc’ 0 588°0
%< 6 %P'€ %6’V %C’ 1 %68 %C'¢ %S9 %80
220’0 5v0°0 010°0 L10'0 8100 8¢0°0 ¢lo’o 8000
L$2°0 02e’ | Lie'0 {8880 6610 G921 S81°'0 ¢06'0
vic'0 S9¢’} 661°0 ¢c06°0 081L°0 vee't 9.1'0 €160 8éc’0- 86.0°0 L6170 8.¥0°0 €61 °0- 6170°0
vee o coe’l 602’0 ¢68°0 ¢éc’0 L8¢’1 ¢0c’0 9680 8¢¢’0- 86.0°0 (/6170 8.¥0°0 €61°0- (61¥0°0
592°0 8GE’}L v2e'o 6.8°0 €020 vic'l L81°0 668°0 82e¢’'0- 86.0°0 L61°0 8.¥0°0 £€61°0- 6L¥0°0
0520 16871 ¢le’o 088°0 €61°0 Slc't L2210 668°0 8¢c 0- 86400 L61°0 8.¥0°0 €610~ 61v0°0
%8G %t} %S'S %0 %<6 %0Q°¢ %0 ¢ %80
cc0'0 0¢0°0 S10°0 €000 620°0 620°0 S00'0 £00°0
9.€°0 8611 642°0 ¢58'0 SLE0 L1 8€¢°0 898°0
90v°0 €051 00€°0 ¢G68'0 ¥S€°0 6eEV' | ¥€c'0 v.8°0 8220 86.0°0 L6170 8.¥0°0 €61°0- 61¥0°0
¥9€°0 0Lv’| LL2°0 L58°0 cLe 0 €0v’L A4 ¢98°0 8¢¢'0- |B6L0°0 L61°0 8.v0°0 €61°0- 61¥0°0
6.€°0 gLs’t 8.¢°0 058°0 €820 £8E°} vee' o vi8°0 82c¢'0- 186.10°0 L61°0 8.¥0°0 €61°0- 61¥0°0
9G€°0 806"} 29¢'0 LS8°0 0LE0 144 cve'o c98'0 822 '0- 86.0°0 L6170 8.¥0°0 €61°0- 6L¥0°0
z,Lut) sop0ey | o, (Cul) jopey |, Uty 1 uooey | 4, 0Cul) | iojoey
o (PrE) 1 "2 (0P22) 1 2, (°PxZ) 1 L (Pxe) 1

0¢20'0 = 3 10j 81070 = %3 Jo4 02200 = %3 104 8r10°0 = *°3 104 IS IS IS S SN S

me& io4 On_ 104 _um.;A:vav .umtﬁ._.vemwv _uw.:ﬁc;iwv .oa\.;:rtwv _omtn::cmwv ,o.w._;:r!wv
oSp = °*U9 104

"PANUNUCY -V 8Iqel

56



%6 L1 %G'EL %6’y %G'61 %e'S1 %9’V
c01°0 ¥500°0 9e0°0 860°0 S500°0 GEO0'0
£.5°0 } 66€£0°0 SEL°0 ¢05°0 b 19€0°0 09470
%0°9 %8°€ %9°¢ %L %6°'G %8t
j6c0°0 €100°0 02¢0°0 0€0'0 81000 ¥10°0
L18¥°0 L LSE0'0 99.°0 LLv 0 I y1€0°0 L6L°0
LvY 0 I LEEO0'0 L6270 06€°0 I ¢0€0'0 cl8'0 0 v6L°0 §G1°0- gc¢L'o0 S/1°0- 1800°0
S.v'0 b 09€0°0 €41L°0 LGv°0 I 0vEOD'O 08.°0 0 ¥61°0 §51°0- 9¢i'0 S.1°0- 1800°0
9150 8 69€0°0 0S.°0 lev'0 b Sie0°0 98.°0 0 $61°0 SG1°0- 9210 G170 1800°0
|88v'0 l 6v€0°0 1GL°0 00¥%'0 I 00€0°0 98.°0 0 $61°0 GS1°0- 9¢1'0 S.1°0- 1800°0
%99S %9°S %8°0 %8 L %l L %EL
LEO'O Sc00°0 900°0 9v0'0 6c00°0 0L0°0
¥99°0 I 9vv0°'0 ¥0.L°0 £8G°0 1 801v0°0 6S.°0
V1.0 I 8.¥0°0 €04°0 0S9°0 I Lyv0°0 ¢cl'0 0 v61°0 SS1°0- 9¢1'0 SL10- 1800°0
¥S9°0 I vyv0°0 cll’0 88670 4 LLv0O'0 veEL'O 0 ¥61°0 §S51°0- 9¢1'0 S.1°'0- 1800°0
€990 b evv0'0 00.°0 cvS'0 I €8€0°0 bvL'0 0 v61°0 GG1°0- 9c¢i'0 SL1°0- 1800°0
GC9°0 I 8L¥0'0 102°0 6950 I L6€0°0 lcl'0 0 ¥61°0 SS1°0- 9¢lL’'0 S.1°0- 1800°0
) 10108} z,,ut) 10308} 2, 0un 10108} 2, 0ut) 10108}

o (PrZ) L 2, P22 ) L o (PEE) L ‘2, OPEg) L

0c20'0 = *3 404 8¥10°0 = *3 104 0220°0 = %3 104 81070 = *3 104 IS IS IS 1-ISW SN IS

W3 104 Oq 104 0RH (Werg) | 0B (Uleg) | "oBs (e g) | "oRA (U g) | "oBs (e 3) | 0B (U063 )
206 = "*'g Jod

‘PopNouUo] -V aIqel

57



uonoeJ) SSeW 18ql} %99 O} POZI[ELWIOU SSOUNOIY JO SANeA,

%E t AOD
600°0 'ASD PIS

699°0 abelony

%SG L %22 |wl'E AQD
S00°0 SL0'0 |210°0 ‘ASp ‘PIS

9€E’0 990 |eee0 abelony

%0 L€ |#0-3Lv'2 [¥0-3¥8° | [2BEO O |6620 00 L25 |15 |0vv 0[S5+90 0 [EEE O L.9°0 |vze0 [82'S 00°'¢c} 21-IND
%0 L2 [v0-3ei'2 {v0-35.°} |egco0 |2920°0]0 0°'8S |€°'0S |¥0v'0|5020°0 |ove 0 9590 |2ve0 |[s8'v 002! L1-1ND

%SG 0 %20 |%E 0 AOD
1000 L00°0 |000°0 ‘A8p PIS
60L°0 129'0 |soL0 abelany
%92t |¥0-3I¥2 2 [r0-366 | [LVEO O |S820 00 0L |8 vE|89v 0fc6L000LL O 2.9°0 [80L 0 119G o0'ct v1-INO
%0°€}l [v0-3I€¢'2 |v0-386°'L |S5€0°0 [8220°0]0 €LL |Lvijesvol68L0 06010 0,90 {2010 |i96 002t €L-INO

soyoul
soa.bap e/} 1 seyoul | sayoul
‘g ‘oljel ‘sseu | uonoeyy ‘1 ‘eg seyoul

ebueyn jeuiy jelju| sayour | sayoul ‘Yred sdiy | sdiy sseu -%014} ssew 'sseu ‘Lpbusy ‘M ‘ou

b-1sd ‘da OO ‘edoig "®a00 | Qoo |eimoeig | U4 | ©d | mree | -wo1yL paisnipy, | ‘2Qid | -3o1yL | woeid | ‘yipim | uswioedg

‘Bujpeo] asiansues} 10} S}nsal 1S9} IND 'S-V 3lqel

58



%2 ¢ %92 %¢ G- %L’V

G0 Al 1 81

s cz- 0 6y big- 0 0°'6€

%2 €- %60 %0 G- %E L

8'0 v°0 Ll 6'2

8°€2- 0 L'EY 6 12- 0 9'6€

€ €¢- 0 8 cv L ¢e- 0 LY 9% |- €Lt

v ve- 0 ey Lre- 0 9'L€ GG'L- 0L}

%t C- %€ ¢ %P 0- %L 0

S0 0t L0 €0

/€2~ 0 8 vy £02- 0 v 8¢

v €c- 0 0 vy € 0c- 0 Z 8¢ 8S |- St

L've- 0 sSSP v 02- 0 S '8¢ 85" I- L't
ISy L, cunisy o (Cun)isy (S% 2, Cunisy o, Cunisy
,me._v _xmr:__! .x@E_Y_ .G._- .O__V_ ,O—v._ _v,_\ N\—Aﬁﬁv

W 104 O4 J0o4 2 (BY) L MM /MY

"PONUNUOD G-V olgeL

59



%61 %10 %6t %€ 0
800°0 L00°0 6100 £00°0
0 b Lyv 0O 8601 0 } v6€°0 1S0° L
%l O %¢ 0 %9 L %€ 0
€000 2000 0€0'0 £00°0
0 l 8EY'0 850 0 8 LOV'0 €601
0 1 SEY 0 LS50t 4] I gey'o GG0'L 0 LYE0Q'0- JEOF'O 0 0 ey 0
0 L ey 0 6501 0 L a8e’0 LSO L 4] LYEQO 0O- |EOP O 0 0 evL’ 0
%G ¢ %1 0 %l 0 %0 0
FLO'O 100°0 £€00°0 0000
0 3 SSv°0 860" 0 3 L8E'0 670 |
0 } VA4 A LG0") 0 I G8E0 6v0° | 0 L¥€0°0- |[€0V O 0 0 cvL'0 o
0 I €Iy’ 0 650} 0 3 68¢€°0 6%0° L 0 LPEO' Q- |EOV'O 0 4} evL’0 o
2 Ul iojoe} 2 UUt) 10108} 2, Lut) 10}08} 2, 0un) 10j08}
o 0pre) ~L 5, (%pre) -1 ‘2, (°Px2) -1 ‘5, 0°P1E) -1
02200 = %3 Jo4 8P10°0 = ™3 104 0220°0 =3 o4 8100 = 3 Jo4 (-ISIN .-ISW -ISN IS IS |-ISW
men_ 104 On_ LOM_ .um._;_tx_wv ,um.:?_..czwv _om:A::va .um.:?:twv ,ua.:?:wmwv Aum:A.:.Emv
oO"umC@ ‘_Oh*

"PONURUCD G-V SIqEL



%8°¢ %€ 0 %9°¢ % L0 %E’G %L°0 %S v %c’'0
cl0'0 v¥00°0 L0000 100°0 0c0'0 800'0 LIO'0 000
cEV 0 s¥L'1 0/2°0 19670 LLE0 6ClL'1L L¥c' 0 G96°0
%€ | %S0 %L 0 % L0 %08 %L°0 Y%l L %< 0
900'0 S00°0 ¢00'0 L00°0 LEO'0 800°0 L10°0 ¢00'0
ILA Y 8¥L1L 59¢°0 196°0 G8€°0 vEL' L v¥e 0 $96°0
0y 0 v 920 2960 LOV'0 oviL' 1 FATANY] £96°0 6L1°0- ¥620°'0 €610 £881°0 ccL’ 0~ L¥60°0
82V 0 FA I ! 992'0 096°0 €9€°0 621’1 cee’ o G960 6LLO- ¥520°0 €SL°0 £€88L°0 cclL 0- L¥60°0
%6 | %€ 0 %€°C %10 %L'0 %0°0 %.L°0 %00
_woc.o €00°0 900°'0 L1000 €00°0 1000 c00°0 0000
A VA 430" G20 196°0 69¢€°0 veclL'l L€C'0 996°0
ey 0O Svi'i 142°0 196°0 19¢€°0 gcL'l 9¢€¢'0 996°0 6L1°0- ¥Gc0'0 €G1L°0 £881°0 cclL 0- Ly60°0
Isvv 0 oSt 1L 08¢0 096°0 LL€°0 veL L 8¢€2'0 9960 6L1L0- G200 €SL°0 £881°0 cel 0- Lv60°0
z,ul) 10108} 2 Lut) 10308} 2 LUl iojoe} 2, un) 10308}
5 (%prg) -1 ‘5 (CPEE) -1 ‘2, (°PL2) -1 5 (Pre) -1
02200 = *3 104 8P10°0 = %3 104 02200 = ¥2 J04 8P10°0 = 2 104 LIS LIS L ISW LIS L ISW LIS
XeWy 104 Bq 104 oo ((Lerg) | 'oen((Llsag ) | "orai(Uer3) | "oran(er3) | oms(tienz ) | 0Bt 3)
oG = **Yg 1od

"PONUNUOD G-V 9|qEL

61



%9°¢ %00 %S¢ %E'0 %l'y %00 Y4 %90
800°0 000°0 000°0 2¢00'0 €10°0 0000 1000 S00'0
0LE"0 000" | L1070 0880 SLc°0 0001 S10°0 ¢68°0
%60 %0°'0 %S0 %¥'0 %€ L %00 %l’9 %9°0
jeoo o 000°0 000°0 €000 0¢0°0 0000 L00°0 5000
y0€ 0 000t L10°0 088°0 08c°0 000" 910°0 888°0
c0€'0 000°1 ZI0°0 ¢88°0 v62°0 0001 910°0 $88°0 000°0 6v80°0 9¢1°0- €S51°0 ¥60°0- 9900°0
jeo€ o 0001 L10°0 L.8°0 §9¢°0 0001 S10°0 €680 0000 6v80°0 9¢1°0- £€G51°0 y60°0- 9900°0
ol %0°0 %l'C %<c 0 %l'0 %0°0 %9°0 %00
S00°0 0000 000°0 ¢00'0 ¢00’0 000’0 000'0 000°0
91E£°0 0001 810°0 088°0 12¢°0 000" 1 S10°0 968°0
LIE'O 00071 Z10°0 c88°0 6920 000°1 S10°0 968°0 000°0 6¥80°0 9¢1°0- €5S1°0 ¥60°0- 99800°0
Lc€'0 0001 8100 6480 ¢lL2’ 0 0001 S1L0°0 568°0 j000°'0 6¥80°0 9¢1 0~ €SS51°0 ¥60°0- 9900°0
gz Lul) 10)0€) 2, LUy lojoe} 2, 07U 10j08} 2 Cut) 10108}
21 (°PLE) -1 ‘2 (0P22) -1 ‘5 CPxe) -1 2, (°PEE) -1
07200 = %3 104 8Y10°0 = "3 104 0TZ0'0 = #3 104 8v10°0 = %3 104 1 ISW ) ASN -ISH IS IS IS
U 104 Bq 104 ORI ((Le 3) | TORN (e 3 ) | ORI (UDe 3) | ORI (i 3) | OB (UDmg) | 9RLI (Mo 3)
06 = °*%g 104

"PEPADUCD G-y SIGEL

62



uonoel) SSeW J18q)} %99 O} PBZIBULIOU SSBUNDIY} JO SBNjeA,
In ayisoddo sbpa uo aunjiey UoISsaIdWOD,

%S¢ AOQD
910’0 ‘ASp RIS
$99°0 abeiany
%9 %0°'S %€°0 AOD
020’0 €€0°0 100°0 "ASp RIS
eV 0 §69°0 [/€v°0 abeiany
%G 0 [90-3vE°L|90-322°G 6910 9600 |o6's¥ 6/.2°0L|810°8 [00S°0{6651L°0[8Y¥ 0O 8.9°0 9€EY’'0 08¢ 9'G 871-103
%6°9E 90-31L1L°S|90-3EL°E|¥IL0 22iL'0 |os'‘sy 8.v'EL|PPO'EL ISSY'O {YPOL'O|6LY'0 cE9'Q 8EVY'0 |SSG'C 9'G6 21103
%9 ¢ %2 |%6 Vv AOD
6000 SL0°0 9100 "ASD PIS
ove’'0 £99°0 LEE'0 abeseny
% L 'ES 90-31€°G ]90-3L¥°EC8L°0 /600 Jo6' 0O LIy LE]|168°8 |02y 002y 0 WEE O 2.9°0 g2e' 0 |se¢e 9'g ¢1-103
%9've 90-3AS¥ '€ |90-3LL°2 |0V L°0 G0L'0 jo6‘st cOL'PLLLO'2LYSLE€°0(6V91L°0{9VE D 9G9°'0 gve’0 |0L°¢C 9’6 et 1-103
%P € %8¢ %9°0 AOD
200°0 810°0 L00'0 ‘ASp PIS
€Le’0 G990 cke’0 abesony
% €€ |90-32€°¥ |90-352°€ |2L1L°0 8110 |06'GY 089'8 |oes'. loegvy 062600 |8LC O 8290 gLe’0 |seC 9°'S 21-103
YA 4 90-38¥°€190-3AS¥ 2 |LLL°O SLL'0 sV v6L‘01L|882'6 ls.e0|L660°0(B0OZ 0 ¢s9'0 LL2'0 joL'e 9's eS1-103
%¥ '€ %¢ 0 %¢e € AOD
+00°0 100°0 €00°0 A9 "PIS
601°0 129°0 2010 abesany
Yol V1 90-310°9]90-3¥2°S|681L°0 LEL'0 |06 S6v' € |vi8'¢c |00SO|Z6E00]{LLL O cl9°0 601L°0 |08°¢C 9's P 1-103
%SG 89 90-396°9 |190-368°€ {8220 8010 |06 8.9'c |zo8‘c |sSsv'0|9Ly0'0 9010 0.9°0 vO0L'0 J8SG°¢C 9'6 ¢€1-103
S8Lou)
soa.bap e/l 1 sayoul | ssyou
OBl ‘onel ‘ssau uonoely 1 ‘e seyou)
abueyn leuiy |eiu] SaYdU) SaYoul ‘Yied 1qi 1qj) ‘ssau -39yl ssew ‘ssau | ‘yibusgy ‘M ‘ou
1-1sd ‘dn goo ‘edojs *®Ugoo | *°qoo | sxmoeay | **“d ©d | m/e |-101uL | pasnipy, | 19did [ -%01uL| w0eid [ 'wipim | uawioads

‘Buipeo] jeuipnibuoj] 10} synsai }sa) 193

‘9-V 9|qel

63



%} BE %L LL %G GE %8Gl
S gzt A 8' vl
lov 0 Y £¢ 0 S €6
%€ 8 % 8 %6 L1 %2 8¢
v 0 L8 S0 £'ve
9’y 0 v'96 0'f 0 098
8 ¥ 0 106 A3 0 889 AN 0000 016
£ ¥ 0 1201 ev 0 2'e0l 080°0 000°0 G8°2
%¢ 8€ %8 0 %6 9¢ %l el
0t 80 9'0 0Ll
9°2 0 'Ol L2 0 9'98
3 0 8 €01 Se 0 88/ GG0 0 000 0 00 Z
61 0 0°S0L Lt 0 v'v6 120°0 0000 vL9
%G 9€ %2 %9°0E %6 8
Ll £e 80 1’6
joe 0 zezl L2 0 6801
I’ 0 6 0cl L3 0 L col GG0 0 000 0 00 Z
154 0 RCTA 1°e 0 LG 120°0 000°0 v1L'9
%k 0¢ %9°€ %8 €c %E L
rAl £y Ll 8'9
1S 0 6611 vy 0 526
99 0 oeet 25 0 €.6 NN 0000 0L'6
6t 0 6911 L€ 0 118 080°0 000°0 G8°L

ISy zalumss L, (Cunisy ISy o, cunisy o (Cupisy

..—. -:V_ __¥ ,;_. ,__X ._¥ _V*\ d/

U 104 g 104 SN W B YUV B YV S LY

"PENURUOD 9V SIqeL

64



%L kL |%E0 %6 Gh  |%c 0
S¥0°0 €000 $50°0 2000
0 L Z0v'0 266°0 0 b 6E€°0 £66°0
%G 8 %10 %¢ 82 |%4 0
0£0°0 100°0 8800 L00°0
0 L 67€°0 166°0 0 b LLE'O 266°0
0 ¥ 8CE O 066 0 0 ¥ 6ve 0 €66 0 0 IVEQ O- |c0v O 0 0 ¥290 0
0 L 69€°0 2660 0 ! €LE°0 166°0 0 L¥E£0°0- [€0%°0 0 0 $290°0
%0 T %e 0 %8 ¢ch |%} D0
¥00°0 2000 0¥0°0 1000
0 ! 6L£°0 $66°0 0 ! SLED 966°0
0 b 9/€0 £66 0 0 b 982 0 G660 0 L¥€0 0- {0V 0 0 0 ¥290 0
0 b 18€°0 966°0 0 b EYE0 L66°0 0 LpE0°0- |eov'0 0 ] ¥290°0
%6 ¢ %< 0 %0 6 %¢ 0
€100 2000 9€0°0 200°0
0 b Ly¥ 0 ¥66°0 0 L S6€°0 $66°0
0 v 8EY 0 266 0 0 r 0/£ 0 ¥66 0 0 [¥E£0 0- €0V O 0 0 ¥290 0
0 1 95¥%°0 96670 0 ! 020 966°0 0 L¥€0°0- |eov 0 0 0 ¥290°0
%V € %< 0 %L L %2 0
51070 2000 v20°0 20070
0 b €EY 0 686°0 0 b yEE0 16670
0 ¥ Evy 0 7860 0 b ISE'0 066 0 0 I¥€0 0- |€0v O 0 0 ¥290 0
0 b 2ero 066°0 0 _ 8IE°0 £66°0 0 L¥€0°0- leovo 0 0 ¥290°0
2 Lut) 10108} 2 LUt 10108} 2 lut) 10}08) 2 Lut) 10)08}
2 0pee) -1 o (PH2) -1 2, (%P2 ) -1 ‘2, OP2C) -1
02200 = 3 404 1L10°0 = 3 Jog4 02200 = *3 104 LL10°0 = ™3 104 LIS LIS e L ISW IS R
YU 04 Bq 104 ey (Ww g ) | oru(Wag) | ORI gy | oeM(Weig) | o4 (Wb g) | "0RI(Us03)
-0 = *® 104

‘pPeNURUO)D 9-Y 8|qel

65



%l L1 %S 1 %e L 195870 %0°91 %C %8Gl %9°0
9200 v10°0 9€0°0 600°0 LE0°0 LLO'O ev¥0°0 200°0
LEC 0 L96°0 L2e o cco | 961°0 29670 0.¢°0 8L0'1
%88 %¥ 0 %eE'8 %e 0 %8 L2 %S0 %G 8¢ %€°0
IBLO'O ¥00'0 €200 ¢00'0 050°0 S00°0 LL0°0 £00°0
002'0 SG6°0 08¢0 Seo'L 621°0 0960 6ve 0 cc0’' |
/8L°0 2660 ¥9¢°0 420t v¥L 0 €960 6610 020} 8220~ 86.0°0 L6170 8/.v0°0 €61°0- 6100
cLe’ 0 LG6°0 9620 veo'L vizco LS6°0 00€'0 veo' | 822 0- 86,00 L6110 8.v0°0 €61°0- 6L¥0°0
%8 | %0} %¢ 0 %S0 %EEL %90 %V 2l %€ 0
y00°0 0L0°0 L00°0 S00°0 ve0'0 9000 LEOO €00°0
1ee'0 ¥.6°0 00£°0 viO'| ¥81L°0 6.6°0 8v2 0 LLO' L
Istc'o £96°0 6620 g8L0"1L 291°0 S.6°0 9220 vi0'L 8¢¢ 0- 8600 .61°0 8.¥0°0 €61°0- 6Lv0°0
¥22'0 186°0 10€°0 0101 L0220 €860 0420 600} CFAANIE 86,00 l61°0 8.¥0°0 €61°0- 6L¥0°0
%8 £ %1 %0°¢ %9°0 %.'6 %80 %Y 8 %Y 0
01L0°0 LL0°0 L0070 900°0 c20'0 800°0 920°0 5000
65 0 6960 SSE'0 LL0'} 0£C'0 €L6°0 gLeo SL0°}
2620 2960 0SE'0 120’1 I 2YA) 896°0 v62°'0 810} 8¢c¢ ' 0- 86/0°0 LBL°0 8.v0°0 €61°0- 6L¥0°0
99¢°0 L1670 09¢'0 ci0’} 9v2'0 6.6°0 ¢ee 0 LLOL 8cc'0- 86.0°0 L61°0 8.v0°0 £€61°0- 61v0°0
%S¢ %l %e ¥ %90 %€'9 %0 | %6 L %90
jso0’0 LLO'0 SL0'0 L0070 cl0'0 0L0°0 L2070 900°0
9vZ 0 vv6°0 LGS0 2e0’| 2610 966°0 69270 Sc0'}
josgo 9€6°0 19€°0 LEO'} 00c'0 6v6°0 ¥82°0 620’} 82¢ 0- 86.0°0 610 8.%¥0°0 £61°0- 6Lv0°0
L¥e0 2s6°0 ove'0 L20°} £€81°0 £€96°0 ¥SC'0 020’} 82c’0- 86.0°0 L6L°0 8.¥0°0 €61°0- 6lv0°0
zun) 10308} 2 lun 10301} 2 Lun) 10j0¢) 2 LUl 10108}
.N\_.AOUHNNV ||_' .N\—AOENV |._r _N\PAOUENV ...P _N\—AOUpnNV ..._u
0720°:0 = 3 104 8Y10°0 = %3 104 07200 = %3 104 8P10°0 = %3 JO4 (IS LIS L ISW LIS LIS IS
xﬂ.En_ 104 O& 104 _um.:c.:chmv .um..—nc..czwv _om._;:.r.:mv .uw.._.A:r:mv ] .um.;::ccwv .om:ﬁ:oswv
.G = *®Yg o4

"PONUNUOD O-Y OIqeL

66



%L L1 %S b %b'C %8S | %L Gh %9 F
60.0°0 ¥200°0 |2220°0 |0S80°0 ¥800°0 89100
LE9°0 I L#90°0 ]SSO°L LESO b SES0°0 [S¥0°L
% 8 %6 L %SG 0 %¢ 8¢ %682 %10
S9t0°0 v¥00'0 |9500°0 {S6EL'D v¥10°0 {0L00°0
¥SS°0 L 1950°0  v90°1 v6%°0 L 86¥0°0 |550°¢L
125 0 b 0EG0 0 |890 ¢ S6E 0 r 96€0 0 |0GO + 0 V61 0 GGL 0- |92+ 0 GZL 0- |[+8000
9850 b 2650°0 |090°4 £€65°0 L 6650°0 090"t 0 v61°0 §61°0- 9210 S/1°0- |1800°0
%8 0 %9 0 %¢e %L ch %0 ch  |%8 0
L¥00°0 €000°0 |6€L0°0 |€€90°0 8500°0 |800°0
le6s 0 b 26500 |SE0°H 86%°0 ! 88¥0°0 |820°})
9650 b 6500 |SvO F €SV 0 b 9yv0 0 |FEO F 0 v6L 0 GGF 0- |92+ 0 GZ1 0- |+800°0
£09°0 ! 6850°0 [520°% Zvs0 b 6250°0 €20} 0 v61°0 S51°0- j9gL0 Sz1°0- |1800°0
%L'C %t} %G+ %68 %8 L % b I
£/810°0 8000°0 [8540°0 |[SGS0°0 8Y00°0 |[rL100
L0L°0 b 20.0°0  [evo'L 5290 L 8190°0 |9€0°}
v69 0 b 6900 |£SO'F 9850 b 8500 |v¥0 t 0 v61 0 GGL 0- |92+ 0 G/t 0- |F8000
1220 b 80L0°0 |L€0'} G990 ! LG90°0 |820°} 0 ¥61°0 ssL'0- |9zi0 GZ1°0- |1800°0
%9°€ %2'S %9° | %€ L %88 %SG 1
_mqmo.o LE00'0 [££10°0 |88E0'O L¥00°0 |9510°0
689°0 L 01200 |180°1 LES'O b 8€50°0 1290}
90,0 [+ LEL0°0 |v60'+ 6550 b 1/S0°0 [€L07} 0 v61 0 GG1°0- [924+0 SZ1°0- [+8000
1290 ! ¥890°0 |690°} ¥0S°0 b S0S0'0 [LSO'} 0 ¥61°0 GS1L'0- Jozgio S.1°0- [1800°0
2 U] dojoey |, Cul) T uoroey |5, (Tul) | uojoey |, (U} T d010e)
‘2, (°P22) -1 L (CPYE) -1 ‘2 (°PEE) -1 2, (CP2Z ) -1
02200 = *3 104 8Y10°0 = %93 104 07200 = *'3 104 8¥10°0 = %3 J04 IS IS LIS IS i -ISW ,-ISN
wan_ 104 04 104 Ry ((Lerg) | ovai((Lleeg) | oru(tnes g) | orI((der gy oA ((INang) | "oBI((eog)
.06 = oG Jod

"PEPNRUC) 9V BIGeL

67



uoNoeI) SSBW Jeql %99 0} PSZIfEWIOU SSBUNDIY) JO SBNjeA,

[ R i

%S'2 AOD
9100 "ASp 'PIS
¥99°0 abeiony
%€ %05 %€’} AQD
Y100 €€0°0 9000 ‘A8p ‘pIS
SEV'0 §69°0 6EV'0 abelany
%V 'SE |S0-3JS0°L |90-3G6/2° L |B60°0 L£Z0°0 {0 091L°v €20 #[00S 0 [9vSH O |SPP O 829°0 €EVY'0 |os'e 9’9 81-103
%< 9 90-38%°9 |90-301°9 |020°0 ¥90°0 |0 v29'v|SSe'v|ssvolevsL 0 |setr 0 2€9°0 ¥ry'0 |SG°¢ 9'G Z1-103
%l %e e |%Lc NOD
9000 SL0°0 600°0 'ASP 'PIS
SE€E'0 19970 CEE'0 abeleny
%9°91L }90-380°9 |90-31L2°S |260°0 ¥.0°0 |O €eo0's|.8v vjoevr 0 [eLet 0 [iee 0 22970 2ze’ 0 |se'e 9'g 21-103
%S 01l  [{90-308°F |90-3vE°¥ |0B0O'0 0L0°0 |0 669'Glece's|sLe0]eegtL'0|6cc 0 959°0 LP€'0 |OL°C 9'G 11-103
%8 ¢ %8¢ |%00 AOD
s00'0 8IL0°0 000°0 "ASp 'PIS
, 612°0 599°0 2120 ebeiany
%L1 |90-320°9 {90-361°G [980°0 €.0°0 |0 IP1 E|v66 ¢ |02V O |[Fc60 0 (cce O 8.9°0 2120 |se'e 9°g 91-103
%8°0E 190-3G1°S |90-3I¥6°E {S80°0 9900 |O ves'elovr'elsie0reoLolvizo cG9'0 2120 jo1'2 9'g S1-103
%t L %¢ 0 %80 AQD
¢00°0 000 100°0 'ABD 'PIS
chli'0 L2970 OLL'0 afieiony
%ot L 90-36S°'8 j90-320°8 |00 060°0 |O LEE L |9027 1 |00S 0 |S6E0°C|ELL O c.L9°0 LkL'0 jog'e 9's ¥1-103
%8°6€ [90-36%¥°8 |90-320°9 Y010 $.0°0 |0 8se’t |[LEE'L|SSY 0 [Zev0 0oL 0 049°0 601°0 |5S5°¢2 9'g £1-103
sayou|
soa1bap en 1 sayoul | seyout
IElg ‘onel ‘ssau uonoely ‘) ‘e sayouy
abueyn leury |ei}tuy sayou) sayoul ‘yred Jai 1q] ‘ssau =301y} sseL ‘'ssau | ‘yibus) ‘M ge.V]
1-18d ‘di 00O ‘edois "™000 | @00 | eimeid | "*d | °d | m/e [-%914L [ pasnipy, | 1eaid | -vor| wein [wpim | uewpeds

"Buipeo| asiaasuel) 4o} synsal 193 -V dqel

68



%E 9¥ %66 %9 v %Y L
0t (7 60 62
22 0 LY 02 0 6°8€E
%8'G2 %8 v %8 22 [ %L}
L0 L 9'0 9'0
92 0 L'S€ G2 0 v ve
3 0 0 /L€ 6 ¢ 0 8 ¥E Gve 0 0+ 6
(4 0 S be (1 0 0've €21°0 68/
%0 ¢S %6 ¥ %6 LY %2 0
80 2z 90 L0
Gl 0 9 vy el 0 L0V
0¢ 0 2 9v Lt 0 L oV 8rr o 00Z
6 0 0 L'EY 60 0 0 0¥ GG0°0 v19
% 8Y %80 %L VY %Y €
270 €0 90 vl
vl 0 92y gl 0 L 0¥
61 0 8 ey Lt 0 L 6€ SO 00/
6°0 0 A 60 0 Ly $50°0 v1'9
%062 %18 %1 €2 %12
60 9'¢ L0 80
z2'€ 0 6 EP 62 0 S 0v
I8 ¢ 0 v oY vE 0 LIy Sve 0 0L's6
G2 0 vy v'2 0 0°0% €10 G8°L
ISY 2 cuisy | (Cunisy ISy znlumsy | o, Cuhisy
.._. ___V_ __¥ ..F .__¥ ,_V_ _V_\ d/
¥®ug 104 Od Jo4 2 (BY)L DY 2/t GM)IN

"PeNURUOD -V e|qeL

69



i FIGET ]

il G il

%66 %e'0 %SG L %c’'0
ovo'0 ¢00°0 8200 ¢00°0
0 66€°0 5660 0 3 cLE'O 5660
%LV %<C’0 %91 %10
910’0 ¢00°'0 S00°'0 Llo0'0
0 ¢ve0 660 0 b 62€'0 ¥66°0
0 €6€°0 €660 0 I cE€E’0 €66°0 0 L¥E€0°0- [E0¥°0 0 0 gecrL’0
0 0€EE’'0 S66°0 0 I G¢E'0 G66°0 0 LP€0°0- |JEOV'O 0 0 €2v1'0
Nl'V %e 0 %10 %10
0200 ¢00°0 000°'0 100°0
0 8¢v'0 L66°0 0 I ¥8€°0 L66°0
0 cry' o §66°0 0 I ¥8€°0 966°0 0 L¥€0°0- [eov'0 0 0 gcrl'0
0 EL¥y'0 8660 0 I ¥8€°0 866°0 0 L¥E€0°0- |E0V'O 0 0 gcri0
%90 %< 0 %S'E %10
€00°0 c00°0 vi0°0 L00°0
0 80¥°'0 L6670 0 3 086E°0 L6670
0 oL¥y'0 966°0 0 3 08€'0 966°0 0 LYE€0°0- |E0¥°0 0 0 €ey10
0 90¥%°0 866°0 0 L 00v'0 866°0 0 LY€0°0- JEOV O 0 0 gerl’0
%6 L %c'0 %671 % 0
€E0'0 c00°0 L00°0 c00'0
0 6L¥°0 £66°0 0 I 48€°0 £66°0
o eEvy 0 L66°0 0 L cbE’'0 ¢66°0 0 LYE0°0- |EOPO 9] 0 ECYL0
0 96€°0 766°0 0 1 <8€'0 $66°0 0 LYE0°0- |EO¥'O 0 0 €cyi0
2 7ul) 10108} 2 Uut) 10108} ASCE EEEE 2, L7U1) 10108}
on OPre) -1 2 OP22) -1 ‘o PEE) -1 ‘2, PLE) -1
0720°0 = ™2 Jog 8¥10°0 = "3 104 02200 = "3 104 8Y10°0 = *2 J04 \-ISW IS LIS LIS IS LIS
xm.En_ 104 Og4 104 DRl ((Wmg ) | '984 (Weag ) | 280Uz ) | 982 ((Dnig ) | o83 (tilesg ) 21 (g
.0 = 0y Jod
PIRUNUOYD "LV m_nlmwl

70



%66 %S0 %66 %< 0 %9°L %S0 %V L %2 0
GE0'0 S00°0 1200 2000 G20°0 S00°0 810°0 2000
€SE0 886°0 892°0 700" 1 0€€°0 6860 0520 £00°}
_o\om.v %¥°0 %6V %10 %V} %€ 0 %81 %40
£10°0 ¥00°0 L10°0 1000 ¥00°0 €00°0 ¥00°0 L00°0
20€'0 986°0 0€2°0 ¥00'L 062°0 1860 1220 v00° |
LLED v86°0 BEZ 0 500+ €620 G860 vee0 G001 6L10- [rszo’0o [estO €881°0 [egt 0- [iv60°0
2620 686°0 222’0 v00°1 4820 6860 8120 v00° L 6LL°0- |¥S20°0 |ESLO £881°0 [|22l'0- |/¥60°0
%Sy %t 0 %0°'S %10 %10 %€°0 %P0 %10
To.o ¥00°0 V100 L00°0 000°0 €00°0 1000 1000
6L€°0 266°0 9820 £00°1L L¥€0 £66°0 LS2°0 200°1
L6€°0 6860 9620 £00°} 0ve 0 166°0 852°0 €00°} 61k 0- |rGe00 [€SH O €881°0 |22l 0- [Lv60°0
£L9€°0 5660 9.2°0 200’1 L¥E°0 566°0 9520 L00"} 6LL°0- |rS20'0 JesLo €881°0 2e2l'0- [.¥60°0
% b0 %t 0 %60 %170 %L € %€ 0 %€ € %10
200°0 ¥00°0 200'0 1000 €1L0°0 €00°0 600°0 100°0
29€°0 £66°0 £.2°0 200"t 9%€°0 £66°0 L92°0 200’1
CEEE 0660 G20 €00°} LEE0 1660 §s2°0 €00t 6LL°0- |rSe00 |eSt0 €881°0 [cet'0- [.v60°0
19€°0 G660 122°0 200°1 GSE'0 S66°0 1920 200} 6L1°0- |pS20°0 Jesi0 £€881°0 [22L'0- {/¥600
%9 L %S0 %€ '8 %2 0 %L1 %P 0 %¢'C %10
820°0 S00°0 £20°0 2000 900°0 #0070 900°0 100°0
0LE°0 £€86°0 £82°0 9001 2re0 ¥86°0 1920 G00'}
lese’o 086°0 6620 100"} 9%€°0 2860 S9¢°0 900’} 6LL°0- f¥Seco’0 [eSLO €881 0 |ect O- |Lv60 0
0S€°0 986°0 992°0 ¥00°} 8€E°0 186°0 LS2°0 ¥00'L 6L10- |rs20°0 jesio €881'0 |e21'0- |/¥60°0
2, Lul) lopey |5, ("ul) T ioioey 2 ) 10108} 2 Ul 0108}
‘2, (PLE) -1 ‘20 PL2) -1 20, OPXT) -1 2, (PrE) -1
02200 = #*3 104 8r10°0 = *3 104 07200 = '3 104 810°0 = 3 104 ,ISW ,-ISW L IS LIS LIS LIS
me& 104 On_ 104 .om:ﬁt*:wv .omzﬁtiwv .um.;::iwv .um:&:ohwv .um.;::cowv dm:ﬁ:%wv
oGb = >%g log

"PONUNLCY - /-V SjaeL

7



%66 %001 %S0 % L %€ L %¥'0
6c0°0 c00'0 S00°0 0coo t00°0 S00°0
v62'0 } €910°0 FLO' §.¢°0 b ¢S10°0 0101
%8P %t’S %E€°0 Ry %0 ¢ |%E 0
cL0'0 L0000 €000 ?00'0 €000°0 €000
cSe'0 i 0v10°0 €L0°} Eve’'0 L yE1L0°0 c¢lo'l
L9¢°0 I Sv10°0 Si0°4 S¥e 0 I 9€10°0 Si0°1L 0 $80°0 92170~ SGL°0 ¥60°0- 9900°0
vve 0 L SELO'O LLO") 0ve'0 L ¢€10'0 0i0°L 0 G80°0 9¢1°0- GS4°0 ¥60°0- 99000
%6 %€'S %0 %0 %90 %E0
SL0'0 60000 ¥00°0 L1000 L0000 €000
SLE'D | €.10°0 L00° L £82°0 L 96100 2001
jece’o ! 081L0°0 0L0"L €82 0 3 96100 6001 0 S80°0 9¢1°0- GGL°0 ¥60°0- 990070
y0E'0 I Z910°0 S00°} ¢8¢'0 L SG10°0 ¥00° L 0 S80°0 9¢10- SGL°0 ¥60°0- 99000
%80 I %¢€°0 %Vt %1€ %€"0
c00°'0 ¢000°0 €00'0 oiLo'0 S000°0 €000
00€°'0 l S910°0 2001 L1820 L 8510°0 200’}
c0€'0 b 49100 6001 08¢0 l §G10°0 60071 0 G800 9z1°'0- §S1°0 ¥60°0- 99000
66¢°0 b ¥910°0 S00° L v6¢'0 b 1910°0 y00° 1L 0 S80°0 9¢1°0- SSL°0 $60°0- 8900°0
% |8 %98 %G 0 %i'C %¥'c %€’0
S¢0°0 Si00'0 S00°0 9000 $000°0 €000
[0LE0 3 ¢LL0'0 910’1 98¢'0 L 65100 GL0'L
Iszeo } €810°0 610°L 0620 L 1910°0 L1071 0 G800 9¢t 0- SS10 ¥60°0- 9900°0
c6e’0 4 ¢910'0 €L0'L ¢8¢'0 L 9510°0 clo’l 0 G80°0 9¢1°0- §G1°0 ¥60 0- 99000
2 LU 10)08) 2 ui) 10j08) D) 10j08; 2 un) 10}0e4
20, OP12) -1 ‘2 OPr2) -1 an(oPre) -1 2, OPY2) -1
0720'0 = ©'3 104 IL100 = ™3 Jo-4 0ZZ0°0 = *3 104 IL10°0 = "3 Jog 1-ISW ,-ISW ,-ISW 1-ISW IS IS
XMEQ 104 O& 104 .uw'_;:.ve_wv .um:AC..eowv .uw.:A:_rzwv _oa.;::twv .om._;::aawv .uw.:ﬁ.:_uewv
206 = >o7g 104

ere—r—
PapNpuUo) /-y djqe]

72



"papPI0oa) Sem PeO| Wnwixew AuQ,
uonoey SSEW Jaqy %99 0} PAZI[BLLIOU SSSUXIIYL JO SaNjBA,

73

%V ¢ ” e9)
910°0 ﬂ "AOp 'PIS
¥99°0 abeiony

%9°€ %L %90 0
9100 1200 €000 A3D PIS
vEY' 0 6§59°0 |8E¥0 abelany
%9°G2 G0-320°t |90-321°'888C°0 2cc’'0 {06 SL9°2L[L99 1L J00S 0 [Z060°0 |L¥vY O 8.9°0 SEVY'0 [08'¥ 96 811-10
%89 90-3€1°£ 190-389°'9 j2¢c'0 0Le'0 {06 LEL'EL €092 {8SY 0 jE00L 0 {22V 0 cev’o LP¥'0 (OV'V 9'6 LT1-10
06 ove’‘s 00G°0 |09SL'0 |6¥V'0 8/.9°0 LEV'0 j08°'¢C 9'g q81¢-1L0
%93 €2 90-3¥5°8|90-316°91{061°0 GGL°0 {06 0LE'6 |L¥6'8 JSSY 0f8LLL 0 j0CP O c€9’0 8EY'0 |SG'¢C 9'G 412-10

%10 %81 %t'€ X0
000°0 AN 1] cLo’0 "Aap "pPIS
LEE'O L1990 [¥EE0 ebesony
%L1 90-36<¢°6 |90-3€9'V [10C'0 L.1°0 [06 L.G' 2L €62 2L]L1p 0])8080°0|2EE'0 L2970 €ce'0 |00y 9'6 LCcT-10
% LY 90-362'¥ |90-3AC1'¥ |6G1°0 6610 |06 099'21 |099'24|S5L€°0 |5660°0 |2¥vE'0 9G69°0 vvE€'0 [09°E 9°'6 FETE-10
% L1 90-390°Z2 }90-3SE°9 |LLL°0 0GL'0 |06 2.0'8 |69¥'L |02¥°'0|€8EL'O |EEE'O 1290 G2e'0 |se’¢e 9'G Le1e-10
%99 90-495°9 {90-3¢9°'S |81 0 9610 |06 8156 |9s1'6 [sie0|ov9L 0|eveE 0 9G9°0 vre'0 (0L°¢C 9'G L172-10D

%10 %E ¢ %6 | X0
000°0 Sit0°0 v00°0 'ASp P15
812’0 G990 912'0 obelony
%601 90-39€°9 |90-JEL°G |LEC'O 020 |06 1618 |S1S L |LLY'0|EESO'0|6Lc'O 849°0 €120 j00°Y 9°'6 911-10
Y%l Gl 90-36€°G |90-J99°'V |8¢c<C’'0 ¢8L’'0 |06 8L¢’6 |8L0'8 |[s.e°0(fcLo90°0 8120 ¢s9'0 0¢e’'o0 |09°€ 9'6 S1L-10
%96 90-3.6°9 |90-39€°9 (6810 ¢91L'0 o6 b2L'G |G22'G |oev'0]|€060°0|8LCO 8.9°0 ¢le’0 |se'¢e 9'g 971¢-10
% LS 90-JE¥ 'S |]90-3EL°S [LGL°0 G510 {06 622'9 j991'9 |sze0|ovoL 0oLz o ¢59°0 g8L2'0 |OtL'¢ 9'G S12-10

%L %¢e'0 %t 00
¢00'0 L00°'0 1000 ‘AP RIS
0LL'O 1290 |80L'0 abesany
%l v 90-3v€'9 |90-360°9 |¥61°0 y61L°0 |06 9ge’c |98c'€ [005°0{9¢c0°0|0LL°0 ¢l9°0 8010 jos'v 9'6 LP1L-10
%<C'8 90-305°G |90-380°S |98}°0 iZL'0 |06 v.9‘'c |G8G°'E |8S¥°0]eEv20'0|601L°0 0.49°0 LOL'0 |OV'Y 9'6 LETL-10
%o L7 L 90-3v6°8 |90-3+E'8B |661°0 €810 |06 L6v‘'e |olLe'c |00S°0|e6E0'O2LL O cl9'0 OoLL'0 |o8'¢ 9'G L$12-10
90-39.°9 0610 |06 8692 |vse’'2 |sspy'0]o2v00|601L°0 049°0 L0L'0 |SS°¢ 9'G L€7¢-10

Sayoul
saaibap e/} 1 seyoul | seyou
‘y ‘onel *Ssau uonoes} ‘1 ‘e s8youl

abreyn jeuid ey sayaul sayou) *yred 191 1q} ‘ssau -3oiul ssew ‘ssau | ‘yibug) ‘M ‘ou

b-1sd “d/l QOO ‘edolg “an | Caxo yoer) euy 'Od mse | -qoruyg | Peisnipy | seqig | -woiyy | womig | ruipim | uewiosds

‘Bupeoj Jeuipnybuoj Joj synsas 1D 8-V dlqel



%601 %S9 %80} %0 L
0'¢ 1'9 61 £'9
L'81 0 ' v6 [ 0 106
%80} %8y %1 €} %L'€
61 0 cv [ Zg't
€Ll 0 068 6°'GlL 0 9'G68
9°Gl 0 6 ¢6 12828 0 6°'G8 2590 0 66101
L'G) 0 Y26 L1'SE 0 9'88 ¢E9'0 0 9026
L8 0 6°'¥8 ¢s9'0 4] 66101
1’61 0 LG8 £el 0 [234:] 0E9'0 0 ovL'6
%E L1 %S L %6 8 %9 6
0'c 69 St 9'8
Sl 0 9'¢6 691 0 9'68
gL} 0 v'2olt 8'9l 0 1001t G690 0 voE'8
8'vl 0 L6 8¢l 0 L6 PvS0 0 ¢l9L
0'61 0 1'98 9Ll 0 L'6L 8650 0 6iv'8
L'61} 0 ¢'06 '8l 0 L'98 Laa Y 0 ¢l9'L
%901 %G'S %8B EL %G'€
j0°¢ V'S ve '€
9'gl 0 £°B6 c'Ll 0 806
691 0 S°00L 9’61 0 L'¢6 S6S°0 0 $9€'8
0L 0 8'v01L 6'vi 0 816 PSS 0 0 L9 L
L 0¢ 0 L'v6 6'81 o 198 86S°0 0 6Lv'8
861 0 9°t6 9614 0 9°'¢6 124N 0 ¢lL9'L
%E ¢} %P '€ %.L'8 %E'8
I€£°¢ €€ 91 8L
061 0 6.6 1’81 0 S'E6
0 L1 0 010} 0Lt 0 0'Lot 2G990 0 6610}
(AN 0 ¥'001 L9} 0 0°'86 ¢e9'0 0 902'6
ke 0 6°G6 1’02 0 £'16 ¢59°'0 0 66101
0'i¢c |0 £'v6 9'gl 0 G'E8 0€9°0 0 ovi'6
18 g, Cuisy f, . (Cuiisy 18 |5, Cuhsx |, Cuisy

o sy Iy ‘1 iy Iy Y d/

®0y 104 Od 104 anfen) L] Sy (MmN
—

‘PeanunuoD ‘g-y alqey

74



%99 %¥ 0 %S L %60

2e0'0 ¥00°0 v20'0 600°0

0 L £EE°0 G96°0 0 | 61E€°0 6960

%G %¥°0 %0 ¥ %0

910'0 £00°0 2i0'0 ¥00°'0

0 ! v1€0 L96'0 0 } £0€°0 6960
0 I 62€°0 0,60 0 3 S0E€°0 ¢l6°0 0 IV€E00- [E0¥0 0 0 v290°0
0 F L2€°0 0/6°0 0 } vi€0 1L6°0 0 l¥€0°0- |€0v'0 0 0 ¥290°0
0 F 662°0 ¥96°0 0 I¥€0°0- |cov'0 0 0 ¥290°0
0 L L0E'0 £96'0 0 | 062°0 596°0 0 L¥E€0'0- |E0¥'0 0 0 ¥290°0

0 I %9°L %¥'0 AT AL

0 I 520°0 ¥00°0 9€0°0 910°0

0 | 92€°0 996°0 0 ) 6LE'0 $.6°0
0 } 19€°0 19670 0 1 S9€°0 00071 0 Lve0'0- Jeov'0 0 0 ¥290°0
0 } S2€°0 L4670 0 F 52€°0 1260 0 Lv€0°0- |€0V'0 0 0 ¥290°0
0 } €0€°0 ¥96°0 0 I 182°0 996°0 0 L¥€0°0- |EO0V'0 0 0 ¥290°0
0 } LLE0 £96°0 0 | S0€°0 596°0 0 L¥€0°0- |€0v'0 0 0 ¥290°0

0 } %8°G %¥'0 %LE %S0

0 F 020°0 ¥00°0 AN v00°0

0 ! 9vE'0 v96°0 0 ! 02€0 £96°0
0 I SSE'0 196°0 0 b 82€°0 0,670 0 l¥€0°0- [€ov'0 0 0 ¥290°0
0 b 0L€°0 £96'0 0 | §2€'0 1260 0 l¥€0°0- [€0¥'0 0 0 ¥290°0
0 b 0€€°0 096°0 0 b €0€°0 v96°0 0 bv€0°0- |€0¥'0 0 0 ¥290°0
0 L 82€°0 296°0 0 ! SZ€'0 296°0 0 L¥€0°0- [eov 0 0 0 ¥290°0

, %8°€ %0 %S'8 %E"0

€100 ¥00°0 820°0 €00°0

0 ! vvE0 £96°0 0 ! 62€°0 596°0
0 ! 9G€°0 196'0 0 ! 9G€’0 196°0 0 L¥E0T0- [€0¥T0 0 0 ¥290°0
0 } vS€°0 L96°0 0 } 9vE'0 896°0 0 LYE0°0- [EO¥'O 0 0 ¥290°0
0 F 9€€'0 096°0 0 F 02€'0 2960 0 L¥€0°0- [€0V'0 0 0 ¥290°0
0 | 0€€°0 096°0 0 | v62°0 ¥96'0 0 L¥€0°0- |€0%°0 0 0 ¥290°0

2 U [ aoey Lo, Uty aojoey o, (Fut) T uojory | o, (UL 10108y

2, (PX2) 1 2 (Pre) 1 2n(Pre) 1 20, (P¥E) L

02200 = *3 Jo4 IL100 = %3 104 0220°0 = *3 104 1L10°0 = %3 Jo4 IS L ISW L ISW LIS LIS L ISW
XeW 4104 B4 104 o8 ((Llaig ) | 'oea (Lo g) | 08H (wig) | "o8s((arg) | 081 (eeg ) | '9B4} ((esg )

o0 = g 104

"PONUALOD 8-V OIGe].

75



% 'L %Lt %¢'9 %<C | %G L %9 L %6°9 %ll
2L0°0 G100 6L0°0 €10°0 AN 7100 6L0°0 cio'0
£.1°0 cv8'0 ,62'0 8011 991°0 058°0 L82°0 colL’L
%P 9 %9 | %lE %} %E°S %8| %8¢ %c' L
01L0°0 Y100 0100 AN 800°0 9100 L00°0 Y100
P91°0 8180 8420 €041 0910 6G8°0 §92°0 v60° 1
vLL'0 1980 182°0 601 2910 0.8°0 v9¢0 v80° 1 8220~ 86400 |L61°0 84%0°0 €610~ 61¥0°0
cLL'0 098°0 9820 £60°} 991°0 598°0 €.2°0 6801 8e¢'0- |8640°0 |[L61'0 8.v0°0 €61°0- 6L¥0°0
GGL'0 8€8°0 892'0 S’ 8ee'0- |86L0°0 |L61L'0 8.v0°0 €610 6L¥0°0
GSL'0 GEB'0 L£2°0 SLi'L 0SL'0 L¥8°0 6520 OLL'L 822°0- 186.0°0 |[l61°0 8.%0'0 £€61°0- 6Lv0°0
%< 8 %8| %2 L %<C 1 %<c 01} %€ 1 %€’ 6 %60
?10°0 SL0'0 120°0 €100 21070 1100 9200 0LO0
02170 Ly8°0 062'0 SOL'1 9910 168°0 6.2°0 0011
681°0 6v¥8°0 02¢ 0 2oL’ G810 ¢G8°0 ciLe0 00L'L 8cc 0- 86400 |65 0 8.v0°0 €61°0- 6100
€L1°0 498°'0 1€82°0 L8014 €L1°0 £98°0 £€8¢'0 2801 8cc ' 0- 86400 L6170 8.v0°0 €61 °0- 6L¥0°0
9G1°0 9£8°'0 gie'o PLEL avL'0 9+¥8°0 6v2'0 SoL'L 82c'0- {8640°0 |[i61°0 8/.¥0°0 |€E61°0- 6Lv0°0
£91°0 SE8'0 G820 SLL' L 8510 0v8'0 €22°0 OLL'L 822°0- |86.40°0 [Z61°0 8/¥0°0 |€6L°0- 6L¥0°0
Y% b "L Y%l %'V %} %8 v %l'e %c'€ %¥
£10°0 vio'o 1070 €100 800°0 8100 600°0 9100
6410 6€8°0 60€°0 il L9410 6v8°0 $82°0 cOL'L
981°0 168°0 gic’o oot €L1°0 19870 182°0 260t 8¢¢'0- 86400 L61°0 8.¥0°0 £61°0- 6L¥0°0
6170 1G8°0 LCE'0 101" L €L1°0 L98°0 £82°0 480} 8¢c ' 0- 86400 L61°0 84¥0°0 £€61°0- 6L¥0°0
8910 £€28'0 00og’0 9cl’| 9610 9€8'0 ¢Lc’0 vLELE 8ec’'0- 86.0°0 610 84v0'0 €61°0~ 6iv0°0
691°0 0€8°0 L62°0 021} L9170 LEB'O $62°0 SLL'L 8¢¢°0- |BBLO00 |L61°0 8.¥0°0 €61 °0- 6Lv0°0
%t'S %0°¢ %0 ¢ %¥v %€°6 %t %l L %6°0
0L0°0 LI0°0 90070 9100 910°0 cLo'0 €2¢0°0 0L0°0
84170 9€8°0 60€°0 SLLL LLZL'0 cv8'0 £6¢°0 80L°I
28170 1G8°0 Sieo loL"1 Z81°0 168°0 SLEe'0 lOL"L 8¢c'0- 8640°0 L61°0 8.¥0°0 €61°0- 6L¥0°0
S81L°0 0S8°0 vLE'O oL’} ¢80 £€58°0 S0E’0 660} 8¢cc ' 0- 8640°0 L61°0 8.%0°0 €64°0- 6L¥0'0
L2170 128’0 L0E°0 8clL’} v9lL'0 8¢8°0 062°0 letb’1 8ce'0- 86.0°0 L6170 8.v0°0 €61°0- 6L¥0°0
fsoi-0 1280 L0E'0 18211 2510 6€£8°0 €920 ZLL'L 82Z°0- 86400 |/61°0 8/¥0°0 |€61°0- 6L¥0°0
z,, Lun) Jojoey 2 ut) [ 0108y 2, Lun) lojoey 2z, Cut) Jjojoey
‘2, (PrE) L o Prg) 1 2, (Pr2) 1 2 (Pre) L
0720°0 = *'3 Jo4 8Y10°0 = "3 404 0720°0 = '3 Jo4 8r10°0 = %3 104 LIS IS (IS \-ISW LIS IS
LT Od 104 PRI (Lidwg ) | ORI ((Lleag ) | "oBY (UDaig ) | "9ea (a3 ) | *oRa (liews ) | 084 ((leeg )
Sp = 99 10

"PeNURUOY 8-Y SIeLl

76



%G 9 %S9 %v'€ %0 L Yo b L %4'€
SE0°0 iy00°0 Sv0°0 9¢0'0 S00°0 ovo'0
C¥G 0 I 890°0 cLe’ L 8150 1l ¥90°0 06e' L
%8 ¥ %l ) %<’ € %L € o\ow.m %S°€
70’0 100°0 t¥0°0 8L0°0 1000 vv0'0
LLS0 b £€90°0 g6c’'t 6y’ 0 3 6500 g9c’'|
£€G°0 l %%Vv'9 JATANY £6v'0 3 8500 15 SN 0 v61L°0 S§G1°0- 9210 GL1L°0- 01800°0
0ES0 8 900 659¢c' | 6050 } 0900 9ve’i1 0 v61L°0 GG} '0- 9c1'0 SL}1'0- 018000
88¥°0 } 290°0 vee'l 0 v61L°0 SS1°0- 921’0 SL1°0- 01800°0
c6v 0 8 €900 [ %" €LV 0 8 6500 91€°} 0 v61°0 SS91°0- 9¢ct'0 SL1°0- 018000
%S L %0°L %€’ %96 %68 %G 2
ov0° 0 S00°0 €v0°0 6v0°0 9000 ce€0’0
2ES 0 8 990°0 662 | LGS0 I £€90°0 v8¢ 1
{88S°0 8 ¢L0°0 06¢c’| GlS0 I 0L0°0 ¢g8c't 0 ¥61°0 gL' 0- 9¢1°0 G.1°0- 018000
VA N1 I 2900 S F ANt 1280 I c90'0 tve't 0 V610 GG} 0- 9c1'0 SLL°0- 018000
S6%°0 } £€90°0 oge’ | 1860 } LS00 B6C' | 0 610 gGL'0- 9210 S21°0- 018000
8150 l 9900 gee’l 8610 I €900 L1LE' L 0 6170 SG1L°0- 9210 SL1°0- 01800°0
%SG %L'C %t'¢ %G°€ o\om.c %0V
LEO'O 00’0 Sv0°0 8L0'0 £00°0 2s0'0
Y95 0 I 1200 gecel 1290 8 ¥90°0 €62}
LLS°0 I L20°0 vgc' | ceS'0 } v90°0 I TANY 0 ¥61°0 GS1L°0- 92410 SL1°0- 018000
c09°0 } vL0°0 gg8c’} LSS0 8 900 Lve} 0 v61°0 SG1L°0- 9210 SZ1°0- 018000
S0 } 14070 cLE ) P6v 0 8 €900 (0751 4] v61°0 SS1°0- 9¢1'0 SL1'0- 018000
LES'O l 690°0 0se’'| ces'0 3 890°0 ave’ | 0 v61°0 S§G1°0- 9cL'0 S.1°0- 01800°0
%b '€ %t L %l %€'8 %89 %L C
161L0°0 100’0 +S0°0 Sv0'0 5000 9€0'0
2950 8 120°0 PEE’L LESO 3 4£90°0 Lig't
08S°0 I 120°0 98¢’ | 08S°0 } 1L0°0 age’ | 0 ¥61°0 GG1°'0- gc¢10 GLL0- 018000
LLS' O } 1L0°0 g8c’'} £95°0 8 690°0 6.¢'} 0 Y610 GS1°0- g9c1’0 SLL0- 018000
1SS°0 I €.0°0 c8E’} ¥2s'o 8 8900 LSEL 0 v61L°0 SS1L°0- 921’0 S21°0- 018000
crS' 0 } 1L0°0 6LE°} ostv'o 8 090'0 44" 0 $61°0 gS1°'0- 9¢1'0 S21°0- 018000
2,0 ul) 10108} 2, un 1008} 2, LUt 10}08} 2 Lun 10}08}
o (P12) 1 en (%Prz) i ‘20, P22 ) L 2 ) L
0Tz = *A Jo4 8P10°0 = %3 104 07200 = #4104 8P10°0 = *2 104 LIS (IS (IS IS (IS LIS
nm.En_ 104 0& 104 ,um:AC.ytwv .ou:ﬁtiwv .um.:A::Emv vuw..;:r:wv da:ﬂ._:zzwv ,um:ﬁ:x:wv
.06 = 0 104

‘Pepnjounyd ‘g 8|qeL

77



]

UoNORI} SSBW J8q1) %99 0} PAZIBWIOU SSBUNDIYL JO SBN[BA,

%v Ve AOD
2910 "Aop ‘PIS
¥89°'0 abeieny

%9 ¢ %l v |%E F AOD
LLO'O L20°0 |900°0 "ABP 'PIS
EEY'0 §59°0 [LEVO abeleny
%602 |S0-3G0°t [90-3G9°8[|v¥1 0 L1110 o 990°9[s¥9'6[005°C [c680°0|0v¥ O 8.9°0 ({8c¢v¥' 0 jog8'y {96 811-10
%E’E 90-380°£90-358'9 |¥0L'0 voL'0 |o S¥e'9|Sv2’'98sy'0|0LOL 052 0 2E9'0 |b¥¥'O Jovr'y |96 L11-1D
%L'P1  |S0-390°1 {90-3£2°6 |[¥OL'0 580°0 |0 98e‘'v |2.6'c 0050 [LSSL O |9vP O 8.9°0 |rE¥'0 jog2 {9'S 8le-1D
%c'€l |90-320°8]90-360°L |560°0 6.0°0 |0 €86V |€0S 'V |SS¥ 0 [62LL°0|22v 0 2E9°0 |L¥P'O |SS'2 (9'S 212-10

%8} %8| %1€ AQD
900°0 ZLo'o |olo'o "A9p 'PIS
9€€’0 £99°0 |€EE0 abelany
%80+ [90-36G°G [90-3G0°G [¥01°0 ¥60°0 |0 L01'9]LL8°S|L1+'0 €080 0[62E0 L.9°0 [ieeo ooy |96 k2L1-10
%Yy Pl 190-39€°G |90-369°'v L1170 L0L'0 O 660°L]|€90°L]5.£°0|9560°0 [evE'0 968'0 [¥PE0 |09°E |96 bL1b-1D
%L'¥1  190-329°2 |90-3¥9°'9 |[S60°0 280°0 {0 65L'v|c68'c|oey 0 |L8EL 0 |eEE 0 21.9'0 |see0 |se2 [9°§ 1212-10
%P 9L {90-3L¥°9|90-315°S {16070 8.0°0 |0 €18'v {029V |52€°0 [€€91L°0|1vE O 969'0 [eve'0 |oL'e  |9's L112-10

%6 0 %E'2 %E ¢ ADD
200°0 S10°0 [S00°0 ‘ASp "PIS
612°0 599°0 |[Z12°0 abesony
%0 v 90-312°9[90-3/6' G |SFI O STHO |0 680 v [680 ¥ |LL¥ 0 [2€EG0 0 [Fee O 8.9°0 [Site0 o0y |96 911-19
%v've |90-390°9|90-3/8°¢v {2€1°0 5600 |0 LeL'v|seL'v|sLe0{0190°0 (2120 259’0 |[612'0 [09°E |9'6 SLI-1D
%141 |90-316°9 {90-322°9 |560°0 .280°0 |0 £66'2|226'¢ |02y 0 {€060°0(8L2°0 8.9'0 |[2L2'0 |se'2 9§ 9le-10
%t 0 90-392°S [90-3€2'G [180°0 L180°0 |0 LOP'E|LOY'E|SLE0 |$90L°0 (1220 2S9°0 |€2¢2’0 (01’2 {9'S G12-10

%0°2 %2 0 %61 AOD
200°0 L00'0 |200°0 "ASP 'PIS
0LL'0 129°0 {80170 abriony
%E €L |90-388°2190-3196°9 (811 0 g0+'0 [o v29°1 009 1 [00S5°0 |c2zo' 06010 2,90 [L010 [o8v |96 LPL1-10
%.'6} [90-3€2°9{90-329°G[LL1L°0 L60°'0 |0 88.'1|899'L|8S¥°0 {2v20 0 {8010 0.9°0 9010 |0v'¥y {9'6 LELL-1D
%0°'92 |90-30¥°8(90-399°9 [060°0 LL0°0 |0 gLe’L|Pv L 1 |005°0 [S6E0°0(ELL'O 2490 [LLL'O {082 [9°S bp12-10
%E°€EC  |90-309°6 |90-302°L|¥L1°0 §.0°0 |0 262'L|180'L|SSP' O [L2v0°0 (60170 0/9°0 |Z01'0 |SsSs'2 9§ L€12-10

sayoul
sea.bop en R sayout | sayou)
] ‘onel ‘eSSeU | uonoes | 1 ‘e sayoul

sbueyn jeulq feniug sayoul sayoul ‘yred 19) 19| ‘ssau =321y} ssew ‘ssau | ‘yibus) ‘M ‘ou

L-1sd ‘da g0 ‘edolg "CUgoo | Paoo | wery | “d | Od | mse |-3owyy | PEISNIPY | uagiy | -yoiyL | woein | 'uipim | uswmeds

‘Buipeo] asiaAsuel) 10 S}nsal 19 "6~V dlqel

78



%0°€ } %E 9 [% 121 %S 8
60 9¢ 80 v'e
[y 0 4 8°9 0 L 6€
%9°G | %L"S %9 L1 %E’'S
bt z2'e 80 02
L' 0 £ 6€ 9°9 0 L 9€
9 0 €cv 29 0 v’ 6E €190 0 262 6
LS 0 0°L€ LS 0 0°L€ §.5°0 0 Svi'8
28 0 G'6¢ VL 0 8'Ge €19°0 0 rATALS
8 L 0 9'8€ 0L 0 8 ¥E 2.5°0 0 £20°8
%9 0t %6 9 %<C 8 %S 8
L0 82 S0 v'E
89 0 vy 59 0 6°6€
99 0 € vy €9 0 L2y 9250 0 €ce L
0'9 0 z'ey 6°S 0 6'cy S9%°0 0 £8¥'9
1L 0 v 6€ M) 0 6°9€ 0€S°0 0 €82°L
0L 0 G 8€ L9 0 6°9€ 59%°0 0 €87°9
%0 ¥ %€ € %G L} %6 ¥
01 vl Al 02
2L 0 9'€V 02 0 0'e
99 0 vy 99 0 Yy 9250 0 €ce L
29 0 0'Sv S°G 0 S°6€ S9%°0 0 €8%°9
S8 0 v EY €8 0 v'ey 0€5°0 0 £82°L
S, 0 Ly S L 0 L\ S9¢°0 0 £8¥°9
%c ¢} YA 4 %9 LI %8°01}
6°0 81 8'0 €v
8L 0 134 2L 0 2 0v _
A 0 S G bz 0 8 v €19°0 0 cSe 6
8'9 0 2 v'9 0 TR G18°0 0 Sv1°8
8'8 0 8'2v €8 0 v 0¥ €19°0 0 252'6
£'8 0 €1y 02 0 v've clS'0 0 £.0'8

1Sy 2 Cuisy |, Cunisy 1Sy 2 Cuisy |, Cuhisy

..—. ,__V_ ,_Y_ ..F .__¥ ._v._ _V_\ d/

®¥q  1od Od 104 2y, (BY) L DU 2 (M)

‘PANURUOY “6-V 8jqe)

79



%E9 %2 0 %6 L %Vb'€
S20'0 2000 620°0 €E0°0
0 b LBE'0 ¥86°0 [0 3 89€°0 996°0
%L'G %€ 0 %¥'G %2 0
teo'o 200°0 6100 2000
0 b 2LE°0 ¥86°0 |0 ! 8VE'0 S86°0
0 b LO¥'0 G86°0 |0 b €LED 9860 |0 LvE0 0-|€0VY' 0 [0 0 evio
0 b LSE'O .86°0 |0 b 1SE'0 £86°0 |0 IvE0'0-[€0V'0 |0 0 Zvio
0 b €L£°0 2860 |0 b 8EE'0 €86°0 {0 Lv€0°'0-|€0v'0 |0 0 Zvio
0 ! v9€°0 Z86°0 |0 b 0EE’0 ¥86°0 |0 LvE€0°'0-|€0¥'0 |0 0 Zri'o
%0 L %e 0 %98 %40
L20°0 2000 EE0°0 1000
0 b L6€°0 S86°0 |0 b 8LE'0 G860
0 b 02V 0 G86°0 |0 b vo¥ 0 986°0 [0 Lv€0°0-[€0v'0 [0 0 g0
0 b 60%°0 986°0 |0 b LOV'0 4860 |0 lveo'o-|eov'o |oO 0 gvio
0 b €.€°0 €86°0 |0 b 6¥€°0 ¥86°0 [0 lve0'0-|E0v'0 |0 0 Zvio
0 b v9€°0 ¥86°0 |0 b 0G€E'0 G86°0 |0 L¥€0°0-|€0v'0 |O 0 gvio
%S '€ %20 % b v %¥0
v10°0 2000 9100 ¥00°0
0 L ELy'0 v86°0 |0 ! 89€°0 2L6°0
0 b 02v'0 S86°0 |0 ! L8€°0 L0670 |0 tve0'0-|eor 0 |0 0 v o
0 b LEV'0 986°0 |0 b 8vE'0 L16°0 |0 Ive0 0-|€0v'0 |0 0 gvio
0 b 60¥°0 18670 {0 b LZE°0 Li6°0 |0 Iv€0'0-|€0V'0 |0 0 Zvio
0 b lv6€°0 £86°0 |0 b |99€°0 Z16°0 |0 L¥€0°0-]€0V'0  |O 0 Zvi'o
%E¥ %20 %870} %20
810°0 2000 |+¥0°0 2000
0 L (5 0) 286°0 |0 b 08€°0 ¥86°0
0 ! 0EV'0 v86°0 |0 b vev'o v86°0 |0 LvE€0°0-[€0V'0 |0 0 cvio
0 b 8Lv'0 G86°0 (0 b 06€E°0 986°0 |0 Lv€0°0-|eov'0 |0 0 Z2vio
0 ! €0¥°0 086°0 (0 b 18€°0 18670 {0 Lv€0'0-|€0v' 0 |0 0 Zvio
0 b 68€°0 186°0 |0 b SZE'0 ¥86°0 |0 IvV€0°0-|€0F'0 |0 0 Zvi'o
2, Ul aojoey [, (Cul) Tuopey |, ("ut) Taojoey |, Tu) [1o10e)
enPre)l -1 e -1 |, ) -1 |G, (pra)) -1
0T20'0 = 3 104 8P10°0 = %3 104 0720°0 = *3 104 gr100=%3 104 | |ISW IS LIS ,-ISW L-ISW ,-ISN
xMEn_ 104 B4 104 om_;ﬁ.si.om:ﬁt%i 2B (e g )f 0B (o3 omc?:swv.om:?sﬁv

0 = oy 104

‘Penupuoy '6-v oiqel

80



%t '9 %S0 %E€°9 %¢’0 %S°8 %t 0 %G8 %0
¢c0'0 S00'0 100 ¢00'0 820’0 v00°'0 ¢c0'0 L00'0
Ste'0 296°'0 ¢lLe'0 Lo’ 8ce’'0 ¥96°0 LG2°0 A"
%9 G %9 0 %8 G %2 0 %9'G %V 0 %e G % 0
810°0 900°0 SL0°0 2goo’o Z10°0 v00°0 Zio’0 100’0
y2e'0 €960 G620 cl0'| v0E' 0 996°0 8€¢’0 L0 L W
[0S0 G96°0 iv/.c’ 0 A YN 9¢€'0 196°0 662’0 LEO' L 64170~ vGc0°0 €510 £€881°0 ¢cl ' 0- L¥60°0
L0E’0 0.6°0 6€C’0 OLO'} L0E'0 04670 6EC'0 0l0'} 61L1°0- ¥520°0 £€S1°0 £881°0 ¢cl’o- LY60°0
r2€'0 8S6°0 9G¢'0 vio't G620 ¢96°0 cge’o €L0’1 611°0- v52c0°0 €S1°0 £€881°0 ¢cl ' 0- Lv60°0
LLE'O0 096°0 0620 vio't 1820 £€96°0 ggc’o clo’t 6L1°0- ¥s20°0 €510 £881°0 éclL’'0- Lv60°0
WA %¥'0 %89 %10 %88 %€ 0 %v’'8 %10
vc0'0 ¥00°0 8100 100’0 6¢0°0 €00'0 ¢co’'o 100°0
LYE°0 G960 89¢'0 450 0€€’0 996°0 8G¢°0 L1O" L
L9E€°0 996°0 1820 L0} £6€°0 196°0 9/¢'0 L1O't 6110~ vSc0°0 £91°0 £€881°0 ¢cl 0- L¥60°0
8GE'0 696°'0 6420 ol0'1 95€°'0 696°0 L.¢°0 010"} 6L1L°0- $G20'0 €510 £881°0 ccl 0~ L¥60°0
vce'0 0960 95¢'0 €101 yoe'0 €96°0 6EC°0 €10’} 6L1°0- ¥Ge0'0 €510 £881°0 ¢cl' 0- Lv60°0
LLE'O v96°0 6vC’'0 clo't S0€'0 G96°0 6€C’0 clo’l 6110 $Gc0'0 €510 £€881°0 ¢el'o- Ly60°0
%l € %S0 %¢’'€ %<0 %9V %90 %6 ¥ %e’0
€100 S00'0 600°0 00’0 910°0 900'0 €L0°0 ¢00’0
6GE'0 £96°'0 £82°0 Lo’} 9vE'0 ¥96°0 ¢le'0 Lo’ L
L9E'0 996°0 /820 L1O' L9€°0 996°0 1820 LEO' L 61L1°0- $520°0 €910 £881°0 ¢cl ' 0- Lv60°0
€LE°0 L96°0 162°0 1107} 8¢E'0 L26°0 ggc'o 600} 6LL'0- ¥520°'0 €910 £881°0 égct'0- Lv60°0
GSE'0 956°0 ¢82¢'0 SL0"} Lve0 LS6°0 §/2°0 vio'L 61170 ¥Se0'0 €510 €881°0 ccl0- Lv60°0
EvE'0O 196°0 0/.2'0 cLo' L EvE’'0D 196°0 042’0 €10’} 6L1L°0- 620’0 £G1°0 £€881°0 ¢cl'0- Lv60°0
%S v %S0 %0 Y %¢ 0 %801 %tv'0 %801 %10
31L0°0 S00°0 110°0 ¢00'0 9€0°0 ¥00'0 8¢0°0 1000
LSE0Q 096°0 182°0 vi0'1L LEE0 €960 09¢°0 Lot
SLE°0 £€96°0 5620 cio’l 69€°0 £96°0 062°0 clo’} 6L 0- 12 T4 ] €S1°0 £€881°0 2¢cl’'0- L¥60°0
y9€°0 ¥96°'0 98¢0 clo’t LYE'0 196°0 99¢'0 LLO' ) 641°0- v520°0 €51°0 €881°0 ¢clh ' 0- Ly60°0
16v€°'0 ¥S6°0 8.¢'0 Sio' L LEE'0 LS6°0 ¢9¢'0 S10°1L 6L1L°0- ¥S520'0 €510 £€881°0 ¢cl'0- L¥60°0
8EE' 0 LG6°0 89¢°0 S10' L v8c'0 ¥96°0 €220 41 6L1°0- LA T4 RY €510 £€881°0 ¢cl ' 0- Ly60°0
2 un) jopoey |, Cun) wopey |, ,Cun) iopoe) | o, ("Ul) 10j0B}
"2, (°pre) -1 o (0P2r2 ) -1 ‘2, (°P22) -1 anoprg) -1

02200 = %3 104 81070 = "3 104 07200 = %3 104 8710°0 = 3 J04 IS IS IS SN ,-ISN ,-IS

x.m-En_ 104 O4 i04 "oriy(lL)esz) .ogetswv _om._?:fwv ey (lei g ) .om:?_:awv _om:?fwv
.Gy = oy 104

‘PaNURUOYD “6-V 9|geL

81



o

_Qom.w %<9 %S0 %S'8 %SG'8 %¥'0
610°0 L00'0 G000 ¥¢0'0 1000 ¥00°0
9620 ! 8910°0 |l€0'} 082°0 } 85100 |S€0°!
%l’S %8S %90 %€E'S % LG %¥°0
9100 L1000 9000 ¥L0°0 L00'0 ¥00°0
8,20 I L5100 |Z80'} 6520 1 9¥10'0 |vEO'} ‘
6620 ! 6910°0 {vEO'I 820 ! LS10°0 (2ce0'} 0 G800 921 0- |56k O ¥60°0- |9900°0
1920 3 LV10°0 6c0°} 19270 s Lvi0°0 6c0’ | 0 S80°0 9¢1°0- GG1L°0 ¥60°0- 9900°0
lsseo I 6510°0 |2v0'} €520 3 EVIO'0 |8E0°} 0 G800 921'0- {sS1°0 ¥60°0- [9900°0
c.2c'0 ! §610°0 |0vO'} 9v2°0 . 6E£L0°0  |9€0°} 0 S80°0 9¢1'0- |§S1°0 ¥60°0- 19900°0
%6°9 %9°9 %¥ 0 %S°'8 %E'8 %€°0
joco'0 100°0 ¥00°0 ¥¢0'0 L1000 €00°0
2620 t G910°0 |SEO'I 182°0 l 910'0 $€0° 1
ELE0 ! LL10°0  |bEO'} 10€e°0 ! 0LI0 0 [2e0 | 0 S80°0 921°'0- |SSt°0 ¥60°0- [9900°0
S0€'0 3 L1070 LEOQ" L €0€°0 8 LL10°0 0go0’} 0 §80°0 92170~ gs1’0 v60°0- 9900°0
| YA 3 8S510°0 ovo’} l9¢’0 l 8¥10°0 LEOQ'} 0 $80°0 921°0- G510 ¥60°0- 9900°0
1.2°0 L ¥S510°0 9¢€0° | 19¢°0 b Ly10°0 ve0’ | 0 §80°0 9¢4°0- gSL'0 v60°0- 9900°0
%E'€ %0°€ %S0 %6'v %S %970
lotoo 100°0 5000 v10°0 100°0 9000
80€°0 ! vZ10°0 |Z€0°} 9620 L LL0°0 9€0° |
_m—m.o 3 LL10°0 ye0° L €Le 0 L LL10°0 ve€0'L 0 $80°0 921°0- SS1L°0 ¥60°0- 9900°0
81LE°0 8 6410°0 ce0’} 8.2'0 3 9S510°0 8c0’} 0 S80°0 92170~ SG61°0 ¥60°0- 9900°0
90€°0 3 SZ10°0 44" 6620 3 010°0 €01 0 S80°0 gcltL'0- GS1°0 v60°0- 99000
¥62'0 3 £910°0 6E0° | ¥62°0 I L910°0 6€0°I 0 S80°0 9¢1'0- G61°0 ¥60°0- 9900°0
%l ¥ %8t %S0 %8 01} %801 %¥'0
€L0°0 1000 S00°0 lE€0°0 ¢00°0 ¥00°0
90€°0 ! ¥210°0 |O¥O'} ¥8¢2°0 3 9100 2807} ,
(34 1] } ¢810°0 |Z€0°} g1€’0 I 6.10°0 |9€0'} 0 S80°0 9¢i°0- |8S1°0 ¥60°0- [9900°0
cLeE’0 } 9/10°0 |SE0°} l62°0 b v910°0 |ec0'} 0 S80°'0 921°0- {86170 ¥60°0- 99000
20e°0 ! €210°0 |9¥0°} 5820 b €910°0 |ev0'} 0 §80°0 921’0~ |§S1°0 ¥60°0- |9900°0
L62°0 I 9910°0 €Evo'l €ve’0 I LELO'O 9€0°1 0 S80°0 9¢1°0- SS1°0 ¥60°0- 9900°0
2 Ul 10108} )] lojoey 2 t7ut) lojoey 2, Ul 10108}
2, CPrg) -1 2, CP1Z) -1 5, 0pxg) -1 2, (°p2g) -1

0720°0 = *A 104 IL10°0 = "2 Jo4 0zz0'0 = * 4 104 ILI0Q = "3 104 IS LIS LISW IS IS IS

xﬂEn_ 104 On_ 104 .om.:ﬁt.:wv vomzﬁteewv .um:?:_:mv ,oa_;:r:wv ,om.;A::.va .om:??cwv
.06 = g 104

"PAPNOUCD) 6 SIGEL

82



JED JO SNjRA SINj0SqR L0 UdXe) saisiels,

uojjosulp selq yum ubis sebueyo uress-j,

‘aAnebau S| uieng,

uonoRlY SSew Jaqgy %99 O} PAZIeLLIOU SSBUNDIY) JO SBnjeA,

%L'C AOD
vL0'0 ‘AP 'PIS
5990 abelony
%L | %E ¢ |%0 v AOD
800°0 SL0°0 100 "ABD 'PIS
Sry0 G99°'0 |[6EVO abelany
%26 90-309°6 190-36.°'8 {8140 y0L'0 [SY 8SE'S1L06 ¥ ]|00S 0 [8SSL°0 |9EV'O 8/9'0 |sev'0 |o8'¢ 9's St SEL-81712-10
%/l°61 [90-3€8°8 |90-3LE°L|LEL'O 960°'0 SV 606°'S|r.S'S|SSP 0 |SSLL O |8vY O ¢s9'0 |eS¥'0 |SSG°¢C 9'g St S€L-L172-10
%8'82 |S0-3+1°L {90-319'8 [EEL'D E60°0 (S9¥- 661'G]085'Y |00S'0 |€SSL'0 |SEV'O 8/9°'0 |€2v'0 |08'¢ 9'g Sv- Sv-811¢-10
% L'G¢ ]90-320°6{90-3S2°L{LIL'O 0800 |JSv- €25'61608'v |SSP' 0 |2921°0 {6V 0 ¢S9'0 |sS¥'0 |sS'¢C 9'g Sv- Sv-211¢-10
%90 %Eg'C %l AOD
L00°0 SL0°0 |[v00'0 'ABP 'PIS
LIC'0 S99°'0 |9ie’0 abeiany
%Sl [90-d¥8°9 |90-386°G |cCl’0 L0L'0 SV g906'cloecs’'cloey'0]6260°0]8L2 0 8/9°0 |cl2z 0 |SEc 9'S Sy S€L-9112-10
%681 {90-3v0°9 |90-380°SG |0}LL'0 vY60°0 |S¥- 9g6'e|s98’'e|sze'0|2e0L’0 2120 2¢S9'0 |6i2’0 JOot’¢e 9'G Stv- GEL-S17¢-10
%L'0F }90-3vL'9{90-360°9 (8}}'0 160°0 {S¥v- Leg'elvee'e|oey 0 |6260°0(8L2°0 8.9°0 |eLe’0 |sE'¢C 9'G Sy~ S¥-911¢-10
%6 L 90-36¥°G 190-360°G{0L1L°0 5600 |sv 6Le'v|966°'€|S2€°0[2201L°0191L2°0 2G9'0 |8Lc'0 |OL'e 9'G St Sv-G112-10
S8YouY
sea1bap en 1 seyou) | seyou) soaibep
eIMoBig ‘onel 'eSSAU |uonoey | ‘e seyoul | ‘'°%g
abueyn jeulq e} sayoul soyou| ‘yred 191 19y ‘sseu =391y} SSew ‘ssau | *yibusy "M onoaiq ‘ou
1-18d ‘dn @00 ‘edois oo | ©aoo | ey | *d | ©d | mse |-dowyL | Pasnipy | seqiy | -nowyd | woein |'uipim [lenerew|  uswadg

"Buipeoj seiq 10} synsai 13 0L~V 3lqel

83




Wil 1 |

%S 6 %0k} %¥ 0k %96 %6 L} %2 b
€850 0€9°0 00¥'§ 8€G°0 L19°0 08¢'S
. LS 6°LS 9'g 2'S 0°LY
%9 ¥ %L’ % G %e L % L %9°L
G920 S92°0 6152 LLEO 8v€'0 6S2°€
) 2'S v Ly 2'S L'y 8°2v
| v'S 6 6¥ GG 0'S 9°Gy vSE'0 60+ 0 6096
2's (A4 V'S 6V S'vy vre0 0LL'0 8vv'8
_ €G- S 8% b'g Ly- 82y vS€'0 601} 0- 609°'6 S
8 t- 6°EY 9y 2'v- 2'8¢ vve 0 OLL"O- 8¥v'8
%2 9 % LY %e ¥ %8'€ %6t %LV
800 1520 86€'2 8220 642°0 98€°2
. €9 S'9§ 0°9 LS €LS '
v'9 0°8G : : €£¢S L2€°0 0LL'0 699/
6'G- 0°€S 8'LS £62°0 LLLTO- 648°9
£'9- L'9§ 6Ly L2€°0 0LL 0" 6992
59 2'8S £°€S £62°0 LLL'O 6189
znlumsy o Cuisy 2 unisy
__u__v. ._¥ ._v_ _v._\ d/
Uy 104 2, (Bx)1 Y 2 (MY

‘PoNURUO]  "0)-V dqBL




%<c 0l %0 %cC 01 %¢ 0 %0 L1 %10 %0 L1 %c 0

L10°0 100°0 ge0'0 c00'0C 9100 100°0 se0'0 c00°0

G91°0 SLo' 4 LYEO 086°0 6vL°0 vi0'L SLE'0 ¢86°0

%l'S %0°00} %¥'S %10 %8'L %0001 %S L %10

600°0 vi0'L Z10°0 L00'0 L10°0 €107} ¢c0'0 100°0

1S1°0 1O L L1E'0 ¢86'0 9€1°0 €101 .8¢'0 €86'0

6G1°0 Si0'L- vEE'0 186°0 Sv1L°0 Y0 }- 90€'0 €860 YvS0°0- |€8¥0°0- [82SEO G010 S1L.0°0- |60L°0

051°0 viLO L~ SLED é¢86'0 P10 Y0 - 8620 €860 Y¥G0°0- |c8Y0°0- {8¢E'0 S04L0- S51.0°0- |[60L°0

SS1°0 SLo" L S2¢€'0 1860 gel’o €10l L82°0 ¥86°0 Y¥S0°0 ¢8¥0°0- |82E'0 SoL’0 G120°0 601°0

6E€1°0 €101 ¥6¢'0 €860 1R clo'l 2520 G86°0 v$50°0 c8v0°'0- [82E'0 S0L'0 §120°0 601°0

%V v %10 %l %10 %9 %10 %9'¥ %10

800°0 Loo'o 9100 L1000 400°0 L00°0 910°0 L00°0

6,10 L10° L LLE'O 6.6°0 ¢91’0 S10°1L EVEQ 186°0

Y810 8L0"L- 98¢€°0 8460 9910 910"}~ 6vE0 0860 ¥¥S0°0- {28v0°0- |82€E'0 §0L°0- SLL0°0- |60L°0

L91°0 S0} ¥G€°0 186°0 ¥91°0 Si0'L 9ve'0 186°0 ¥$S0°0 c810°0- |82¢€'0 S01L'0 §1.0°0 601°0

081’0 L1071 8.€°0 8.6°0 2SL'0 vi0 L 0ce’'0 ¢86°0 vY¥s0°'0 ¢8v0°0- |8cE’0 So0L'0 S1.0°0 601°0

v81°0 LLO'L- 88€°0 6.6°0 8910 Si0'L- 95€'0 186°0 Y¥S0°0- |j28¥0°0- [82E'0 S01L°0- GL.0°0- |601°0

N:A.:: palCI0BY N:A.c: i0joe} N:A.c: palC1084 N:A.c: 10108}

SRR -1- 5] I S -] IR K12 BT N R X'~ ] B

0zzo0 = ™3 Jog 8p10°0 = 73 104 0zzZ0'0 = *3 404 8Y10°0 = 3 104 IS IS 1-ISW IS IS ISHW
xm.En_ 104 04 104 el (g ) | 08N 3) § 082 (Werg) | 984 (UWhaig ) | "0 ((iaug ) | 08N (Haag )

0 = g 104

‘PBNURUOY "0}-V 8igqe L

85



1]

%9 E L %19 %901l %€°0 %C ¥k %G°S % LI %€ 0
i¥0'0 180°0 GE0°0 €000 6£0°0 GG0'0 v€0'0 €000
c0€'0 S00'1 6S€°0 ve0'L G.¢°0 S00'1L L62°0 LEO' L
%6 6 %19 %l'S %40 %E 2L %G G %6 L %2 0
LS00 190°0 L10°0 c00'0 LEO'O SS0°0 120’0 c00'0
1842°0 700’ | 6620 45 0S¢0 5001 0.2°0 6¢0’ |
_mom.o 8G0 | 91€0 €€0 L 8220 €S04 8820 0€E0' | 20¢ 0 86200 |29+ 0 6010 0s81°0- [60LL°0
8820 SG0'} 86c’0 ¢eo’'t LS’ 0 ¢so't 0820 0€0" 1 c0e'0 86200 491°0 6010 0S81°0- |601L1°0
£92°0 056'0- L0€°0 ceo’L l€2°0 GG6°0- 0420 8co’l ¢0c’o 186.0°0 4910 60170~ 06810 60LL'0
cve’'0 €660~ L12°0 0€0’L élc'o 6560~ 0v2'0 92¢0°I ¢02'0 86.0°0 /910 601°0- 0s8L°0 601170
%SG 0} %0°L %G b %e 0 %C OF %tb'9 %l %10
GE0'0 L20°0 9100 c00'0 0€0°0 ¥90°0 SI0°0 1000
j[0€E0 G001 8GE'0 LEO'L 00E°0 G000} $e¢E'0 EEO° L
09E'0 890"} 69€°0 6€0°} ¢ce’0 1901 LEE0 SE0'L c0c'o 86.0°0 £91°0 601°0 0S81°0- |60LL°0
62’0 Lv6'0- GEE'O vE0’L G8¢'0 6v6°0- L2E’0 €EO0'} ¢0e’o 86.0'0 491°0 601°0- 06810 60LL°0
0L€°0 l¥6°0- 09€'0 8e0’ | ¥92°0 0S6°0- ¢0e'0D ce0’l ¢0e’'o 86.0°0 19170 601°0~ 0581°0 60LL°0O
09€°0 S90'1 89€°0 LEO" L 82€'0 660’1 9€E’'0 vEOD' L c0c’'0 86.0°0 91°0 601°0 0581L°0- [60LL°0
2 ) | o8 |, Cun) 10108y 2 U T 00k [ (Ut J10)08)
2 (%Pg) -1 S (0pee) -1 ‘2, (0PE2 ) -1 5 Opre) -1

0zZz0'0 = 3 Jo4 8P10°0 = "3 104 0zZO0 = 3 Jo4 8¥10°0 = *73 104 IS SN IS SN IS -ISW

a:_n_ 104 On‘ 104 _ow.__ﬁ._.r:wv .ua.:ﬁ._.rswv .oah_A____c_wv ,u_m:A:r:wv ,ow:A::aswv .ow.:A—:cawv
oG- = g UBUM ,Gp- = g 10 .Gp = TG UBUM .Gy = o9 104

"panunuo)

‘0l-v |qej

86



%S0 %0 %€} I %90 %E L1 %10 %E L %90
Zv0°0 |+o0°0 0L0'0 L00°0 L¥0°0 Lo0'0 0L0'0 900°'0
Ie6€°0 SL0°L 680°0 8901 19€°0 v10°1L 880°0 1901
%9°G %10 %8, %E0 %L"L %470 %6 L %¥°0
lozoo L00'0 900°0 €00°0 S$20°0 100°0 900°0 ¥00°0
¥9€'0 PLOL 080°0 £90° 1 82€'0 €L0°1 080°0 950’1
£8€°0 SL0"L 98070 99074 0S€°0 y1i0'1L 98070 090°t v¥S0°0 |€SLO 0.81°0- o810 [O¥L0- {Piv0'0
29€°0 10" L £80°0 £90°} LYE'0 ¥10°'L £80°0 6S0°L Y¥S0°0  |€SLO 0/81°0- loz81'0 jo¥i'0- |PivO'O
€.€°0 SL0'L- (1800 ¥90° 1 82€°0 €L0°L- Joso0 950°} v¥50°0- |€SL'0 0,.8+°0- |0oZ8L°0- {6EL'0 |[PLPO'O
9€€°0 €10°L- [el00 650"} 2620 2L0"L- 12070 LSOt v$S0°0- |€SL'0 0.84°0- |os8L'0- |6EL'0 |pip0O'O
%V v %10 %E'V %S0 %LV %40 %S’V %E0
|Istoo Loo'o ¥00°0 S00°0 810°0 L00°0 ¥00°0 £€00°0
YEV' O L10°} 260°0 v.0° 1 Y6€°0 SLO' L 960°0 990"t
9vv'0 810’1 66070 82071 L0v°0 910°1L 860°0 040} $9S0°0 €SO 0.81°0- 02810 |O¥1L 0- |PIv0'0
L0V°0 S10'L- |Z60°0 L9071 L6E°0 SL0' k- |460°0 G90°L ¥¥S0°0- {€SL°0 0.81°0- |0481°0- [6€4°0 [rI¥0°0
9EV'0 LEOL- |#60°0 920"} L9€°0 ¥10°L- |060°0 £90°1 Y¥S0°0- [ESL'O 0.81°0- |0£81°0- |6€EL'0 [vip0°O
LyY°0 L10°} 0010 L0} 601°0 SLO'} 660°0 190°} ¥¥50°0 |eSL'0 0.81°0- 02810 Jovi'0- |¥Iv0'0
27Ut | o0y |, (FUl) lojoe) FASCDE EEEECTE S 101081}
‘5, OPx2) -1 S, CPrE) -1 5 OPrE) -1 5 P2E) -1
02200 = 3 104 8y10°0 = %3 104 07200 = ¥3 Jo4 8Y10°0 = ™3 i04 LIS IS LIS LIS (IS LIS
xﬂEQ 104 On_ 104 .um:ﬁ.c.:uv _om._ﬁtacwv .um:A::Euv .ow.__ﬁ:a_wv on:?:acwv .u,m‘_;:r.mwv
Gb- = g UBUM ,06- = °°79 10 .Gy = 009 UBUM .06 = '9 104

‘PenulUuo] 0)-v 8jqel

87



[AIN]

LT T I

%6 6 %L ¢ %e 0F  |%!' 0 %G 0l |%G ¢ %2 9 %1 0
10’0 |£20°0  [800°0 too'o  |lovo'o  [szo'0  |voo'O 100°0
iv°0  foz60  lszoco  |eoo't  lszeo  fezeo 1200 |[s00'y
%9 ¥ %L ¢ %9 G %0 0 %8 G %G ¢ %9 G %t 0
_Eo_o 920’0  {roo'o  fooo'0 |ozoo [szoo  |voo'O 100°0
08e’0  l2zz6°0  [890'0 600t lvve'o  |vze0  [|seo0  [s00°1
l6€°0  I8Y6°0  [¢Z0°0  |600 F |6G€ 0 |56 0  |[¢Z00  |800 T |02 O- [vGe0°0 |0€2 0 |Z6T 0 |s600- [550°0
l2€'0 [0S6'0  [890'0  [600'}  |ise'0 [ese'0 [890'0 |soo't  [zoz'0- |rsz0'0 foezo  |esio [seo0'0-  |seoo
leeeo  |se6'0- |oz0'0  |eoo't gse'o  |s66'0- [ozo0 800t [oz0'0  |rsezoo Joez'o  |zsio- |seo0  |seoo
19e'0  Jse66°0- |eso'o  [800°L gie'0  [966°0- Jesoo 00k fozo0  |vszo'o foezo  |zsi0- [se0'0  |seoo
%l € %2 € % v %L 0 %V € %6 ¢  |%9 Vv %0 0
2100 leo'0  |voo0 loo'o  |vio0  [|szo'0  [eoo'o  |oooo
lesvo  |s960 180°0  loto't  feivo 1260 |vzo00  |e00L
¢s¥°0  lov6'0 €800 |00 F  [60v O |S¥6 0  |GZ00  |600 F  |202 0- |vGz0 0 |0c2 0 |6t 0 |5600- [SE00
Lev°0  |v66°0- [8.0'0 |600'L  |z2v'0  |s66°0- |vz00  [600°L  fozo'0  |ps2zoo |oezo  |zsito- [seoo  |sgo0
L9¢v°0  }v66°0- [280'0 |oi0'L  |vee'0  [|s66°0- 6900 [600't  |ozo'o  |rszoo |oezo  |zsito- lseoo [sgo0
Ssy'0 _Jeve'0  Jeso'o  Joio'k  |6kv0  fzv6'0  J9z00 leo0't  |zoz'o- |vszoo foezo  |zs10  [se0'0- |seoo
2 CUY T 1008 1 " TUT |~ Joiey | 5,0 U | poi008 | 5,0 Ul | Joroe;
2 (°Peg) -1 2 (OprE ) -1 2, (0PE2) -1 2 (PE2) -1
02200 = %2 104 IL10°0 = "3 Jog4 07200 = %3 104 IL10°0 = "3 Jo4 T_m—z -ISW _._mS_ T_w—z IS IS
xmﬂ_.& 104 OQ 104 ,uw.:ncvvs.wV .ow:ﬁ._.waawv .om.__A::Emv ,uu.._A:uva .om‘:ﬁ_:ezuv dw‘:ﬁ:oemv
oGP~ = o UBUM Gp- = °Tg 10 .Gp = Mg UBUM .Gp- = 99 104

‘panuiuod ‘0L-y 8iqe]

i 1l

88



l91°0 SLo0°t-|oveE'O 1860 |vPS0°0-[c8Y0°0-|B2CEO SO0L'0- |SHL0°0-]60L°0
0 3 69€°0 G86°0|0 I¥E€0°0-]E0V'0 0 0 cvi’ 0
0 I 2gLED S66°0 |0 L¥€0°0-|€0v'0 |0 0 Zgvio
0 } L6€0 ¢S0°L |0 I¥YE€0°0-{€0V'O 0 0 eviL’o
0 I oLg'0 996°0 |0 I¥£€0°0-|€0V'0 0 0 ¥290°0
0 I 6€€°0 £€66°0 |0 I¥€0°0-|€0V'0 0 0 ¥¢90°0
0 8 6cE'0 0S0°L |0 I¥E€0°0-]€0V'0 0 0 ¥¢90°0
2, LUty tuoey | o, (ul) Tiojoey
‘5, 0prg) 1 S (0Pr2) ] 1 LIS L ISW LIS LIS LIS L ISW
07Z0°0 = *3 104 n3 = 893 104 _om:?_.;_wv _umi:.:&wv ,om.:::e._wV _om_z:ve_wv dmﬁ::mewv _om:AEaewv
s0 =%g Jog
‘ponunuod “i1L-y 8|qeL
(en)boj  'x + Ox=4,
886°G LEBE-|LSI'C 0¥9°'S glLe'v- vecv'L 0€8°0S Ovc'9€- 65Vl 1’0 |(.Sp+) seig 10
08.°9 810°0 8649 0 0] 0 996°8¢ 950°'9- l6'¢cE 10 asJaAsuel| 1D
966'} |6€L7L-|L52°0 {O 0 0 L16°8€ ble 9- L'2g 1’0 | ®sieasuel] | 103
129°L2-16G.°¢c-|082've- {0 0] 0 00E’'6€ 060°¢ 06€° ¥ L'0 9siaAsuel | INO
b2S°21 JL61L°0-j0€E L |O 0 0 090°'88 099°'vL- [|v'E€L L0 leuipnybuo 1D
c62'€E L1E°¢-1946°0 0] 0 0 09v°€6 0LO0'0L- |Sv'E8 L0 leuipniibuo| 108
£/8°€c-jovvr'sL|ecr'8- |0 0 0 06.°G8 0v6°'6G- ]0S8'S¢ L0 |leulpnyibuo|  INO
e/)
IS) IS I1SY zunisy Lo Cuisy |, Cuisy |, Cuisy |, (Cuisy |, Cuisy  |‘ones
22d 10} pajenojen S BIDER Buipeoq uawipadg

‘01°0=eA loj suoie|ndje) °Li1-v Ijqel

89



Wome

‘peanuinuod

"Hi-v 9|qe L

[os€ 0 G100’} |ES60°0 990'L |¥¥S0°0 [SESL'O |Z8L°0- 28170 6€1°0- |6€ELY00
S.¢°0 ! GS10°0 GEO'L |O 6¥80°0 |921°0- |SS1'0 ¥60°0- ]6G900°0
S.2°0 I ¢Si0°0 oto’'L |o 6¥80°0 |921°0- |SSL'O ¥60°0- 659000
,.2°0 8 LELO'O £€06°0 |O 6¥80°0 |921°0- |SSL'0 ¥760°0- |65900°0
905°0 I 9¢90'0 862t |0 LE6LO |SSL'0- |921°0 GZ1°0- |01800°0
LEGO } GESO'0 S¥0°L |O LE6L'0 |SS1L°0- |92L°0 GZ1°0- |0LI800°0
€610 I 8S€0°0 ¢9.'0 {0 LEGL'O JSS1L°0- |92L°0 S/.1°0- |01800°0
2, ut) 1 uoyey | 5, CUl) | uojoey |
el 1 Sal’pre) 1 LIS LIS LIS LIS LIS VIS
0ZZ0'0 = #3 104 n3 = 893 JO4 ,um:Aﬁtewv _um:?_.v%wv ,om:?:e_wv _om:a:?_wv _om:ﬁ_c%wv ,um_::vng
06 = “%4g Jog
‘PeNUNUOD “LL-Y 8|qel
08¢0 8¥6°0 |6LE'0 6¢0°1|202'0- 86400 [Z91°0 ¢601°0 |S81°0- 160LL'0
2¢t’o G96'0 |¢sc'o ¢lO'L|6L1L°0- |¥S20'0 |ESL'O €881°0 |2el'0- {L¥60°0
0€€’0 686°0 0SS0 €00'L 6110~ |PSCO'0 |ESI'O €88L°0 |¢clL’'0- |L¥60°0
18€°0 ¢l |eve’o ¥96°01611°0- |PSC0'0 |E€SLH'O €881°0 |€elL’'0- |L¥60°0
291°0 9v8°0 (9,20 ¥Y0L°11822°0- |86L0°0 [L6}°0 8.¥0°0 |E6L°0- |6i¥0°0
961°0 196°0 joLe’0 810°L|8¢c’0- |86L0°0 |L61}°0 8.v0°0 |E61°0- |6LY0°0
L¥e 0 8cE'L |GLe'0 988°'018c¢'0- |86L0°0 |.61°0 8.v0°0 |E€61L°0- |6LY0°0
20Uty Tiojoey | 5, ("ut) Tiojoey
2 CPre)l L | Cpxe)] L LIS LIS L ISW LIS LIS LIS
0720°0 = 3 104 N3 = 993 404 1 B (Lwg) oi(Wee3) .um;.a:,:m._wv .umtﬁ.?wv eI (lINseg) ,om:?veewv
oSp = °%Yg 104

Sl R0

90



9G1'0 G86°0-[5€20°0 [ev6°0-{F¥S0°0 [SESL'O [9190°0-[9+90°0- [o¥L'0O [|0Z8EOD O-
G.2°0 L SS5Lt0°0 Jseo’t |o 6¥80°0 |€921°0-]€SSL'0 |¥60°0 |65900°0
G.20 I 2sto’o |otot |o 6¥80°0 |€921'0-]esSL'0 |¥60°0 |65900°0
1220 s Le10°0 J|eos0 |O 6¥80°'0 |€921°0-|€SSL'0 |[v60°0 |65900°0
90G'0 b 9290’0 |s862'} |0 LEBL'0 {€SS1°0-|€921°'0 |SZ1'0 |OL80O'O
LES'0 1 GESO'0 Svo'L |0 LEBL'0 |€SS1°0-1€921L°'0 |SZ1L°0 (0L800°0
€6¥°0 ! 85£0°0 29,0 {0 LE61°0 |essi0-legegL'0 |SZL'0 |0L800°0
N:A.c: 10108} N:A.:: 10108}
RIS 7)1 IR RN <A ] B L IS LIS LIS . ISW LIS LIS
022070 = *3 104 n3 = 993 JO4 .omtitw_wv ,om:AESwv dmic:ﬁwv .omzﬁcemv ,om:ﬁ_:aawv ,o,m:ﬁ:v%wv
-06- = %49 104

‘PApPNIoU0) “LI-V 2JqelL

,8¢°0 8v6°0-|9€L°0 0L0°L|€0c’'0 |¥S20°0 [0€e'0 |[89G1L°0- |IS60°0 |8VEOD'O
¢cE’0 §96°0 |eSc'0 clo'L|6LL'0 |vSe0'0 |eSt'0 |€881°0 [ecl'0 Lv60°0
0eeo0 6860 0S¢0 €00°'L|6LL°0 |¥SC0'0 |€SL'O |€88L°0 (Ect'0 Lv60°0
t8€°0 cEl’'L [eve'0 ¥96°0|6L1L°0 |¥SC0'0 |ESL'0O |€88L'0 |[eCt'0 Lv60°0
c91°0 9¥8°0 |94¢°0 voL 118220 86,00 |/61°0 |8.v0°0 |E€6L°0 6Lv0°0
961°0 /96°0 |0l2°0 8L0°1 8220 |86L0°0 |L61L°0 |8.v0°0 |[E€6}°0 6Lv0°0
L¥2'0 8¢E'L |SLC'0 988°082¢¢'0 8600 JZ61°0 [84v0°0 (E€6L°0 6L¥0°0
2,0 ul) | aojoey | 5, CCul) Taojoey

S Pre)l 1 S Pre)l 1 ISW LIS LISW LIS LIS LIS
07Z0°0 = %3 104 N3 = #3 j0g4 ,om:ﬁtm:wv _umzﬁtng _omzﬁ_:ﬁwv _omtﬁ_r:wv .um:a_:%wv .omtﬁ:iwv

oG¥- = %y o4

‘PBNURUOD  “L1-V 8IqeL

91



Appendix B. Detail Drawings of Tests specimen and apparatus
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All dimensions are shown in inches.

Figure B—1. Drawing of 9.50-inch-wide center notch tension (CNT) specimens.
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Figure B—2. Drawing of 12.0-inch-wide center notch tension (CNT) specimens.
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Figure B-3. Drawing of 7.0-inch-wide extended compact tension (ECT) specimens.
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All dimensions are shown in inches.

Figure B—4. Drawing of 7.0-inch-wide compact tension (CT) specimens.
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Figure B-5. Drawing of 12.0-inch-wide compact tension (CT) specimens.
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Figure B-6. Drawing of guide plates for CNT specimens.
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Figure B—7. Arrangement of guide plates and clip gage for CNT specimens.
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Figure B-8. Installation of clip gage for CNT specimens.
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Notes -
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2. Piece #1 - countersink for 1/4-20x1 flathead screws, 5 places
Piece #2 - drill and tap for 1/4-20x1 thread, 5 places

All dimensions shown in inches.

Figure B-9. Drawing of guide plates for ECT specimens.
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2. Piece #1 - countersink for 1/4-20x1 flathead screws, 5 places
Piece #2 - drill and tap for 1/4-20x1 thread, 5 places

All dimensions shown in inches.

Figure B—10. Drawing of guide plates for 7.0-inch-wide CT specimens.
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All dimensions shown in inches.

Figure B—11. Drawing of guide plates for 12.0-inch-wide CT specimens.
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Figure B—-12. Arrangement of guide plates and clip gage for ECT specimens.
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Figure B-13. A

rrangement of guide plates and clip gage for CT specimens.

105



Wedge } %

grips

Clevis

Pin .

Clevis -

|

Gmde

0

! |

ANNNNN \\\K\\\\ NN

ANNANNRNSNANY \\§\\§~ |
-‘

= CT specimen

Figure B-14. Clevis arrangement for ECT and CT specimens.
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Figure B—15. Installation of clip gage for ECT and CT specimens.
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