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FOREWORD

The research on Series 60 was carried out at the David Taylor Model
Basin of the United States Navy. The results were published in the first
instance in a number of papers before the Society of Naval Architects and
Marine Engineers.

From time to time the wish has been expressed that the results of this
research should be assembled in a single volume for easy reference and use.
The original papers described a great deal of preliminary work carried out
before  the final Series 60 was adopted, and because they were read at inter-
vals over a period of nearly 10 years, they also contained a certain amount of
duplication and connective matter.

The opportunity has therefore been taken to completely rewrite the text,
which is new, eliminating the preliminary work and much of the history, and
also, it is hoped, most of the errors which are seemingly inevitable in a research
of this magnitude,

In presenting the collected results in this new version, the author wishes
to express his indebtedness to all the Staff of the Model Basin who have worked
on the project since its inception in 1948, particularly those who have been co-
authors in the original papers—Capt. F.X. Forest, U.S.N., Mr. J.B. Hadler,

Mr. G.R. Stuntz, Dr. P.C. Pien, W.B. Hinterthan, and N.L. Ficken.

Mr. Hadler and Mr. Stuntz have been most helpful in reviewing the
present text, although any opinions expressed are those of the author.

The whole project was carried through under the general guidance of a
Panel of the Society of Naval Architects and Marine Engineers, the mémbers of
which devoted much time and thought to the choice of parameters and the detail
design of the Series. The following people served on this Panel from time to
time—~Professor L.A. Baier, Mr. J.P., Comstock, Mr. H. de Luce, Capt. F.X.
Forest, U.S.N., Mr. J.B. Hadler, Admiral C.O. Kell, U.S.N., Professor G.C.
Manning, Mr. V.L. Russo and Dr. F.H. Todd—the successive Chairmen being
Admiral Kell, Dr. Todd, and Mr. Hadler.

Thanks are especially due to successive Directors of the Model Basin
who have throughout supported the research—Admirals C.0. Kell, G.H. Holder-
ness, A.G. Mumma, W.H. Leahy, E.A. Wright, and Captain J.A. Obermeyer—
and to the Bureau of Ships which supplied the finance for most of the work
under the Fundamental Hydromechanics Research Program, assisted towards
the end by the Maritime Administration and the Society of Naval Architects
and Marine Engineers.
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Dimensions
L
LBP

LWL

S
LCB

l/zap;

SYMBOLS

Length in general

Length between perpendiculars (LBP)
Length on designed waterline
Length of ship

Length of model

Length of entrance

Length of parallel

Length of run

Beam

Draft

Displacer:ent in-tons
Displacement in cubic feet
Wetted surface

Longitudinal centre of buoyancy

Half-angle of entrance on load waterline

Fom Coefficients

Block coefficient

Midship area coefficient

Prismatic coefficient

Prismatic coefficient of entrance
Prismatic coefficient of parallel body

Prismatic coefficient of run
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Mid-point of LBP

Position of LCB as function of length from forward perpendicular

.. ) Bilge radius
Coefficient of bilge radius =————on———
& VEBxH

Scale of model to ship

Resistance Coefficients

Q
=

General symbol for resistance
Frictional resistance
Residuary resistance

Total resistance

Speed in general

Speed of ship

Speed of model

Mass density of water
Acceleration due to gravity

Wave length

Speed-length ratio
R
Y%pSV2

Frictional resistance coefficient (ATTC)

Resistance coefficient in general =

Frictional resistance coefficient (ITTC)
Residuary resistance coefficient

Total resistance coefficient

Ship correlation allowance coefficient



0, Froude resistance coefficient for model

0, Froude resistance coefficient for ship
EHl ,ehp Effective or tow rope horsepower = E-Ré% with B in pounds and V in knots

- | 4 . : .
@ Froude speed coefficient = 0.5834 ‘Z'ljg with V in knots and A in tons
, - EHP . : . )
@ Froude resistance coefficient = YT x 427.1 with V in knots and A in tons.
A2/3y

Fropulsion Symbols

D Diameter of propeller 3
P Piich of propeller

P/D Pitch ratio

rpm Revolutions per minute
BAR Blade area ratio

BTF Blade thickness fraction

w - Wake fraction (Taylor)

¢ " Thrust deduction fraction
e, Hull efficiency

ep Propeller efficiency (open)
e Relative rotative efficiency

DHP,dhp Delivered horsepower absorbed by propeller
SHP, shp Shaft horsepower measured in shafting

|4 Longitudinal velocity of water in wake
Vertical velocity of water in wake

Va Horizontal velocity of water in wake J
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Longitudinal wake fraction
Vertical wake fraction
Horizontal wake fraction

Transverse weke fraction compounded of w, and w,
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CHAPTERI

INTRODUCTION

One of the problems which faces the naval architect at an early stage in the design of
any new ship is the determination of the necessary horsepower to fulfill the speed require-
ments and to assess the effect on this power of making different choices for the size, propor-
tions, and fullness of the ship.

To assist him in this problem, he will have recourse to a number of!different sources
of data. He will have his own experience to draw upon, covering previous designs and ships
built to them, and, possibly, results of model tests carried out in this connection. Then
there are available many results of specific model tests published in various technical
papers and, in particular, the design data sheets published by the Society of Naval Architects
and Marine Engineers (SNAME).!

Such data, althcugh extremely useful, suffer from the fact that they refer to a large
number of models which are unrelated one to the other and in which the variations in design
parameters are quite random. Much more valuable are the results of experiments on families
of models in which the different design parameters are varied systematically and, so far as
is possible in ship design, one at a time. Many such methodical series of model tests have
been carried out in the past, perhaps the best known being that due to Admiral D.W. Taylor.?

Other such series covering different types of ships have been run by many people,3—43

including one by the British Ship Research Association more or less concurrently with
the present Series 60 at the David Taylor Model Basin.43

The results of such tests can be expressed in design charts from which the naval
architect, by interpolation where necessary, can select a number of forms suitable to a partic-
ular problem, determine their relative resistance and propulsive qualities, and so make an
informed choice of the best combination of parameters to give minimum power within the
other limitations of the design conditions.

Many methodical series of the past are not suitable for moder: single-screw merchant
ship design for a variety of reasons, and although taken together they cover a large range of
values of the usual design parameters, they lack any overall coordinating factor. Also, some
doubt exists about the results in a number of the older series because of the absence of any
turbulence stimulation on the models.

The need for more systematic information on the design of lines for modern, single-
screw ships has been recognized at the Taylor Model Basin for many years. The subject
was revived after the war at the meetings of the American Towing Tank Conference (ATTC)
and the Hydromechanics Subcommittee of SNAME held in Ann Arbor in 1948. The Society

agreed to sponsor the preparation of parent lines suitable-for a series of single-screw

lf!eterences are listed on page R-1.




merchant. ship forms, and appointed a Panel to select the pattern and range of parameters to
be used in the work.* The methods of deriving the parent lines and presenting the data were
developed at the Model Basin, and the experiments were carried out there as part of the
Bureau of Ships Fundamental Hydromechanics Research Program during the years 1948-1960.
At the time of the inception of this project, there was beginning a great upsurge in the

provision of hydromechanic research facilities all over the world, with the certainty thLat in

consequence many programs of research into hull form, in smooth water and in waves, would
be initiated. One of the objects of Series 60 was to provide a parent family which, within the
type of ship covered, could serve as a starting point for any such work, so that new series
might be elated one to the other by having a common datum line. Considerable £ ‘ccess has
been achieved in this way, and parents of the series are being used for research into sea-
going qualities of ships, both under ATTC and Internatioual Towing Tank Conference (ITTC)
sponsorship. Other examples include methodical launching calculatic- < *h« effect of bulbous
bows on power, the estimation of propeller forces acting on a ship’s h-i and shafting, and the
representation of ships’ lines by mathematical methods.

The results of the model experiments have been published before the SNAME from time
to time to make them available to the profession as soon as possible; this led inevitably to
some duplication and the occurrence of a number of minor errors. In the discussions on these
papers, a number of requests have been made that the results be brought together in a single
publication. In carrying out this suggestion, much of the preliminary work has been omitted
since it did not have any bearing on the ultimate results. Readers who are interested in
these historical and development phases of the Series can find a full account in the individ-
ual papers. For convenier.ce, these are listed separately on page R-5 immediately following

the list of specific references.

* The membership of the Panel is given in the Foreword.

12



CHAPTER Il

SELECTION OF THE RANGE OF PROPORTIONS FOR THE SERIES

At the time of the inception of the program, a survey was made of the current practice
in shipbuilding to ensure, as far as possible, that the series would cover the normal
range of proportions of modern ships. In the course of this, some 40 individuals and organi-
zations were consulted, and after analyzing these comments, the SNAME Panel agreed upon a
series of parent forms and variations which would cover the general field of design for single-
screw merchant ships. This was in 1949, and already it is obvious that the Series is no
longer adequate for modern single-screw ships, which, on the one hand are being made finer
and driven to higher and higher speeds in order to obtain the increased efficiency possible
with single-screw as compared with twin-screw propulsion, and on the other hand are being
made larger and fuller to achieve the resultant economy in bulk carriers of ore, oil and
similar cargoes. At the time of the inception of the program, it appeated that lower and
upper limits in block coefficient of 0.60 and 0.80 would be satisfactory, but| the intervening
years have shown that 0.55 and 0.85 would have been better forecasts. The future extension
of the series to such forms would be a very worthwhile project.

The basic parameter chosen for defining the series was block coefficient (Cp).

This was used in preference to the prismatic coefficient (Cp) because in the preliminary
design stages for merchant ships it is a direct measure of the displacement carried on given
dimensions, usually a basic consideration. This approach in no way prevents the use of
prismatic coefficient in the subsequent presentation of the results if so desired.

The decision to use Cp in preference to Cp has been a point of comment by numer-
ous contributors to the discussions on the Series 60 papers. In general, the ship designer
and operator seem to favor block coefficient. Sir Amos Ayre said that ‘‘for the type of ship
dealt with, I am pleased to observe that the block coefficient has been chosen as the basic
parameter in preference to the prismatic coefficient” (discussion on Reference 44). Mr.
Ericson, commenting on the same paper, stated that he “‘should like . - . to put in a few
words which will present the viewpoint of the ship operator himself. First, I should like to
endorse the use of the block coefficient as a basic parameter. It is fairly useful in making
a study, partlcularly an economic study, where displacement. is considered, which is reflected
immediately in the carrying capacity of the vessel.”’

On the other hand, naval architects and hydrodynamicists have emphasized the merits
of the prismatic coefficient as being a more meaningful parameter for interpreting resistance
results, although even here some doubts have been expressed by Dr. Weinblum: ‘‘Other
calculations show the now well-known extreme sensibility of the wave resistance to varia-
tions of pure form for a given prismatic coefficient. The wave-resistance values correspond-

ing to two such forms can easily reach a ratio of 3:1, so that sometimes one even is inclined
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TABLE 1

L B —A _ L
Variation of _B , —’; , (__l_,_)3, v1/3° and LCB Position with
100

Cp for the Parent Models

Cp 0.60 0.65 0.70 0.75 0.80
L
) 7.50 7.25 7.00 6.75 6.50
B
m 2.50 2.50 2.50 2,50 2.50
A
_ 122.0 141.4 163.4 188.2 216.5
(L/100)3
L/el/3 6.165 5.869 5.593 5.335 5.092
LCB as percent
of Lgp from 15aft | 05aft | 05fwd | L5fwd | 2.5 fwd
X3 BP

to doubt the value of the prismatic coefficient as a standard form parameter’’ (discussion on
Reference 45).

In the present series, the midship area coefficient does not vary very much, and so the
resistance qualities can be related either to C'5 or Cp without introducing any conflicting
situations. Since the results of such a methodical series will essentially be used by the
designer, Cp is probably the better choice for presentation of the various curves and contours.

Five block coefficients were chosen, each associated in the first instance with givlein
longitudinal center of buoyancy (LCB) positions, midship area coefficients, length-beam | —
and beam-draf 7 ratios (Table 1 and Figure 1). B and H are the moulded beam and dra
in feet, respectively, and L is the length between perpendiculars (LBP) measured from the
centerline of the rudder stock to the forward side of stem at the designed load waterline, as
adopted by the SNAME in its Model Resistance Data sheets. It corresponds with that used

by the classification societies such as the American Bureau of Shipping.
L .
The variation in — with C; was chosen by the panel to take into account the fact

that the finer ships were, in general, relatively longer and narrower than the fuller ones.

L B
To cover the general spread of E, ’E , and ( L )3 for existing designs, and the

100
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possible variation in LCB position, a grid was adopted as shown by the dotted lines in
Figure 1.* ’
For any one block coefficient and LCR position, a total of nine models was rur in

which the; and % ratios were varied. The pattern for a typical case (Cz = 0.80) is

shown in Figure 2.

L B A
*The values of =, —, and —— are not independent but are related by the expression

H L 3
( 100 )
= X 28570 with dimensions in feet and displacement

L\3 L.)2 B ) in tons, salt water.
(106) ( B (H

II-3




CHAPTER Il

CHOICE OF HULL FORM FOR THE PARENT MODELS

In the past, the models of most methodical series have been derived from a single
parent form by proportioned geometrical changes. When carried to very different provortions
and to fullness coefficients suitable to very different values of speed-length ratio \/—E)’

such changes must inevitably lead to unrealistic forms regardless of how good the parent

lines might be for the original design conditions. In planning Series 60, therefore, another
approach was tried. A review was made of the resistance results of the single-screw merchant
ship models available at the Model Basin, and some 20 were selected which appeared to give
good performance as judged by a comparison with Taylor’s Standard Series. These models
covered a range of fullness, and plots were made of sectional area coefficients and waterline
half-breadth coefficients to a base of fore- and aft-body prismatic coefficients. Cross curves
were then drawn which, while being fair lines, followed the actual points as closely as
possible. In this way it was hoped to obtain, by interpolation at the correct values for the
parent forms, a series of models which would retain most of the good resistance qualities of
the models on which the coefficient curves were based, while also incorporating the changing
characteristics necessary to ensure good performance of each model at its appropriate speed-
length ratio. At the same time, these parent forms would be related to one another in accord-
ance with a definite graphical pattern. Once the series was complete and the resultant
resistance curves available, a form could be quickly obtained by interpolation of the cross
curves to fulfill any desired combination of Cg, L, B, H, A, and LCB position. Moreover,
this design could be immediately associated with a corresponding resistance and effective
horsepower.

From these contours, five parent forms were drawn having block coefficients of 0.60,
L B -
0.65, 0.70, 0.75 and 0.80, with ) ratios, F ratios, and LCB positions as shown for the

parent models in Figure 1. This group of models was designated Series 57 in succession to
earlier TMB Series, and the details of their derivation and the results of the model resistance
tests were given in a paper before the SNAME in 1951.44

The resistance results of Series 57 were compared with those for a number of recent
successful modern designs of single-screw ships and found to be disappointing. In view of
the apparently good qualities of the models on which the contours were based, this was at
first sight surprising. Further investigation suggested that although the departures from
the actual design lines made when fairing the contours were small, they may have heen
critical in certain cases, and also that possibly some of the results of the resistance tests

on the chosen models were suffering from the effects of laminar flow. Apparently in ship
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models, as in human beings, the selection of good parents does not necessarily lead to
better — or even as good — offspring!

Although the original conception of the project was to derive a series of related parent
forms which would serve as a point of departure for future model programs, and which there-
fore should have reasonably good but not necessarily optimum resistance qualities (the quest
for which might indeed last forever), it was evident from the very lengthy and valuable dis-
cussion on the paper that the members of the profession desired something better in quality
than Series 57 as a basis for any such systematic program.

The panel thereupon reviewed the.original series and agreed that the real merits of
the Series 57 models could best be established by comparison with the performance of actual
successful ship designs. In this way, differences in proportions and in LCB position could
be eliminated and the effects of differences in shape of area curves, waterlines and section
shapes evaluated.

Five designs were chosen as being typical of good, modern, single-screw ships, which,
of necessity, had to meet many requirements in addition to those of good resistance qualities.

Throe of these were Maritime Administration vessels of the MARINER, SCHUYLER
OTIS BLAND, and C.2 classes. The other two were Bethlehem Steel Company designs.

One was the tanker PENNSYLVANIA. The other did not represent any built ship but was a
design for a 0.70 block coefficient ship given by Mr. H. de Luce in his contribution to the
discussion on the Scries 57 paper.

Models of the first four were available at the Model Basin, and a model of the fifth
design was made and tested.

For comparison with each of these, an equivalent Series 57 model was made to lines
drawn out from the contours. Each pair of models represented a ship of given length, beam,
draft, displacement, and position of LCB so that the differences in each case were restricted
to the shapes of area, waterline, and section curves.

The results of these model tests are given in full in Reference 45. Briefly, at speeds
appropriate to the different fullness coefficients, the Series 57 models were in general some-
what worse than those of the actual ships by amounts up to a maximum of 6 percent.

The srea and load waterline (LWL) curves of any pair of these models were not very
different in shape or character, and the chief differences lay in the shape of the cross
sections. An analysis of the bow and stern lines indicated that the actual ships had, in
every case, more U-shaped sections than the Series 57 models, and the Panel decided that
new contours should be drawn using the sectional area and waterline curves for these actual
designs as guides, thus giving a more U-shaped character to the transverse sections while
paying due attention to stability considerations. This change was also expected to lead to
improved propulsive efficiencies.

These new contours formed the basis for Series 60.

II1-2
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CHAPTER IV

CHARACTERISTICS OF SERIES 60 LINES

The principal particulars of the Series 60 parent modéls are set out in Table 2.
Attention must be drawn to a number of details which are important in using the contour
charts and resistance results.
a. Midship section area coefficient (C )
The midship section has no deadrise, in accordance with current practice, and a
linear relation between block coefficient and midship area coefficient was adopted. This
relation and the corresponding values of the bilge radius are shown in Figure 3.
b. Position of LCB
Reference to the published data on the selection of a suitable position of the L CB for

different fineneas coefficients failed to show any unanimity as to the most desirable location,

TABLE 2
Particulars of Parent Forms, Series 60
Model Number............... 4210W | 4211W | 4212W | 4213W | 4214W-B4
Lgp ft........... P 400.0 400.0 400.0 400.0 400.0
B, ft. .. ... .. 53.33 55.17 57.14 59.26 61.54
Hft........................ 21.33 22.09 22.86 23.70 24.59
A,Tons .................... 7,807 9,051 | 10,456 | 12,048 13,859
Le/Lpp. oo, 0.5 0.472 | 0.410 | 0.350 0.290
Le/Lpp- oo, 0 0.035 | 0.119 | 0.210 0.300
Li/Lap. oo, 0.5 0.493 | 0.471 | 0.440 0.410
Coeeoe e 0.60 0.650 0.700 0.750 0.800
Cxoooiee 0.977 0.982 0.986 0.990 0.994
Co.ooo e 0.614 0.661 0.710 0.758 0.805
Cor oo 0.581 0.651 0.721 0.792 0.861
O P 0.646 0.672 0.698 0.724 0.750
Cop oo 0.581 0.630 0.660 0.704 0.761
Com oo 0.646 0.667 0.680 0.686 0.695
Cpve o 0.850 | 0.871 0.891 0.907 0.920
Covr. oo 0.910 0.927 0.944 0.961 0.971
Covar oo e 0.802 | 0.823 | 0.842 | 0.856 0.867
Cw oo 0.706 0.746 0.785 0.827 0.871
Cor oo 0.624 | 0.690 0.753 0.817 0.881
Comae oo 0.788 | 0.802 | 0.818 | 0.838 0.860
Copee oo 0.543 | 0.597 | 0.653 | 0.711 0.776
Ysag,deg .. ................. 7.0 9.1 14.5 22.5 43.0
LWL.. ...................... 406.7 406.7 406.7 406.7 406.7
LCBY9% LBP from OG......... 1.5A D.5A | 0.5F 1.5F 2.5F
L/B......................... 7.50 7.25 7.00 6.75 6.50
B/H........................ 2.50 2.50 2.50 2.50 2.50
LIV 6.165 | 5.869 | 5.593 | 5.335 5.092
S/ A 6.481 | 6.332 | 6.200 | 6.091 6.028
W.S,sqft................... 27,280 | 29,410 | 31,705 | 34,232 37,200
Ky=R/vVBH ............... 0.229 0.205 0.181 0.153 0.118
Iv-1



nor did the information for the selected basis models give any clear guidance. All the data
showed a progressive movement aft with reducing block or prismatic coefficient, resulting in
finer entrances for the models running at the higher speed-length ratios, as one would expect.
A linear variation of position of LCB with fullness was thorefore adopted, as shown in
Figure 1. Although arbitrary, this line was in general a mean of the available data. Since
the effect of LCB position was the next point to be investigated in the program, this line
was considered to be an acceptable point of departure.

c. Load waterline half-angle of entrance (%% ap)
This angle varies from 7.0 to 43 deg, as shown in Table 2 and Figure 4.
d. Sectional area and waterline coefficient contours

The length of parallel body and its fore and aft position for the parent models with the
selected position of LCB are shown in Figure 4.

The corresponding lengths of entrance and run (L; and Ly) were determined, each
divided into 10 equal intervals, and contours of cross-sectiona: area coefficients were plotted
toa base of prismatic coefficients of entrance and run respectively {Cpr and Cpp). These
contours are shown in Figures 5a and 5b.

The body plans were treated in the same way; contours of waterline half-breadth
coefficients to a base of prismatic coefficients of entrance and run are given in Figures 6a
to 6p.

The positions of the centroid of volume of the entrance and run are shown in Figures

7 and 8 for different values of the respective prismatic coefficients. (Text continued on page IV—23)
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Values of C’B and Positions f LB

In order to use the contours to obtain a model having any desired fullness and location

of LCB, certain auxiliary curves are necessary. These show:

L
E
1. the ratio of length of entrance to total length . (Figure 9) and
BP
Crg

2. the ratio of entrance and run prismatic coefficients for different block

PR
coefficients and positions of LCB (Figure 10).

In a particular case, the dimensions and displacement of the ship and the desired loca-
tion of the LCB will be determined first from the general design conditions. A number of
different solutions may be tried to explore the effects on horsepower, weights, costs, and so
on. In any one case, the block, midship area, and prismatic coefficients can be calculated
and the length of parallel body (L y) can be found from Figure 3. Figures 9 and 10 will then
give the length of entrance (L) and the ratio of prismatic coefficients of entrance and run

Crg
- ——— . We can then write
CPR

from which CPE and CPR can be determined.
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These values can be used to enter the area and waterline coefficient contours, and
the area curve and lines plan can then be drawn. The stations to which the ordinates refer
must be spaced equally along the lengths of entrance and run.

e. Bow and stern contours

These are shown in Figure 11. The stern has an aperture suitable for a single screw
with cruiser stern. The bow profile is almost vertical below water, the waterline endings
being drawn with a radius. The radius corresponds to 2 in. at 1.1 WL and 24 in. at 1.95 WL
for a ship having an LBP of 400 ft. (1.00 WL is the designed load waterline.)

f. Although it was realized that the incorporation of a bulb in the bow lines would be of
benefit in the finer models of the series, this would have introduced a discontinuity in the
graphical representation of the forms. The Panel decided that this was not desirable in a
methodical series of this type, and that the effect of bulbs of different shapes and sizes
could well be the subject of a future research project of the kind for which Series 60 was
designed to be a sterting point.

g. Another future research project which might stem from the Series would be concerned
with the behavior of such modets in waves, and the effect of changes in fullness and propor-
tions upon their motions and speed loss. It was therefore important that the above-water
forms should be realistic in terms of sheer and flare, and after consultation with the Maritime

Administration, they were drawn out {o represent modern averags practice.
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CHAPTER VY

RESISTANCE TESTS ON SERIES 60 PARENT MODELS

The five parent models were made to lines drawn out from the new contours and had
the numbers and particulars given in Tsble 2. The lines are shown in Figures 12 through 16;
tha area curves are given in Figure 17 and the offsets ia Tables 3 through 7.

The models were made of wax, 20 ft LBP, and towed in the deep-water basin at the
Taylor Model Basin, which has a cross section 51 ft wide and 22 ft deep.

Experiments were made with and without turbulence stimulation. The latter was
provided by studs, 1/8 in. in diameter, 1/10 in. high, spaced 1 in. apart along a line parallel
to the bow contour, the fore and aft position being controlled by the angle of entrance on the
LWL as described by Hughes and Allan, 46

When those series oxperiments were begun in 1949, the question of turbulence stimu-
lation was under intensive study, and its importance, espurialy in ful® n.cd:ls, had only
recently been widely appeaciated. At that time, iliere was no agreement as to the best method
of stimulating turbulent flow, ard indeed the subject is not satisfactorily resolved even today.
Several methods were being advocated, the principal ones being sand strips, struts, trip wires
and studs. The Series 57 models were run with sand strips, but these were abandoned in
favour of studs for the Series 60 parenis and LCB series. The studs were replaced by trip
wires for the final series of variaticns in — and — ratios because experience had shown
that trip wires gave slightly higher resistances than studs for the full models. Moreover, it
was hoped that other experiment tanks would in the future use Series 60 as a point of depar-

ture for series woork, and most of them used trip wires. In the final presentation based on the

L

B
' " Series, the contours all apply to tests made with trip wires. An account of the experi-

ments carried out to evaluate the different types of stimulation is given in Appendix A.

The resistance results from the models have been converted to apply to ships of 400 ft
LBP and with other dimensions as listed in Table 2. In making this conversion, the ATTC
1947 friction formulation was used together with an addition of +0.0004 for model-ship cor ela-
tion allowance C,. The ship values haye heen expressed as values of C' and are plotted to

v
a base of - in Figure 18.
v LWL 8

(Text continued on page V-10)
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Table 3 — Table of Offsets—Parent Forms—0.60 Block Coefficient

(Half-breadths of waterline given as fraction of maximum beam on each waterline)

Model = 4210W Forebody prismatic coefficient = 0.581

W.L. 1.00 is the designed load waterline Afterbody prismatic coefficient = 0,648

Total prismatic coefficient = 0.614
Area as

fraction of

Waterlines max. area

Sta. Tan. 0.075 0.25 0. 0.75 1.00 1.25 1.50 to 1.00 W.L.
FP 0.000 0.000 " 0.000 0.000 0.000 0.000 0.020 0.042 0.000
123 0.009 0.032 0.042 0.041 0.043 0.051 0.076 0.120 0.042
1 0.013 0.064 0.082 0.087 0.090 0.102 0.133 0.198 0.085
1% 0.019 0.095 0.126 0.141 0.148 0.160 0.195 0.278 0.135
2 0.024 0.127 0.178 0.204 0.213 0.228 0.270 0.360 0.192
3 0.055 0.198 0.294 0.346 0.368 0.391 0.440 0.531 0.323
4 0.134 0.314 0.436 0.502 0.535 0.562 0.607 0.683 0.475
5 0.275 0.466 0.589 0.660 0.691 0.718 0.754 0.804 0.630
6 0.469 0.630 0.733 0.802 0.824 0.841 0.862 0.889 0.771
7 0.666 0.779 0.854 C.908 0.917 0.926 0.936 0.946 0.880
8 0.83 0.898 0.935 0.971 0.977 0.979 0.981 0.982 0.955
9 0.945 0.964 0.979 0.996 1.000 1.000 1.000 1.000 0.990
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 0.965 0.982 0.990 1.000 1.000 1.000 1.000 1.000 0.996
12 0.882 0.922 0.958 0.994 1.000 1.000 1.000 1.000 0.977
13 0.767 0.826 0.892 0.962 0.987 0.994 0.997 1.000 0.938
14 0.622 0.701 0.781 0.884 0.943 0.975 0.990 0.999 0.863
15 0.463 0.560 0.639 0.754 0.857 0.937 0.977 0.994 0.750
16 0.309 0.413 0.483 0.592 0.728 0.857 0.933 0.975 0.609
17 0.168 0.267 0.330 0.413 0.541 0.725 0.844 0.924 0.445
18 0.065 0.152 0.193 0.236 0.321 0.536 0.709 0.834 0.268
1818 0.032 0.102 0.130 0.156 0.216 0.425 0.626 0.769 0.187
19 0.014 0.058 0.076 0.085 0.116 0.308 0.530 0.686 0.109
1914 0.010 0.020 0.020 0.022 0.033 0.193 0.418 0.579 0.040
AP 0.000 0.000 0.000 0.000 0.000 0.082 0.270 0.420 0.004

Max. half beam 0.710 0.866 0.985 1.000 1.000 1.000 1.000 1.000

Table 4 — Table of Offsets—Parent Forms—0,685 Block Coefficient

(Hali-breadths of waterlines given as fraction of maximum beam on each waterline)

Forebody prismatic coefficient = 0.651

Model = 4211W Afterbody prismatic coefficient = 0.672

W.L. 1.00 is the designed load waterline Total prismatic coefficient = 0.661
Area as

fraction of
Waterlines max. asea

Sta. Tan. 0.075 0.25 0.50 0.75 1.00 1.25 1.50 to1.00 W.L.
FP 0.000 0.000 0.000 0.000 0.000 0.000 0.019 0.045 0.000
14 0.008 0.037 0.056 0.058 0.060 0.066 0.090 0.138 0.055
1 0.016 0.081 0.110 0.122 0.126 0.135 0.166 0.236 0.115
1Y% 0.024 0.125 0.174 0.194 0.204 0.216 0.251 0.336 0.184
2 0.041 0.177 0.244 0.277 0.201 0.308 0.350 0.434 0.261
3 0.109 0.298 0.401 0.455 0.480 0.508 0.552 0.625 0.432
4 0.239 0.452 0.570 0.636 0.667 0.694 0.734 0.788 0.609
5 0.408 0.619 0.729 0.794 0.821 0.842 0.867 0.903 0.765
6 0.604 0.767 0.853 0.905 0.920 0.930 0.946 0.964 0.879
7 0.788 0.886 0.939 0.966 0.972 0.978 0.984 0.991 0.951
8 0.928 0.962 0.982 0.996 0.995 0.997 0.998 1.000 0.987
9 0.999 0.996 0.999 1.000 1.000 1.000 1.000 1.000 0.999
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 0.980 0.993 0.996 1.000 1.000 1.000 1.000 1.000 0.998
12 0.922 0.954 0.976 0.997 1.000 1.000 1.000 1.000 0.987
13 0.808 0.873 0.928 0.976 0.992 0.998 1.000 1.000 0.958
14 0.659 0.760 0.837 0.920 0.963 0.984 0.994 1.000 0.898
15 0.492 0.620 0.705 0.813 0.894 0.949 0.980 0.995 0.797
16 0.322 0.460 0.544 0.658 0.778 0.875 0.941 0.976 0.662
17 0.170 0.304 0.377 0.472 0.601 0.755 0.864 0.930 0.492
18 0.066 0.170 0.217 0.270 0.370 0.572 0.736 0.845 0.303
1814 0.034 0.113 0.145 0.178 0.250 0.458 0.651 0.779 0.209
19 0.016 0.063 0.080 0.094 0.135 0.331 0.547 0.693 0.121
1914 0.011 0.020 0.020 0.022 0.037 0.205% 0.427 0.58% 0.042
AP 0.000 0.000 0.000 0.000 0.000 0.084 0.272 0.426 0.005

Max. half beam® 0.739 0.904 0.992 1.000 1.000 1.00Q 1.000 1.000




Table 5 — Table of Offsets—Parent Forms—0.70 Block Coefficient

(Half-breadths of waterlines given as fraction of maximum beam on each waterline)

Forebody prismati¢ coefficient = .721

Model = 4212W Afterbody prismatic coefficient = 0.698

W.L. 1.00 is the desigaed load waterline Total prismatic coefficient = (.710
Arra as

fraction of

‘Waterlines max. area

Sta. Tan. 0.075 0.25 0.50 0.75 1.00 1.25 1.50 to1.00 W.L.
FpP 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.051 0.000
0.009 0.049 0.072 0.081 0.086 0.094 0.119 0.176 0.076
1 0.026 0.110 0.158 0.177 0.184 0.194 0.229 0.299 0.165
1% 0.054 0.183 0.252 0.281 0.294 0.310 0.350 0.421 0.266
2 0.100 0.266 0.350 0.389 0.407 0.430 0.472 0.536 0.370
3 0.239 0.450 0.550 0.599 0.627 0.655 0.689 0.734 0.579
4 0.437 0.625 0.724 0.778 0.802 0.827 0.851 0.877 0.755
5 0.646 0.783 0.856 0.904 0.920 0.935 0.948 0.961 0.882
6 0.830 0.896 0.942 0.971 0.980 0.985 0.990 0.992 0.958
7 0.939 0.970 0.984 0.994 0.998 1.000 1.000 1.000 0.990
8 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 0.997 0.999 1.000 1.000 1.000 1.000 1.000 0.999
12 0.961 0.978 0.989 1.000 1.000 1.000 1.000 1.000 0.994
13 0.855 0.917 0.958 0.993 1.000 1.000 1.000 1.000 0.977
14 0.705 0.815 0.887 0.957 0.980 0 291 0.998 1.000 0.930
15 (.532 0.675 0.768 C.868 0.927 0.961 0.985 0.998 0.844
16 0.344 0.510 0.605 0.726 0.825 0.897 0.950 0.982 0.713
17 0.188 0.338 0.427 0.533 0.658 0.788 0.881 v.939 0.543
18 0.077 0.192 0.245 0.314 0.425 0.614 0.765 0.854 0.343
18% 0.042 0.126 0.165 0.207 0.292 0.499 0.680 0.789 0.239
19 0 023 0.070 0.089 0.107 0.164 0.368 0.572 0.704 0.140
1914 0.014 0.022 0.022 0.024 0.043 0.228 0.444 0.589 0.047
AP 0.000 0.000 0.000 0.000 0.000 0.089 0.286 0.438 0.005

Mazx. half beam® 0.771 0.926 0.998 1.000 1.000 1.000 1.000 1.000

Table 6§ — Table of Offsets—Parent Forms—0.75 Block Coefficient

(Half-brradths of waterlines given as fraction of maximum beam on each waterline)

Forebody prismatic coefficient = 0.792

Model = 4213W Afterbody prismatic coefficient = 0.724
W.L. 1.00 is the designed load waterline Total! prismatic coefficient = 0.758
‘ Area as
fraction of
Waterlines max. area
Sta. Tan 0.075 0.25 0.50 0.75 1. 1.25 1.50 to1.00 W.L.
FP 0.000 0.000 0.000 0.000 0.000 0.000 0.025 0.062 0.000
% 0.021 0.075 0.113 0.128 0.138 0.149 0.176 0.235 0.120
1 0.067 0.180 0.251 0.276 0.290 0.304 0.338 0.403 0.261
114 0.138 0.280 0.380 0.423 0.441 0.460 0.495 0.557 0.401
2 0.235 0.406 0.504 0. 560 0.585 0.608 0.639 0.690 0.535
3 0.466 0.625 0.718 0.777 0.806 0.824 0.845 0.867 0.754
4 0.700 0.800 0.870 0.911 0.930 0.943 0.954 0.962 0.845
5 0.883 0.920 0.959 0.978 0.985 0.990 0.994 0.998 0.969
6 0.979 0.983 0.994 0.999 0.999 1.000 1.000 1.000 0.995
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.300 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 0.985 0.992 0.999 1.000 1.000 1.000 1.000 1.000 0.998
13 0.914 0.953 0.979 0.997 1.000 1.000 1.000 1.000 0.987
14 0.784 0.860 0.925 0.976 0.990 0.996 1.000 1.000 0.953
15 0.612 0.728 0.820 0.908 0.953 0.975 0.990 1.000 0.880
16 0.420 0.565 0.667 0.781 0.863 0.921 0.958 0.987 0.760
17 0.242 0.388 0.483 0.592 0.712 0.817 0.899 0.951 0.504
18 0.105 0.225 0.288 0.365 0.488 0.660 0.794 0.875 0.391
1814 0.058 0.151 0.197 0.249 0.354 0.554 0.715 0.812 0.282
19 0.028 0.084 0.109 0.135 0.211 0.427 0.614 0.726 0.172
1934 0.012 0.021 0.025 0.028 0.061 0.278 0.486 0.610 0.0680
WP 0.000 0.000 0.000 0.000 0.000 0.115 0.320 0.451 0.006
Max. half beam*® 0.807 0.947 1.000 1.000 1.000 1.000 1.000 1.000




Table 7 — Table of Offsets—Parent Forms—0.80 Block Coefficient

(Half-breadths of waterlines riven as fraction of maximum beam on each waterline)

Forebody prismatic coefficient = (.861

Model = 4214W-B4 Afterbody prismatic coefficient = 0.750
W.L. 1.00 is the designed load waterline Total prismatic coefficient = 0. 805
Area as
fraction of
‘Waterlines max. area
Sta. Tan. 0.075 0.25 0.50 0.75 1.00 1.25 1.50 to1.00 W.L.
FP 0.00G 0.000 0.000 0.000 0.000 0.00C 0.044 0.098 0.000
v 0.053 0.162 0.235 0.258 0.267 0.2806 0.318 0.378 0.243
1 0.160 0.324 0.435 0.486 0.506 0.522 0.554 0.613 0.458
114 0.286 0.467 0.581 0.650 0.681 0.700 0.728 0.779 0.620
2 0.423 0.591 0.702 0.774 0.808 0.830 0.852 0.890 0.746
3 0.696 0.793 0.867 0.921 0.948 0.964 0.975 0.984 0.901
4 0.903 0.929 0.962 0.983 0.994 0.999 1.000 1.000 0.975
5 0.990 0.991 0.995 0.998 1.000 1.000 1.000 1.000 0.997
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 0.996 0.997 1.000 1.000 1.000 1.000 1.000 1.000 0.299
13 0.958 0.976 0.996 1.000 1.000 1.000 1.000 1.000 0.995
14 0.858 0.908 0.958 0.991 1.000 1.000 1.000 1.000 0.974
15 0.686 0.780 0.872 0.941 0.972 0.988 0.996 1.000 0.915
16 0.486 0.625 0.726 0.831 0.900 0.941 0.969 0.991 0.806
17 0.302 0.442 0.542 0.656 0.765 0.851 0.915 0.964 0.649
18 0.146 0.268 0.337 0.427 0.560 0.712 0.832 0.896 0.449
18% 0.092 0.185 0.232 0.298 0.425 0.617 0.764 0.840 0.336
19 0.045 0.105 0.130 0.166 0.263 0.503 0.670 0.760 0.212
1944 0.013 0.026 0.032 0.035 0.071 0.353 0.546 0.644 0.079
AP 0.000 0.000 0.000 0.000 0.000 0.160 0.370 0.476 0.100
Max. half beam 0.850 0.970 1.000 1.000 1.000 1.000 1.000 1.000
R
The symbols are defined as follows: Cp=
’ 2
opeS-v
where B  is the ship resistance in pounds,
) 4 ) 1b/cu ft
is the mass density of water in —— ,

§ is the wetted surface in square feet,
v is the speed of ship in feet per second,
V  is the speed of ship in knots, and

Ly is the length of ship on designed load waterline in feet.

The results are also shown in Figure 19 as curves of @ to a base of @ . These
two ‘‘constants,” introduced by Froude, are nondimensional, invclve only speed and displace-
ment (the two factors which usually control the preliminary design of a merchant ship), and are
very useful in comparing forms at this stage. They have been used also in the SNAME Model
Resistance Data sheets.

In English units they are defined as

&) = 0.5834 -

AI/G
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and
@ _ ehp x 427.1
- A2/3 - y3

where V  is the speed of ship in knots

A is the displacement of ship in tons salt water, (2240 1lb), and

ehp is the towrope horsepower for the ship.

The values of ehp used in calculating @ have been deduced from the model experi-
ments by the use of the ATTC 1947 friction formulation and include the ship correlation

allowance of +0.0004. Therefore both the Crand @ values are based on the same data
and are directly comparable in this respect.

|4 |4
‘/LWL ’ ﬂBP
set of values is given below, from which any other conversion can be made:

, and @ are related linearly for any one model. A corresponding

TABLE 8

v
Relation between Cp, T, and @

Model 0 14 v ®
Number B vigp | VLgL
4210W 0.60 0.96 0.952 2,515
4211w 0.65 0.86 0.853 2.198
4212% 0.70 0.76 0.754 1.895
4213W 0.75 0.66 0.655 1.609
4214¥B-4 0.80 0.56 0.556 1.334

A vast accumulation of model resistance data based on the Froude skin-friction
coefficients is available in the transactions of societies and reports of model basins. Since
1948 this method of extrapolation from model to ship and that based on the ATTC 1947
(Schoenherr) line have both been recognized by the ITTC as acceptable for use in all pub-
lished data. A quick graphical method of mutually converting the @ values based on
these two formulations was published by Gertler in 1948.47* The ATTC values used therein
include the allowance of +0.0004 for ship correlation allowance, so that the application of
this chart to the ATTC @ values given in this present report will yield directly the
equivalent @ values based on the Froude coefficients.

*The chart in this report is reproduced as Figure D-4 in Appendix D.
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In 1957 at the Madrid Conference, the ITTC agreed upon a new ‘‘model-ship correlation
line’’ for use in all published work, which would give ship results differing somewhat from
those based either on Froude or the ATTC line. However, pending agreement on the appropri-
ate correlation allowances to use with the new line, it has not come into common usage as
yet. When such agreement is reached, a chart similar to that in Reference 47 can easily be
constructed.

In comparing a number of closely allied forms, all suitable to fulfill certain design
conditions, this @ - @ presentation has the advantage that for a given displacement and
speed, @ is the same for ail models. An ordinate erected at this value of @ will indicate
the relative merits of the forms since @ also involves only the speed and displacement.

The other differences in the various hulls can then be considered to determine which features
are responsible for the differences in resistance and power.

Before proceeding with the methodical variations in L CB position and hull proportions,
the results of the actual ship models and the Series 60 equivalents were compared. For this
purpose, the same five designs as before were uged as the control models, and equivalent
Series 60 models having the same dimensions, displacement, and LCB position were made
and tested. The exception was for the MARINER design where the Series 60, 0.60 Cp
parent was used in the comparison..

Such comparisons must be made at speeds appropriate to the individual designs, and
for this purpose, service and trial speeds have been chosen based on two suggested relations
between fullness and speed-length ratio.

The first of these is an old formula first given by F.H. Alexander, but using coeffi-

cients suggested by Sir Amos Ayre as being more appropriate to modern ships:

— =2(1.08 — C'p) for trial speed
Vigp (1]

_K_ = 2(1.05 - Cp) for service speed
\/LBP

These formulae give reasonable speeds for the fuller ships, but for the fine ships,
such as that of 0.60 Cp, they give speeds which are too high from the standpoint of economic
performance.

In 1955, Troost proposed a new formula. to define the ‘‘sustained sea speed.”’*® Based
on a survey of many single-screw models run in the Netherlands Ship Model Basin (NSMB)
over some 20 years, the formula generally gives speeds higher than the Alexander service
speed for full ships and lower for fine ships, a result in conformity with modern practice.

For all forms, the Troost sea speed lies at that point where the @ curve first begins rising
steeply, and for some range above it the resistance is varying approximately as the cube of
the speed, or the power is varying as V*. Troost therefore assumed a trial speed V y some

6 percent above the sea speed V , so that the power on trial at speed V , is approximately
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25 percent greater than the power on trial at speed V. This is in keeping with the general
design practice that the service speed should be attained under ¢rial conditions at 80 percent
of the maximum continucus power.
Troost defined th~ speeds as follows:
Vs
= 1.85 - 1.6 Cp for sustained sea speed
\ LB p d

(2]
and Vy = 106 Vg for trial speed.

For the Series 60 models, these two formulae lead to the following speeds for ships
400 ft in length.

TABLE 9
List of Alexander and Troost Speeds

_ . ) ALEXANDER SPEEDS TROOST SPEEDS
(Equation (1)) (Equation (2))

SERVICE TRIAL SEA TRIAL

Cs | Cp v v v v v v v v
VLgp @ knots | VLgp ® knots |vLgp @ knots | vLgp ® knots

0.60 { 0.614 | 0.90 2,358 | 18.0 0.96 [2.515 | 19.20 | 0.869 |2.274 | 17.38 | 0.921 | 2.410 | 18.42
0.65 | 0.661 | 0.80 [2.045 | 16.0 0.86 |2.198 | 17.20 | 0.792 }2.022 | 1584 | (.839 |2.142 | 16.78
0.70 { 0.710 | 0.70 }1.746 | 14.0 0.76 |1.895 | 15.20 | 0.714 {1781 | 14.28 | (757 | 1.889 | 15.14
0,75 | 0.758 | 0.60 |1.462 | 12.0 066 |[1.609 | 13.20 | 0.637 |1.552 | 12.74 | 0.675 | 1.645 | 13.50
0.80 | 0.805 | 0.50 |1.190 | i0.0 0.56 |[1.334 | 11.20 | 0.5%2 |1.338 | 11.24 | 0.59 | 1.419 } 11.92

A comparison of these speeds with modern American practice was made by Mr. H.

de Luce in his discussion on the first series paper.** He examined the @ curves for a
*
number of ships and plotted the value of the speed-length ratio VL against prismatic

coefficient for the point on the @ curve where there was a sharp ‘‘upturn” (Figure 20).

v
He drew a mean curve through these points, designated as the mean ‘‘upturn’’ \/Z on

Figure 20. This figure also shows the Alexander and Troost lines, and it is clear that the
latter conform much more with the general trend of the points and the de Luce line. An
examination of the C curves for the Series 60 parent models, as given in Figure 18, shows

|4
that the values of 7—; for the ‘‘upturn”’ points for these designs also lie very nearly on the

Troost ‘‘sustained sea speed’” line, and the latter would therefore seem to be a close guide
to modern design trends (Figure 20).

*Mr. de Luce used LBP for single-screw ships and LWL for twin-screw ships.
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Figure 20 — Comparison of Alexander and Troost Speeds
with Modern American Data

Mr. de Luce emphasised the need to relate the ‘‘upturn’’ speed to the speed nsidered
in preparing an actual design. In Figure 21, prismatic coefficients are plotted against the

Vv .
speed-length ratio '\7_2 corresponding to the speed on trial at designed draft with the machin-

ery developing maximum rated continuous shaft horsepower, mostly taken from actual ship
data. The ‘‘upturn’’ curve reproduced from Figure 20 is again a reasonable mean through
the trial points, indicating that ‘““many designers over the years have believed it desirable
to select dimensions and proportions leading to a flat @ curve up to the point corresponding
to trial speed’’ (de Luce, discussion on Reference 44).

Designs I, II, and III in Figure 21 represented three modern (1951) designs of good
performance. The ‘‘uptum’’ speeds for these three ships are close to the mean line in
Figure 20, but the design speeds are higher than the average line in Figure 21 by about 0.05

. vV
in terms of _L' . Mr. de Luce stated that all three designs were being ‘‘pushed,’”” 1

because of the economics of transporting petroleum, and II and III for military considerations;
he concluded that for the purpose of evaluating hull form parameters and performance, the
“upturn’’ speed was satisfactory and independent of economic and other considerations.
Since 1951, when these comparisons were made, high speed has become more and more a
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Figure 21 — Relation between Design Speed
and Upturn Speed

characteristic of the modern dry-cargo ship, and this has led to the use of block ceefficients
lower than the range covered by Series 60. Before leaving the discussion of these data for
modern American ships, as given by Mr. de Luce, it is interesting to compare the coverage
of Series 60 with actual ship proportions. This has been done in Figures 22, 23, and 24
which show the same points as given by de Luce with the addition of the corresponding ones
for the Series 60 parents and the limits covered by the whole series.

In general, the coverage for singll?e-screw ships appears to be adequate, with the
exception that some models having a — value of 2.0 would have been a valuable addition
to the program. In regard to the LCB variation, the “‘upturn’’ speeds for Series 60 occur in
general with the LCB somewhat further aft than in the case of the actual designs, but the
latter are covered by the limiting models. _

Comparisons between the @values for the actual ship models and Series 60 equiva-
lents are shown in Figures 25a through 25e.

The MARINER-Class ships (Figure 25a) differed somewhat in coefficients and propor-
tions from the Series 60 parer.t of 0.60 block coefficient; also, the latter had no bulb at the
forefoot. However, the differences were not considered sufficient to justify making an entirely
new Series 60 equivalent model.
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The Series 60 parent gave a lower tesistance than the MARINER model over the useful
speed range, but above this the @ curve turned up more rapidly, at least partly because of
the absence of the bulb. However, the Series 60 model was finer than the MARINER (Cp
being 0.60 instead of 0.61), and to obtain a better comparicon the MARINER model was changed
by removing the bulb, and the Series 60 parent resistance was corrected for the difference in
fullness and proportions by using Taylor Standard Series data. There was then no appreciable
difference in performance over the service and designed speed range.

There was no essential difference in results in the case of SCHUYLER OTIS BLAND,
(Figure 25b), the slightly better @ value of the SCHUYLER OTIS BLAND at the trial speeds
probably being due to the 2 percent bulb.

The C.2 ship model (Figure 25¢c) was somewhat better than the equivalent Series 60
model by some 1 percent and 4.5 percent at the service and trial speeds respectively, prob-
ably again partly due to a small bulb on the C.2.

The Series 60 equivalent was some 1 to 2 percent better than the 0.70 Cp design,
(Figure 25d) in the neighborhood of the service and trial speeds.

Several models of the PENNSYLVANIA (Figure 25e) were made at different times, some
in wax and some in wood. There was a certain amount of scatter in the results, influenced
to some extent by questions of turbulence stimulation. Over the useful speed range, this
difference amounted to some 2 to 4 percent, and the highest results for the PENNSYLVANIA

model were the same as those for the equivalent Series 60 model.

No modern cargo vessel design of about 0.80 block coefficient and of approved merit
was available for comparison with Series 60. A number of models with a variety of bow and
stern shapes were therefore made and run. The sterns were usually U-type, similar to those
of Series 60, and the bows ranged from U- to V-forms. In general, the models with the V-shaped
bows showed to some advantage, but they did not fit well into the cross-sectional area and
waterline contours since the other. model lines were predominantly of U-type. The Panel was
of the opinion that seagoing merchant ships were unlikely to be built with such fullness coeffi-
cients. -The somewhat fuller lake steamers would have much greater — ratios than those
covered by the present series, and in fact were considered to be' another problem. The 0.80
C g model of the series could therefore be considered as really only an end point to which
the contours could be anchored. However, subsequent evidence suggests that the form as
finally adopted had some intrinsic merits of its own as well as being an ‘‘end point” to the
series. In the discussion on one Series 60 paper (Reference 45), Professor Baier said that
since block coefficients of 0.80 to 0.87 were of particular interest to the Great Lakes region,
he had carried out a series of tests with models in this range in the tank at the University of
Michigan. He reported that ‘‘seven models were designed with rather extreme variations in
sections at blocks of 0.857 and 0.872. At each of these block coefficients one form was
derived from the contours.of Series 60, with some adjustments in the forebody for lake-traffic
requirements. It is gratifying to report that these two models were definitely superior to the
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other five designs, both in t.r.h.p.* and propulsive coefficients when self-propelled.”” In
Professor Baier’s opinion, ‘‘the parent form finally adopted by the panel for the 0.80 block
was a suitable and wise decision.”

As in the case of the lower limit of the series being taken as 0.60 block coefficient,
this idea that the 0.80 block model could be treated as an end point seemed a good one at
the time, but events have already overtaken the program in this respect also. Just as single-
screw ships are now being built with block coefficients well below (.60, so in the range of
supertankers and bulk carriers, designs in the neighborhood of 0.80 to 0.85 block coefficient
have become of great importance. There is therefore a good practical case for extending the
series at both ends.

In the light of the above survey, the members of the Panel came to the conclusion
that the new contours of Series 60 formed a suitable basis for use in defining parent models
for a systematic investigation of resistance and propulsive qualities, and it was then
possible to proceed to the next phases.

*t.r.h.p = towrope horsepower or ehp
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CHAPTER VI

EFFECT ON RESISTANCE OF VARIATION
IN LCB POSITION

In planning the Series 60 parents, a decision had to be made as to the longitudinal
distribution of displacement for each model. Tkis distribution is conveniently described,
- other things being equal, by the position of the LCB.

This is an important parameter in ship design for more than one reason. So far as
resistance is concerned, the optimum position of the LCB depends very much on the speed-
length ratio at which the ship is to run. A¢ high values of \/—f , it is essential to keep the

bow fine to delay the onset of wavemaking resistance; at the same time, the stern cannot be
made too full or eddymaking resistance will increase. The result is a ship of overall low
block coefficient with the LCB aft of midships. For low \/—Z values, the stern must still be

kept reasonably fine to avoid excessive resistance, but the bow can be made much fuller,
since at such speed-length ratios the wavemaking resistance is only a small percentage of
the total. The result is a ship with a fine run and full entrance, with the LCB forward of
amidships. This trend is well illustrated in the Series 60 parents. The prismatic coeffi-
cients of the afterbody range only from 0.646 to 0.750 in going from the 0.60 to the 0.80
block coefficient designs, whereas the forebody prismatics go from 0.581 to 0.861. If the
efficiency is measured by the resistance per ton of displacement, the fuller ship is the more

efficient at low speed-length ratios, and the advantage passes to finer and finer ships as
4

\/E 1s increased,

The position of the L (B also affects propulsive efficiency for, in general, as it moves
forward for a given overall coefficient, wake and thrust deduction both decrease, but the
effect of the former usually predominates. Thus it is not unknown for a forward shift of LCB
to reduce both resistance and propulsive efficiency in such a way that the final shaft horse-
power* is increased. Insofar as hydrodynamic efficiency is concerned, the location of LCB
therefore rests finally on the delivered horsepower* required and not on the resistance,
although the latter is an important component of the former.

There is also another feature in ship performance which depends on the LCE position,
and that is the behaviour in waves, both as regards ship motions and loss of speed. There
is little doubt that in the past ships have been built with too full bows, which may have given
excellent smooth-water results but have militated greatly against good seagoing qualities.

This question is one which should have an early priority in future methodical series testing.

*Shaft horsepower is the power measured in the shafting, for example by torsionmeter. Delivered horsepower
is the power absorbed by the propeller.
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In.the design of a ship, the L CB position is also dependent to some extent on consid-
erations other than low power and good sea behavior. Chief of these is the problem of
achieving correct trim under a variety of loading conditions, particularly in tankers and
other bulk carriers. The tendency to place machinery aft in dry-cargo ships and passenger
ships also gives rise to trim problems and in such cases the size of machinery may restrict
the hull shape aft and, by requiring additional volume there, also influence the LCB position.

In the discussion on one of the Series 60 papers (Reference 63), Professor Manning
set out very clearly the importance of L CB position in designing the single-screw merchant
ship, and one cannot do better than quote his remarks. *‘‘Taylor states very clearly that his
use of the prismatic coefficient as a major parameter was based on the fact that it is an
excellent measure of the longitudinal distribution of the volume of displacement . . . In the
case of the Taylor Standard Series, the prismatic coefficient was sufficient in itself as a
measure of the longitudinal distribution of displacement by reason of the process used in
determining the offsets of all the models of this family and the fact that none of the models
had parallel middle body. Whenever a ship has parallel middle body, a substantial change in
the longitudinal distribution of the displacement may be made without any change in the
prismatic coefficient. For example, if the lengths of entrance, parallel middle body and run
are held constant, and the prismatic coefficient of entrance is given to the run, and that for
the run to the entrance, the prismatic coefficient of the entire hull has not been altered, but
the longitudinal distribution of the displacement certainly has. The wave-making resistance
and viscous form-drag have therefore also been changed in substantial magnitude. The
difference between the longitudinal distribution of the displacement of vessels which have
the same value of prismatic coefficient may be related to differences in the longitudinal
position of the centre of buoyancy. This paper (Reference 63) is essentially a study of the
effect of changes in the longitudinal position of the centre of buoyancy on the resistance
and power required for parallel middle body ships at speeds which reflect current practice. . .
From this paper, the ship designer can not only estimate with good precision the position of
the centre of buoyancy which gives the least resistance or shaft horsepower, but how much
he must pay in terms of these if other conditions favor a different location for this point.
The latter is just as important as the former.’’

For all the above reasons, it was agreed by the Panel that before proceeding to tg:e

last phase of this project—the effect upon resistance and propulsion of variations in Iy

B
and 7{- ratios—the effect of change in LCB position should be investigated for each of

the Series 60 parents in order, if possible, to determine the optimum location.
The positions of the LCB chosen for the five parent models are shown in Figure 1,

together with the variation in these positions for the other 17 models making up the complete
set. The positions of L CB are shown in Table 10, and the principal particulars of the models
are given in Tables 11 through 15.
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Table 11 — Principal Particulars of 0.60 Block

Table 10 — Pattern of L BSeries Models Coefficient Forms
Model numbers: Model No........... 4215 4210 4216 4217
Cs ——Position of LCB as % Lsp from {{jBpP—— énpf, ft.............. 45(;032 gag 45(3)032 400.0
421 4210 4216 4217 Bt . . . 53.33
0.60 2‘43‘4 1.504 0.514 0.52F H/ft............... 21.33 21.33 21.33 21.33
0.65.... 4231 4218 4211 4219 4220 D, 'Fons ............. 7807 7807 7807 7807
2464 1.544 0.504 0.38F 1.37F LE/ILBP ............. 0.5 0.5 0.5 0.5
0.70.... 4230 4221 4212 4222 4223 Lx/Lep............. 0 0 0 0
2 054 0.554 0.50F 1.54F 2. 55F Lg/Lep............. 0.5 0.5 0.5 0.5
0.75.... 4924 4213 4995 4226 CB. o ovvvieeaens 0.60 0.60 0.60 0.60
0.48F 1.50F 2.57F 3.46F Cx...oovviiein e 0.977 0.977 0.977 0.977
0.80... 4227 4298 4914 4229 Chovrinieiiinin, 0.614 0.614 0.614 0.614
0.76F 1.45F 2. 50F 3.51F [ 0.558 0.581 0.603 0.626
[ CPA v v iveeiins, 0.671 0.646 0.624 0.602
Norte: Column 3 of model numbers applies to Series 60 Parents. CPE « v voveveeeennnn 0.558 0.581 0.603 0.626
CPR. «eviveiennnn 0.671 0.646 0.624 0.602
PV o et 0.857 0.850 0.843 0.839
2% T, 0.910 0.910 0.912 0.919
27 0.818 0.802 0.78 0.770
L 2P 0.700 0.706 0.712 0.715
CWF. oo 0.508 0.624 0.646 0.666
WA oot 0.802 0.788 0.777 0.765
. | ¢ AP 0.533 0.543 0.549 0.553
The lines for each model were drawn Yiap, deg............ 6.2 7.0 7.6 8.3
i ) 7 406.7 406.7 406.7
out by using the contours of sectional area 1.54 g’).g(l)A (7).52F
) . ) 7.50 . .50
and waterline coefficients already described. 2,50 250 2.50
6.166 6.165 6.1A5
The models are therefore related to one 122.0 122.0 122.0
6.481 6.504 6.527

another by the graphical charts, and for a

9
¥
(=1
o
BE
N
2
(=]

given set of design conditions a unique hull
0.899 0.966 1.040

form is determined.

The models were made and the tests
carried out in exactly the same manner as
described for the parent models. The model
results have been converted to apply to ships with 400-ft LBP by using the ATTC line for
the friction extrapolation with an addition of +0.0004 for ship correlation allowance, as before.

The ship figures are given in Tables 16 through 20 as values of C, to a base of

1%
and in Tables 21 through 25 as values of @ to a base of @ , all for a standard
\ LWL

temperature of 59°F (15°C).

To obtain a visual picture of the resistance results, the @ values can be plotted as
cross curves to a base of LCB location, using @ as a parameter. When this is done, it is
found that for the speeds within the range of economic performance for these models a locus
of LCB position to give minimum resistance is usually well defined. At hi gh speeds, beyond
the useful range, the minimum lies in general in a region where the LCB is much further aft
than was used in any of these experiments.

As might be expected, there is in general no unique relation between block coefficient
and optimum L CB location—it depends on what speed is chosen as the criterion for
comparison. Figures 26 through 30 show cross-curves of @ to a base of L CB position for

(Text continued on page VI-13)
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Table 12 — Principal Particulars of 0.65 Block Coefficient Forms

4218 4211 4219 4220
400.0 400.0 400.0 400.0
55.17 55.17 55.17 55.17
22.09 2209 22.09 22.09
9051 9051 9051 9065
0. 475 0.472 0.470 0.469
0.035 0.035 0.035 0.035
0.490 0.493 0.495 0.496
0.650 0.850 0.650 0.650
0.982 0.982 0.982 0.982
0.661 0.661 0.661 0.662
0.628 0.651 0.670 0.602
0.604 0.672 0.652 0.632
0.609 0.630 0.649 0.672
0.688 0.687 0.648 0.630
0.874 0.871 0.865 0.862
0.924 0.927 0.929 0.934
0.832 0.823 0.808 0.794
0.744 Y.746 0.750 0.754
0.668 ). 890 0.708 0.728.
0.819 0.802 0.792 0.781
0.593 0.597 0.601 0.619
8.3 9.1 11.2 13.8
406.7 406.7 406.7 406.7
1.544 0.54 0.38F 1.37F
7.25 7.25 7.25 7.25
2.50 2.50 2.50 2.50
5.869 5.8690 5.869 5.866
141.4 141 .4 141.4 141.5
) 6.326 6.328 6.328 6.347
WS, sqft................ 29380 20380 20390 29390 20480
Ke=R/NVBH........... 0.205 0.205 0.205 0.205 0.205
Cpp/Cpr - rrvvrevns 0.838 0.885 0.945 1.001 1.067

4221 4212 4222 4223
400.0 400.0 400.0 400.0
57.14 57.14 57.14 57.14
22.86 22.86 22.86 22.86
10456 10456 10456 10456
0.420 0.410 0.400 0.390
0.119 0.119 0.119 0.119
0.461 0.471 0.481 0.491
0.700 0.700 0.700 0.700
0.986 0.986 0.986 0.986
0.710 0.710 0.710 0.710
0.700 0.721 0.744 0.766
0.721 0.698 0.675 0.654
0.642 0.660 0.680 0.700
0.698 0.680 0.662 9.647
0.890 0.891 0.886 0.880
0.940 0.944 0.948 0.950
0.846 0.842 0.827 0.811
0.787 0.785 0.790 0.795
0.734 0.753 0.774 0.795
0.841 0.818 0.805 0.795
0.651 0.653 0.858 0.663
11.6 14.5 17.1 20.0
406.7 406.7 406.7 406.7
0.554 0.5F 1.54F 2.56F
7.00 7.00 7.00 7.00
2.50 2.50 2.50 2.50
5.593 5.593 5.593 5.503
1634 163.4 163.4 163.4
6.230 6.200 6.224 6.224
. 31859 31705 31830 31828
Kx=R/VBH.......... 0.181 0.181 0.181 0.181 0.181
Cpp/Cpgervrrrnrn. 0.853 0.920 0.971 1.027 1.082



Table 14 — Principal Particulars of 0,75 Block Coefficient Forms

Model No................... 4224
Lapft.........0covvvn 400.0
B ft....................... 59.26
Hift....................... 23.70
D,itons..................... 12048
Lg/Lup... 0.360
Lx/Lep.................... 0.210
La/Lap.........cccvvvvn. .. 0.430
Bt e 0.750
05 -0.990
O i 0.758
CPr. ..o e 0.770
Y VP 0.745
| TSP 0.680
PR oot i 0.704
CPY.. o 0.905
CPVP. o oo i 0.956
CPVA. o oot 0.858
| 2 ©0.828
[0 0.797
CWAv e o 0.860
(6] P 0.708
Wag. ..o 18.9%
Lwo ft..................... 406.7
LCB % Lpp from{0)......... 0.48F
L/B.......ccccvvvviiiia.. 6.75
B/H........ 2.5
LS. ..................... 5.335
A/(L/100)*. ... ... ... ... 188.2
< T 6.104
WS,sqft................... 34308
Kr=R/VBrw .o vviieen 0.153

CPE/CPR-.o...-...-J- 0.966
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Table 15 — Principal Particulars of 0.80 Block Coefficient Forms
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Table 16 — Resistance Data as Values of CT to a Base of

LCB Series 0.60 Block Coefficient Models
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Table 17 — Resistance Data as Values of Cy to a Base of

LCB Series 0.65 Block Coefficient Models
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Table 18 — Resistance Data as Values of Crtoa Base of

V
Vi,
LCB Series 0.70 Block C'oefficient Models
(Ship dimensions—400.0 ft X 57.14 ft X 22.86 ft X 10456 tons. Turbulence stimulated by studs)

Model No. 4230 4221 4212 4222 4223
LCB as % Lpr from {{j 2.054 0.554 0.50F 1.54F 2.55F
VL ® Ci X 10* for 400-ft Lgp—————
0.25 0.629 2.960 2.829 2.894 2.824 2.752
0.30 0.755 2.932 2.786 2.851 2.776 2.713
0.35 0.881 2.915 2.750 2.815 2.738 2.688
0.40 1.006 2.903 2.729 2.794 2.716 2.681
0.45 1.132 2.900 2.738 2.793 2.742 2.695
0.50 1.258 2.904 2.762 2.796 2.754 2.719
0.55 1.384 2.937 2.793 2.803 2.758 2.760
0.60 1.510 2.971 2.811 2.866 2.836 2.826
0.65 1.636 3.001 2,867 2.915 2.908 2.945
0.6875 1.698 3.033 2.896 2.923 2.943 3.041
0.70 1.761 3.054 2.931 2.956 3.003 3.151
0.725 1.824 3.083 2.976 3.039 3.092 3.274
0.75 1.887 3.117 3.050 3.155 3.238 3.448
0.776 1.950 3.171 3.148 3.311 3.451 3.706
0.80 2.013 3.235 3.255 3.445 3.650 4.005
0.85 2.139 3.436 3.495 3.711 4.023 4.675
0.90 2.264 4.220 4.457 4.652 5.152 5.850
0.95 2.390 5.882 6.172 6.602 6.965 7.502
1.00 2.516 7.647 8.002 8.662 8.887 9.627
1.05 2.642 8.693 9.180 9.918 10.330 11.143
1.10 2.768 8.884 9.312 10.049 10.554 11.409
1.15 2.894 8.516 9.126 9.596 10.151 11.006
1.20 3.019 0 97

Vv
Table 19 — Resistance Data as Values of CT to a Base of —
\ LWL
LCB Series 0.75 Block Coefficient Models

(Ship di mensions—400.0 ft X 59.26 ftx 23.70 ft X 12048 tons. Turbulence stimulated by studs)

Model No. 4224 4213 4225 4226

LCB as % Lgp from ) 0.48F 1.50F 2.57F 3.46F
V/\/LWL ® Ci X 10? for 400-ft Lyp——"—
0.35 0.860 2.947 2.917 2.892 2.897
0.40 0.983 2.947 2.887 2.875 2.867
0.45 1.106 2.943 2,882 2.877 2.841

0.50 1.229 2.971 2.907 2.887 2.824
0.55 1.352 3.014 2.939 2.878 2.877
0.60 1.474 3.101 2.982 2.899 2.981
0.65 1.597 3.185 3.140 3.151 3.210
0.675 1.659 3.237 3.227 3.314 3.452
0.76 1.720 3.320 3.362 3.525 3.748
0.725 1.782 3.463 3.568 3.803 4.053
0.75 1.843 3.711 3.876 4.156 4.423
0.775 1.904 4.110 4.235 4.630 4,830
0.80 1.966 4.473 4.628 5.003 5.253
0.825 2.027 4.758 4.988 5.403 5.693
0.85 2.089 4.942 5.277 5.662 6.142
0.875 2.150 5.217 5.567 5.977 6.529
0.90 2.212 5.746 6.026 6.481 6.986
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Table 20 — Resistance Data as Values of CT to a Pase of \/Z-__
WL

LCB Series 0.80 Block Coefficient Models

(Ship dimensions—400.0 ft X 61.54 ft X 24.59 ft x 13859 tons. Turbulence stimulated by studs)

Model No. 4227 4228 4214 4229

LCB as % Lgp from {{j 0.76 F 1.45F 2.50F 3.51F
\% VLWL ® C: X 10? for 400-ft Lpp—————
0.25 0.600 3.472 3.194 3.075 3.090
0.30 0.720 3.452 3.172 3.040 3.055
0.35 0.840 3.434 3.147 3.012 3.017
0.40 0.960 3.432 3.134 2.997 2.992
0.45 1.080 3.444 3.128 2.998 3.016
0.50 1.200 3.476 3.144 3.014 3.059
0.55 1.320 3.528 3.196 3.061 3.146
0.575 1.380 3.564 3.238 3.121 3.256
0.60 1.440 3.616 3.308 3.241 3.441
0.625 1.500 3.682 3.407 3.392 3.690
0.685 1.561 3.785 3.565 3.590 3.987
0.675 1.621 3.945 3.772 3.862 4.297
0.70 1.681 4.175 4.015 4.215 4,622
0.725 1.741 4,463 4.323 4.583 5.038
0.75 1.801 4.843 4.778 5.008 5.718
0.775 1.861 5.475 5.390 5.660 6.580
0.80 1.921 6.393 6.088 6.543 7.378
0.85 2.041 7.222 7.487 7.732 8.737

Table 21 — Resistance Data as Values of @ to a Base of ®
LCB Series, 0.60 Block Coefficient Models
(Ship dimensions—400.0 ft X 53.33 ft X 21.33 ft X 7807 tons. Turbulence stimulated by studs)

Model No. 4215 4210 4216 4217
LCB as % Lup from 2.484 1.504 0.514 0.52F
V/\/L'L ® © for 400-ft Lgp
0.35 0.925 0.681 0.685 0.679 0.676
0.40 1.057 0.674 0.677 0.675 0.670
0.45 1.189 0.670 0.676 0.673 0.666
0.50 1.321 0.675 0.676 0.674 0.661
0.55 1.453 0.678 0.678 0.677 0.669
0.60 1.585 0.681 0.681 0.680 0.673
0.625 1.651 0.684 0.681 0.082 0.679
0.65 1.717 (.688 0.684 0.687 ().689
0.675 1.783 0.693 0.689 0.694 0.696
0.70 1.849 0.696 0.694 0.701 0.700
0.725 1.915 0.700 0.697 0.702 0.703
0.75 1.981 0.706 0.697 0.704 0.705
0.775 2.047 0.713 0.700 0.702 0.709
0.80 2.113 0.718 0.704 0.706 0.716
0.825 2.179 0.726 0.708 0.724 0.731
0.85 2.245 0.738 0.721 0.744 0.768
0.875 2.312 0.776 0.757 0.778 0.811
0.90 2.378 0.835 0.825 0.842 0.882
0.925 2.444 0.906 0.904 0.940 0.956
0.95 2.510 0.983 0.978 1.024 1.031
0.975 2.576 1.044 1.042 1.077 1.096
1.00 2.642 1.077 1.083 1.118 1.145
1.025 2.708 1.090 1.102 1.135 1.172
1.06 2.774 1.093 1.103 1.143 1.169
1.075 2.840 1.090 1.099 1.142 1.159
1.10 2.906 1.089 1.103 1.143 1.165
1.15 3.038 1.153 1.170 1.206 1.241
1.20 3.170 1.341 1.348 1.344 1.397
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Table 22 — Resistance Data as Values of (C) to a Base of @
LCR Series, 0.65 Block Coefficient Models

(Ship dimensions—400.0 ft X 55.17 ft x 22 09 ft X 9051 tons. ‘furbulence stimulated by studs)

Model No. 4231 4218 4211 4219 4220

LCBas % Lup from [ 2.464 1.544 0.504 0.38F 1.37F
V/\/LwL ® —— - © for 400-ft Lpp— —
0.25 0.644 0.726 0.691 0.705 0.675 0.676
0.30 0.773 0.715 0.682 0.694 0.668 0.665
0.35 0.902 0.706 0.674 0.685 0.660 0.658
0.40 1.031 0.699 0.667 0.678 0.657 0.656
0.45 1.160 0.695 0.667 0.671 0.655 0.659
0.50 1.289 0.692 0.670 0.668 0.663 0.667
0.55 1.418 0.692 0.674 0.669 0.672 0.876
0.60 1.546 0.692 0.676 0.678 0.679 0.684
0.65 1.675 0.701 0.691 0.688 0.691 0.609
0.675 1.740 0.714 0.699 0.693 0.702 0.709
0.70 1.804 0.727 0.708 0.698 0.713 0.724
0.725 1.869 0.731 0.711 0.706 0.721 0.739
0.75 1.933 0.732 0.715 0.712 0.727 0.755
0.775 1.997 0.730 0.721 0.720 0.735 0.776
0.80 2.062 0.731 0.726 0.728 0.750 0.802
0.825 2.126 0.737 0.734 0.743 0.771 0.834
0.85 2.191 0.759 0.762 0.772 0.817 0.886
0.875 2.255 0.808 0.828 0.842 0.896 0.960
0.90 2.320 0.906 0.957 0.961 1.007 1.055
0.95 2.448 1.189 1.252 1.277 1.321 1.384
1.00 2. 577 1.453 1.496 1.563 1.585 1.643
1.05 2.706 1.552 1.590 1.647 1.656 1.727
1.10 2.835 1.537 1.567 1.624 1.648 1.717
1.15 2.964 1.525 1.551 1.592 1.622 1.692
1.20 3.093 1.671 1.748

Table 23 — Resistance Data as Values of @ to a Base of @
LCB Series, 0.70 Block Coefficient Models
(Ship dimensions—400.0 ft X 57 14 ft X 22 86 ft X 10456 tons. Turbulence stimulated by studs)

Model No. 4230 4221 4212 4222 4293
LCB as % Ly from {Jj 2.054 0.554 0.50F 1.54F 2.55F

VAL, ® © for 400-ft Lar
0.25 0.629 0.732 0.702 0.715 0.700 0.682
0.30 0.755 0.726 0.691 0.704 0.688 0.672
0.35 0.881 0.721 0.682 0.695 0.678 0.666
0.40 1.006 0.718 0.677 0.690 0.673 0.664
0.45 1.132 0.718 0.679 0.690 0.680 0.668
0.50 1.258 0.7185 0.685 0.690 0.682 0.674
0.55 1.384 0.727 0.693 0.690 0.683 0.684
0.60 1.510 0.735 0.697 0.708 0.703 0.700
0.65 1.636 0.742 0.711 0.718 0.721 0.730
0.675 1.698 0.750 0.718 0.722 0.729 0.754
0.70 1.761 0.756 0.727 0.730 0.744 0.781
0.725 1.824 0.763 0.738 0.750 0.766 0.811
0.75 1.887 0.771 0.756 0.779 0.802 0.854
0.775 1.950 0.785 0.781 0.818 0.855 0.918
0.80 2.013 0.800 0.807 0.851 0.904 0.993
0.85 2139 0.850 0.867 0.916  0.997 1.159
0.90 2.264 1.044 1.106 1.149 1.277 1.400
0.95 2.300 1.455 1:531 1.630 1.726 1.859
1.00 2.516 1.892 1.985 2.139 2.202 2.386
1.05 2.642 2.151 2.277 2,449 2.533 2.762
1.10 2.768 2198 2.310 2.481 2.616 2.828
1.15 2,804 2.107 2.264 2.369 2.516 2.728
1.20 3.019 2.302




Table 24 — Resistance Data as Values of (C) to a Base of ®
L CB Series, 0.75 Block Coefficient Models
(Ship dimensions--400.0 ft X 59.26 ft X 23.70 ft X 12048 tons. Turbulence stimulated by studs)

Model No.
LCB as % Lgp from ()

VAL
0.35%"
0.40

5 O Cn O da
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Table 25 — Resistance Data as Values of @ to a Base of &)

[ S Sl S N e e e o N Ty Sy

212

4224
0.48F

—_—

0.716
0.716
0.715
0.722
0.732
0.753
0.774
0.786
0.806
0.841
0.902
0.998
1.087
1.156
1.201
1.267
1.396

4213 4225 4226
1.50F 2.57F 3.46F
© for 400-ft Lpp———
0.707 0.702 0.704
0.700 0.698 0.696
0.699 0.608 0.690
0.705 0.701 0.686
0.713 0.698 0.699
0.723 0.704 0.724
0.761 0.765 0.780
0.782 0.804 0.838
0.815 0.855 0.910
0.865 0.923 0.984
0.940 1.008 1.074
1.027 1.124 1.173
1.122 1.236 1.276
1.210 1.311 1.383
1.279 1.374 1.492
1.350 1.450 1.586
1.461 1.573 1.697

A

L CB Series, 0.80 Block Coefficient Models
(Ship dimensions—400.0 ft X 61.54 ft X 24.59 ft X 13859 tons. Turbulence stimulated by studs)

Model No.

LCB as % Lgp from {§j

V/NLyy ®
0.25 0.600
0.30 0.720
0.35 0.840
0.40 0.960
0.45 1.080
0.50 1.200
0.55 1.320
0.575 1.380
0.60 1.440
0.625 1.500
0.65 1.561
0.675 1.621
0.70 1.681
0.725 1.741
0.75 1.801
0.775 1.861
0.80 T 1.921
0.85 2.041

4227 4228 4214 4229
0.76F 1.45F 2.50F 3.51F
© for 400-ft Lpp
0.831 0.766 0.739 0.743
0.826 0.760 0.730 0.734
0.822 0.754 0.724 0.725
0.822 0.751 0.720 0.719
0.824 0.750 0.720 0.725
0.832 0.754 0.724 0.735
0.845 0.766 0.736 0.756
0.853 0.776 0.750 0.783
0.86¢€ 0.792 0.779 0.827
0.881] 0.817 0.815 0.887
0. 90¢ 0.855 0.863 0.958
0.944 0.904 0.928 1.033
1.000 0.962 1.013 1.111
1.06& 1.036 1.101 1.211
1.15¢€ 1.145 1.203 1.374
1.311 1.292 1.360 1.582
1.530 1.459 1.572 1.774
1.729 1.795 1.858 2.100
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Service Speed (K) = 1.745 (Alexonder)
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Figure 30 — Cross Curves of @ onLCB. Cp =0.80

values of @ corresponding to the Alexander and Troost speeds set out in Table 9. The
locus of the LCB position for minimum resistance is indicated on each figure. Table 26
summarizes the data from all five figures.

The optimum L CB locations and the corresponding minimum @ values are given in
Figure 31. Tkis shows how, for a given block coefficient, the optimum LCB location moves
aft as the desired speed is increased. When the block coefficient and speed are known, this
figure will give the optimum LCB position and the corresponding minimum @ value which
will result if the lines of the ship conform with those of the Series 60 contours. Thus for a
block coefficient of G.65 and a speed corresponding to @ = 2.1, entering Figure 31 on the

@ scale, we find the best position of LCB is 1.45 percent LBP aft of {Ij, the correspond-
ing minimum @ 400-ft value being 0.73 and \/‘{: = 0.82. This chart, in fact, summarizes

BP
the conclusions to be drawn from the resistance data and should be of considerable use to

designers in all cases where the lines and proportions are not too different from those of
the series.

One point of considerable interest which arises from these data is the remarkable
constancy of the minimum @ value at the sustained sea speed as defined by Troost. These
speeds are shown in Figure 31; for block coefficients varying from 0.60 to 0.80, the minimum
@ 400-ft values at 0.05 intervals in coefficient are respectively, 0.785, 0.720, 0.730, 0.740,
and 0.740.
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Table 26 — Comparison of Resistance Results for LCB Series

Position of © Values for 4004t Ship
Cp LCBas 9, ~—Service speed’— —Trial speed®—~  —Sustained speed®—~  —Trial speed®—
(Cp) Lygp from ()
0.60 2.484 2.358 0.815 2.515 0.990 2.275 0.750 2.411 0.872
1.504 0.803 0.983 0.736 0.866
(0.614) 0.514 0.822 1.027 0.754 0.890
0.52F 0.858 1.038 0.785 0.922
Optimum
LCB& © 1.694 0. 802 1.804 0.980 1.654 0.735 1.734 0.865
0.65 2.464 2.046 0.731 2.198 0.763 2.025 0.731 2.146 0.741
1.544 0.723 0.766 0.722 0.739
(0.661) 0.504 0.725 0.778 0.722 0.750
0.38F 0.745 0.822 0.740 0.781
1.37F 0.797 0.890 0.788 0.849
Optimum
LCB & © 1.014 0.722 2.504 0.763 0.904 0.720 1.854 0.740
0.70 2.054 1.745 0.7 1.896 0.773 1.777 0.759 1.884 0.772
0.554 0.726 0.760 0.731 0.757
(0.710) 0.50F 0.728 0.783 0.735 0.778
1.54F G.743 0.811 0.752 G.803
2.55F 0.776 0.866 0.790 0.856
Optimum
LCB& © 0.254 0.725 0.954 0.757 0.254 0.730 0.904 0.754
0.75 0.48F 1.463 0.751 1.610 0.777 1.552 0.768 1.645 0.783
1.50F 0.722 0.765 0.747 0.777
(0.758) 2.57F 0.702 0.773 0.741 0.795
3.46F 0.720 0.791 0.752 0.823
Optimum
LCB& © 2.60F 0.702 1.70F 0.764 2.30F 0.741 1.20F 0.776
0.80 0.76F 1.190 0.792 1.332 Q.806 1.335 0.807 1.415 0.819
1.45F 0.752 0.768 0.769 0.786
(0.805) 2.50F 0.731 0.739 0.740 0.771
3.51F 0.736 0.760 0.761 0 807
Optimum
LCB& © 2.70F 0.730 2.56F 0.739 2.56F 0.740 2.23F 0.770

¢ From Alexander Formula [1] in text.
b From Troost Formula [2] in text.

The optimum locations of LCB for Series 60 at the sustained sea speed and trial speed,
as defined by Troost, are plotted in Figure 32. If desired, the effect of speed can be brought
out by treating it as a parameter for a series of curves such as the two shown. From the cross
curves of Figures 26—30, the permissible movement of the LB forward or aft of the optimum
position has been determined in order that the minimum @ value shall not be exceeded by
more than 1 percent. The resultant limits are shown as dotted curves in Figure 32 for both
sea and trial speeds.

It should be noted that all the Series 6 0 forms have a vertical stem line but no bulb at
the forefoot, and that the recommended L'CB locations refer to such designs. In the finer
forms, it is probable that in many cases a bulb would be fitted which would result in some
variation in LCB position, depending upon how much the bulb was treated as an addition or
how far the extra displacement was used to fine down the load waterline and forebody
generally.
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were oalculated using the resistance of the model as measured during the self-propulsion
tests, in association with the corresponding values of torque and rpm. This is a correct
measure of propulsive efficiency since all the quantities apply to the model in the actual
condition of test. However, for a variety of reasons, the actual resistance of the model at
that time may not agree exactly with that measured during the original resistance tests, and
on which the ehp values are based. The model has a keel piece, rudder, and propeller hub
installed, and the surface and shape of the wax model may have changed slightly. The dhp
values deduced straight from the torque and rpm will therefore correspond to a different
resistance from that used to calculate the ehp values. For this reason, the dhp values have
been calculated from the ehp values, using the propulsive efficiencies measured during the

propulsion experiments but ignoring the actual torque and rpm values, i.e.,

ehp

dhp = . e
Propulsive efficiency
In this way there is no inconsistency between the dhp values and the ehp values previously
given from the resistance experiments and made when the models were new and in the bare-
hull condition with no appendages and a new, clean surface.

The choice of a 600-ft ship to illustrate the propulsion tests was made principally
because it was considered more representative of modern ships than the 400 ft chosen for
the resistance presentation. This latter is made in coefficient form and may be corrected
quite easily to any other desired ship length; most of the resistance data published else-
where are on the 400-ft basis. The propulsion data, on the other hand, cannot be so corrected,
and must be completely recalculated for any other length. Moreover, unless the model has
been run at a number of loadings, it is possible to make such correction only for a small
change in length.

The results are presented in detail in Tables 27 through 31. The change in wake
fraction with movement in LCB affects the optimum pitch ratio for the highest propulsive
efficiency, but series chart calculations show that this effect does not amount to more than
1 or 2 percent. Cross curves of dhp similar to these of@have been drawn for the same
four chosen speeds. The data are tabulated in Table 32 and the cross curves are shown in
Figure 38. On these have been drawn the loci of optimum L CB location to give minimum dhp.
Those already derived from the resistance data to give minimum ehp are also shown for purposes
of comparison.

In general, the minimum dhp is not so well defined as the minimum ehp, but, within
practical limits, the dhp and ehp results agree in defining the same optimum LCB loci for
each set of models except the fullest — that with Cp = 0.80. For this set, the dhp results
indicate reducing power the further forward the LCB , even beyond the extreme position of
3.51 percent used in the experiments. The ehp results indicate an optimum location at about
2.50 percent of the length forward of midships, and this is a more practical answer — any
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Table 27 — Results of Self-Propulsion Experiments, 0.60 Block Coefficient
(All figures are for ship of 600-ft L BP)

Modet No. 4210 4215 4216 4217
LCH ———1, 50 per cent A———— ———2 .48 per cent A ———0,51 percent A———~ . ~——0.52 percent F

| 4 EHP N SHP EHP N SHP EHP N SHP EHP N SHP
12 2304 52.4 2931 2206 51.2 2789 2299 52.0 2706 2273 52.8 2884
13 2040 56.9 3712 2043 55.6 3585 56.7 3608 2896 57.1 3665
14 3685 60.9 4607 3687 .0 4501 3675 61.3 4560 3631 61.8 4507
15 4549 65.7 5693 4549 64.7 5644 4540 65.9 5689 4499 .3 5695
16 5545 70.4 7091 5577 69.6 6998 5565 70.7 7053 5575 71.2 7057
17 6730 75.8 8740 6764 74.7 61 6796 76.1 8713 6796 76.2 8624
18 .6 10445 8113 79.2 10231 8162 .9 10518 8145 81.2 10551
19 9531 85.1 12203 967 .6 11977 9555 85.9 12360 9635 86.8 12728
20 11216 00.4 14383 11484 .5 14355 11318 91.1 14696 11445 92.6 15119
20.5 12142 3.0 15667 12454 o1.1 15886 12422 93.9 16132 12571 094.6 16606
21 132 95.5 17202 13631 94.5 17725 13726 96.9 17990 13973 97.7 18458
21.5 14778 98.8 19470 15202 08.1 19976 15253 99.8 4 15873 101.0 21051
22 16861 102.9 22615 17273 101.6 22727 17297 103.1 22971 18217 104.9 24551
22.8 19533 107.3 26468 19726 105.9 20247 108.3 27324 109 8 28730
23 22466 113.2 22 110.1 30399 23541 113.6 32248 23818 114.8 33219
23.5 25804 117 .4 36165 25772 115.6 35794 2 119.0 37566 27084 119.7 38146
24 28773 121.9 40755 28864 120.7 41059 29850 123.2 42281 30392 124.6 43170
25 34202 129.8 49354 34363 128.1 49301 35157 130.6 50011 36288 131.9 51839
26 39112 135.5 56196 38795 133.2 55739 40595 137.0 57663 4149) 137.6 59443

Table 28 — Results of Self-Propulsion Experiments, 0.65 Block Coefficient
(All figures are for ship of 600-ft LBP)

Model No. 4211 4218 4219 4220 4231
LCB ——0.50 percent A—— .——1.54 percent A—— . ——0.38 per cent F—— ,——1.37 per cent F—— .——2.48 per cent A——.
v EHP N SHP EHP N SHP EHP N SHP EHP N SHP EHP N SHP
10 1475 41.4 1993 1453 41.0 1856 1428 41.8 1833 1427 41.0 1695 1526 41.8 2221
11 1040 45.4 2547 1933 45.3 2453 1808 46.0 24486 1908 45.3 2288 2022 45.8 2905
12 2516 49.6 3238 2526 49.4 3169 2485 50.5 3203 2505 50.0 3051 2813 49.8 3708
13 3200 54.1 4008 3225 53.6 4017 3204 54.9 4134 3226 54.6 3997 3322 53.8 4652
14 4011 58.7 5243 4040 57.9 5031 4046 59.3 5214 4067 59.4 5122 4147 57.9 5728
15 5010 1 6472 4992 62.3 6311 5018 63.6 6458 5064 64.4 6501 5116 62.1 6989
16 6172 67.7 7985 6172 67.4 7963 6197 68.3 7965 6267 69.3 8128 6214 66.4 8466
17 505 72.4 9536 7581 72.5 9858 7627 73.1 9753 7724 74.2 7782 72.3 10763
18 77.0 11594 9113 77,3 11835 9235 78.0 11750 8500 79.2 12337 9369 77.3 12978
19 10818 81.8 13941 10852 82.1 14094 11051 83.3 14371 11641 84.8 15118 11010 81.6 15
19.5 11789 .2 15291 11779  82.5 15317 12118 86.1 15903 12910 87.6 18788 11603 7 16417
20 12881 87.0 16882 12777 86.8 16681 13319 88.7 17501 14322 90.6 18673 12879 86.0 17788
20.5 14145 90.1 18834 13944 89.2 18347 800 91.9 10473 16026 94.1 21031 14013 C.5 19436
21 13771 93.8 21458 15565 92.8 16753 95.5 22043 18191 98.0 24062 15439 91.6 21605
21.5 18129 99.0 25534 17803 97.0 24288 19353 99.7 25565 20815 102.4 27865 17477 95.5 24860
22 21555 104.4 31014 21 102.6 20719 22705 104.4 30559 24031 107.5 3 20326 100.5 29935
22.5 25864 109.2 37539 25648 108.5 36484 27138. 111.0 37797 28204 113.0 39612 24428 106.5 36459
23 31221 115.7 45913 30621 115.0 44703 32600 118.1 46974 33510 119.4 48848 29254 112.4 43991
23.8 37337 121.7 56061 36588 121.9 54527 38626 125.2 57308 40546 127.0 61063 34704 118.9 53064
24 43782 128.8 67048 42542 128.6 65248 44889 132.1 68638 47386 133.7 173353 40734 125.6 64047

Table 29 — Results of Self-Propulsion Experiments, 0.70 Bloek Coefficient
(All figures are for ship of 600-ft L BP)
Model No. 4212 4221 4222 4223 4230
LCB ——0.50 per cent F——— —~——0.55 percent A—— .——1.54 per cent F—— ——2 .55 per cent F—— . ——2,05 per cent A——
\ 4 ‘EHP N SHP EHP N SHP EHP N SHP EHP N SHP EHP N SHP

10 1660 41.1 2065 1625 40.0 1972 1618 40.2 1951 1596 40.3 1977 1729  40.2 2145
11 2207 45.3 2762 2172 44.0 2627 2173  4+.5 2609 2131 44.2 2635 2305 44.4 2859
12 2867 490.6 3643 2842 48.5 3474 2835 48.9 3375 2790 48.9 3419 2095 48.6 3725
13 3652 54.0 4700 3652 52.8 4536 3607 53.1 4336 35903 53.1 4393 3821 52.7 4746
14 4597 58.4 5970 4504 57.0 5742 4542 57.5 5566 4563 57.5 5573 4814 57.1 6018
15 5788 63.2 7517 5600 61.5 7139 5754 62.4 7257 5729 62.2 7073 6010 61.7 7607
15.8 6454 65.4 8303 6322 63.5 7943 6428 64.8 8137 6419 64.7 6673 64.1 8501
16 7117 67.5 0267 7028 66.1 7127 67.1 7208 67.4 9138 7378 66.5 9471
16.5 7827 69.7 10 7770 68.5 9835 7895 69.5 10019 8113 70.3 10428 8145 69.0 10564
17 71.8 11246 8581 70.8 1 8754 72.0 11109 9137 72.9 11882 8954 71.3 11738
17.5 9545 74.4 12510 0468 73.4 12122 9733 74.7 12352 10275 76.1 13555 0831 73.7 12987
18 10634 77.2 13991 10452 76.1 13469 10884 77.2 13860 11567 79.1 15443 10781 76.3 14436
15.5 119034 80.0 15724 11597 789 1 12306 .3 15919 13127 82.4 17763 11827 79.0 15897
19 13470 83.1 17770 12892 81.5 16809 14087 .7 18412 15038 .3 129 81.6 17545
19.5 5007 86.4 8 14317 84.5 18838 15980 87.2 21222 17400 900.5 23803 14285 84.5 19515
20 16775 89.3 22367 15912 87.3 21047 17985 90.8 24 20027 94.9 27738 15697 87.2 21621
21 207 85.3 28086 19583 93.1 26216 22619 98.3 31328 26381 103.9 37741 19187 93.3 986
22 29724 107.5 41631 26948 102.7 37016 31477 100.9 45685 35065 114.2 80 103.8 37780
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Table 30 — Results of Self-Propulsion Experiments, 0.75 Block Coefficient

(All figures are for ship of 600-ft LEP)

Model No. 4213 4224 4225 4226
LCB ———1.850 per cent F——— ———0.48 pet cent P———— ~———2 .87 per cent F ————3 . 40 per cent F————
v . EHP N SHP EHP N SHP SHP N SHP EHP N SHP
10 1851 40.0 2103 1912 40.3 2192 1846 40.6 2222 1837 40.7 2159
11 2465 448 3002 2554 4.4 2002 2459 45.0 2991 2427 4.9 2939
12 3216 48.9 3961 3332 48.8 3875 3203 49.1 3864 3135 49.0 3823
13 4142 53.3 5126 4276 53.1 5072 4102 83.3 4930 53.5 4044
14 5210 57.7 6489 5435 57. 6548 5184 57.5 6238 5126 58.3 0399
14.5 5824 59.9 7279 6111 59.9 7428 5831 60.0 7051 5777 60.8 7248
15 85 62.1 8178 6850 62.5 8374 6564 62.7 8015 6529 63.3
15.8 7348 64.8 9278 7649 64.9 9431 7368 65.3 7404 65.9 9360
16 8278 67.3 1 67.1 10542 8313 88.1 10430 8446 8.6 10681
16.5 9311 70.2 11937 0465 69.6 11757 9491 71.4 12215 9821 72.1 12479
17 10483 73.0 13527 10535 72.1 13136 10005 74.9 14330 11526 75.8 14834
17.8 11871 76.4 8 11805 74.9 14793 12577 78.3 16680 13412 79.7 17601
1 13854 80.1 1 . 13341 78.0 1 14630 82.0 19453 15503 83.7 20791
19 18592 89.0 25858 18125 86.5 23880 20275 90.8 399 21254 92.3 29235
97.8 356090 243 96.0 34120 27518 101.2 39367 28474 102.1 40620
21 32135 107.8 47749 3 103.8 43804 33361 108.8 18 37471 113.2 55595
22 40815 116.3 62504 39029 112.3 8573968 42478 118.1 65250 47694 123.2 72705

Table 31 — Results of Self-Propulsion Experiments, 0.80 Block Coefficient
(All figures are for ship of 600-ft LBP)

Model No. 4214 — 0.7 4227 P 1.45 4228 P 3.51 4229 oF
1LCB —2.50 cent F———— .76 per cent F-——— ~—~——1.45 per cent .51 per cen

v EHP p?v’ SHP EHP N SHP EHP N SHP EHP N SHP

9 1531 37.8 1858 1751 42.2 2678 1599 38.9 1955 1530 37.5 1620
10 2006 42.2 2552 2403 47.0 3606 2187 43.2 2697 2089 42.1 2336
11 2791 46.6 3433 3213 51.8 4964 2014 47.7 3620 2800 46.5 3203
12 3639 51.2 4531 4107 56.6 3786 52.0 4744 3680 51.1 4230
12.5 4127 53.3 5172 4772 59.0 4305 54.3 F422 4187 54.2 4812
13 4666 55.8 5892 5405 81.7 8367 4878 56.9 6182 4756 55.7 5473
13.5 5274 58. 6693 6096 64.1 5.8 7031 58.0 6263
14 5970 60.6 7625 6855 66.7 10594 6208 62.1 7990 68190 7 7248
14.5 6796 63.3 8713 7693 69.3 11927 6993 64.9 9003 7162 7 8485
15 7792 66.2 10028 8635 72.1 13470 7896 67.7 10363 27 67.5 9997
16 10315 72.9 13519 10876 78.2 17345 10222 78.9 13684 11456 74.4 14231
17 14009 81.0 18975 14117 85.5 22955 13546 81.3 18658 15680 .4 20286
18 10249 90.5 27381 18642 93.4 3 18102 90.0 26273 21280 92.0 29271
19 26847 101.3 40432 25823 108.1 42542 25703 101.2 31410 104.0 45822
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Table 32 — Comparison of DHP Results for LCB Series

(Speed and dhp are given for ship. 600 ft long, between perpendiculars)

Position SERVICE SPEED (a) TRIAL SPEED (a) SEA SPEED (b) TRIAL SPEED (b)
of LCB v v 14 14 14 v
Cs | € | asPercent OHP DHP owe | Y |V |owe
Lgp fron @) \/L" knots \/LB,, knots ‘/LBP knots /E;; knots
0.60 | 0.614 2.48A 0.90 22.04 | 22954 0.96 23.52 | 36197 | 0.869 [21.26 | 18853 | 0.921 |22.5¢ | 286372
1.50A 22954 36353 18334 26772
0.51A 23328 37836 19026 27688
0.52F 24870 38382 19698 29085
0.65 | 0.661 2.46A 0.80 19.60 | 16664 0.86 21.06 | 21950 | 0.792 |19.40 | 16150 | 0.839 |20.5 | 19676
1.54A 155712 21204 15047 18642
0.50A 15602 21933 15018 19120
0.38F 16197 22390 15566 19729
137F 123 24473 16427 21319
0.70 | 0.710 2.05A 0.70 17.15 | 12106 | 0.76 18.62 | 16282 | 0.714 |17.49 | 12958 | 0.757 | 18.54 | 16028
0.55A 11263 15462 12096 15180
0.50F 11600 16205 12465 15901
1.54F 11475 16482 12326 16111
2.55F 12358 18400 13519 17972
0.75 | 0.758 0.48F 0.60 1470 | 7807 0.66 16.17 | 10934 | 0.637 |15.60 | 9650 0.675 | 16.54 | 11855
1.50F 7618 10993 9509 12064
2.5TF 7422 11000 9350 12390
3.46F 7622 11242 9604 12634
080 | 0.80s | o76F 0.0 |1225]|6o48 | 0.5 |1372 | %926 | 0.562 [13.77 [ 10050 | 0.59 | 14.60 | 12230
14SF 5073 M7 1546 9313
2.50F 843 7098 7185 8972
3.51F 4514 6672 6770 8776
(a) From Equation 1 (b) From Equation 2
Figure 38 — Cross-Curves of DHP for LCB Series
(Speeds and dhp given for ship 600 ft long, between perpendiculars)
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Figure 38a — CB = 0,60.
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further movement forward would result in excessively full entrance waterlines and probably
poor behavior and heavy speed loss in a seaway.

It can be concluded that if the LCB location is chosen to give minimum @ values
and so minimum ehp, the dhp also will be practically a minimum except for the very fullest
models of the series. The charts given in Figures 31 and 32 can thus be used by the designer
with the knowledge that, within practical limits, they will.lead to ship forms having both
minimum ehp and dhp in smooth water.

The detailed results of the self-propelled experiments are given in Tables 27 to 31.
Cross plots of these data show a general waviness of character, associated with changes in
wake fraction w consequent upon changes in wave formation with speed, but for a given full-
ness, both wake fraction and thrust deduction fraction tend to decrease as the LCB moves
forward, due to the progressive fining of the afterbody. As a result, the hull efficiency
remains fairly constant, although showing considerable variation due to the interplay of the
changes in « and ¢. The one exception to this pattern is the set of models of 0.80 Cp,
where the value of w remains fairly constant with LCE movement, but ¢ decreases rapidly as
the LCB moves forward. As a result, the hull efficiency increases continually, and the
resultant increase in propulsive efficiency and decrease in dhp is the reason why this set

shows no optimum LCB location for minimum dhp within the range tested.

P
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CHAPTER VI

EFFECT ON RESISTANCE AND DHP OF VARIATION
IN SHIP PROPORTIONS

The experiments described in the last section showed that the original choice of LCB
positions had not been too far from the optimum, although improvement could be obtained in
certain areas. For the final series of experiments, in which the effect of variation in Cp,

A
B . - : .
, —, and ( L upon resistance and propulsive efficiency were determined, the five

100
models chosen as parents were those of the LCB series having the LCB in the position

B’ H

nearest to the optimum.

Cp 0.60 0.65 0.70 0.75 0.80

Model Number 4210 4218 4921 4213 4214

LOB as Percent Lyp | 1 5af, | 1.54aft | 0.55aft | 1.5 fwd | 2.5 fwd
frommBP

LCB in Original 1.5 aft 0.5 aft 0.5 fwd 1.5 fwd | 2.5 fwd

Series 60 Parents

It will be seen that the change involves a movement of the LCB aft in the 0.65 and 0.70 Cp
models. The models chosen for the final phase are also indicated in Figure 1. In developing

this geometrical series, the assumption has been made that the optimum location of LCB for
L B

the model having the — and — ratios of any one parent will remain near-optimum with

changes of -E and ; for the same block caefficient. This assumption has not been tested

in the present research, but any other would have led to a great extension of the test program.
Paving chosen the new parents, eight additional models were made for each block
coefficient, making a total of 45 models in all, including the original parents.

VARIATION OF -Z— AND ;B;* RATIOS

Cp Range of Variation in

L B A

B H (L/100)3 R
0.60 6.5-8.5 2.5-3.5 67.8-162.4
0.65 6.25—8.25 2.5-3.5 78.0-190.3
0.70 6.0—-8.0 2.5-3.5 89.3-222 4
0.75 5.75-7.75 2.5-3.5 102.0-259.3
0.80 5.5-7.5 2.5-3.5 | 116.2-302.4

A typical pattern of the variation (for Cp =0.60) is shown in Figure 2,
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The eight new models of any one set were derived from the parents by a straightfor-

ward geonietrical variation of beam and draft to give the required combinations of}— and ]

values. The lines of the parents for Cy values of 0.60, 0.75, and 0.80 are shown in Figures
12, 15, and 16 and those for the .ew parents of 0.65 and 0.70 C, are shown in Figures 39
and 40. Particulars of all 45 models are given in Tables 33 through 37.

The models were made in wax, 20 ft LBP, as before, but the turbulence stimulation
was provided by a trip wire instead of studs; the 0.036-in. diameter wire was placed around
a station 5 percent of the length from the forward perpendicular. This change was made for
the reasons set out in Appendix A. The model results have been converted to apply to a ship
400 ft LBP, using the ATTC 1947 model-ship correlation line with an addition of + 0.0004
for ship correlation allowance. The ship figures are given in Appendix B as values of Cp
and @ for a standard temperature of 59°F (15°C).

For the propulsion experiments, the models were fitted with a rudder and keelpiece
and the experiments carried out as described in Chapter VII. The propeller diameter was in
every case 0.7 of the draft. The propellers for the parent models were specially made for
the Series 60 tests, and, as already described, were of the Troost B-type with four blades.
As the draft was varied in this geometrical series, so also the propeller diameter had to be
changed. To avoid making large numbers of new propellers, and since the principal objective
of the propulsion tests was to obtain systematic data on the components of propulsive
efficiency, such as wake and thrust-deduction fractions, stock model propellers were used
whenever possible. These were chosen to have rake, blade-area ratio, sections, and other
features as near o the Troost standard design as possible. Table 38 shows the propeller
particulars.

The propulsion tests were run without bilge keels, and trip wires were used for
turbulence stimulation. They were carried out at a propeller loading corresponding to the
600-ft ship self-propulsion point with a ship correlation allowance of +0.0004. The data
extrapolated toapply to a ship 600 ft LBP are presented in detail in Appendix B.
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Table 33 — Principal Particulars of 0.60 Block Coefficient Models

Mode! Number 4210 4255 4253 4240 4252 4241 4243 4254 242
L/B 1.50 1.5 1.5 6.5 6.5 6.5 8.5 8.5 8.5
B/H 5 30 15 25 3.0 kR 25 3.0 3.5
B, ft 53.33 | 53.33 | 53.33 |61.54 | 61.54 | 61,54 | 47.06 47,06 47,06
H, ft 21,33 17,78 15,24 2462 | 20.51 | 17.58 18.82 15.69 13.44
A, tons 7807 6506 5577 10394 8661 7423 6077 5066 4340
1/2 e, deg 1.0 1.0 7.0 8.7 8.7 8.7 6.2 6.2 6.2
L’/V s 6.165 6.552 6.897 5604 | 5.95% | 6.7270 6.702 1122 7.498
A (L/100)3 122.0 1016 87.14 162.4 | 135.3 | 1160 | 94.95 79.16 67.81
WS, sq ft 21280 | 24906 23207 31590 | 28659 | 26893 | 24082 | 21941 | 20502
S/y 2/3 6.481 6,682 | 6,900 6.202 | 6,354 | 6.608 | 6.762 6.959 1.205
Ly 6.7

Lgp ft 00.0

Lg/Lgp 0.5

L /L 0

Ly/Lgp 0.5

CB 0.60

CX 0.977

CP 0.614

CPF 0.581

CPA 0.646

Cpg 0.581

Cpr 0.646

Cpy 0.850

Cpyr 0.910

Cpya 0.802

Cy 0.706

Cyr 0.624

Cwa 0.788

Cir 0.543

LCB, % LBP from [T} _LS5A.
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Table 34 — Principal Particulars of 0.85 Block Coefficient Models

Model Number 0218 | 4215 | 4273 | dzed | w72 | 425 | w267 | 4274 | 266
L/B 7.5 | 75| 7.5 625 | 625 | 625 | 8.25 | 8.25 | 8.25
B/H 250 3,0 35| 28 10 | 25| 30| as
B, ft 55,17 | 55,17 | 55.17 | 6400 | 6400 | 6400 | 48.48 | 48,48 | #.48
H, f 22.09 | 18.39 | 15.76 | 25.60 | 2133 | 18.28 | 19.39 | 16,16 | 1385
A, tons 9051 | 7542 | 6463 | 12179 | 10148 | 8636 | 6988 | 5824 | 4991
V2a g deg 83| 83| 83| 961 96| 96| 73| 73| 23
L/g V3 5.869 | 6.23 | 6.566 | 5316 | 5640 | 5948 | 6,398 | 6,798 | .15
AL/ 100 1414 [ 117.8 | 1000 | 1903 | 1586 | 1359 | 109.2 | 9100 | 77.98
WS, sq ft 29380 | 26789 | 25042 | 34116 | 31082 | 29046 | 25822 | 23532 | 21989
S/g¥3 6.324 | 6.512 | 6.748 | 6.02%6 | 6.200 | 6.422 | 6.606 | 6.797 | 7039
Ly ft 406.7
Lgp 1t 400.0
Ly/Lgp 0.475
Ly/Lgp 0.035
Lp/Lgp 0.490
Cp 0.650
Cy 0.982
Cp 0.651
Cor 0.628
Cpy 0.694
CrE 0.609
Cpr 0.688
Coy 0.874
Cpyr 0.924
Cpya 0.832
Oy 0.74
Cur 0.668
Cwa 0.819
Crr 0.593
LCB, % LBP from 8 1.54A

VIII-6




Table 35 — Principal Particulars of 0,70 Block Coefficient Models

Mode! Number 4220 | 4259 | 4257 | 4244 | 4256 | 4245 | w247 | 4258 | 4246
L/B 1.00 1.0 1.0 6.0 6.0 6.0 8.0 8,0 8.0
B/H 2.50 3.0 35 2.5 3.0 3.5 2.5 3.0 15
B, ft 5714 | 57.14 | 5214 | 66,67 | 66.67 | 66.67 | 50,00 | 50.00 | 50.00
H, ft 2286 | 19,05 | 1632 | .67 | 22.22 | 19.05 | 20.00 | 16.67 | 148
A, tons 1045 | 8714 | 7465 | 14234 | 11859 | 10167 | 8005 | 6672 | 5716
/28, deg 1.6 | 16 | 1Le | 129 | 129 | 129 9,7 | 97 9,7
L/gl/3 5.503 | 5.944 | 6,258 | 5.047 | 5364 | 5.646 | 6.114 | 6,497 | 6.841
A/(L/ 100y 163.4 | 136.2 | 116.6 | 222.4 | 1853 | 158.8 | 125.1 | 1042 | 89.31
Ws, sq ft 31859 | 20183 | 27189 | 37070 | 33913 | 31882 | 27864 | 25436 | 23870
Yy 23 6.2 | 6.444 | 6.65 | 5.901 | 6.097 | 6,352 | 6.510 | 6.710 | 6.981
Ly, 1t 406.7
Lgp ft 400,0
LgLlgp 0.420
Ly/Lgp 0.119
Lp/Lgp 0.461
Cy 0.700
Cx 0.986
Cp 0.710
Cop 0.700
Cpa 0.721
Cpg 0.642
Chr 0.698
Cpy 0.890
Crvr 0540
Cpya 0.846
Cy 0.787
Cyr 0.734
Cua 0.841
Crr 0.651
LCB, % LBP fom 3} 0.55A
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Table 36 — Principal Particulars of 0,75 Block Coefficient Models

Model Numbes 4213 | 4279 | 4277 | 4268 | 4276 | 4269 | a1 | e2s T a2
L/B 675 | 675 | 675 | 575 | 575 [ 515 | 75| 2151 175
B/H 2.50 0] 35| 25| 30 3.5 25 30 35
B, it 59.26 | 59.26 | 59.26 | 69,56 | 69.56 | 69.5 | 5161 | 5L61 | 5161
H, 1t 23,70 | 19.75 | 16,93 | 27.82 | 23.19 | 19.87 | 2064 | 1.0 | 14,74
A, tons 12048 | 10038 | 8606 [ 16598 | 13836 | 11855 | 9136 | 7614 | 6525
1/2 @, deg 25 | 225 | 225 | 259 | 259 | 259 | 9.8 | w8 1.8
L/ /3 5.335 | 5.670 | 5.968 | 4795 | 5095 | 5.34 [ 5851 | 6.217 | 6.54
A/L/100) 188.2 | 156.8 | 134.4 | 259.3 | 216.2 | 1852 | 1428 | 1190 | 1020
WS, sq ft 34232 | 31459 | 29502 {40252 | 36964 | 34659 | 29802 | 27400 | 25693
/g3 6.090 | 6.322 | 6.569 | 5.784 | 5.997 | 6.233 | 6.376 | 6.620 | 6.880
Ly f 406.7
Lgp, ft 0.0
Lg/Lgp 0.350
Ly/Lgp 0.210
Ly/Lgp 0.440
Cy 0.750
Cx 0.990
Cp 0.758
Cpp 0.792
Cpa 0.724
Cpg 0.704
Crr 0.686
Cpy 0.907
Cpyr 0.961
Cpya 0.856
Cy 0.827
Cyr 0.817
Cwa 0.838
Crr 0.711
LCB, % LBP from [{) LSF
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Table 37 — Principal Particulars of 0.80 Block Coefficient Models

Model Number 4214 | 4263 | 4261 228 4260 4249 4251 4262 4250
L/B 6.50 6.5 6.5 5.5 5.5 5.5 1.5 1.5 1.5
B/H 2.50 3.0 3.5 2.5 3.0 38 2.5 3.0 5
B, ft 61.54 | 61.54 | 61.54 | 72.73 | 7273 | 7273 | 53.33 | 53.33 | 53.33
H, ft 24,59 1 20.51 | 17.58 | 29.09 | 24.24 | 20.78 | 2133 | 17.78 | 15.24
A, tons 13859 | 11547 | 9896 | 19356 | 16129 | 13827 | 10407 8675 | 7436
liag, deg 43,0 43,0 43.0 47.8 7.8 4.8 38,9 38.9 3.9
L/g'/3 5.092 | 5.411 | 5.696 | 4555 | 4841 | 5096 | 5.602 | 5.9542 | 6.266
A/(L/100) 216.5 | 180.4 | 1546 | 302.4 | 252.0 | 216.0 | 1626 | 1355 | 116.2
WS sq ft 37200 |34316 | 32149 | 44010 | 40512 | 38103 | 32230 | 29617 | 27868
Yy 3 6.028 | 6.280 | 6.521 | 5.706 | 5.934 | 6.184 | 6.322 | 6.559 | 6.839
Ly, ft B AU Tl 406.7
Lgp, ft 400.0
Le/llgp 0.280
Lylgp 0,300
Lplgp 0.410
Cy 0.800
Cx 0.994
Cp 0.805
Cpp 0.861
Cpy 0.750
Cpg 0.761
Cpr 0.695
Cpy 0.32
Coyr 0.971
Coya 0.867
Cy 0.871
Cyr 0.881
Cya 0.860
Cpp 0.776
LCB, % LBP from [ LS5F
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Table 38 — Propellers Used on Series 60 Models

Propeller | D | P | p/p | MWR |EA/DA | BTF | Rake |Number of
(£e)| (ft) (deg) | Biades
2452 [ 27.66 | 30.88 | 1.116 | 0.237 | 0.503 | 0.047 | 8.78 '
2501 | 18.88 | 15.50 | 0.822 | 0.225 | 0.458 | 0.055 | 6.10 s
2502 | 20.00 | 23.81 | 1.190 | 0.203 | 0.415 | 0.042 |15.00 4
2765 | 16.10 | 17.80 | 1.105 | 0.280 | 0.576 | 0.056 | 9.46 '
2813 | 16.90 | 19.65 | 1.162 | 0.280 | 0.582 | 0.056 | 9.46 s
2815  [17.50 | 19.35 | 1.108 | 0.270 | 0.550 | 0.049 | 4.00 ‘
2828 [ 26.82 | 27.08 | 1.010 | 0.220 | 0.456 | 0.042 | 5.014] 4
2837  |14.13 | 10.60 | 0.750 | 0.245 | 0.513 | 0.042 | 7.67 ‘
2944  [22.00 | 18.70 | 0.850 | 0.279 | 0.588 | 0.047 | 4.761] 4
3156  |29.14 | 20.58 | 1.015 | 0.250 | 0.531 | 0.050 | 7.785 | 4
3375  |21.36 | 20.30 | 0.950 | 0.255 | 0.536 | 0.045 | 6.00 '
3376 [ 24.00 | 26.40 | 1.100 | 0.237 | 0.500 | 0.045 | 6.00 s
3377 |25.82 | 23.75 | 0.920 | 0.213 | 0.450 | 0.045 | 6.00 4
3378 |22.40 | 24.08 | 1.075 | 0.261 | 0.550 | 0.045 | 6.00 '
3379 |24.89 | 25.51 | 1.025 | 0.225 | 0.475 | 0.045 | €.00 '
3380  |23.20 | 25.52 |-1.100 | 0.235 | 0.525 | 0.045 | 6.00 '
3446 |24.60 | 25.07 | 1.019 | 0.204 | 0.428 | 0.048 | 4.3 s
371 |26.06 | 29.94 | 1.149 | 0.250 | 0.512 | 0.052 | 7.50 4
3488 [17.52 | 18.33 | 1.046 | 0.229 | 0.477 | 0.048 | 6.33 '
3563 |30.55 | 20.02 | 0.950 | 0.210 | 0.446 | 0.045 | 6.00 .
3564  |15.00 | 14.25 | 0.950 | 0.261 | 0.55¢ | 0.045 | 6.00 '
3565  |21.00 | 21.00 | 1.000 | 0.239 | 0.508 | 0.046 | 6.00 '
3645  [19.25 | 19.25 | 1.000 | 0.259 | 0.549 | 0.045 | 6.00 | 4
3646  [14.54 | 14.5¢ | 1.000 | 0.259 | 0.550 | 0.045 | 6.00 .
3647  |15.48 | 12.77 | 0.825 | 0.258 | 0.548 | 0.045 | 6.00 4
3648  |18.06 | 14.90 | 0.825 | 0.258 | 0.548 | 0.045 | 6.00 '
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CHAPTER IX

DESIGN CHARTS

The resistance and propulsion results for ships exactly similar to each of the 45
models of the geometrical series have been given in Chapter VIII. This form of presentation
is not very useful to the designer, however, since he will almost always have to do some
interpolation to fit his particular problem of the moment. A great deal of thought was given
to the most desirable method of plotting these data so as to make them of the greatest value
and yet simple to use. It was finaily decided to present the resistance information in the
form of contour charts similar to those made so familiar by Taylor.

To reduce the data to this form presented a formidable proposition in fairing since

Vig,

there were 45 models in all and contours had to be drawn for a number of values of

and @ . To expedite this phase of the work, the fairing was done on the UNIVAC
computer in the Applied Mathematics Laboratory at Taylor Model Basin. The process is
described in detail in Appendix C. The contours are given in Appendix B.

The first set shows contours of residuary resistance in pounds per ton of displacement

R
R B 14
(-——-), each individual chart showing, for given values of — and =, the variation of
A H Vigy,

Rp L.
-*Z' with block coefficient and E ratio.

The second set is of the same kind but shows co%tours of @ for & ship with LBP of
400 ft against Cp andE for chosen values of (X) and 7

The third set gives contours of wake and thrust deduction fractions plotted against

L 14 B
C, and — for chosen values of and —
5 B N/

R
Beth the _A and the @ values have been derived on the basis of the Froude assump-

tion that the total resistance can be divided into two parts, the skin friction of an ‘‘equivalent
plank’’ and the residuary resistance, the latter obeying Froude’s Law of Comparison. In the
present work, the skin friction resistance for both model and ship has been calculated in
accordance with the ATTC 1947 line, the appropriate values of C and Reynolds number

being taken from previous Model Basin reports. 39-6°
R
In using the first set of contours, the value of >~ is first determined for the

desired speed-length ratio. To it must be added the frictional resistance, which can be
By
expressed in the form —,-S_ , where S is the wetted surface. The total resistance is then
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To simplify the use of the contours, a nomograph is given in Appendix B from which the

frictional resistance per square foot of wetted surface —E can be determined. Contours

are also given for estimating the wetted surface for any c%mbinat;ion of design parameters.
The (C) - ®) contours are for the total resistance, residuary plus frictional, and the

@ values are those appropriate to a ship of 400 ft LBP. For any other length, a correc‘st',ion

must be-made which depends upon the actual length and the wetted surface coefficient

v2/3
For those who wish to compare the Series 60 @ values with those of other models
in which the Froude values of O, and O, have been used in the analysis, a rapid method of

making the conversion has been given by Gertler.4” See alEo Appendix D.
In the@ charts and the nomograph for determining R an allowance for ship correla-

tion amounting to + 0.0004 has been made in accordance with the ATTC 1947 recommendation.
Calculation forms for finding the @ 400 ft and ehp values for any single-screw merchant
ship having lines derived from the Series 60 contours and proportions within the range
covered by the Series are also given in Appendix B. Methods are also described there for
caleulating @ for a ship of other than 400-ft length and for including a ship correlation
allowance €, having some value different from +0.0004. Although the calculation forms are
largely self-explanatory, a numerical example is worked out in Appendix D to clear up any
difficulties still remaining after reading the text.

As stated on page V-14 the ITTC agreed in 1957 to the use of a new ‘‘model-ship
correlation line’’ in future published work. Bowever, pending some agreement on a standard
ship correlation allowance to be associated with the new line, it has not yet come into
general use. The ITTC and ATTC lines differ both over the model and ship ranges of
Reynolds number, and so affect the division of the model resistance into its ‘‘frictional”
and ‘‘residuary’’ components, as well as the values of the corresponding ones for the ship.

It is thus not merely a question of using different values of R; all the values of residuary
| R
R
resistance T will be different also. Some rotes and an additional nomograph are given

in Appendices D and E for readers who may wish to make estimates using the ITTC line.
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CHAPTER X

EFFECT OF VARIATIONS IN PROPELLER DIAMETER
AND SHIP DRAFT AND TRIM

A propeller diameter equal to 0.70 of the designed load draft was adopted as a standard
in the LCB and geometrical variation series. Although this is fairly representative of average
practice, there will be many occasions on which a different diameter will be necessary because
of the design of machinery used or for other reasons. In order to give some guidance on this
matter, each of the five parent models of Series 60 was run with additional propellers having
diameters smaller and larger than the standard.

Also, the main test program covered the models only at the full load draft and level
trim. To get some information on the performance at other displacements and trims, additional
experiments were made on three of the parent models, those with Cg of 0.60, 0.70, and 0.80.

The stern arrangement was identical with that already described in Chapter VII and
shown in Figure 36. The vertical dimensions are given there as functions of the designed
draft or propeller diameter, and all longitudinal dimensions are given as functions of LBP.
The propeller position is so defined that the generating line at 0.70 radius is 0.94 percent of
the LBP forward of the after perpendicular. The stern details are therefore defined completely
regardless of the selection of design draft or propeller diameter, so that Figure 36 defines the
arrangement for all the models. The clearances were rather larger than normal practice at the
time, but this was considered desirable in view of the ever-increasing horsepower of single-
screw ships, and their use has been justified by later developments.

One method of achieving larger clearances cr, alternatively, of using a larger diameter
propeller without sacrificing clearance is to fit a semi-balanced rudder and no rudder shoe.
This arrangement was fitted to the MARINER ships, and has become known as a *‘‘clearwater
stern,” which is now used on many seagoing ships. In the course of the propulsion tests,
the opportunity was taken to run the 0.60 C'z model with such a stern arrangement for com-
parison with the normal streamlined rudder results.

The standard propellers for the parent models had a diameter equal to 0.7 of the draft
and have already been described in Chapter VII. For the experiments with larger and smaller
diameters, propellers as similar as possible to the Troost type were selected from stock.

The selection was made on a basis of general similarity, and the actual diameters of the
propellers departed somewhat from the desired values.

The selection of propeller characteristics was based on the assumption that diameter
was fixed and revolutions could be chosen to obtain maximum efficiency. The values of
expanded-area ratio were selected on the basis of current design practice and checked for

suitability as to cavitation by Lerb’s data.4?
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Table 39 — Particulars of 600-Ft Ships Corresponding to Series 60 Models

Cy 0.60 0.65 0,70 0.7§ 0,80
LBP, ft 600.0 600.0 600,0 600.0 600.0
B, 1t 80.0 82,76 85N 88.89 92,31
H ft 32.0 26.5% 1 206 3.0 kLR:] 2,00 | 216t | 3555 e ] 36.93 30.0°0 | 228t
A, tons 26349 | 21080 | 15810 | 30547 | ---- 35289 | 28230 | 21170 | 40662 46774 37420 | 28060
L
i 1.5 1.8 1.0 6.75 6.50
B
-’7 2.5 3.02 3.88 2.% 2,50 3.06 397 2.5 2.50 3.08 4.05
LCB*
L 0,515 | - 0.505 | - 0495 § - 0.485 0.475
1 P'mpellor

Numbes | 2422 | 3378 3375 | 2852 | 3380 337§ 2852 1% 2966 | 2828 3979 | 3065 | 3648t | 1356 an 2944 [36453
D, ft 25.62 | 22.40 |21.37 [26.40 2320 [21.37 ] 26.40 2000 [22.00 | 26.83 24.89 |23.00 |18.0 |21.00 25.82 |22.00 §19.25
P ft 2562 | 24,08 {2030 | 26.61 25,52 |20.30 | 26.61 26.40 | 2075 | 28.23 25,50 |22.24 11490 2452 |23.75 1870 |18.25

P/D 1.00 1,075 | 0.95 1.008 1,100 | 0.95 1.008 1100 | 0.943,] 1.052 1.025] 0.967 | 0.825 | 0.908 0.929 | 0.850 | 1.000
BAR 0.45 { 0.550 | 0.536 [ 0.454 0.525 | 0.537 | 0.454 0.500 { 0.519 | 0.456 0.475] 0.515 | 0,548 | C.448 | 0.450 [ 0.583 | 0.549
BTF 0.044 | 0.045 | 0.045 | 0.047 0.045 | 0.045 1 0,047 0.045 | 0.056 | 0.042 0.045) 0.055 | 0.045 ] 0.044 | 0.045 | 0.047 | 0.045
Rake, deg| 6.5 6.0 6.0 4.76 6.0 6.0 476 6.0 12 5.0 6.0 5.38 6.00 | 3.75 6.00 | 476 | 6.00
Number of
Blades 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Blade area
sgft 235 216 192 U8 m 192 8. 226 197 258 21} 214 140 25 2% | 222 160
Note: *LCB . .
—L- Measured from forward perpendicular 4 Previously used on Model 4278
**Trim by stern = 1 percent LBP A Previously used on Models 4265, 4275

1Trim by stern = 2.5 percent LGP

The details of the propellers and hulls referred to a ship length of 600 ft LBP are
shown in Table 39. In fitting the different diameter propellers, the shaft centerline
was altered vertically to mainwain the same vertical position of the blade tips at their lowest
point in the disk, and so also the same minimum clearance between blade tips and the rudder
shoe. This was considered to be the more practical approach rather than fitting all propellers
to the same shaft elevation. In the latter case, the hull lines would have to be adapted to
the lafgest propeller, with excessive clearances for the smaller ones, and with these any
advantage inresistance which might result from a lower and longer cruiser stern would be
lost. The end lines from Station 18 aft were modified to suit the different apertures, and the
rudder area was kept constant by narrowing the rudders associated with the larger diameter
propellers.

The stern lines and aperture arrangements are shown in Figures 41 through 45, and
the Curves of power, wake, thrust deduction and other data in Figures 46 through 50. These
figures all apply to ships of 600 ft LBP, as in the case of Chapters VII and VIII. The
extrapolation used was the ATTC 1947 line, with a ship correlation allowance of +0.0004,
During these tests, which chronologically were run before the LCB and geometrical variation

series, turbulence was stimulated by studs and no bilge keels were fitted. The propulsion

(Text continued on page X-11.)
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Figure 41 — Stern Lines for Propeller Diameter.Variations, 0.60 Block Parent (Model 4210)
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1.50 WL

50WL
125 WL A\ N\
i — W\
— N
¢ SHAFT Wi, : _ N 1125 wL
TANGENT— NN
s N N S \AP
‘ NG\ AN
NCNRNE 1 1.00WL
. . A ANNE N -
\\ - \

0.75 WL

\Y 4
L\
3 *\\

N LA \ / -11 0.50 WL

N
WV

’

il
[\
\J

\

\

)
%
T —
<]
-+

B 2 -2 A ’ -0.25 WL
Yl \
- /%E{HAL{ K Y
2T | ’ ) BL
1 g3 10l 19t 1
L 95 19319ti9t19 184

Figure 44 — Stern Lines for Propeller Diameter Variations, 0.75 Block Parent (Model 4213)
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Figure 45 — Stern Lines for Propeller Diameter Variations, 0.80 Block Parent (Model 4214)

X-5



50

140

RPM 8 PROPULSION EFFICIENCY
® é = N o
o 0 o o o

q
O

60

80

70

80

70

30

.20

30

.20

20

[0.60 BLOCK_PARENT (MODEL 42i0)] 50,000

PROPELLER NO. 3375 ——--——--  [iHHiH i
PROPELLER NO 2422 fHsitiieniiteiss:
PROPELLER NO. 3378 i
H i ; Ut HHITH T Hn .11 i ':L:;*'.l;":“ L L 45,000
1 T T " . ' 8 ’
BT :,;; AR R i i*}-s U{i i Hilistatislisac
: T q; il itr sliidacakanitissaatisants ‘}i ‘,RL”;,
T e
R R R A g i
R HRPMED 40,000
J‘*_ H W;,J‘":‘i‘ %E I :" r 4
55 HT Y {I :_ H : i F
HE '
1 }‘,. 111 { vl T‘lv 3 ‘“E—_P- .. £ - w'ooo
i ] SHP HE
A ] ! o
i et L 30,000
SHP B g
]
Jr 25,ooo§
uw
; : :
H I
20,000
Jopih i '
W B 15,000
= e P T N-H--:EE
H 10,000
prbH 5,000
i gjilgieits
24 25

SPEED IN KNOTS

Figure 46 — Power, RPM, and Coefficient Curves for 0.60 Block Parent, at Even Keel

and Designed Displacement—Model 4210

X-6




150

140

130

v
o

@)

o
e}

80

70

RPM & PRCPULSION EFFICIENCY

60

50

70

60

70

Ja

60

30

.20

30

20 1

Figure 47 — Power, RPM, and Coefficient Curves for 0.65 Block Parent, at Even Keel

| 0.65 BLOCK PARENT (MODEL 42I|)_J

PROPELLER NO. 3375 —m—-——--
PROPELLER NO. 2852
PROPELLER NO. 3380 L
! R R e HHH SRR HH H: 3
T T T CH £ ;'H:::
il i
HH HH T g . H
HH 7
£ £ F'—ﬁ
tHRPM
i
EHELS - aazéag
s e R 3
c 11
it
Jog
Wy
i *E‘
| Wq S5eeg
EHP
fssanns S -
1 s it
i t B : £
: o S
12 14 15 16 17 18 9 20 21 22 23
SPEED IN  KNOTS l

and Designed Displacement—Model 4211

X-7

50,000

45,000

40000

35,000

30,000

25,000

20,000

15,000

10,000

5000

HORSEPOWER



120

0.70 BLOCK PARENT (MODEL 42i12)] 40,000

PROPELLER NO. 2966 - -- -~ [EHE
PROPELLER NO. 2852 T ,
PROPELLER NO 3376 i : ”.EH'E.BG'OOO

T+ H

o]

T 1 T SRREs IR bR T 1] r‘ » FEL
1 R R S A (R B BT R e A R Lt 3
: i i H x!!r h e S e il fis S 36 000
100 |3 g IR I R RE T e TR H - '
i HiL ‘,M:} Il il He S
i THEHBIRITHHIRIY PR RIES cal et TR
o 51 I HUsH i HH AT jr H h
90 1’ % Eis l *1l o {] i T HH f 34,000
gt IRRRRERNE AT ] HHEHEH TR PME  iael]
H e EHP HLH 17 L e PSR T
i 3 G 1t iERR b Y "‘ 132,000
S o o ¥ HHHH

XIgiT
I
1
-
+
o i
9 oy
T

~
o

£ "}ﬁ::: : 5H-130,000

. il 2t o
A B R TR I E A AT
60 HE T i G 28,000

RPM & PROPULSION EFFIGIENCY
@
o

26.000

(4,
o

124,000

H
o
¥

T

wn
I
v

70 EoaE e LA 22,000

60 - 20,000

in
1
T
T

HORSEPOWER

70 o 18,000

Frs

60 16,000

-
INES
oL

T

20 : FifesiEgiely catstiat 14,000

20 Hitii i g e : 12,000

30 LT o Pt L £t 110,000

HH [ THTHES L HER
WQ rEETHT g T e T H T apsgprgasamagyye
20 e ;",lv_'; DN e e (e 8,000
H H i WO AT 4 6.000
20 Rsussupazasangaanngs 483 8| agfizheln SEIRRTRANNSRESY g8 '
: i J"}:‘H%F"f t[-:{" iR i
I LTI npyy nzgn kRS " l-v'-f ;flx, | T HTR 3 HER T CEr s 4000
10 B R T T T T T T AT [
1 i [ Il L,
3 i‘ THI “ i SHIHREIN H - sagtast
L ML L L At 2,000
HHE tl_{“:;.J T B }l"““ passsh
4 RERE el HE i b adusn
s L TR e e R R Et--g-:r
¥ PR T e HEH H Fr A

10 ] 12 3 14 15 16 17 8 Is 20 2

SPEED IN KNOTS

Figure 48 — Power, RPM, and Coefficient Curves for 0.70 Block Parent, at Even Keel
and Designed Displacement—Model 4212

N
N

X-8




0.75 BLOCK PARENT (MODEL 4213)
PROPELLER NUMBERS 140
3648 -
3066 - 000
3379 130 -3 %0,
2828 ——— — ot
120
1o 1o 45,000
100 RPM
>
(&
-4
W 90 40,000
=4
[T anan.
L 80
Z EHP i =1
w 10 SHP 35,000
51 NG Suaw
S 60 :
@
o
© 50 30,000
=2
a
x 40.70 £ x
; ‘ Jr 3
T 60 HEEHHHIE 05000 §
]
[+ <4
.70 g
J Yo
% 60 20,000
40 Rt
Wy
Wr 30 : 15,000
40 SHP
w 1 3 := ==t
e 30 o 10,000
20 dEnp
20 et L 5,000
t i - wess Py
jpoonen- == e
10 t
0 Pttt 0
o 11 12 13 4 J1I5 I 17 18 19 20 2 22

SPEED IN KNOTS

Figure 49 — Power, RPM, and Coefficient Curves for 0,75 Block Parent, at Even Keel
and Designed Displacement—~Model 4213

X-9




IT).BO BLOCK PARENT (MODEL 42i4) ]

PROPELLER NO. 2944 ——--~——-~ [
100 PROPELLER NO. 1356 : ~ i ' :
PROPELLER NO. 3377 - '":':,j:_j {11143 ij:_;_.i 1

1o

4,000

38,000

T

90 [t ey p U T e e e P 36 000
T SHP AT T R H e i

80 [l s s L e L R 34,000

ileie: L H T T ST :
II Aﬂ:"":i:, - A H A 4 - 1 ,:‘;. m__' T

70 R T e RPM b b i T 32,000
} 3 TERT A HH 1 u ¥ g T 2 »

| Oone w4
T
+
3
T
T
I
T
T
T
1
T

60 Ik «- seesEitt St 20,000
N :L-:-—A aEfni n NN “ “N‘:ﬂ e o »;_7; I . ',M_:_: I' '{:'TN
50 ;‘i'" e e L St Issttes EHEETER 28000

RPM & PROPULSION EFFICIENCY

40 el H i T fisiidls s fcisates 26,000

H B agsaadeuabsl
T i ] BEEsiEstact j
30 REssngmeEassiy 3 ] asep: 24,000
ot - = 1
}

Tl
13
il
181
1
1l
W]

22000

[
o

i

Il
o B
1o

T

T

T

1

T
bu
ks

50 Hi it : ] Hi : 20,000

40 T Sxzssases - = i 18000

) |

60 [HEHHEH T e : 16,000

50 | 14,000

40 [T W) ' x 12,000

30

ppESa guny
H

T
-1+
q

[+]

fad Bxgt

j234pes:

srpHTy
LT
T
5
t
+
B3

} : ; H 10,000

40

ya.
T
1
t
T
}
Ko

,
paa
ST
BEICIRE T
i

Hf

1}

1N

t

t

t

b

t

HTE

30 pinfishuiil it fie"ssdEe 6,000

iy

Py vy
b

A‘
1
m
I
Bi]iaanas
1
T
T
1

20 E s VN e S : 4,000

1
mu

P Snaas

ﬂ.
H
i
‘
e

THEEH
\

oy
1

o
-
25
1
s
s
(13
—
t
S
T I 'RT
i
X
X
N
Eesgerpisipedan
T
Sugain | i
T
1T
1
EEFER]

S A WS
i

1
" Tt
1
i

9 10 | i2 13 4 5 16 17 8 19

H
=

T
T

Ho 2

SPEED IN KNOTS
Figure 50 — Power, RPM, and Coefficient Curves for 0.80 Block Parent, at Even Keel
and Designed Displacement—Model 4214

X-10

HORSEPOWER




tests on the parent models with the propellers of standard diameter (= 0.7H) were run over a
complete speed range, and those with the larger and smaller diameters were made only from
speeds 10 percent below the service speed to 10 percent above the trial speed.

The three parent models of 0.60, 0.70, and 0.80 C'p were run at two lighter conditions,
with the standard propellers of diameter equal to 0.7H only. The conditions chosen were 60
and 80 percent of the load displacement. With the models in the lighter of these conditions,
the propellers were just submerged at a speed about 10 percent below the service speed; this
was considered essential if reliable wake data were to be obtained. In addition to tests on
even keel, the models were also run at 80 percent of load displacement with a trim of 1 per-
cent of the LBP by the stern and at 60 percent of load displacement with a trim of 2.5 percent
by the stern. These were chosen after reference to much data in the records of the Maritime
Administration. The results of the propulsion tests in these conditions are shown in Figures
51 through 53.

Figure 54 shows the variation with diameter in the values of the propulsive coefficient
and its various components for the five parent models. The trial and service speeds used
throughout the presentation of these propulsion experiments are those derived on the Alexander
basis given in Equation (1), page V-14. The wake fraction shown is the Taylor wake fraction
calculated on the basis of thrust identity in open and behind the model. Having obtained
actual wake fractions from these model experiments, estimates were made from the Troost
design charts for Troost-type propellers for all the different conditions in which stock pro-
pellers had been used. These showed that any increase in propeller efficiency which would
result from such a change was quite small-on the average less that 0.5 percent, the maximum
being 1.1 percent.

Figure 55 shows the propulsive efficiency factors plotted against block coefficient.
Figure 55b for the standard propellers represents actual test data. The results given in
Figures 55a and 55c are for the smaller and larger diameter propellers, respectively, modified
to suit the variation of diameter with block coefficient shown in Figure 56.

Similar curves for the 80- and 60-percent displacement conditions are shown in Fig-
ure 57. In the 60-percent condition for the 0.60 'z model, even keel, there was some indi-
cation that air was being drawn into the propeller, and it is significant that the wake curve
for this model appears to be inconsistent with the other data.

The principal reasons for running the experiments described in this section were to
compare the propulsive performance of the parents with existing modern designs of ships
and to give the practicing naval architect guidance on the general effects on propulsive
efficiency of changes in propeller diameter, in ship displacement, and in trim.

As to the first of these, comparisons were made between models of the SCHUYLER
OTIS BLAND and PENNSYLVANIA and their Series 60 counterparts. The corresponding
pairs of models were run under as nearly similar conditions as possible. Thus the Series 60

sterns were modified to give the same aperture and rudder arrangements as in the actual

(Text continued on page X-18.)
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TABLE 40
Comparison of Series 60 Propulsion Results with Actual Ships

Model 4468-3 4057 4484-1 4133-2
Representing Eqi?\rll:lir?toof PENNSYLYANM Eqsuglc:lse:toof S%Ugtfr?n
PENNSYLVANIA as Built SCHUYLER OTIS BLAND as Built
V, knots 15.37 15.37 18.20 18.20
shp 9200 8850 8750 8900
ehp/shp 0.739 0.750 0.784 0.760
e 1.231 - 1.199 1.092 1.076
“p 0.603 0.616 0.690 0.696
e, 0.995 1.016 1.040 1.015

28
ships, and the model propellers used were made
é . W to the designs fitted to the ships. The results
26 . .
E ? ,4\ given in Table 40 show that the performance of
w o the Series 60 designs was very comparable with
z STANDARD PROPELLERS, - _
& pq [ 0207H’ -7 that of the two ships.
E P The designer can find the wake and
= . . C
z p-aeh {‘f— thrust deduction fractions for any ship within
-
€ .0 | l the limits of the series and fitted with the
é A w standard diameter of propeller from the contours
é in Appendix B, The results given in this
* 20 chapter will enable him to make estimates of
L the probable change in these and other factors
,L when it is necessary or desirable to use larger
18 iti
0.60 0.65 070 0.7 oso smaller propellers, and also for conditions
Ce of lighter displacement with or without trim.

Figure 56 — Variation of Diameter with C'p It is not intended here to attempt to

draw any overall conclusions regarding the variation of the propulsive factors. The data
given can be applied to individual designs or used by the naval architect for his own research
purposes to set up his own methods of estimating such coefficients for future use. Much addi-

tional information is included in Reference 61 for those who wish to study this part of the
work in more detail.
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One other comparison made in the course of these tests is of general interest. A
number of modern single-screw ships, including the MARINER class, have been fitted with
a semi-balanced rudder and no rudder shoe. This arrangement enables a larger diameter
propeller to be fitted without sacrifice of clearances or, conversely, larger clearances on
the same diameter, both very desirable features in view of the large powers now being trans-
mitted through a single shaft and the accompanying risk of propeller-excited vibration. In
the endeavor to obtain such clearances with the normal single-screw aperture and rudder, the
rudder shoe has become longer and more vulnerable, and a number of fractures have occurred,
so that on this score also the new aftangement, generally known as a ‘‘clearwater stern,”
has something to offer,

The stern arrangements of the Series 60 parent of 0.60 Cp with the normal and clear-
water sterns are shown in Figure 58, and the results of the model propulsion tests in Figure
59 and Table 41,

At a service speed of 22 knots, there is no noticeable difference in propeller performance,

The shp is higher for the conventional stern only because of its higher ehp, and this
persists throughout the speed range.

TABLE 41
Comparison of Clearwater and Conventional Sterns

on 0.60 Cg Model 4210 of Series 60

(Principal dimensions: 600 ft X 80 ft x 32 ft X 26,349 tons)

Stern Arrangement | Normal | Clearwater
Propeller Number 2422 1967
D, ft 25.62 25,33
P, ft 25.62 26.67
BAR 0.456 0.464
Rake, deg 6.5 6.0
Number of blades 4 4

V, knots 22.04 22,04
shp 23,250 22,530
ehp/shp 0.77 0.77
e, 1,073 1.089
e 0.709 0.709
e, 1.012 0.997
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CHAPTER XI

EFFECT OF VARIATION IN AFTERBODY SHAPE UPON
WAKE DISTRIBUTION AND POWER

The original conception of Series 60 was a‘'set of related basic hull forms which, in
terms of fullness and proportions, would cover the general field of single-screw merchant
ships. The principal purpose was to indicate the trends which might be expected in resistance
and power by changes in these basic parameters, but it was also realized that the results
were likely to be used for making power estimates for new designs. It was therefore necessary
that the resistance and power characteristics of the series models should be of reasonably
good standard, and an effort was made to ensure this by the preliminary work with Series 57
and the later comparisons with models of existing ships of accepted good performance.62:63

On the other hand, any effort to explore all the possible changes of shape in waterlines
and sections before embarking on the series proper would have been prohibitive both in time
and money. One of the objectives in setting up the Series 0 design contours has always
been the hope that they would be used as a point of departure in future research so that there
would always be a link with new work, and this hope has been in a large measure fulfilled.

The variation of hull shape as exemplified by changes in waterline and section shape
is one such research which could well begin from Series 60 as a basis, and a start on this
phase has been made at Taylor Model Basin. Since a great deal of interest has been gener-
ated in recent years in the effects of afterbody shape upon the wake distribution, propeller-
excited forces on the hull, and horsepower, the first experiments covered the measurement of
wake pattern behind the five parent models, together with the effect upon wake pattern and
power of two additional models of 0.70 block coefficient having, respectivély,, more U- and
more V-shaped afterbody sections than the parent. This work was sponsored by the Bureau
of Ships, the Maritime Administration and SNAME, and carried out at the Taylor Model Basin.
The results have been given in detail in Reference 64.

The parent 0.70 block coefficient model was No. 4280, made in wood, and identical as
regards lines with the parent wax model No. 4221. Two additional wooden models, No. 4281
and No. 4282, were made with the same forebody, identical with that of No, 4280, but with
more U- and more V-Type stern sections, respectively. The section area curve, load water-
line (WL No. 1.00), deck waterline (WL No. 1.50), and stern profile remained unchanged. As
a result, all coefficients of form and dimensions except those related to wetted surface and
section shape are the same for all three models (Table 42). A comparison between the after
end sections is shown in Figure 60. Table 42 also includes values of a coefficient 7 to
describe the slope of Station 18 at the level of the propeller shaft. This coefficient was

65 R
first proposed by Harvald =~ and is measured as shown in Figure 61. Average values of T
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Table 42 — Principal Particulars of Models

400-ft ship 600-ft ship
Lwr, ft... o 408.7 610.0
Lpp, ft. ... 400.0 600.0
B oft. . .o 57.14 85.71
Hoft. ..o 22.86 34.29
A, tONS. . .. e, 10456 35289
Visag, deg... ... 11.6 11.6
*WS, sq ft, (Model 4280).................. 31859 71683
*WS, sq ft, (Model 4281).................. 32008 72018
*WS, sq ft, (Model 4282).................. 31759 71458
Hull Coefficients
L/B................ 7.00
B/H............... 2.50
L/ovs . ... e 5.593 Co..oouvvnnn. 0.700 Cev..coo oot 0.890
A/(L/100)3.......... 163.4 Cx.......... 0.986 Ceve.ovninnn 0.950
S/ov3(4280)........ 6.230 Cp..c........ 0.710 Ceva......... 0.846
S/ova (428]1)........ 6.260 Cepoeenovoo 0.700 Cw.......... 0.787
S/vvs (4282)........ 6.210 CPa.ovvnn.. 0.721 Cwrp. ........ 0.734
Le/Lgp............. 0.420 [ = P 0.642 Cwa....co... 0.841
Lx/Lgp............ 0.119 CPR..--.v... 0.698 (&7 T, 0.851
Lg/Lpp......c...... 0.461 LCB, per cent LBP from {J 0.554

* Does not include rudder.
Section Coefficient =

Series 60—Forms
Parent form......... Model 4280: r = 0.359
U-shaped form. ... .. Model 4281: r = (0.179
V-shaped form...... Model 4282: r = 0.543
Average Values
Moderate stern sections.............. ... .0 i, r = 0.500
Extreme U-shaped stern sections.................... r = 0.20
Extreme V-shaped stern sections.................... r = 0,75
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Figure 60 — Comparison of Afterbody Lines
of 0.70 Block Parent Stern Variations

Figure 61 — Definition of Section Shape
Coefficient
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from a number of existing designs are also given in Table 42, and these show that the Series
60 parent of 0.70 C' 5 is somewhat U in character to start with, and the V-shaped variation is
rather moderate in this respect. The models were fitted with rudder and propeller as previ-
ously described, the propeller used being TMB 3376 which was that fitted to the original
0.70 Cp parent, Model 4221. It represented a 24-ft diameter propeller on a 600-ft ship (or

16 ft on a 400-ft ship).

Models 4280, 4281, and 4282 were all made in wood, had an LBP of 20 ft, and a smooth
enamel finish. They were fitted with a trip wire and run in the deep-water basin which is 51 ft
wide and 22 ft deep. Experiments were made at the designed displacement, level trim, and at
60 percent of this displacement and a trim of 2.5 percent of LBP by the stern.

The results of the resistance and propulsion tests are given in Tables 43 through 48
and in Figures 62 through 70,

The change in resistance, as shown in Figures 62 to 65, is relatively small, the U-
form being about 2 percent worse and the V-form 3 percent better than the parent at the Troost
service speed. On the other hand, the U-form favors the propulsive efficiency, but this is
insufficient to offset the superior resistance qualities of the V-stern, with the result that the
latter has the lower dhp at all speeds in the full-load condition and over most of the speed
range at 60-percent displacement. These changes in resistance and propulsive efficiency
are of the kind to be expected as a result of such stern changes. In general, the increase in
propulsive efficienby with the U-stern is usually sufficient to more than offset the increase
in resistance, although not in this particular case.

Velocity surveys were also made in the plane of the propeller for all five of the Series
60 parents and for the two stern variations of the 0.70 C 5 model. This plane was normal to
the propeller shaft (and to the baseline) and 0.94 percent of the LBP forward of the after
perpendicular. In accordance with the stern arrangement shown in Figure 36, it passed
through the 0.7 radius point on the propeller generating line. The velocities were measured
at 59 points over a rectangular grid extending from the baseline to a waterline at 0.85 of the
load draft and on the port side from the centerline out to a vertical line distant 0.425 of the
load draft. They were all made at the full-load displacement and at the Troost,service speed,
using a 5-hole spherical pitot tube, which determines the velocity vector at each point (for
details, see'Reference 64).

These velocities have been analysed into longitudinal (fore and aft), vertical and
horizontal components V_, v , and V,, defined as shown in Figure 71. These can be con-

verted to Taylor wake fractions

w, = 1- 100

and B w, =1~

14
| 4
Vo
v, =1- —V—— 100
1 4
T 100




Table 43 — Results of Resistance and Self-Propulsion Experiments for Parent Form—
Model 4280, 100-Percent Displacement

Vg 6100 ® © VAWEe, V N sEP W, & e e e EHp/SHP
030 288 0.85 0.708 0.3 80 8T 1T 0838 0307 1180 0418 O 0702
08 LT 081 048 0.0 90 205 103 0330 0304 1188 0651 013 0T
040 9763 1008 0.4%0 0408 100 405  S158 039 0198 1193 0653 0.5 0.1
048 278 1188 0.480 0446 110 446 3788 0390 0197 1181 0.657 1004 0179
080 713 1388 0478 048 120 486 308 0.318 0184 1.IT7 0680 1004  0.180
085 1% 13se 0.e81 0.59 130 537 ¢85 0313 0193 1176 0483 O 0.177
040 2787 1510 0.607 0.8 140 573 6003 0310 0190 1174 0.063 O0.M3  0.17
045 2840 Less 0110 0407 150 8L§ T8 0307 0.193 1.165 0.663 O3  0.767
070 2890 1781 0788 0.8 155 €57 8313 0.306 0.195 1.160 0.661 O0.98  0.78
0I5 9990 1887 0.7 0.648 160 601 9093 0808 0.198 1.154 0.659 1.008  0.743
0800 3816 2013 0.804 0668 165 685 10100 0305 0.9 1.151 0.58 1004  0.761
08235 3303 2076 0.8% 0488 179 707 11180 0.308 0.200 1.148 0.65T 1.008  0.759
085 3413 8139 088 0708 175 783 13300 0.303 0.200 1.148 O0.455 1.000 0758
0875 3483 9.203 0920 078 180 758 13740 0301 0300 1.144 0.658 1010  0.756
090 4387 2985 1068 0140 185 183 15330 0300 0.900 1.143 0488 1011 0.3
v BIL1 2397 14T 0.7 190 812 17150 0.300 0.201 1141 0449 1013  0.750
095 6098  9.300 1.508 0.190 105 840 19200 0.900 0.908 1.138 0.845 1016  0.T48
0015 6997 2458 149 0810 200 8T1 2130 0.998 0.208 1.135 0648 1016 0740
1000 1857  2.818 1.984 0.0 205 904 93340 0.997 0.205 1131 0635 1019  0.133
1095 8593 2.579 2147 0851 910 935 2680 0.9 0.207 1.1% 0898 1018  0.790
1060 9088  2.843 2971 0871 31§ 980 31160 0.99¢ 0.308 1193 0818 1018 0708
1075 98t 2705 2320 0.6 220 1081 37530 0.293 0.208 1.130 0802 1034 0491
110 931 2768 2.3%9

1.138 9.200 2.831 2.299 (All numbers are for ship of 600-ft LBP)

1.150 8.991 2.894 2.247
1.178 8.Te8 2.057 13.197
1.90 8.794 3.019 3.180
1.925 8.7890  3.082 2.197

(All numbers are for ship of
400-ft LBP)

Table 44 — Results of Resistance and Self-Propulsion Experiments for U-Shaped Form—
Model 4281, 100-Percent Displacement

VL ¢x108 ® (© V/iVEL VK s w t e e, e, EHP/SHP
0.30 2.068 0735 0720 032¢ 80 321 1178 0358  0.08 1.257 0.835 0.933  0.744
0.8 2.631 0881 0.708 0.48¢ 5.0 360 1575 0.387 0.100 1280 0.651 0.987  0.7197
0.40 2183 1.008 0.699 0405 100 398 9078 0.366 0.185 1281 0.638 1.009  0.818
045 2757 1133 0699 0445 110 438 2099 0351 0.185 1206 0.645 1015  0.898
050  2.73¢ 1358 0.688 0486 120 478 86T 0.343 0.8l 1347 0.850 1014  0.898
0.5 2954 1384 0.693 0.52 130 518 4428 0.43 O0.178 1851 0.649 1011  0.831
0.60 2.835 1.510 0,718 0.588 14.0 58.0 3611 0.343 0.179 1.250 0.848 1.012 0.820
045 2890 1636 0.736 0.607 160 604 7072 0.8 0181 1247 0.644 1.019  0.818
0.10 2055 1761 0742 0.028 155 628 013 0.843 0.84 L343 0.648 1028  0.817
0.1 2082 1887 0.1T4 0.48 160 650 809 0.343 0.87 1.937 0.843 1028  0.81
080  8.881 2018 0.8%4 0.068 165  67.4 B4 0341 0188 1932 0.641 1029  0.813
0825 8371  2.076 0.846 0.688 170 607 10790 0.341 0.188 1280 0.640 1.030  0.81t
0.850 3472 2139 0878 0.708 175 731 11860 0.8 0.8 1.928 0.636 1.087  0.810
0675 3780  2.902 0.049 079 180 745 13220 0338 0.8 1227 0.685 1038  0.807
0.000 4367  2.365 1007 0749 185 7.1 14810 0.837 0.189 1.298 0.853 1038  0.804
0985  Bs61 9397 131 0769  19.0 9.8 16540 0.3 0.8 1221 0.628 1.048 .0.800
0950 6156 2300 1548 0790 105 825 18430 0335 0.190 1218 0.625 1.044  0.79%
0976 1191 2453 1.508 0,610 200 856 20380 0.3 0.91 1915 0.620 1046  0.788
1000 8017 2518 2018 0.830 205 887 22140 0382 0198 1208 0.618 1.041  0.777
109 8762 2579 2.900 0.851 910 924 25910 0330 0195 1201 0.609 1.046  0.76%
1000 v1e3 2643 2301 0871 915 968 30450 0323 0.95 1189 0.600 1051  0.780
1015 asss 2705 2841 0.891  $3.0 108.1 36700 0326 0.195 1194 0.588 1046  O.TH

1.100 0.387 2.768 2.344
taes 9.800 1.831 2810
1180 .91 2894 2.958
1178 8.798 2957 2.908
1.900 8.78¢ 3.01% 2190
1235 8.789 8.063 %.907

(All numbers are for ship of
400-ft LBP)

(All numbers are for ship of 600-ft LBP)
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Table 45 — Results of Resistance and Self-Propulsion Experiments for V-Shaped Form—
Model 4282, 100-Percent Displacement

Vg € x10 ® © VAlgu Y N SHP W, . e, e e, EHP/SHP
0.30 .74 0755 0.084 0.33¢ 8.0 237 1184 0323 0.220 1.139 0.652 0.945 0,708
0.5 2.1 0.881 0.670 0.36¢ 9.0 367 1500 0334 0.228 1.159 0.648 1.001  0.752
0.40 2697 1.008 0.478 0.405 100 405 2008 0.33¢ 0.226 1.162 0.849 1.025  0.T73
0.5 2657 1138 0.669 0.445 110 448 9691 0.320 0.222 1.144 0660 1.032  0.779%
0.50 2014 1958 0.451 0.486 120 486 3480 O0.31¢ 0.220 1.137 0.663 1.085  0.780
0.5 2.685 1384 0.657 0526 130 B9.8 4475 0815 0.219 1.140 0.662 1.020 0777
0.80 2.708 1510 0.078 0.668 140 871  5TIT 0.514 0219 1.138 0660 1029  0.773
0.5 $.768 1636 0.087 0607 150 615 TITS5 0.811 0.220 1.132 0.660 1.025  0.766
0.70 2.788 1761 0.695 0698 155 657 7976 0.308 0.220 1,127 0.660 1.027  0.764
0.78 2.87¢  1.887 0.71¢ 0648 160 661 8871 0.306 0.221 1.122 0.660 1.026  0.780
0.80 L1189 go13 0777 0.668 165 655 9797 0.304 0.22¢ 1.11¢ 0650 1.031 0757
0.035  3.208  9.07¢ 0.798 0688 17.0 706 10800 0.804 0.227 1.111 0.658 1.088  0.755
0850  $.312 2.138 0.835 0708 17.5 752 12000 0.308 0.229 1.106 0.657 1.038  0.751
0.875 $.508  2.202 0.895 0.720 160 758 13300 0301 0.252 1.099 0.853 1.040  0.747
000  ¢.197  2.905 1.026 0.749  18.5  78.3 14800 0.301 0.234 1.096 0.651 1.048  0.T44
0955  4.969 2.357 1.938 0.769  19.0 812 16620 0.302 0.257 1.093 0.648 1.04¢  0.739
0.950  5.876  2.350 '1.46¢ 0.790  19.5 8.0 18600 0.308 0.238 1.093 0.642 1.047  .785
0.075  6.851 S.483 1.707 0.810 $0.0 87.1 20900 0.30¢ 0.289 1.008 0.635 1.050  0.729
1.000 T8 9.51¢ 1918 0.830  20.5  90.4 23450 0.304 0.240 1.092 0.628 1051 0721
1.085 0478 2570 2111 0.851 1.0 93.8 96530 0.304 0.240 1.092 0.620 1,050  0.711
1080  0.008 2.648 2.244 0.871  S1.5  98.0 30820 0.505 0.241 1.002 0.610 1.048  0.607
1.075 9.208 2.705 2.298 0.091 23,0 103.0 87040 0.305 0.241 1.092 0.597 1,043 0,680
1100 0181  2.768 2.388 (All numbers are for ship of 600-ft LBP)

1.188 9.047  2.831 8.28%
1.150 8.831 2.894 2£.200
1.178 8.647 8.057 2.184
1.300 $.553 3.019 2131
1.235 8.579 3.082 8.138

(All numbers are for ship of
400-ft LBP)

Table 46 — Results of Resistance and Self-Propulsion Experiments for Parent Form—
Model 4280, 60-Percent Displacement, Trim 2% Percent Lgp by Stern

VAL € x10* © (© V/ifEar ¥ N SHP W, ¢ % °  *,  EHP/SHP
30 2.8 0.822 0.7 0.52¢ 8.0 292 851 0.393 0.210 1.302 0.654 0.975  0.830
0.35 2.837 0959 0.781 0.384 2.0 32.9 1201 0.393 0.207 1.306 0.653 0.979 0.835
0.40 2.810 1,098 0.774 0.403 10.0 368 1605 0.390 0.205 1.303 0.654 0,984 0.839
0.45 2.795 1.238  0.769 0.445 11.0 40.2 2081 0.384 0.204 1.202 0.681 0.984 0.840
0.50 2.77¢ 1.370 0.764 0.486 12.0 4.2 2703 0.376 0.202 1.278 0.663 0.995 0.843
0.53 2.809 1.507 0.773 0.526 13.0 48.0 3438 0.366 0.200 1.262 0.669 0.998 0.843
0.60 2.857 1.644 0.788 0.566 14.0 52.2 4338 0.356 0.200 1.242 0.671 1.008 0.840
045 2.902 1781 0.799 0.607 150  56.6 5462  0.347 0.201 1.22¢ 0.672 1011  0.832
0.10 2967 1418 0.817 0.628 155  58.8 6121 0.343 0.208 1.213 0.72 1.01¢  0.827
0.73 3.029 2.055 0.834 0.648 16.0 61.0 6839 0.339 0.204 1.20¢ 0.672 1.014 0.821
0.80 3.089 2.192 0.850 0.668 16.5 $3.2 7645 0.337 0.207 1.19¢ 0.672 1.018 0817
0.625 3.158 2.260 0.888 0.688 17.0 65.4 8473 0.33¢ 0.210 1.188 0.672 1.017 0.811
0.850 8.272 2.329 0.901 0.708 175 67.6 9338 0.331 0.212 1.178 0.672 1,019 0.807
0.875 3492  2.397 0961 0.729 180 69.8 10250 0.328 0.218 1.171 0.672 1023  0.805
0.900 8.847 2.408 1059 0.749 18.5 72.1 11330 0.32¢ 0.215 1,185 0.672 1,022 0.800
0925  4.261  2.5% 1173 0760 10.0 745 12470 0.23 0.217 1156 0.671 1.026  0.796
0.950  4.681  2.608 1.389 0.790 195  76.9 13680 0.321 0.220 1.149 0.669 10290  0.791
0975  5.191  2.673 1410 0.810 200 79.2 15080 0.821 0.222 L1486 0.668 1028  0.767
1.000  5.539  2.740 1.535 0.830 205  61.8 18650 0.320 0.223 1.143 0.667 1.027  0.782
1085  5.852  2.808 1.611 0.851 210 847 18660 0.319 0.228 1.141 0.662 1028  0.776
1.050 5.940 e.877 1.642 0.871 21.5 88.0 21390 0.318 0.222 1.141 0.654¢ 1029 0.768
1075 6.038  2.045 1.868 0.891 920 92.2 24960 0.317 0.220 1.143 0.643 1096 0754
1100 6.100  3.014 1679 0911 2.5 970 99740 0.314 0.218 1143 088¢ 1020  0.787
1185 6.157  3.082 1.695 0.033  $3.0 1024 85360 0310 0.212 1.142 0619 1017  0.719

1.150 ¢.210 3.151 1.710
1.178 6.300 3.219 1784
1.200 6.450 8.208 LN
1235 6.669 3.958 1.8%

(All numbers are for ship of 600-ft LBP)

(All numbers are for ship of
400-ft LBP)

XI-5




Table 47 — Results of Resistance and Self-Propulsion Experiments for U-Shaped Form—
Model 4281, 60-Percent Displacement, Trim 2% Percent Lgp by Stern

Vil Gx100 ® © Vifim VN SIP W, e, e, e, PP
0.30 2.006 0893 0498 0,354 20 901 033 0.9 0.150 1.40T 0453 0.958 0.0
0.35 2033 0.950 0.007 0.34 9.0 387 1185 0.390 O0.155 1.406 0458 0.3  0.088
0.40 2983  1.006 0.808 0.405 100 86.3  30¢ 0.3 O0.150 1357 0658 0.970  0.888
0.48 2917 1.938 0.803 0.445 110 400 JO4s 0.394 0.164 1379 0455 0983  0.888
0.50 2804 1370 0.797 0.436 130 436 92878 0.390 O0.168 1.38¢ 0688 0998  0.991
0.55 2013 1507 0.802 0696 130 476 3434 O0.388 0.17T3 1.7 O06ST 1008  0.890
0.60 2963 1644 0815 0.566 140 LT 4399 0.382 O0.17T 1338 0458 1017  0.589
0.65 3.008 1781 0.89% 0.607 150 559 5430 O0.377 O0.181 1.315 0457 1081  O.882
0.70 3.070 1918 0.845 048 155 581 6088 O0.57¢ O0.18¢ 1.30¢ 0657 1085  0.878
0.78 3.148  3.055 0.885 0648 160 608 673 0.370 0.18T 1.290 0456 1030  0.87T%
0.80 3213 2.10% 0.854 0.668 165  €2.4 T4F3 O0.37 0.189 1.981 0436 1.02%8  0.887
0.825 3958  2.960 0.807 0.638 170 668 6273 0.36¢ O0.198 1370 0456 1038  0.082
0.850 3385  2.389 0.9% 0.708 175 ¢6.8 9122 0.360 0.195 1.358 0657 1039  0.889
0.875 3632  2.397 1.000 0.78 180 69.0 10060 O.357. 0.197 1.349 0658 1.040  0.958
0.900 4017  2.466 1.108 0.749 185 T1.3 11040 0.35¢ 0.19 1840 0.658 1.04¢  0.888
0.925 €451 2.53¢ 1.225 0.760 150 736 13110 0.351 0,202 1930 0657 1083  0.880
0.930 4.90¢  3.603 1.380 0.790  19.5 7.0 13320 O0.34s 0.205 1.221 0657 1.084 0.8
0.975 535  3.672 1474 0.810 900 78.5 14630 O0.347 0.208 1318 0.5 1.080  0.840
1.000 5.759  2.740 1.585 0.8%  920.5 1.0 18300 0.34¢ 0.210 1.908 0452 1036  0.838
1.028 6,025  2.808 1.838 0.851 910 840 18210 0.3¢6 0.310 1.208 0.647 1058 0628
1.050 6.158  2.877 1.695 0.871 2.5 67T.4 90870 O0.347 0.211 1.208 0638 1.058  0.818
1.075 8242  2.945 1LT18 0891 WO LS 2510 0.347 0210 1810 0.63T 1.05¢  0.800
1.100 8.987 3.014 1780 0.011 a5 9.2 29210 O0.34¢ 0.207 1.318 0610 1.088 0.708
1125 6.317  3.082 1738 0938 M0 1013 35050 O0.8¢3 0.208 1218 0599 1.04¢  0.789
1.150 6371 8151 1784
1.175 64T7T  3.919 1788 (All numbers are for ship of 600-ft LBP)

1.200 6648  3.988 1830
1.225 €892 135 LIt

{All numbers are for ahip of
400-1t LB3PF)

Table 48 — Results of Resistance and Self-Propulsion Experiments for V-Shaped Form-
Model 4282, 60-Percent Displacement, Trim 2}, Percent Lgp by Stern

vifige cx100 ® ©

030 2.15¢  0.22 0.759

0.38 2711  0.958 O0.747 V/WVIg VK sHP W, t e, e, s,  EHP/SHP
0.40 2.068 1096 0.73% 053 8.0 209 818 0347 0846 1.155 0678 1013  0.793
045 2048 1338 0.798 0.08¢ 9.0 340 1163 0348 0.248 1.153 0678 1038  0.800
0.50 2.651 1370 0.730 0.405 100 37.6 1580 O0.343 0.948 1.158 0.072 1033  0.804
0.5 9.875 1507 O0.187 0.445 110  4L6 2030 O0.338 0.248 1189 0878 1044  0.508
0.80 2717 1644 0.748 0.486 120 453 2678 0.3%4 O0.948 1.138 0.681 1047  0.807
0.85 2768 1781 0.761 0528 100 492 3424 0399 0.948 1.114 0.688 1082  0.807
010 2827 1018 0.TT9 0566 140 533 4305 0335 O.48 1117 0.688 1055  0.804
0.7 9.898  2.085 0.708 0.07 150 ST 5458 0.3%0 0.945 1.110 0685 1044  0.784
0.80 2966 2193 0.817 0.698 155 50.5 119 0317 0.M4¢ 1.107 0685 1035  0.785
0825  3.039 2260 0.887 048 160 617 6851 0315 0243 1.105 0685 1081 0778
0.850  8.137 2329 0.864 0.068 165 630 7630 0.313 0.248 1.100 0.684 1087  0.778
0875 3.320  2.997 0.915 0488 170 663 8508 0.308 0.548 1094 0.483 1089  0.700
0900 3632 2468 1.000 0708 175 685 0410 0.307 O0.844 1.000 0.681 1021  0.78
0825 4041 2534 1113 072 180 707 10370 0.306 0.945 i.088 0.680 1.081  0.768
0950 4444 2.608 1.294 0749 185 T80 11480 0.305 0.4 1.085 0.078 1088  0.700
076 4851 2.7 1838 0760 190 753 13500 0.304 0.948 1.080 0.678 1.03%  0.74
1000  5.297  2.740 1.440 0.790 19.5 716 13880 0.305 0.250 1.0T9 0.78 1087  0.781
1085 6532 2.808 1.594 0410 900 0.0 15280 0.306 0.255 1.07¢ 0.675 1.027  0.T¢8
1080 5718 2.87T 1.575 0830 205 82.5 16810 0306 0.954 1.075 0.671 1.031  0.744
1075 5.801  2.945 1.508 0851 210 853 18730 0.507 0.95¢ 1.076 0868 1098  0.738
1100 5.83¢  3.01¢ 1.807 C 0AT1 915 886 2130 0.07 0.854 1076 0.658 1085  0.738
1195 58738  3.082 1.818 0801  $2.0 994 94690 0308 0958 1.07¢ O0.850 1037  O0.79%
1150 5921 8.151 1681 0011 935 9.0 98080 0.305 0.250 1079 0.640 1041  0.719
1176 5999 5.918 1.659 0432 330 1020 54410 0.302 O0.945 1.088 0.635 1.04¢  0.708

1.300 8.138 3.288 1.691

1.995 6.339 3.856  1.T48 (All numbers are for ship of 600-ft LBP)

(All numbers are for ship of
400-ft LBP)
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0.70 Block Coefficient and 100-Percent
Displacement
NODEL 4280 . PARENT FORM
NODEL 4281 U - SHAPED FORM
MOIEL 4282 — — V - SHAPED FORM Z ~.\\
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Figure 62 — Curves of Resistance Coefficient C ; to a Base of
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Contours of constant values of v, w,, and w, are shown in Figures 72 through 77 for the
five parent models and the two stern variations of the 0.70 Cp design.

In designing a propeller for a ship, we are interested in the fore and aft and transverse
components of the wake. The total transverse wake w, , compounded of the values of w, and
w),, is shown for the seven models in Figures 78 through 84.

Figure 75 shows that the wake in the fore and aft direction has the same general pat-
tern for all block coefficients; there is a steady increase in the wake values with increase
in block coefficient, and the same is generally true for the transverse wakes in Figures 81
through 84.

One rather important feature of the transverse wake pattern for the three different
stern designs.for the 0.70 C; model should be noted in Figures 78, 79, and 80. In the V-stern
model, there is a strong upward component over most of the disk except for an inward and
downward component near the centerline immediately above the propeller. For the parent
form, intermediate between V and U, there is an indication of a definite rotation in the wake
below the propeller centerline (Figure 78) and with the more pronounced U-stern, this rotation
seems to be definitely established (Figure 79). Flow tests carried out in the circulating
water channel at the Taylor Model Basin have shown that when a model has excessively U
stern sections, a definite vortex may leave the bilge line some distance ahead of the nropeller
and extend aft right through the disk. In such cases, this downward flow ahead of and into
the propeller may cause cavitation with consequent noise and vibration. It is therefore wise
to avoid a very hard bilge radius aft when using U sections, and it would be good practice to
carry out flow tests before deciding on the final shape of the aft end sections of fuller ships.

The principal uses of the wake data are in the design of the propeller and the calcu-
lation of the variation in thrust and torque on the blades.

The average circumferential wake around a circle of any particular radius within the
propeller disk can be found from such diagrams, and from this the appropriate pitch and blade
section can be determined. Bowever, in actual operation, the propeller section at that radius
will meet constantly changing velocity conditions in the course of a revolution and so experi-
ence constantly changing thrust and torque forces. Integrating such forces over the blade will
give the variation of thrust and torque on that blade during a complete revolution, and summing
these forces for all blades will give the variation in total thrust and torque on the whole
propeller. While the forces on a single blade will vary over 360 deg, the pattern for the
whole propeller will repeat itself as the blades successively reach the same position. Thus
for a 4-bladed propeller, the pattern of thrust and torque variation will repeat every 90 deg;
in other words, at blade frequency. The importance of these variations in thrust and torque
is that they are one of the causes of hull and machinery vibration; the varying pressures
around the blades cause varying pressures on the neighboring hull structure, and the varying

force and torque are also transmitted through the shaft and stern bearings to the hull and
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thrust block. Any smoothing of the wake will therefore not only improve the hydrodynamic
performance of the propeller but also reduce one of the causes of hull vibration.

Knowing the wake components at any point, it is possible to calculate the forces on
the section of the propeller blade at that point on the assumption that they will be the same
as those it would encounter in a steady flow of the same pattern and, by summation, the total
force and moment on the whole propeller. This method of analysis is called the ‘‘quasi-
steady’’ method, and Figure 85 shows the variation in total thrust for a 4-bladed propeller
behind the three 0.70 Cp models calculated in this way. Much theoretical work is in pro-
gress directed towards taking into account the dynamic effects of variations in wake velocity—
the so-called ‘‘unsteady’’ method—but in the meantime the ‘‘quasi-steady’’ method is com-
monly used for comparative qualitative calculations when considering the effects of possible
changes in propeller design. Wake diagrams of the type given will be useful in this respect.
The longitudinal and tangential velocity components around any circumferential line in the
propeller disk can be analysed intc harmonic components, and the relative magnitudes of
these will have an important influence on the vibratory thrust and torque forces. The wake
pattern should therefore be considered as one factor whenever any decision is to be made in

the choice of number of propeller blades.
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CHAPTER XII

REVIEW OF SERIES 60 PROJECT

In the design of any given ship the naval architect has always to meet a number of
conflicting demands which, to a greater or lesser extent, limit his choice of dimensions,
proportions, fullness, and other features. An increase in length is generally favorable from
the points of view of low resistance in smooth water and maintenance of speed in rough
weather, but it is expensive structurally, carries penalties in crew numbers, and, in specific
cases, may be limited by dimensions of locks, piers, drydocks, etc, which may also restrict
beam and draft. The depth of water in the world’s harbors today is also a definite limitation
on draft, particularly for large tankers and other bulk carriers. On the other hand, beam is
limited on the minimum side by the need for adequate stability, and questions of trim and
weight distribution, especially in bulk carriers, may exercise some control over the necessary
longitudinal distribution of displacement and so on the LCB position.

In practice, therefore, the naval architect has usually to design a ship within dimen-
sions already defined to a large extent by such considerations, but there is generally some
latitude available for adjustment to suit the demands of good resistance and propulsion
qualities. . A

The results of the Series 60 experiments can be of material help to the designer in
any single-screw ship design which in its proportions and other features falls within the
area of variables covered. If the designer adopts the lines of Series 60, the position of LCB
as used in the parent forms, and a propeller having the standard ratio of diameter to draft of
0.7, he can make a very accurate estimate of both the ehp and shp of a ship for any particu-
lar selection of length, beam, draft, and displacement.

If for trim or other reasons, the LCB has to be placed in some other position, allow-
ance for this can be made using the data given in Chapter VII or in Tables 49 through 53,
and for departures from the standard propeller diameter the values of w, ¢, and relative
rotative efficiency (e,,) from the contours can be corrected by using the results of the
experiments with different diameter propellers detailed in Chapter X. The w and ¢ data can
also be used for assessing the propulsive efficiency to be expected for power plant condi~
tions different from those assumed in the propeller designs used with the series models.

In addition to estimating the required power for a particular ship design having agreed
characteristics, the data are also useful in assessing the penalties which must be paid or the
advantages to be gained by changing such characteristics. This is a problem which occurs
at some time or other in almost every design study, and this use of the data may well be as

important as estimates of actual power.
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Table 49 — Effect of Change in LCB Position — 0.60 Cp

Figures show increase or decrease in resistance for movement of

LCB from position in patent model, in percentage of @

LCB Position

LA ® | = [20sa] 150n [ 051a | 052F
\/Z;'z @ Parent

040 | 1.057 | 0403 | —0.4 | ———- | -03 | -10
045 | 1189 | 0454 [ 0.9 | ———- | -0.3 [ -2.2
050 | 1321 | 0504 | 0.2 | —-—- | -03 | -2.2
055 | 1453 | 0855 | -—= | —=—= | -03 [ -13
0.60 | 1.585 | 0.605 | -—= | ———= | -0.2 | -12
065 | L1717 | 0.655 | +0.6 | —-—= | +0.4 | +07
0.70 | 1.849 | 0.706 | +0.3 | ---- | =10 | +09
075 | 1981 | 0.756 | +13 | —-—= | +1.0 | +12
0.80 |2.113 | 0807 | +2.0 | —=== | +03 [ +1.7
0.85 |2.245 | 0.857 | +2.4 | —=—— | +3.2 | +65
090 |2378 | 0.908 | 1.2 | —=== | +2.0 | 469
0.95 | 2510 | 0958 | +05 | ———— | +4.7 | +5.4
1.00 | 2.642 | 1.008 | -0.6 | —=-— | +3.2 | +5.7
105 | 2774 | 1.059 | 0.9 | === [ +3.6 | +60
100 | 2906 | 1109 | 13 | —-—— | +3.6 | +5.6
115 |3.038 | 1160 | -15 [ —-—— | +3.1 | +6.
120 {3170 | 1210 | 0.5 | —-—- | -0.3 | +3.6
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Table 50 — Effect of Change in LCB Position — 0.65 Cp

Figures show increase or decrease in resistance for movement of

L CB from position in parent model, in percentage of @

LCB Position

14 ® V_ [Z46A ] 156A [0.50A | 0.38F | 1.37F
\/E,;Z \/'17,; Parent
040 (1031 0403 |+48 | ———— |+07 | =15 | - 16
045 1160 | 0454 | +42 | ———= | 406 | -18 | - 12
050 [1.289 | 0504 | 433 | -——= [ <03 | =11 | - 05
0.55 |1.418 ] 055 427 ) -——= ] 07 | <03 | + 03
0.60 [1546 | 0.605 |+24 | -—= | 403 | +04 ) 4+ 1.2
0.65 {1675 | 0.655 | +14 | ~——= | <05 | -=—- | + L1
0.70 |1.804 | 0706 | +2.7 —14 | 407 | + 2.2
075 1933 | 075 | s+24 | ——— [-04 | 417 | + 5.6
0.80 |[2.062 | 0.807 | 407 | Z-—— | +0.2 | 33 | +104
085 [2.191] 0.857 |04 | ——— [+13 | +7.2 | +162
090 [2.320 | 0.908 |[-53 | —-—— | +04 | +5.2 | +10.2
095 [2.448 | 0.958 |[-50 | ---— | +2.0 | +55 | +10.6
.00 2577 1008 |-29 | ———- | +45 | 60 | + 9.8
105 2706 | 1.059 | -24 | ———— | +3.6 | +40 | + 8.6
.10 |2.835 | 1109 |-19 | ———— ] +3.6 | +62 | + 0.6
115 |2.968 | 1060 | -17 | ——== |+2.6 | +46 | + 91

Table 51 — Effect.of Change in LCB Position — 0.70 Cy

Figures show increase or decrease in resistance for movement of

L CB from position in parent model, in percentage of @

LCB Position

14 ® Y [Z.05A T 0.55A [0.50F | 1.54F | Z.55F
\/IT,,—L- \/LB_P Parent
040 [1.006 | 0403 [+60 [ --—— | +19 |- 06| - 19
045 {1132 | 0454 | 458 | ~—== | +1.6 |+ 02 ] - 1.6
050 1258 | 0508 |+4.8 [ -~— | 407 [-04| - 16
055 [1.384 | 0555 [+4.9 [ -——— | -04 [-14]-13
0.60 {1510 | 0.605 |4+55 | —~——— |+1.6 |+ 09| + 04
0.65 [1.636 [ 0.655 [+43 [ ———— [+0.9 [+ 14| + 26
070 |1761| 0706 |+4.0 } ———— | 404 |+ 23] + 74
0.5 |1.887 | 0756 |[+2.0 [ -—— |+3.1 [+ 61 ] +13.0
0.80 |2.013| 0807 |-09 | ———— | +5.4 | 4120 | +23.0
0.85 [2.139{ 0857 |-20 [ ———= | +5.6 [ +15.0 | +33.6
090 |2.264 | 0908 |-5.6 | -~——- | +3.9 | +155 | +26.6
0.95 [2.390| 0958 |[-5.0 [ -——= | +65 | +127 | +214
1.0 [2516] 1.008 |-47 | ——— | +7.8 | +109 | +20.2
.05 |2.642] 1.059 |55 | ——— |+76 | +112 | +213
110 |2.768 [ 1009 [-48 | -—- [+74 | +13.2 [ +22.
115 2898 | 1160 |-6.9 | ——~— | +48 | 111 | +205
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Table 52 — Effect of Change in LCB Position — 0.75 Cy

Figures show increase or decrease in resistance for movement of

L CB from position in parent model, in percentage of @

v LCB Pasition
v :
m @ "[EBP 0.48F ;:r(;fr:\t 2.57F | 3.46F
0.40 0.983 | 0.403 | +2.2 | ——— | - 03] - 0.6
0.45 1.106 | 0454 | +23 | ——— | - 0.1} - L3
0.50 1.229 |1 0504 | +2.4 | ——= | - 06} - 27
0.55 1,352 | 0555 | +2.7 | —-——— | - 21} - L9
0.60 1.474 | 0.605 | +4.1 | ——— | - 2.6] + 0.1
0.65 1597 | 0655 | +1.7 | == ] + 05| + 2.5
0.70 1,720 | 0.706 | -1.1 | ——== | + 4.9 +11.7
0.75 1.843 | 0.756 | -4.0 | ————= | + 7.2| +143
0.80 1,966 | 0.807 | -3.1 | ——— | +10.2| +13.7
0.85 2.089 | 0.857 {-61 | ~-——— | + 7.4 +16.6
0.90 2,212 10908 | -4.5 | ——= | + 7.7 +16.2

Table 53 — Effect of Change in LCB Position — 0.80 Cp

Figures show increase or decrease in resistance for movement of

LCB from position in parent model, in percentage of

LCB Position

v | ® V_170.76F | 1.45F | 2.50F [ 3.51F
VL, VLigp Parent
0.40 0960 | 0.403 | +14.2] +43 | ———= ] = 0.1
0.45 |1.080 | 0.454 | <144 442 | ——— |+ 07
050 | 1.200 | 0.504 | +14.9 | +41 | ——— |+ 1.5
0.55 | 1.320 | 0.555 | +14.8 | +41 | ———= |+ 2.7
0.60 |1.440 | 0.605 | +11.2) +1.7 | —— | + 6.2
0.65 |1.561 ] 0.655 |+ 5.0( -0.9 | ———= | +11.0
0.70 | 1.681 | 0.706 |- 1.3 | —5.0 | ——— | + 9.7
0.75 |1.801 | 0.756 |- 3.7} -4.8 | ——- | +14.2
0.80 1921 | 0.807 |- 2.7] =72 | --—-= ] +12.8
0.85 |2.041 | 0.857 |- 7.0 | -34 | ——- | +13.0
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The number of models run had to be limited both on the score of time and expense.

In view of the wide field covered, the question may be asked as to how well the contours of
residuary resistance, @, wake fraction, thrust deduction fraction, and relative rotative effi-
ciency represent the p‘robable values of these quantities at points not directly supported by
test results—in other words, how reliable would be estimates made of these quantities from
the interpolated contours? One such comparison is given in Appendix C (see Figure C-3)
where it is shown that the particular set of contours chosen represents extremely well the
results of the nine models on which they were based.

A more general method of answering this question is available, however. In the pro-
cess of assessing the merits of the Series 60 parents, actual models of Series 60 eqﬁivalents
of the SCHUYLER OTIS BLAND, C.2., and PENNSYLVANIA were made and tested. These
models had the corresponding dimensions, displacement, and LCB position of the actual
ship but Series 60 lines. It is now possible to estimate the ehp for these three forms from
the contours and to compare the results with the ehp actually measured on the models. Such

comparisons are shown in Figures 86, 87, and 88. Two estimated curves are shown in &ach

SERIES 60 SCHUYLER OTIS BLAND 15000
(MODEL 4484)
ESTIMATE COMPUTED FROM 14000
%&{A CONTQURS
wITH 1CB CORRECTION O

WITH LCB CORRECTION A 13000
12000

11000

10000

9000
oo
/ &
i

6000

5000

4000

/Q/ 3000

2000

1000

¢ .

8 9 10 11 12 13 14 15 16 17 18 19 20

SPEED IN KNOTS
Figure 86 — Comparison of EHP obtained by testing a Model having
Series 60 Lines and Proportions of SCHUYLER OTIS BLAND
with Corresponding Estimate from Series 60 Contours
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SERIES 60 C2 15070
(MODEL 4490) —
ESTINMATE COMPUTED PROM 14000
2,./A CONTOURS
wITHODT LCB CORRECTION O :
WITH LCB CORRECTION A 13000

12000
ﬂ— 11000

10000
/ 8000

o) 5000

3000

2000

&7

1000

8 9 10 11 1122 13 14 15 16 17 18 19 20

SPEED IN KNOTS
Figure 87 — Comparison of EHP obtained by testing a Model having
Series 60 Lines and Proportions of C.2. Class with Corresponding
Estimate from Series 60 Contours

case, one for a ship having the LCB in the position used in the Series 60 models on which
the contours are based, the other for 'a ship having the LCB in the same position as the
actual ship in question. The change in ehp for the shift in LCB was estimated from the
data in Chapter VII and Tables 49 to 53.

For the SCHUYLER OTIS BLAND and PENNSYLVANIA, the actual LCB positions
were within 0.5 percent LBP of those used in the Series 60 models from which the contours
were developed, and the effects on ehp were extremely small (Figures 86 and 88). In the
case of the C.2. design, the actual ship had the LCB 1.4 percent forward of midships, and
the position corresponding to the Series 60 contours was 1 percent aft. The actual and
estimated ehp did not differ materially below 15 knots, but above this speed, the estimated
ehp from the Series 60 contours was lower than that of the C.2. Series 60 equivalent, the
reduction at 18 knots being some 12 percent (Figure 87). This illustrates the advantage of
the finer entrance at these higher speeds. The estimated curve for the Series 60 equivalent

with the LCB in the actual ship position (1.4 percent forward), corrected by the data in
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15000
g0 TR
ESTIMATE COMPUTED FROM 14000
Rp/A CONTOURS
WITHOUT LCB CORRECTION O / 13000
WITH LCB CORRECTION A /
: 12000
11000
10000
9000
-
20002
/ "
/6 6000
/ 5000
4000
3000
2000
1000

8 9 10 11 12 13 14 15 16 17 18 19 20

SPEED IN KNOTS
Figure 88 — Comparison of EHP obtained by testing a Model having
Series 60 Lines and Proportions of SS PENNSYLVANIA with
Corresponding Estimate from Series 60 Contours
Chapter VII, shows excellent agreement with the ehp measured on the model. Thus when
allowance is made for differences in LCB position, the ehp estimated from the contours is
in very good agreement with that measured on these three models. This fact should give
confidence in the use of the contours throughout the range, for of course the results of the
tests on these three Series 60 equivalent models were not used in any way in the process of
deriving contours.

Self-propulsion tests were also carried out on the Series 60 equivalents of the
SCHUYLER OTIS BLAND and the PENNSYLVANIA. The values of w, ¢, and e,, measured
in the tests are compared in Figures 89 and 90 with the corresponding values estimated from
the appropriate contours, and the agreement is again very satisfactory.

Although estimates of power made from the contours apply strictly only to ships having
lines derived from the Series 60 charts, they can, with proper exercise of caution, be used as
guides over a somewhat wider field. For example, in developing the original Series 60 lines,
Bethlehem Steel Company provided a set of lines equivalent to the MARINER class of fast
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SPEED IN KNOTS
Figure 89 — Comparison of w, ¢, and e for Series 60
SCHUYLER OTIS BLAND from Contours and
Test Results

1.1
-]
™10 ’rr
.4 w
taw .3 —— 1 ]
.2 17
L —— 1T IEST RESULTIS
FROM CONTOURS
-1 13 14 15 16

SPEED IN XNOTS
Figure 90 — Comparison of w, ¢, and e, for Series 60

PENNSYLVANIA from Contours and Test Results

cargo ships but without a bulbous bow (Model 4440). A comparison of this model with the
Series 60, 0.60 C 5 parent (Model 4210) showed the latter to have appreciably lower ©
values at the service and trial speeds (Figure 6 of Reference 45). Although the lines were
rather similar, the hull form coefficients were different—for example, the block coefficient
of Model 4440 was 0.611—and a comparison of the ehp for Model 4440 with that derived from
the contours for a Series 60 equivalent form of Cp 0.611 (Figure 91) indicates that again
the agreement is good.

The contours can also be used for comparative purposes in much the same way as is
done with the Taylor Standard Series. If a new design has secondary characteristics which
differ from those of its Series 60 equivalent but model results are available for some other
ship which more closely resembles it in these respects, the latter may be used as a “‘basic”
ship. Calculations of ehp can be made from the contours for the ‘‘Series 60 equivalents’’ of

both the new design and the basic ship. Then the approximate ehp for the new ship will be

ehp of Series 60 equivalent x ehp for basic ship

ehp of Series 60 equivalent of basic ship
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AR VITHOUY 5015 13000
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(] phded
ESTINATE COMPUTED PROM 4000
A CONTOURS 1
LCB CORRECTION O
WITE LCB CORRECTION A 13000
12000
11000
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o o0
&

.ﬂ/

8 9 10 11 12 13 14 15 16 17 18 19 20,

SFUED IN KNOTS
Figure 91 — Comparison of EHP obtained by testing a Model having
Proportions of MARINER Class, but without Bulbous Bow, with
Corresponding Estimate from Series 60 Contours

Figute 92 shows the predicted ehp for an ocean-going ore carrier of 0.78 C'z compared with
actual model test results; the estimate was made as outlined above, using the PENNSYL-
VANIA as the *‘basic’’ ship.

Even more extreme uses can be made of the Series with some success, as shown by
Professor Baier’s adoption of the series bow and stern lines with parallel body in the design
of lake ships (page V-22). The demonstration of the qualitative uses of Series 60 is easy,
but the establishment of their absolute quantitative value is more difficult. In discussing
the very first paper in the series (Reference 44), Mr. V. L. Russo made the following obhser-
vations: ‘‘The real value of the contours proposed in the paper could be established best by
determining what results these contours would give by comparison with acceptable results
exemplified not by the standard of a phantom form but by actual successful ship designs . ..
This way of comparison . . . would have the advantage of being conclusive as it would

furnish a true comparison under practical conditions and be devoid of imponderable
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ORE CARRIER ( OCEAN-GOING)

15000

© FROM SERIES 60 (USING PR .
Q mox sEAI ( MUA. A8 BASIC SKIP) 14000
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12000

8 9 10 1 122 13 14 15 16 17 18 19 20

SPEED IN KNOTS
Figure 92 — Comparison of EHP obtained by testing a Model of an

Ocean-going Ore Carrier with Corresponding Estimate from
Series 60 Contours using SS PENNSYLVANIA as
Basic Ship

discrepancies.” This suggestion was taken up by the SNAME Panel (of which Mr. Russo
was a member), and the subsequent Series 60 parents were developed using just this method,
as described earlier in this report. It is believed that these parents now compare very well
in performance with the successful ship designs on which they were based.

Comparisons with results of similar work at the Netherlands tank have already been
mentioned in Chapter VI, and in this connection, it is of interest to quote the remarks of
Professor L. Troost, one-time Director of that establishment, with a vast experience in the
model testing field: ‘‘The writer has applied the computations as presented in the paper to
the results of some high-quality hulls and propellers of foreign (European) design. e is
satisfied that the optimum Series 60 data are indicative of very high performance and that
it will require great skill and experience to improve on them for an amount of 2 percent in
total ehp and shp in regular designs. He also found that an extrapolation to 0.82 block,
which will often be necessary in the field of super-tankers and comparable ships, not too

hazardous.” (Discussion on Reference 64).
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Although no claim can possibly be made that Series 60—or indeed any other Series—~
represents optimum resistance qualities, the above remarks and other evidence do suggest
that the contours will be of help in preliminary design work and can be used with some confi-
dence in the estimation of ship performance, both in the absolute sense and also in the
investigation of various alternative choices which may face the naval architect.

In using the Series 60 results, it is worth recalling that the huli forms are all related
to one another in a clear and unambiguous way by means of graphical methods. As has been
pointed out before, this has the advantage over geometrical variation of one parent form in
that the characteristics can be varied with fullness to suit the corresponding changes in
speed-length ratio. The alternative use of a single parent form to cover such a wide range
of variables as used in Series 60 would have led inevitably to unrealistic designs towards
the limits of the area covered. Another point to remember is that all models were of the
same length and run in the same tank with the same instrumentation, thus eliminating other

possible sources of difference.

In the course of the discussions on the many Series 60 papers, much has been said

about various methods of presenting the data. The two most commonly used are to give
Rg
values of residuary resistance per ton of displacement _A- . In terms of speed-length ratio
4
/LWL , almost universally used in the United States, or values of @400 g in terms of ® )

as used in Great Britain. Both systems have merits and demerits, as one might expect, but

they are well-entrenched in their respective homes. The Series 60 results have therefore
ER

been given in both ways as contours of ‘Z‘ and of (C) to their respective bases. There is

a vast amount of model data expressed in one or other of these forms, with which the Series

60 results can be compared directly. The SNAME Model Resistance Data sheets also give

the information in both these forms.

Br 14
The presentation of — in terms of 7—= has the advantage of simplicity but suffers
A WL
from two drawbacks. In the first place, a true merit comparison has to be made on the basis

Rp

of total resistance per ton of displacement, and comparisons on the basis of can be

quite misleading. Skin friction resistance is the major component of total resistance in most
if not all single-screw merchant ships, and this depends on wetted surface, not directly on
displacement. To make a merit comparison from data presented in this way, it is therefore
necessary to estimate the frictional resistance in each case and so obtain total resistance
or ehp.

The true merit comparison of interest to the naval architect and ship owner is the
By
total resistance per ton of displacement Nk To present this properly in curve form it is

XII-11



necessary to have the abscissa and ordinate values compatible. For abscissa, the speed-

.Y
length ratio T is preferred by many naval architects for its simplicity. In order to keep

T
the values of —A. within a reasonable numerical range, it is usual to divide them by some
function of (speed)? since this makes the ordinates almost constant over the lower speed
- . 14
range. If it is desired to use “\/TE' as the speed parameter, then the ordinates should be
Br
A Rp-L

(_V_z * T A
JL
By -L-V

If the comparison is to be made on a power basis, then the ordinate becomes =—————
, : A-y3

EHP . L SHP - L
of e—— or ————

A-.v3 A-v3
Dr. Telfer has made this point very clearly in discussing the Series 60 papers.
‘.. . the designer’s problem is usually to find the model having the lowest resistance per
ton displacement on a given length, length being usually approximately fixed by conditions
other than resistance’’ (discussion on Reference 44). And again, ‘‘Figure 16 gives us an

incompatible presentation of a power-displacement function ——;—- presented in terms of
A2/3y3

|4 . . . . .
a speed-length function \/-T . From this diagram a designer is led to infer that the finest
ships are always the most economical. Such a conclusion from the basic data would be

completely erroneous. To review the data correctly they must be presented in a compatible
form. As the speed-length ratio \/TK is preferred by most practical ship designers it must

by retained and the requisite change for compatibility made in the power-displacement

function. This must be converted to a power-length basis, still using, however, power per ton

SHP . L
displacement. The conversion produces the function ————— which correctly grades the

A.V3
power per ton of all vessels having the same length and speed’’ (discussion of Reference 61).

The basic resistance and dhp data for the Series 60 parents are presented in this form
in Figures 93 and 94. To again quote Dr. Telfer: “A designer now sees that if his speed is
low t..- most economical ships have the fuller and not the finer forms. Certainly as the speed
is increased the finer form becomes the more economié¢al, and by drawing a tentative envelope
to the individual curves a mean scale of optimum block coefficient and optimum power constant

for given speed-length ratio is at once available.”’61

Dr. Telfer has recently converted the results of the resistance experiments on the
Series 60 models to this method of presentation, and compared them with other available data.
(‘‘The Design Presentation of Ship Model Resistance Data,” E.V. Telfer, Trans NECI, Vol. 79
(1962-63).Yy
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The @ and @ constants were -introduced by R.E. Froude. At corresponding speeds
for model and ship, \/—% is the same, ¥ (volume of displacement) is proportional to L3 , and

SO

e is the same. This ratio has different values in different systems of units, and
vt

Froude therefore related the ship speed to the speed of a wave having a length equal to

g g g3 1/6[g
Wave speed = (L= - [L . . A
ave spee on 2n 2 4 47

® ship speed 14

~ wave speed yL/e
| | ko o |
is expressed in terms of T which is also nondimensional in a consistent system of units.

If this is to be presented to a base of @ , we must divide by ®) 2, and Froude added 1000

V1/3
9 .

Hence

47
/— , which is nondimensional. The resistance
g
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to the numerator to avoid unnecessarily small numerical quantities. Thus he defined his

resistance constant @ as

and speed constant

~t
W
3

®

_71/6 . B

both being nondimensional.
For use in usual ship units of V in knots and displacement A in tons, these assume

the well-known forms

1
® = 0.5834 -
A1/6
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Ry Al/3 Ry
and ©=T~-————-—x1000=——-————x 2938
(0.5834.V)? A2/3 . y2

where R and A are both in tons or, in terms of horsepow.r,

©- _EHP sor1

A2/3y3

A presentation of resistance data in the @@ system is therefore compatible and
places models or ships in a correct merit order. In the design of a merchant ship, the two
principal basic design factors are the speed and displacement--how much displacement (and
therefore deadweight) has the ship to carry at a given speed? The @-@ system involves
only V and A and leaves length along with other dimensions and coefficients among the
variables which are at the designer’s disposal in attempting tc find that combination which
will result in the most economical overall design.

From the various charts and tables presented in this report, the designer can extract
the data he desires in either form, according to his needs and in keeping with the method
with which he is most familiar or in which his own data are recorded. The conversion of the
@ data using the ATTC line, as given in this paper, to the equivalent @ data using Froude,
or vice versa, can also be quickly made by the use of the chart given in Appendix D (Figure
D-4), thus giving a connecting link with the large quantity of (© data in existence in this

form.
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CHAPTER XIlI

POSSIBLE EXTENSION OF SERIES 60
AND FUTURE RESEARCH

Although at the time the original series was planned, the numerical ranges adopted
for the variables seemed adequate for future designs of single-screw ships, developments
over the last 15 years have already overtaken the choice made in 1948.

The single-screw arrangement is preferred by most ship owners because it results in
higher propulsive coefficients, cheaper machinery installations and lower running costs than
equivalent twin-screw machinery, and in recent years single-screw ships have been built of
greater and greater size, with more and more power, higher speeds, and larger propellers.
For the dry-cargo or refrigerated ship there has been a demand for increasing speed which,
with these other factors, has resulted in many single-screw ships having block coefficients
less than the smallest one of 0.60 used in Series 60. Coefficients of 0.55 have been used,
and to take care of the future and have adequate design information, it would be useful to
extend the series down to a block coefficient of at least 0.55 and perhaps 0.50.

At the other end of the scale, the economics of carrying bulk cargoes, whether oil,
ore or grain, have resulted in the mammoth supertankers of today with block coefficients in
the neighborhood of 0.825 to 0.85. An extension of Series 60 to 0.85 block coefficient would

therefore be of great interest to designers in this field.
B . C
The range of—H—for the Series is from 2.5 to 8.5. The former figure is rather too high
: B
(many cargo ships have ratios around 2.25), and an extension to a value of 7l equal to 2.0

would be of interest. The upper limit of 3.5 is probably adequate for most ships in fully
loaded condition, but with draft restrictions in many ports and canals, it is reasonable

to suppose that supertankers and similar ships may well spend appreciable time in a
. - B .
partially loaded condition when F may quite likely exceed 3.5. As a first step, a few
. B . :
models having —H— values of 2.0 and 4.0 could be run to see how reliable an'extrapolation

outside the present limits might prove to be before embarking on an extensive program.
- Studies of seakeeping characteristics have shown the advantages of longer ships in

maintaining sea speed, and an extension of the series at the finer block coefficients to
. L C
higher values of E would be of interest in this respect; at the full end, a similar increase
. L .
n 3 would cover ships designed for the Great Lakes trade.

The extension of Series 60 to cover any or all of these areas would be a worthwhile
research project. In addition, there remain the planning and running of additional series to

cover twin-screw ships, trawlers, tugs, and high displacement-length craft of all kinds. In
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the latter types, the effect of shallow water on performance would also be a matter of special
interest. The availability of such systematic information would provide the naval architect
with much basic and background information and greatly reduce the need for routine model
testing.

The results presented in this report are for models tested for resistance and propul-
sion in smooth water only. They cover the major features of single-screw merchant ships
such as proportions, fullness, LCB position, and variation in propeller diameter. They
enable a designer to obtain very quickly from contours a lines plan having the correct dimen-
sions, displacement and LCB. Morcover, because of the graphical relationship between the
models, he can also associate with these lines a close estimate of resistance and shaft
horsepower. As pointed out earlier, although no claim can be made that such a design is an
optimum one, the comparisons made between Series 60 and new successful ships indicates
that it will be of a reasonably high standard.

When the series was begun, the hope was expressed that it would provide an accept-
able starting point for additional series planned to investigate many other facets of the hull
design problem. This hope has been realized to a very considerable extent—models of Series
60 have been used for a number of comparisons of models in waves, sponsored by the ATTC
and the ITTC, for a methodical investigation into launching, and for calculations of the forces
on ships in a seaway and their responses to such forces. They have also been used in
~studies of wavemaking resistance and of the effects of adding different sizes of bulb at the
bow upon resistance and ship motions. As described in this report, the Series 60 parent
models have also been used for the measurement of wake patterns and the resultant propeller
forces, and for the median model of 0.70 Cp, the effects on these and upon resistance and
propulsion of changes in shape of stern sections from U to V have also been evaluated.

Probably the most urgent need for extension of this methodical series work lies in
the realm of seagoing qualities. It by no means follows that the hull form chosen for good
performance in smooth water will be equally successful in waves, either as regards mainten-
ance of speed or minimum ship motions. This applies particularly to the fuller, slower ships,
where the absence of any significant wavemaking calls for full bows and slender sterns to
achieve good smooth-water performanéi\e. A methodical program should be carried out first,
to test key models of the series in waves, and ‘this should include experiments to find the
effect of LCB position upon maintenance of sea speed. The next step would be to evaluate
the effects of changes in section and waterline shapes, both below and above water. These
would include, for example, an examination of the relative merits of U- and V-sections, and
the best type of above-water form at the bow to ensure a clean, dry ship by the provision of
adequate freeboard and flare. An extensive program of experiments of this kind, based on
Series 60 models as parents, has been designed at the NSMB. The results of some tests

have already been published, but much yet remains to be done.
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In order to keep the original program at the Taylor Model Basin within reasonable
bounds, a graphical method of delineating the models was adopted, and except for the fact

that comparisons were made with existing ¢

‘good’’ ships, no attempt was made at that time
to explore the vast field of possible changes in the shapes of area curves, sections or
waterlines. At the time of publication of the earlier papers, this adoption of certain area
curve and section shapes was subject to some criticism as having been done too arbitrarily
and accepted too easily. But the fact that it has taken 15 years to reach the present position
is sufficient indication of how long it might have taken had we been led astray in the early
days by the temptation to explore all the delectable byways, opening up vistas of attractive
changes in area curves, waterlinc and section shapes. Now that the main framework has
been finished, such exploration is undoubtedly necessary; it could well form the subject of
a number of research projects in different tanks.

There are a number of possible approaches to this type of research. One would be the
trial and error method of trying different shapes of area curves, waterlines and sections, be-
ing guided in successive choices by the results of each step in turn. A second would be to
apply statistical methods to the results of previous model tests—both Series 60 and others—
to determine the influence ofthe different design parameters,and so approach closer to an
optimum combination to suit any given design conditions. Considerable success has been
achieved in this way in the particular field of trawler design.®®

Thirdly, one may seek guidance from the mathematical work being carried out in the
field of wavemaking resistance. As a matter of history, it is perhaps worth recording that
much thought was given to this aspect of ship resistance research when the original series
was being planned. At that time, Dr. Weinblum was a consultant at the Taylor Model Basin,
and he took an active part in the planning and in the early phases of the project. The ques-
tion of using mathematically defined lines was seriously considered, and it is perhaps of
interest to record some of Dr. Weinblum’s views as $et out in his discussion on the first
series paper (discussion on Reference 44, pp 722-4).

“For a considerable time attempts have been made to establish a rational theory of
ship resistance as the function of its form by using analytical methods and pertinent basic
experiments. Although this approach is developing successfully, if slowly, the choice of
proper ship forms for practice has still to rely widely upon experimental data, obtained by
testing methodical series or single models. Clearly, the latter procedure is the most waste-
ful way of getting results which are capable of appropriate generalization. Therefore, from
a practical point of view, the need for Series work cannot be denied at present. On the
contrary, the substitution of methodical experimenting for single testing promises within
plausible limits decisive advantages in various respects . . . when the present series was
being planned the authors received proposals to base the work on algebraically defined lines

. There is no magic in mathematical lines. Their use in research work is desirable

essentially
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1. toobtain well-defined expressions for the ship forms, which admit especially of
clearly defined variations in these forms . ..

2. to enable us to perform resistance, seaworthiness and similar calculations in a
simple and systematical manner.
. . . in the writer’s opinion a reasonable evaluation of the existing theories (of wave resist-
ance and sea-going qualities) could be reached by using graphically-defined parent hulls, by
approximating these forms mathematically and using the latter for the calculations involved..
. . . This reasoning together with some difficulties .. . in representing full sections justifies
the use of empirical lines at present ... The idea of the proposed wave resistance calcu-
lations is essentially two-fold: we intend to make a contribution to the analysis of the experi-
mentally-obtained resistance curves and to indicate what improvements in the parent forms
are suggested by theory. Especially the latter purpose can become rather interesting. On
the other hand, since we are dealing with a first order theory, valuable checks of its validity
may be obtained from systematic experiments.

. . . Finally, the series work may make use of other procedures applied in hydrodynam-
ics and thus stimulate the whole field of model research. It does not give credit to theoretical
naval architecture and to general hydrodynamics that in text books on the latter subject the
ship has nearly disappeared.”

In view of such opinions, the basic lines of Series 60 were developed empirically
and defined graphically, and Dr. Weinblum showed in his discussion how the waterlines and
sections could be closely represented by polynomial expressions.

Today much effort is being applied to the problem of representing a ship form mathe-
matically, either by means of sections and waterlines or as a three-dimensional surface, for
use on a digital computer.67:68.69 Sych an approach would enable calculations of wave-
making resistance, velocity distribution, and motions in waves to be made very quickly and
permit examination of many alternative ideas. In the particular case of calculations of wave-
making resistance, these will still suffer in the absolute sense from limitations in the theory,
partiéularly as regards the inclusion of viscosity effects, but they should furnish a guide to
the experimenter in the choice of hull changes likely to reduce wavemaking resistance. It
must be remembered, however, that in the type of ship with which this research is concerned,
the wavemaking resistance is, in general, only a small part of the total. By fining the entrance,
for example, it may well be that the reduction in wavemaking resistance will be equalled or
even exceeded by an increase in viscous form drag.and eddymaking occasioned by the corres-
pondingly fuller stern. On the other hand, the wavemaking resistance is the part over which
we have most control since it depends essentially on the hull shape, and every use should be
made of any guidance that mathematical work can provide as to the type and character of
changes likely to reduce it. This approach will be most fruitful in high-speed ships, but at
present it seems that for low-speed cargo ships we must in the final analysis still have

resort to experiments.

XIII-4




Finally, it is believed that much of the value of ship model research in the past has
not been realized because of the lack of a common point of departure. Indeed, as a result of
this lack, there has been much duplication of effort. It is suggested that Series 60 provides
such a common starting point. Used in this way, it would have the effect, in its own limited
field, of unifying research everywhere. Much more research, both fundamental and applied,
remains to be done; there are staff shortages in most places, but with such a link these

problems could be shared among towing tanks everywhere and the rate of progress much

enhanced.
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APPENDIX A
EFFECTS OF TURBULENCE STIMULATORS

The need for artificial stimulation of turbulence on ship models in order to avoid the
spurious results obtained in ship predictions based upon model experiments in which some
laminar flow persisted was recognised in some tanks, including Hamburg and Wageningen,
before 1930. Its importance was not generally appreciated, however, until around 1948 when
it was realised that on some hull forms, notably those with a full forebody and raked stem,
laminar flow could persist to an alarming extent. Thus experiments with LIBERTY ship
models showed that the effect of stirmulation over the lower speed range could amount to 15
or even 20 percent.

A number of methods of stimulating turbulence have been devised from time to time.
Kempf early proposed a ‘‘comb’’ which made a pattern of grooves in the wax hull around a
station about 5 percent of the length aft of the stem, while a “‘trip-wire’’ placed around the
hull at the same place was adopted very early in the work and has maintained its place as
one accepted method to the present time. Sand strips down the stem and along the LWL for
a short distance from the fore end are also used. All these devices add some parasitic drag
to the hull, and to avoid this use has been made of struts ahead of the model attached to
the towing carriage. Some experiments of this kind made with fine models in which no lami-
nar flow effects could be detected suggested that the wake from the strut could actually
reduce the measured resistance of the hull. In order to avoid some of these effects, studs
similar to those developed on aircraft models were tried; they have the stimulating effect of
trip wires or sand strips but a very low parasitic drag. These were described by Bughes and
Allan in 1951.46

The original Series 57 models were run with and without turbulence stimulation. The
standard method used on all models was a sand strip %in. wide down each side of stem and
along the LWL for a distance of 4 ft or one-fifth of the length of the model. In addition,L
some models were run with a trip wire, 0.04 in. in diameter placed around a station at -2—0
from the stem. Others were fitted with studs, as described in Reference 46; these have a
dismeter of 1/8 in., were 1,/10 in. high and spaced 1 in. apart along a line parallel to the
stem profile. The distance of the line from the stem depends on the half angle of entrance
on the LWL (1/2 @g). For the three Series 57 models of 0.70, 0.75, and 0.80 Cp, the 1/2 @
values were 13.3, 27.1, and 44.0 deg, the distance of the studs from the stem being, respec-
tively, 2.13, 2.70, and 3.25 in.

The effects upon resistance were somewhat erratic but never very serious.
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Model Sand Strips Trip Wire Studs
4200 (0.60 Cg) | Slight increase over lower | No change -
speeds
4201 (0.65 Cg) No change except at very No change except at -
lowest speed, C ; rising very lowest speed,
slightly with decreasing Cr level with de-
speed creasing speed
4202 (0.70 Cp) | No change - No change
V .
4203 (0.75 Cp) Below-\/—z__— = 0.4, - Same as sand strips

large increase in resis-
tance—some 60 percent
on Cp. At service speed,
increase in Cp was 4 per-
cent and in CT about 1Y%
percent

4204 (0.80 Cp)

Slight increase at all
speeds—Cp up 1Y per-
cent at service speed

Somewhat larger in-
crease—Cp up 3 per-
cent at service speed

ERVA VA S AR 24 9

In view of the small effects of stimulation, it was decided to use results with sand

strips without deduction for any parasitic drag.

The first step in developing the new Series 60 was a comparison between the results

of certain good ships and the Series 57 equivalents. Studs were used for these tests because

they were easy to fit, were positive in location, had some theoretical backing as a means of

stimulation, and had very small parasitic drag. The only peculiar results found were with the
models of the PENNSYLVANIA series. The PENNSYLVANIA was a tanker of 0.76 Cp and

a number of variations were tested. The models are listed in the order in which the tests were

carried out. For the first five, the increases in resistance were quite substantial, averaging

10 and 7.5 percent at the service and trial speedsrespectively. For the last four, the cor-

responding figures were 0.8 and 1.2 percent. It should be noted that Models 4435W and

4435W.A are built to identical lines, both of wax, and yet they fall into the two groups as

regards stimulation effects. The ©400 ¢ values listed are those derived from the model

results with stimulation; they show no serious change in the resistance picture, indicating

that the differences occurred in the tests in the unstimulated conditions. The only division

one can make is a chronological one, and no explanation has been found for this peculiar

behaviour.
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Percentage Increase © 400 ft with
Model Details in © with Studs Stimulation
Service Trial Service Trial
Speed Speed Speed Speed
$435W PENNSYLVANIA (as built) 11.8 9.0 0.715 0.735
1420W Series 37 equivalent 10.4 8.2 0.735 0.765
1420W-1 PENNSYLVANIA forebody—Series 57 10.7 7.0 0.710 0.730
aft body
1168 Series 60 equivalent 9.0 7.0 0.727 0.760
4468WA-1 PENNSYLVANIA forebody with Series 9.0 6.6 0.736 0.763
60 stem profile~Series 60 stern aft
body
4435WA-1 | PENNSYLVANIA with Series 60 stem 0.3 2.0 0.735 0.760
and stern contours
$435WA-2 PENNSYLVANIA with Series 60 stern 2.0 0 0.730 0.753
and PENNSYLVANIA bow contours
1435W.A, PENNSYLVANIA (new casting of 0.0 2.8 ) 9
£4351) g 0.725 0.772
4466W-2 Series 60 equivalent with PENNSYL- 0.8 0 0.747 0.772
VANIA stem contour

For the actual Series 60 parent models, studs were used throughout and the following

effects were measured:

Cp =0.60 and 0.65 Resistance unaffected
Cpg =0.70 ©400 ¢t Yalues increased O to 3 percent
Cp =0.75 and 0.80 @© 400 1 values increased 0 to 12 percent

The propulsion tests on the Series 60 parents were all carried out with models fitted

with studs.

The LCB series were all run in the first place with studs. For comparison, 14 of the
22 models were also run with trip wires.

The results for the models without stimulation and with studs were as follows:
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Cr Studs
Cp LCB from®X Effect of Studs = ——e
Cy Bare
0.60
0.65 All Models No measurable effect
0.70
Sea Speed Trial Speed
0.75 0.48TF 1.037 1.022
1.50F 1.030 Mean 1.028 Mean
2.57TF 1.090 1.050 1.098 1.050
3.46F 1.068 1.075
0.80 0.76F 1.050 1.054
1.45F 1.079 Mean 1.081 Mean
2.50F 1.035 1.055 1.037 1.060
3.51F 1.074 1.070

The average increase with the two fuller block coefficients is 5 to 6 percent. For the 0.75‘

C g, there appears to be some tendency for the increase in resistance with stimulation to be

higher the further forward the L CB, and therefore the fuller the forebody and entrance. The

0.80 Cp does not show such a definite trend, however, and no generalization can be made on
this point.

When trip wires were used in place of studs, there was no difference in the results
except for two of the 0.80 (', models, when the service and trial speed @values were
about 2 percent higher with wires than with studs.

For the models used in the main series to explore the effects of changes in— and

7l ratios, turbulence was stimulated by trip wires, 0.036 in. in diameter, placed around a

section of the model 5 percent of the length from the stem. This choice was made basically
on two grounds. Although in general there was no difference in the results using studs or
trip wires, the latter did give the higher results on some fuller models, as described above,
and, secondly, a review of practices in other model basins indicated a more general accept-
ance of the trip-wire technique rather than studs.

The results of the main series of models, from which all the contours of Cp and @
have been derived, were therefore consistent in that they were all measured on models fitted

with trip wires.




APPENDIX B

USE OF CONTOURS AND CHARTS

In order to make the data derived from the very extensive Scries 60 research project

readily available and useful to naval architects, they have been presented wherever possible

as design charts and contours. From these the designer can very quickly make an estimate

of performance for any normal single-screw merchant ship whose proportions fall within the

area covered by the series.

The essential data are shown in the following figures and tables:

Figure 3
Figure 4

Figure 5
Figure 6

Figure 9

Figure 10

Figure 11

Figures 26-30
Figure 31

Figure 38

Figures 54—-57
Figures B1—-B39
Figures B40—B78
Figures B79-B120
Figures B121-B123
Figures B124-B126
Figure B127

Figure D4

Tables 16—-26
Tables 27-32
Tables 49-53
Tables B1-B45

Variation of Cy, Cp, and Bilge Radius with Cp

Variation of Angle of Entrance, Position, and Amount of Parallel
Body for Series 60 Parents
Contours of Cross-Sectional Area Coefficients

Contours of Waterline Half-Breadth Coefficients

Lg
Ratio of for Different Values of \CB and Positions of LCB
BP
_ Cre )
Ratio of for Different Values of Cp and Positions of LCB

Bow and Stern Contours

Cross Curves of @© to Base of LCB Position

Minimum Values of (©) and Corresponding Optimum LCB Locations
Cross Curves of DHP on LCB Position

Variation of Propulsive Factors with Propeller Diameter and Draft
Contours of Residuary Resistance in Pounds per Ton of Displacement
Contours of ) for Ship with 40C¢-Ft LBP

Contours of Wake Fraction and Thrust Deduction

Contours of Relative Rotative Efficiency e

Contours of Wetted Surface Coefficient

Nomograph for Calculating Frictional Component of Resistance Ry on
Basis of ATTC Line
Chart for Conversion of @ Values from Froude to ATTC Basis

Resistance Data for LCB Series
Propulsion Data for LCB Series

Corrections to @) o ¢ for Change in LCB Position . B
Results of Resistance and Self-Propulsion Experiments on 'E ,

Series H



To assist in the use of the data, calculation forms for the prediction of chp and ©400 t
are given in Tables B46 and B47. The tables are largely self-explanatory, but a fow points

call for a little comment.
Ieg

. B
The contours give ~ and @ for three values of o 2.3, 3.0, and 3.5. For any

particular ship, therefore, it is necessary to interpolate between these to obtain the correct

B
value for the actual " of the ship in question. This could be done by plotting the three
. . B
values and lifting off the ordinate at the correct ﬁ value. In Table B16, it is suggested

thatthis interpolation be done by assuming a parabola to pass through the three points. This,

I3
. . . R
in effect, means that all users will obtain the same value of — or @ for the desired ﬁ_’
i.e., it removes personal interpretation of the data; moreover, experience has shown that the

B
data can thereby be extended to M values of 2.0 and 4.0.

For comparison purposes, it is sometimes desirable to compute © and @) for the
actual ship under consideration, and this can be done by completing columns O, P, and Q in
Table B46. This value of (§) will be different from that for the equivalent $00-ft ship, of
course, since frictional resistance is a function of length. The value of © for lengths other
than 400 ft can be estimated approximately from the differences shown in Table B48, due to
Professor L.A. Baier (discussion on Reference 63, page 571). Much of the resistance data
published elsewhere refer to a standard ship length of 400 ft and the @© contours given in
this report are for such a standard length, and for _H_ values of 2.5, 3.0, and 3.5. Table B47

B
will enable the value of ©400 ;¢ to be interpolated for any other desired value of -
R

F
The —S_ nomograph in Figure B127 gives a rapid graphical method of finding the
frictional resistance per square foot of wetted surface for ships of different lengths operating
at various speeds. The results apply to a ship in sea water at a temperature of 59°F (15°C),

which has been adopted as a standard figure by the ITTC. A standard ship correlation allow-

kp
ance of +0.0004 has been included. —S—is obtained by passing a straight line through

appropriate values of VL and V and reading the answer at the intersection of this line with

Bp
the -S_ scale which is connected to the V-scale used. Estimates for other than standard

R
correlation allowance of +0.0004 can be made by taking the above il values and increasing

them in the ratio of the total C values for the desired allowance and +0.0004, respectively.
In computing the frictional resistance for estimating power for a proposed vessel, it

is recommended that the wetted surface for the proposed vessel be used. If this figure is

not known, the wetted surface for the equivalent Series 60 hull can be obtained from the

contours in Figures B124 to B126.



. L B . '
The models used in the I ',7 series had, for any given block coefficient, a fixed

position of LCB, determined from the earlier series of models in which the LCB position was
varied. In making arn estimate of power for a new ship using the Series 60 resistance con-
tours, the result will apply to a ship having the LCB in the position chosen for the parent
series. If for one reason or another, the new design must have the LCB in some other fore

and aft position, then a correction must be made for this difference. If it is assumed that

the effect of movement of LCB on the parent model of given Cp arnd values of L and I

. L
applies alss to a model of the same € but different values of 5 and R appropriate to

the design in question, then the correction can be made from the data given in Chapter VI of
this report; sce Tables $9-53.

In applying results of the kind given in this report, there are often a number of points
which at first are somewhat obscure tothe new user and may create difficulties or even
errors in making estimates. For this reason, a numerical example has heen worked in some
detail in Appendix D in the hope that it will obviate any such problems arising in the present

work.

Figures B1 through B39

Contours of Residuary Resistance in Pounds per Ton of Displacement
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Figures B121 through B123

Contours of Relative Rotative Efficiency, e,
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Figures B124 through B126

Contours of Wetted Surface Coefficient
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TABLES B-1 through B-45

Results of Resistance and Self-Propulsion Experiment for
45 Models of Series 60

B-64




e

€€L-0 201 619°0  SOT"T  860°0  HET'O  OzHiL w'TIT B2 +%60°T
[ 172l 690°T £19°0 91°'T  TIT'0 96T°0  026EL T60T §°92  #LO°T
[30A T90°T  909°0 TI"T  #2I°0  2T2°0 02404 4°90T 0792 £60°T
L AL 6+0°T 109°0 LTI T €10 zeeo 09449 H'HOT  §°S2 37004
8690 68071 009°0 02T 1 £€T 0 922°0 00TH9 T°20T 0°S2 £10° T
€0°0 £€0° T £09°0 geT'tT  TET°0  0f2'0  OT98S 0°66  §°HT 266°0
ozt o 6£0°T  +09°0 9HI'T  62T°0  OH#Z°0  OT8TS +#H'S6  O°# 2L6°0
| (VAL 90" T 969°0 €T T g2r°0 95270  OgHiqy 0'T6  §°€2 256°0
85470 050°1 2190 08T T €t o 992°0 09848 £4°98 o-te 2€6'0

L9470 ®50°T 619°0 172 A1 SHTO €z o ofe2t L°2g S§iee 116°0 £8T°1 zile 6644 T
69410 850°T 629°0  SST'T #ST°0 69270 004l 6L 022 %680 W't 60i°e RXTAS Slo-t
TN 090°T  L£9°0  OHI'T 99T°0  §92°0 o204z €9 ST T80 2UT'T 99T LSl h $0°t
€LL°0 596°T €490 gz T €LT0 L92°0 0€TT2  9°€L 0°1e 0$8°0 T T £gs e L CTALH 520°1 ‘
LYAAL) 0L0°T  §49°0 ZeT°T  QLT°0 4920  0#06T 2°TL S0z 0tgo ST T 02s°e 989°4 000°T
84l 0 2L0°T 8H9°0 02T°T 64170 L92 0 OTELT  €°69 0-o2 018°0 91T T Lsq°2 925 4 $L6°0
084°0 0L0°T  8%9°0 92Tt 94T°0  892°0  0209T §°49  §°6T 06470 WO T wEZ gEz 4 g6 0
1840 8901 in9°0 ofT* T s§4to 0lz o 0€ghT 4759 0°6T 69L°0 0$6°0 €€ e 948° € 526°0
$8L4°0 990°T  L%9°0 gET'T  69T°0  042°0  OfLET  8°€9  S°8T  6RL°O 580 g9z e 8o € 06°0 .nm
T6L°0 £90°1 JA MY LT T €910 2o 0€92T 2°29 0°8T 624°0 6LL70.  502°2 091° ¢t §48°0 R.u
2640 0901 %90 $8T°t 9170 €20 04L5TT €709 §°LT 80470 g2l 0 E4T°2 $56°2 $8°0
L6L70 850°T  9%9°0 991" T gsT'0  gLz'0  06%0T  €°8S  0°LT  889°0 w40 6lo°2 $5g°2 §28'0
108°0 650°T  9%9°0 TWU'T  LsT'0 0820 96h6 M 95 $°9T  899°0 969°0  9T0°2 seg e 0g-0
908°0 090°1T 9%9°0 LT T 46170 £82°0 5958 §hS 0°9T gh9'0 969°0 068°T s28°2 jTAL
808°0 290°1 8h9°0 wT T w51 0 82°0 2894 28 66T 829°0 269°0 “9L°T 018°2 040
018°0 £90°T  ©€§9°0 HT'T +#ST1°0 082°0 €689  0°1S 0°'ST  L09°0 u9*0 8€9°T g2l $9°0
518°0  ggosy  059'0  84T'T  26T°0 0ggro fose E€lm OTHT 99570 €99°0  2T°T 689°2 09°0
w29°0  690°T  0§9°0  9gT'T  26T'0  Sgeto 2w L't 0°€T 9280 299°0  98t'T $89°¢ 50
L£8°0 690°T i%9°0 ote'1t 9NT 0 620 TLEE T'0%  0°2T 9840 299°0  092°1 889°2 00 .
299°0  METT $89°2 00

$%8°0 $90°1T 249°0 92" 1 oHT"0 +€°0 2€92 L19¢ 0°1T SHhto
2 d e 3 Iy dHS N A I r/a ® @ prx Iy

dHS/dH3 ° ?
4T Ta%ueT 34 Q09 30 ATUg 103 exv seandTd TIV 4 YABUeT 3d 004 JO dTUS o ele semITI TV

1Lb€ Jequny a11adoid ‘S°z = J/4q ‘S°9=g/7 '09°0 = q 9 ‘0O¥CH 3equnN [apoN

sqjuawodxs] uotsjndoig-j|os pus soue)sisey jo synsay

T-4 4'IdV.L



10L°0
66970
969°0
308°0
£69°0
0L 0
90L°0
91IL°0
'WBL0
8eL’0
08L°0
83L°0
83L°0
SLLT0
03.°0
¥3L°0
138L4°0
1.L°0
iL0
&iL'0
0LL70
$LL°0
G8L°0
¥8L°0
86270
008°0
6L°0
98L°0

dHS/dH3

%%0°'1
8301
1€0°1
01
201
L80°1
8801
280°T
1801
¥E0°T
980°1
$g0°1L
90t
yto'1
o'l
13%0°1
93071
8101
S10°1
€10l
3101
600°T
900°1
L00°T
1101
$00°1
0101
¥00°1

My

639°0
939°0
%%9°0
£29°0
139°0
029°0
189°0
$39°0
¥£9°0
¥¥9°0
899°0
699°0
SL9°0
189°0
189°0
£€89°0
189°0
289°0
%89°0
089°0
819°0
819°0
819°0
6L9°0
089°0
L19°0
6L9°0
LL9°0

de

dd ©¥30e7 14 009 Jo digg 20} exe seandiy (1

101°1
180°1
980°1
§20°1
6L0°1
880°1T
$60°1
yOol'1
9011
80T°T
1011
160°1
860°1
080°1
L80°1
801°1
BIT'T
o111
M1
(€1 ¢
831’1
08Tl
"/l
12 10¢
o1
Ll
@rY
9ST°T

%

squowzedxy uolsindoig-J{og pur aouwIsISaYy JO SINSdY

131°0
¥$1°0
o910
891°0
L0
¥L1°0
8L1°0
8L1°0
6L1°0
8L1°0
LL1°0
9L1°0
Lo
8L1°0
9L1°0
89170
$81°0
691°0
991°0
891°0
8110
0170
391°0
a91°0
091°0
0s1°0
091°0
$91°0

?

6130

38370
L33°0
93%°0
£8%°0
0%2°0
6¥5°0
9930
L196°0
8%3°0
2820
8%¢°0
19270
9%3°0
6¥2°0
9%2°0
€9¢°0
15370
£95°0
8€%°0
¥92°0
99770
892°0
69370
89270
LLE°0
8L%°0
LL%0

Ly

09L19
0¢806S
066se
08239
0606%
orery
0050¥
0089¢
0¥%608
03993
08952
0egeér
093L1
(V4 4'1¢
[V'284¢
0018l
06131
(13498
0z¥01
¥2g6
8698
¥68L
8012
18 2]
(473 ]
0s9¥
(1924
0362

dHS

1°0%1
0°8el
¥s8l
8°381
97631
6°631
L1381
T°A1T
14
sL01
V1)
0°6e
¥'se
2°%6
0°06
L8
1°¢8
8'28
$°08
0°'8L
$°SL
0°8L
S0l
o'89
8°99
119
699
£°ee

0°L8
293
093
992
0°98
¥
0'¥%e
9°¢8
083
2°38
0'%%
918
018
§$'08
0°03
)
06t
§'81
08t
gL
oLt
991
091
$ql
oql
0¥l
08l
0°gl

A

é-d d'TdV.L

¥60°'1
¥L0°1
£90°1
$80°1
810t
%66°0
GLe°0
396°0
G86°0
116°0
1080
1L8°0
148°0
088°0
018°0
08L°0
69L°0
8¥L 0
65L°0
80L°0
889°0
899°0
8%9°0
839°0
10970
996°0
935°0
98%°0

IMAZA

660°1
S60°1
660°1
8601
080°1
620°T
¥.6°0
668°0
%38°0
L0
812°0
S0L°0
10470
968°0
169°0
189°0
8L9°0
9.9°0
£L9°0
€L9°0

©)

806°%
2¥8°%
LD
0IL'3
132 X
L1838
114°3
i 4 &4
8L8°3
8188
L¥3°3
1812
119954
£86°1
0s8’1
s1LT
9891
141 ¢
338’1
(1108 ¢

@

8Lc€ saquny saf1adosd ‘S'T = jy/d ‘S"L=§/7 '09°0= mU ‘0O1Z¢ 1oqunp [3po

89G°'Y
29%°'¥
9%y
89%°¥
(.18 4
320°%
c8L’e
(] 4
(4 1884
828'C
18L°3
88L°2
38L°8
30L°8
¥89°3
'3
¥£9°0
£29°C
%193
G19°'%

k]
g0t %0

o1t
92L0°1
$0'1
950°'T
001
$L6°0
$6°0
956°0
06°0
980
$8°0
§38°0
08°0
L0
0L°0
99°0
09°0
990
050
w0

A/

dd m3ue] 14 00¥ jo digg 20} ez semILg (1Y

B-66



!

3LS0 866°0 03850 3011 9¥1°0 £330 00892 <991 $°$3 £80°1
: 9150 00T 33§00 I0LT  6FI0  L330  O0SIOL  BG9T  0°S% £10°1
88570 or0°T €850 ¢IT°1 3810 8€3°0 05618 1°98T $°¥%3 366°0
) 96S°0 010'T 8350 6IT'T  L61°0 1¥3°0 0298§ T'6¥1 0'¥3 3L6°0
919°0 ¥10°1 8€5°0 831°% 391°0 85$6°0 086¥%¥ €T1¥ S$°€3 346°0
189°0 130°T 0§50  ¥ETT  GOT°0  ¥9B0  0FOLE  ¥EEl  0'8% %860
8$9°0 8G0°T $95°0 981°1 891°0 89370 09¢0¢ 8°G3L $°3% 1160 99¢€°1 09L°3 103°§ $30°T
$29°0 T80°'F  LLS°0  €ET'T  BLI0 TL0  0S0S6  SSIT  0°G3 168°0 0%¢1  £69°2  901°§ 00T
069°0 %350°1 €65°0 8eT°1 TLT°0 1L8°0 06113 8°GI1L $18 1L8°0 SLE'T <393 9¥8°¥ $L6°0
869°0 $10'T  109°0 OFI'T  TLT°0 €23°0 OS¥ST T80T 013 148°0 LT 8983 9¥¥'y $6°0
L0270 810°T  809°0 €¥'T  S9T°0  0L3°0 08S9T  9°FOT  §°0B 08870 %01 16¥3 £96°¢ $26°0
80L°0 ¥IOT  1T9°0  BFIT ¥OT°0 6930 OFIST 91O 0°0B 018°0 L06°0  ¥2¥3 ¥s¥'e 060
60L°0 9T0T 3190 O¥'T  991°0 8930 0L8ET  8'86  S6l 062°0 86L°0 9SET  TRO'E $L8°0
60L°0 10T €19°0 G¥I'T L1910  OL3'0  O00L3T 696 06T 69L°0 LPL0 683G 1¥8°2 $8°0
80L°0 010’1 018°0 8¥T°T TLT0 8L3°0 03911 6°66 8T €¥L°0 L3L°0 3360 69L°3 3870
L0L°0 10T 609°0 S¥I'T  GLT°0 1820 OI80OT T°06 O8I 63L°0 STL'0  ¥§1°0 931 08°0
%0L°0 10T 019°0 6EI'T (0810 0830 L326  9°LS gLl 80L°0 80L°0 180G 869°2 SLL'0
00L°0 600°T  ¥I9°0  O0ET'T  IBI'0  §LG0 ¥688  1°SS 0711 889°0 ¥OL'0 0303 £89°2 $L°0 =
10L°0 900'T €190 9ET'T  QBI'0 8130 6LUS £28 $91 899°0 00L°0 3561 899°2 $2L'0 o
| 30L0 00T  609°0 OST'T  BBI'0 6830 OOEL £6L 0791 8%9°0 L69°0 6881 999°C 0L¢
110 66860 609°0 69T°T €LI0 8640 8959 ¥9L $ql 8290 ¥69°0  8I8'T 8%9°3 $L9°0
81L°0 866°0 909°0 98T'T  OLI'0O 0080 §88S  9°CL 0°sT L0970 069°0 OSL'T 1£9°% $9°0
2sL0 000'T 2090 T6T'T 8910 1080 0L3S  OTL S 18570 889°0 €89°1 029°3 $%9°0
93L°0 000°T  $09°0 3081 6910 6080 ¥E9yY &89 (11 9950 $89°0 9191 1193 09°0
132°0 9660 ¥09°0 661'T €L1°0 OIE0 ¥SLE  3'E€9 o'et 935°0 £89°0 I8¥T 009°% $5°0
¥IL0 866°0 9090 BT .10 2080 §863 L'8S  0°BI 98%°0 ¥89°0  9%ET $09°3 0$°0
S0L°0 $00°1 609°0 161°1 181°0 6830 39¢8 L 24 011 $¥¥°0 689°0 (48 ¢ 929°C ¥ o
10L°0 S00'T  909°0 IST'L  8LI'0 9830  SHSI 10§ 001 $0¥°0 92690 1201 1693 0%'0
dHS/dHE Mo % e 3 Iy  aws N A TMaA @ @ gux TMgan
dd n3uer 14 009 Jo digg 10) asv seindiy (ly dg Dauer] 14 go¥ jo digs 10) ere semdiy (1Y

TOST 12qunp 19j12doxd ‘S'T=Y/g ‘ST'8=g/7 ‘S9'0= 47 19t 19quny [apo

sjuewliodxy uoisindoiJ-}Jog pus @oUBJSISIY JO SI[NSVY

¢-d U'1aVv.L



o,

455°0
98570
§19°0
0h9°C
$99°0
069°0
o
FAYAL!
05470
994°0
64470
$8L°0
L8470
€84°0
8LL0
8LL°0
€840
264°0
00870
T18°0
128°0
628°0
2€g°0
980
£28°0
218°0
684°0
694°0

dHS/dHI

$96°0
£96°0
2L6°0
94670
L8670
800°1T
230°T
£L0°T
040°T
T50°T
L450°T
850°T
850" T
g1
o1
$+0°T
050°T
€501
L50°T
450°T
850" 1T
L50°T
§50°T
$%0°T
9H0°T
+E0°T
2101
6660

I,

£09°0
£09°0
#09'0
909°0
£19°0
229°0
2€9°0
6H9°0
659°0
999°0
€49°0
949°0
8L9°C
849°0
949°0
§49°0
€49°0
490
049°0
699°0
49970
69970
0490
04970
24970
£49°0
§49°0
w9°0

da

256°0
$00° T
LH0°T
180°T
660°T
00T°T
00T°T
260° T
T60°T
+w60°T
$60°T
460" T
860°T
T0T°T
0T T
+T°T
[Zs)a s
021°T
621" T
AT T
91" T
2T T
[7A %A1
28T T
€LT°T
991°1
w1
™H'T

Ya

€170
651°0
25T 0
2810
191°0
[7A &}
88170
861 0
1020
€02°0
66T°0
L6170
S61'0
961°0
66T°0
+02°0
902°0
902°0
50270
661°0
2610
88T 0
$81°0
+8T°0
98T°0
06170
2610
S6T°0

3

2L o
9T 0
68170
912°0
9t2°0
0se°0
2920
$92°0
892°0
z'o
692°0
892°0
L9270
042°0
§l2°0
6L2°0
£82°0
62°0
962°0
20€°0
90€°0
L0E 0
80¢°0
60€°0
90¢t°0
90€°0
00t°0
562°0

Iy

000Z4T
000¢2T
008¢0T
05%98
09T0L
05295
OHTSH
005£9¢
01662
ohese
0goze
00002
06291
00691
0195t
062HT
0£0ET
09411
0190t
o311
HESs
9L
6589
0219
5064
288t
£L0€
e

dHS

9°LET
0" TET
T +#2T
0°L1T
0°0TT
§°tot
(7
0°26
0°/8
0°t8
0*08
IAF
[2477
g€l
[ARdA
169
049
JARY)
§-c9
€09
0°85
0'95
0°HS
0°2s
€ gh
S Hh
0°T4H
9° L8

N

dg u33ueT 34 009 Jo dius Ioj e samITg TIY

§°se
0°se
5°H2
0°H2
s-€e
o°te
[
o'z
[ ¢4
0°12
§°02
0°02
5761
061
58T
0°gT
$ret
04T
5791
0°9T
§°5T
0°ST
S 4T
0 HT
0°tT
o2t
0' Tt
0'0T

A

€e0° T
€T0° T
2660
2l6°0
256°0
2€6°0
T16°0
680
148°0
T48°0
0€g8°0
0T18°0
064°0
69L°0
6040
62470
8040
889°0
89970
849°0
82970
£09°0
485°0
995°0
925°'0
984’0
SHhto
504°0

IMa

€L T
2€9°1T
L6R°T
6EE°T
£ST°T
€00° 1T
Lig8°0
864°0
w5470
(1AL}
92L4°0
H2L0
02l'0
(4]
604°0
40470
104°0
669°0
%690
889°0
+89°0
089°0

©)

dd ysdueT 31 00H Jo diug 03 ele semIT4 TTY

91572
4234
g6€°2C
gtee
ole 2
60272
gni°2
980°2
520°2
096°1
206°T
™' 1T
08L4°T
gTL" T
459°1
965°T
HES'T
€nT
05€° T
et
ST 1
286°0

®

8z8z 1oquny sarfadoid ‘ST =H/g ‘6T°9=g/7 ‘$9°0= %U ‘b9Zy 39qunN T3pOW

sjuswiiodxy uoisindoig-J[o§ pue douelsisey Jo sy[nsey

- AT19V.L

922°L
918°9
5279
T65°S
918" 4
68T 4
£99°¢€
HEE"E
0ST €
690° €
0€0°¢€
zeo’t
800° ¢
$g6°2
2962
oné'e
826°2
61672
868°C
wg'e
948°2
™e'e

orx Y

§20°T
000°T
5§46°0
056°0
§26°0
006°0
548°0
048°0
$28°0
008°0
SLL0
064°0
s2Lt0
004°0
549°0
069°0
$29°0
009°0
0850
005°0
0540
00h°0

i 7770

B-68



e

$09°0 286°0 085°0 290° 1 220 LA L] 04646 € 9MT  §°S2 €eo°1
229°0 266°0 LS o L80°T €210 €610 OTEL8  O°THT  0°S2 £10°T

9€9°0 200°T #4460 90T'T  42T°0  T12°0  OT0gL 0°9ET  S°42 2660 s T 99%6°2 951°9 st
259°0 Wo°T §45°0 921" 1 €10 gez o 00949 0°0fT 0°%2 2lé°0 £96°1 L£9°2 612°9 [16h¢
T49°0 $10°1T 185°0 LET°T IO  +n2°0 00295 O°feT  S°€2 256°0 985°1 gol'e g0€°9 $0°T
£89°0 ST0'T  £65°0  #EU'T 0610  0§2*0  OT0%% ©0°9IT o°t2 2e6°0 "5 T w9°e 122’9 szo°'t
%0/, 0 gT0°1 219°0 €T T s$9tT'0 2920 0$gS€  0°goT S22 116°0 2641 6452 9€6°S 00°T
8T14°0 $20°1 429°0 L1 8L1°0 492°0 00162 0°20T o0°22 168°0 88t T §15°2 125°$ SL6°0
€€470 £20°T TH9'0  AIT°T  O0BT°0  +492°0  092#Z 0°L6  §°T2  TiR°0 g2 T 0SH'2 9964 $6°0
gHhito ofo’t h9'0 et g4T°0  g92°0  0L0T2 T°t6  0°12 18°0 60°T  $g€°2 ™e*e 52670

| 094°0 g920°1 259°0 €LY 2{T1°0 0l2°0 [197:) QEENFAY -] s-oz otg o #56°0 12€*2 "6l € 06°0
994°0 0£0°T  959°0  HET'T  691'0 4920  0L69T 249  0'0Z  018°0 s2g°0 9522 zge°t §48°0
694°0 920°1 65970 8ET" 1T L9170 8920 00HMST  §°+8 §°61 064°0 094°0 2612 220° € $8°0
0LL0 £20°1 199°0  6LT°T 99T°0  §92°0  O0SOHT 0°28  0°6T  69L°0 LS YA 74 of 4 £06°2 $28°0
0LL70 120" T 19970 THT°T 99tT°0  692°0  0982T 9°6L  §°9T énl0 €2l'0 £90°2 8i8°2 08°0
NAAL gT0°T  099°0  SHU'T 691°0  442°0  0SLTU Y4l 0°8T  62L°0 gTL°0 666°1 6sg°2 [774]
oLL 0 020° 1T 859°0  GRI'T  4.T°0  082°0  OTLOT 9'wL  S°LE BOL°O €TL°0 #E6°Y 9€8°2 L7AL
69L°0 T20° 1T $59°0 6HT° T 08T°0 igeto s2L6 2° 2 0°41 289°0 604°0 048° 1 028°2 seio %
0L4°0 6T0°T 5590 [T 8¢ 0810 682°0 2588 6°69 5791 899°0 S04°0 $08° 1 s0g°2 0l'0 R.u
8$LL°0 610" 1 £49°0 9T 1 6L1°0 5620 0108 §°49 0°91 gh9°0 (69°0 Thé T eLLte §49°0
Q- 7ANY 970 T 2590 gLt €4T°0 g62°0 gH2L 2°59 $°61 829°0 999°0 949°1 gtLt2 $9°0
164°0 810" 1 269°0  T6T°T 91°0  T0€°0  T0S9 629 0°ST L09°0 849°0 z19°1 00s'2 £29°0
86L°0 610" 1 259°0 861" 1 £€91°0 2ot o 5948 £°09 SoHt L85°0 w90 ghé“ T 1892 09°0

: 208°0 020°T  459°0 oz 1 191°0  20€°0 1S €85 [0 9950 2.9°0 1000 ¢ 92 §450

W £0g°0 L10°T 18970 e 1 €91°0 60€°0 20TH 6 €S o' €1 926°0 2L9°0 6TH° T 1492 £$°0

_ L6L°0 220°1 h9°0  w2°1 w10 9tEt0 FATATNAY L B R4 984°0 899°0  062°T 9592 05°0

., 88470 120°1 PACN “61°T L8T°0 61£-0 ione €54 0° 1T Sqnt0 #99°0 19T°1 ™92 Sv°0
L TAL £20°1 8€9°0  202°T $61°0  oftro  S68T £€Tq  0°0T  50%°0 %99°0 20" 1 €49°2 on°0
&S/ &3 e % % 3 ip @s A ™M/ ] b1 ot Ty

_ 44 y3due 34 009 207 edv seandiy TV 49 YaTueT 3d 004 3o dIUs I0) edw seandid TIV

08£€ 1aquny 12[12doid ‘S'T=Y/g ‘ST°L=4d/T ‘S9°0= QU ‘81Z¢ 13qunN IIpoN

squowizadxj uoisindoig-J[9S pus 93ueISISaY JO sjnsey

¢-d 4TdVL




169°0 $%0°1 96S°0 1811 S1T°0 L1g°0 0L10G 60T 0°L2 ¥60°T

989°0 €201 ¥65°0 el 0310 €330 03SL¥ 6L §'93 ¥L0°T

189°0 030°T 8860 ¥FI'T 1310  2€30  09eSF  I'SHL  0'9% €501

189°0 €301 3890 LPI'T 931°0  8€3°0  0B0LY €@ §°GE 2e0't

£89°0 $20'T  ¥8§°0 T¥IT  ZeT°0  8£3°0  08EOF S 6ET  0°ST £10'T

289°0 9301  88¢°0 631'T  9e1°0  §€3°0  06€LE  €9El  §'¥3 366°0

289°0 10’1 60 IIT'T  g¥I°0 8330 0Q6LEe  SBEL  0'¥3 3L6°0

069°0 260°T  66S°0  SITT  9¥I°0  €€3°0 0866 9°L31  §°€3 3$6°0

20L°0 920'T  £09°0 ¥EL'T  gFL0  $¥Z0 08093 &3l 0°€3 3€6°0 LE0°T  3go'e 848°¢ o1t

61L°0 $30°T €190  ¥FLT LE1°0  9¥80 (01933 89Tl §°E% 116°0 180T €963 098°¢ §L0'T

83L°0 3201 £89°0 ¥FIT 9810 BP0 0€96T  0FIT 0733 168°C P01 ¥68°2 618°¢ go°1

$€L°0 ¥20'T 8290 Z¥I'T 8eI°0  S¥B0  OIBLT L0 S'Ig 118°0 9%0'1 9287 £68°¢ $20°1

3rL0 $20°T  ¥€9°0  THL'T  IFL0 1¥3°0  0L3ST  6°€0T  0'1% 1$8°0 080°T 9643 £€8°'¢ 00T

L0 230°T  9€9°0 OFVI'T  ¥¥T0 8FZ'0  0288T  8°00T  §0B 0€8°0 6660  189'% 90L°¢ $.6°0

9¥L°0 €307  989°0 L¥I'T  gFI'0  BS30 0BG LL6 0703 0180 0560 BJ9'Z 9gs°e $6°0

0sL 0 03%0°T 9€9°0 9ST°1 681°0 G%2°0 0SLTT 1°66 S'61 06L°0 188°0 0$$°% 10E°¢ $G6°0

67L°0 810'T 890 6ST'T  OFI'0  8S3°0 0EBOT  §°36 06T 69.°0 €38°0  08¥'3 £90°'¢ 06°0.

6¥%.°0 030°T GE9°0 9611 ¥¥1°0 093°0 £L66 6°68 <8t 6¥L°0 29070 (48 A4 GS8°C $L8°0 o
8¥L°0 0%0'1  ¥#€9°0  LSTT  SPI0 1930 T0T6  €L8 0781 632°0 ¥EL°0  €¥E8 18L°3 $8°0 b~
8¥L°0 610°T ¥£9°0 LST°T L¥1°0 293870 34€8 8°¥8 ST 80L°0 9IL°0 ¥L%°C ¥99°¢ $38°0 m
9%L°0 130T ¥€9°0 ¥ST'T  3ST°0  §93°0  908L 338 021 889°0 L0L'0 5033 089°2 08°0

6L e £30°1 ¥89°0 8611 3s1°0 89%°0 £989 Q6L S9T 899°0 30L’0 290°8% £19°3 SL'0

16470 L30T €89°0 6ST'T  8ST'0  €L83°0 8919 891 0°91 8%9°0 10L°0 6361 8093 0L°0

$5L°0 130T @€9°0  TOTT  091°0 9230 19§ T'RL ST 829°0 689°0  36L°1 $96°3 $9°0

86270 6207  €€9°0  ¥ITT  091°0 8230 6L6F  ¥IL  0'ST 209°0 £89°0  ¥99°T 3%$°'2 09°0

19L°0 930°T  £69°C  BLI'T  9ST'0 0830  966€ $°99 0°¥1 996°0 £89°0  9I¢'T 2993 $6°0

¥92°0 $20°T  ¥e90 ST gST'0 6230  981e  9°19 0°el 92570 189°0  8LET 9553 0§°0

£9L°0 2507 269°0 3L LPL0 23L3°0 1843 199X 0°a1 98%°0 269°0  0¥3°1 19X $¥°0

dHs/dHa Mo % Y% 3 Iy aHs N A A @ @ orx'o Tpn
dd Wduer] 14 008 Jo dyg 20) axe seandiy 11V dd $13ue] 34 (0¥ JO dIyg J0j 018 senBly [V

Z0ST 3equuy sayedoid ‘ST = /g ‘S'8=g/7 ‘09°0= MU ‘€Y CY 19quInN TSpol

squowizedxs] uors[ndoig-jjog pus ooUBISISSY JO S NSy

9-d AT49VL



9L°0 L80°1 ¥39°0 I8T°T 68T°Q 8L3'0 0S¥LY 8°'L8 083 168°0

$9L°0 $S0'T  169°0  SIT'T  LBI°0  TL3'0 09438 Y6 018 148'0

89L°0 0907 .§9°0 660°T 861°0 030 01883  9'9L  §°0B 0880

oLLe 190°T  099°0 €60°T 3080 Ge2'0 08§96  6'€L 0703 018°0 061'T  8S1°3 920°¢ 06°0
LLLC 1L0°T 099°0 001°1 3130 $8%°0 0%L23 a1l g6t 06L°0 966°0 860°% 6%5'¥ QL8°0
$81°C 8L0'T T199°0 SOI'T %130 883°0 08603 8'89 06T 69L°0 988°0  €20°'% LLL8 $8°0
¥6L°C 9.0°T 099°0 8IT°1 ¥12°0 L6370 0,381 £'99 G'8T 6¥%L°0 o¥8'0 8L6°1 6849°¢ $68°0
108°C LL0T  869°0 IL'T  BIZ0  G0E0  08¥IT  0'F9 O8I 63L°0 S18°0  ¢I6'T L¥e 08°0
908°C LL0°T 8$9°0 SeT°1 ¥18°0 80€°0 0¥6¥1 0°39 [{A S 80L°0 96L°0 $48°T $68°¢ SLL°0
8080 920'T 699°0 OFI'T €130 6080 09SEL 009  Qeuy 889°0 18L°0  ¥6LT 3ee'e §L°0
908°0 SL0°1 699°0 It g13°0 0Te°0 0LEST 1°8¢ g 9T 899°0 99L°0 vEL'1 993°¢ QoL
008°0 0L0'T  199°C  OST'T 9130  L0E'0  083IT  $°9§ 00T 8%9°0 $SL0 P91 FACH 0L°0
86L°0 aL0’1 c99°0 SoT°T 8130 S0€°0 03401 9°%S g'st 8G9°0 8%L°0 ¥19°1 161°¢ Q2970
66L°0 SL0'T  €99°0 LIT'T 23330 ¥0E'0 9916 8'3¢ 06l 109°0 PPL0 GSST gLl'e 690
608°0 ¥80°1 199°0 661°1 6370 g1e°0 ¥9%L 6'8% 0°'¥1 9949°0 68L°0 G6%°1 0s1°¢ §39°0
$38°0 180T 8$9°0 FSTT 1320 €380 €99 6% 0'el 92$°0 $eL'0 SER'I 831°¢ 09°0
££8°0 $80°T L99°0 891°1 81%°0 088’0 1241734 [ S 4 06t 98%°0 g3L°0 G181 180°¢ %0
1£6°0 880°1 199°0 9qT°1 813°0 ¥2€°0 6eee 8°L% 0’11 S¥¥0 91L'0 961°T 8%0°¢ ' 0670
¥38°0 ¥80°T ¥99°0 ¥LT 81370 8180 1%6% '8 49 001 G0%°0 SIL0 8L0°T 8%0°¢ S%°0
228°0 180'T 299°0 #8I°T #1300 ¥3€°0 G681 I'1e 06 $9¢°0 08L°0 1560 890°¢ 0¥%°0

ans/ang Yo b Yo 1 Iy aws N A TMgpn © @ guxlo IMgpa
d8 p3uer 14 009 jo diyg Joj ee seandiyg |1y dfi P3uer 14 00 Jo diyg 10) 818 sendly (1

TSPt sequuy so11adoid ‘ST = g/g ‘0'9=g/7 ‘0L°0= QU ‘YHCh s9qunN [9poN

squawrzadxy uorsindoid-j[og pus eous)sisey] Jo sy[nsay

L-d dTdVL

B-71



83L°0
88L°0
L3L°0
L¥L°0
95L°0
09270
L0
¥LL°0
9LL°0
18L°0
18170
06L°0
€6L°0
961°0
L6éL’0
008°0
$08°0
818°0
13870
¥28°0
618°0

dHS/dHY

ero’t
500°1
$10°1
910°T
¥50°1
$50°'T
$20°'1
$%0°1
¥10°1
010°1
600°'T
a1l
200°T
$00°1
800°1
¥66°0
866°0
966°0
%66°0
986°0
§66°0

o

89%°3
00°0 TSTT  24T°0 9820 O0S¥8E  O'FOI 033 1680 %083
6690 TLIT  IST'0  SL30 08918 386 §T8 1480 8L5°3
969°0  LST°T. 8910 U830 0U89E 886 016  188°0 086°1
199°0 31T 9LI0 1820 0068 9°08  §°05  088°0 2391
§¥9°0  EFI'T  9L1°0 640 06813 818 008 0180 2011
3990 L81'T  L11°0  913°0 OT06T  8%8  §'61  06L°0 186°0
900 3T | 04T°0 6280 o080L1 6T8 061 6840 80
6$9°0 OFIT  ILI°0 2280 0S3ST  TeL €8T 6hL0 268°0
999°0  BFI'T  ¥OI°0 3220 089ET 9L 08T 6BL0 %08°0
999°0  09T'T TT'0 L4830 0BEET  8€L LT 8OLO- 8L4°0
$99°0 BT 091°0 ¥83°0 O0OTIT  BTL 021 889°0 ¥9L°0
999°0 1T OBT'0  €83°0 0SOOT 0'69  §91 8990 98L°0
999°0 1811 8¢1°0 L1830 9806 999 091 8¥9°0 ¥3L°0
£99°. F6I'T 1610 630 9088 T 99T  889°0 9120
2090 T6I'T  991°0 1630 L08L  6T9 0T 408°0 80°0
899°0 06T BSI°0 9630 &¥8S LS OFL 9980 00L°0
3100 2081 SFI'0  ¥63°0 9SSk 638 0Bl  939°0 9690
§19°0 9IZT  881°0 1630 LS8 L'8% 0Bl 98¥°0 0600
1200 THET 0810 6620 L1218  §F 0TI §¥0 289°0
819°0 0¥8T  831°0  L63°0 6806 0P 00T  90¥'C 910°0
199°0  SFET  OFI0  FIE0 0891 #9806 #9870 $10°0
do Y% 3 Iy  aus N A WA ©

d€ mduery 14 009 Jo diys io) ere seinBrg [y

9LEE Joquny eqredosd ‘§°Z = y/g ‘00°L = g/7 ‘0L°0 = ¥n ‘12zp 19quny 1epoy
sjuewniedx uois[ndoig-jjeg pus eour)sisey jo sy[nsey

8-4 U'19V.L

968°3
0122
¥¥9°2
184
68°2
9922
806°2
(1) A8
L1105
¥10°2
1496°T
888°T
9081
GoL'T
00L°1
L89°1
¥L8°1
11971
988°1
8931
114908
200°T

®

131°6
2086
AN
L66°L
L9T°9
(343 8 4
8L e
08¥'¢
692°¢
0%e’'g
131981
$%0°'¢
1L6°3
936°%
168G
%983
0e8°e
908°%
88L°0
L8173
8L’
g6L°%

g0t x 0

11
or°1
90°1
00°T
960
06°0
9L8°0
980
9%8°0
08°0
SLL0
SL°0
g6L0
oL’0
SL9°0
99°0

-489°0

09°0
S50
090
o
0¥°0

IMgA/A
ag mBuery 24 0¥ Jo diyg 10] ere senBig iV

B-72



699°0 $90°1 0.5°0 gOI°Y 966°0  80€'0 OQIBIE L'0gt 0°6¢% 168°0

889°0 901  £89°0 OIT'L  $83°0 G080 06%63  L'SIL 013 1880
000 0901 ¥8§'0 @€'l 6130 OIg'0  O¥603  I'STL €08 088°0
9.0 90T 380 SSU'T 8130 8Ig0  OBL8T  TOLL 008 0180 L30T 698T  9¥0'F 06'0
60 0907 9890 991'T 0130 @260 OFSOT €901 6L 06L0 9360 €083 6L9E S8
$6L'0 80T 188°0 91T 0130 6380 066FL €30 06T 690 2980 8635 oge's 98'0
924°0  090°T 1660 991’1  $36'0 6360 0GgEL 986 98T 6¥L0 1280 GG g6l'e 988°0
150 09077  269°0 69T 8230  S€6°0  088IT  0°96 08T 6BL°0 2080 9013 ell'E 08°0
| 880 090  364°0 91T 9350  8€e'0 OLLT 816  §21 8L ¥8L0 00T B80T SLL'
| 9610 090'T  $69°0 S9I'T 9330 9€¢°0 9896 698  OLT 88970 L0 VLT 86T 510
b0 60T S6$°0 SLI'T  £63°0  666°0 98 098 €9 89970 150 6067  £98'C  S5L0
ThU0 8SOT  $69°0 LI B30 1¥E'0 @6L  1'€8 091 8%9°0 0310  €¥T 1087 0L°0
Gh0  8S0°T  ¥eS0 08T 9330  WHE'0  g€9IL €08 €T 83970 L0 LT BT L8O
68L°0 1607  S68°0 9LLT 8230 BRSO ¥99 9L 06T 209°0 orLro  TILT  $hLg 99°0
BEL0 TS0  ¥6s°0 28L°T 630 8¥€0 G186 TTL O 9950 L0 99T LELT 890
1610 THOT  g6§0  ¥EI'l  833°0  ¥SE0  6STH 999 0®T 9380 ToL'0 08T TILG 09°0
0620 ¥E0'T 0650 961l  ¥EG0 09’0 LLBE &9 0FL  98¥0 2690 ST $19°F 95°0
yiL0 301 92¢°0 (11984 8¥%¥3°0 89¢°0 8%43 0°'9¢ 0'T1 144 A1) £€89°0 91¢°1 6890°3 0$'0
| 00 080T 950 G6IT U930 @8E0 6k6l 80§ 00T  SOF0 90190 S8IT 119G $°0
889°0  O0T  9%§°0 §3G'T 6130 IIFO gl 9°SF 06 ¥9E0 1100 §50T 8687 0%°0
aus/ana Y % Y ) Iy aums N A Wan @ @ guxo Wpan
48 119uer] 14 009 Jo diyg 10) o1 seundig 1y a8 n8uer] 14 00¥ JO diyg 10) exv seardLg Iy

S9SE JoqunN o719doid ‘S°T = f/g ‘0'8=§g/7 ‘0L°0 = NU ‘L¥Ty I9quny [SpoN

sjuewrzodxy uoisindoij-j[o§ pus eous)sisey jo sjjnsey

6-d H'1dV.L

B-73



204°0 9T0°T  T6§°0  OLT°T  2ST°0  9L2°0 08299 +#°%6  0°22  168'0
00.4°0 210" 1 %65°0 w911 951°0 942°0 09868 L'06  S°T2 T80
669°0 oT0°T  665°0  SST°1 £9T°0  942°0  OHZKS 9%48  0°TZ  T68°0
T04°0 10T 209°0 26T 1 891°0 820 ozigh L8 §+o2 ofg o 292°1 OHhO* ¢ v s £48°0
oti’o AT0°'T  009°0  @9T°T  IiT0 €620  0gé2w  2°1§  0°0Z  OTg‘0 £r2°1 286°1 Les £8°0
124°0 2201 209°0 wWrt €810 fot 0 0ttLE  g° Ll £°61 064°0 H9T°T £26°1 £€90°S $28°0
H LA T€0°T £09°0 1911 +®61°0 LTIE°0 08418 0%l 0°61 694°0 60T°1 £98°1 w284 08°0 .
J2 VAL 680°T  609°0  LLT'T  #02°0  42E°0 OWB9Z #°0L  §°BT  64i°O o't L08'T 5254 §iLto
) LA On0'T  T29°0  g9T°'T  902°0  02€°0 09422 T'49  0°QT  62L°0 096°0  ghi't LT H [TAL)
AL gto’ T T€9°0 8T T go2*o 91€°0 0056T  2°49  &°LT 8040 Li8°0 069°1 S$18°€ 5240
%9L°0 €€0°T  9€9'0  091°'T  902°0  9TE'0  08969T S°I9  0°LT  889°C §18'0  289°T Enst 040
Tl o 820°T Z4h9°0 6911 T02°0 91¢€°0 0TOST  T°6§ §°91 899°0 £84°0 ws 1 Loh e 890
TAAL L20°T  €49°0  LLT'T 66T°0  6T€°0  O2EET  8°95  0°9T  gn9°'0 £94°0  ST8°T o€t € $9°0
8LL'0 620°T  #h9°0  SLT°1 €02°0 220 O06BTT 84§  S°ST  §29°0 £6i'0 LT slet §29°0
184°0 620°1 9H9°0 9T T 102°0 12¢€°0 02901 g°2S 0°ST £09°0 whio 66€°1 gz ¢ 09°0 -
+“84°0 ofo°Y 9M9°0 QLTI 202°0 £2€°0 €6 6°0§ St 485°0 L840 onE°T 902° € 6450 =
984°0 L20°1 9h9°0 HT°T 20z°0 92¢€°0 9TH8 6°gn 04l 995°0 2€L°0 2g2°T 98T € gs°0 e
$64°0 120°1 #h9°0 602°1 661°0 L8800 4859 6°+h 0 €1 926°0 §2L°0 99T°1 wWr'e 05°0
tog o 8T0°T  SH9°0  §22°T  26T°0  OWEO 120344 2'TH 0°2T  9gH°0 €24°0  6%0°T +HT € $H°0
108°0 910° T gh9°0 S12°1 9810 ote o 0L6¢€ 0°gt 0'T1 Snh*0 82.°0 2e6°0 99T € o'
108°0 TT0°T  059°0  6TI2°T  44T°0 €280 SS0f  g*4€  0'0T  SOo%°0 wtLt0 918°0 €61 € s€°0
dHS/dHg @ % Ya ¥ Im aus N A ™M ©) @ orx’o Mafa
dd wauar] 14 009 Jo diys 1oy ate saindtd Ny dg yiBuarT 14 00p 30 dryg 10§ 318 saindryg 1V

951€ 3aquny ayjadoid ‘ST = /g ‘SL’S=g/7 ‘SL'0O= QU ‘89T aqunN PO
sjuowiedxy uorsndoiJ-jjo§ pus eousysisey JO si[nsey

0T-9 H1dV.L



£89°0 066'0 ¥8S°0 631'T  L¥L°0  F¥¥Z0 06209  O'SIT 0°33 168°0

399°0 $66'0 ¥65°0 61T  8FI°0 8830 0608 OTIT S8 118°0

£29°0 666°0 8660 9311  L¥I'0 @¥E0 0689F 6001 013 1$8°0

169°0 $00°T 9650 GST'T  9FI°0  8S30 003I¥  §°BOT 9708 088°0

T02°0 800°T L6S°0 11 TIS1°0 TLE0 0119¢ 3'86 0°08 01870 %81 3913 399°9 SL8°0
1.0 L00'T  $09°0 OLI'T  BST'0 0830 0890€ €66 SOl 0640 923’1 0803 3L8°9 $8°0
8TL°0 €10°% 919°0 (3198 ¢ TL1°0 08%°0 01943 <88 V) 8 69L°0 9031 6830°3 886°¥ 938°0
£8L°0 030'T 839°0 SSI'T  8LI'0 1830 0BEI3 I'¥8  &'SI 6%2°0 6IT'T 1961 839°¥ 08°0
0S4°0 $30'T  089°0 @9T'T  6LI'0 8630 O00IST 008 O8I 63L°0 ¥20'T  906'T 083'¥% §LL°0
L0 L30T  9€9°0 69T'T  08T°0 8630 OI¥ST &9L  §U 802°0 1860  ¥¥8°T 128'8 SL°0
SLL°0 $30'T  8€9°0  SBI'T  8AI'0  90€°0 OL¥ET  6'3L  O'LT 889°0 298°0  €8L1 20g°e 93L°0
08L°0 030°T ¥¥9°0 98T'T 9L1°0 SO0 03STT  0°0L  §OT 899°0 gI8’0  T8LT L9¢°¢ 0L'0
881°0 910'T 8¥9°0 2617 SLI°0 60€'0 O0¥EOT 029 00T 899°0 082°0  099°1 338 SL9°0
36L°0 FI0'T  899°0 961'T  TLI'0 2080 €¥l6  §¥  9'SI 829°0 65L°0  86S°T 981°g $9°0
86L°0 g10°T  3S9°0 803 891°0 Tig0 3.8 T3 0'ST 209°0 18L°0 89T 9%0'¢ 9%9°0
008°0 110°T  8$9°0 €03°T 9910 2080 €33L 865 ¥ 185°0 03L°0 SLF1 1183 09°0
€08°0 010°1 659°0 903°1 10 1080 80¥%9 QLS 0¥ 9960 $TL°0 1S AN¢ L¥6°3 €290
808°0 900'T 6590 SIZT TI9T°0 1I€0  ¥0S TS 0°€L 92$°0 01’0  35¢T $26°3 8°0
318°0 100'T  €99°0 ¥33°T  ¥ST'0  O0IE0 S68¢  L'8F 0B 98%°0 30L°0 0831 3063 0§°0
128°0 866°0 €99°0 6831 6¥I'0 €IE0 468  ¥IF 01T $¥¥°0 969°0 L01°T 8183 s¥0
$¥8°0 $00T 9990 283'T 681°0 6380 F083  I'0F  0°0T S0¥°0 1690°0 ¥86°0  188°% 0¥°0
0¥8°0 866'0 099°0 663’1 O¥L'0 1880 8891  19¢ 06 #9¢°0 S0L°0 198°0  T16°C 98°0

ana/aps Yo % T v Ly aws N A MWpap ® @ gorxo Wipn
df m8ue 14 009 Jo diyg 10 ore sendiyg [y d€ m3uer] 14 00¥ jo diyg Jo0j ev seindiy IV

6.£€ sequny sefyedoid ‘ST = /g ‘SL'9=g/7T 'SL°0= QU ‘€ICY 32qWnN TIpOW

syuewriadx s uois[ndoig-jie§ pus eouw}sIsey Jo s|nsey

T1-d 3TdV.L

B-75



029°0 920°T 2960 90°T  2T'0  Tf2"0  06EES 2°6HT 022 168°0
%£9°0 STO'T  LHS'0  ORT'T  "9LT°0  842°0  OTS&Lh  6°THT  §°T2  TL8°0
aH9°0 §00°T  9$°0  OLT'T  OLT°C  T62°0  OTzy E€'9ET 0°T2 1680

ing*o H#00°T  6%5°0 €L1°T 2L1°0 #62°0  OSTIeE S°TET o2 0fg°o et gge’e ™e's §ig*0
€69°0 L00°T  #56°0  TLT°T  QLT°0  g62°0  OFEHEE €°92T 0°02  018°0 Lt 612 L6T°8 58°0
099°0 $00°1 095°0 €Lt +81°0 +0€°0 00982 2°021 §°61 064°0 L CTAN #21°2 986° 4 $28°0
949°0 900°1  €45°0 2T 29T°0  20€°0 o2zLfe  6°EIT 06T  694°0 W6T°'T 090°2 669°4 08°0
669°0 €10°T  985°0  @9T°T  TQT'0  662°0  OLS6T 6°L0T S°9T  6#i°0 180°T  966°1 £92°4 [TAAL
LA OAL) 610°1 L65°0 LTAGE LLT°0 662°0 0LE9T  €°20T ©O°8T 62L°0 196°0 1€6°1 F{YARY ilo
92L°0 020°1 909°0 sitt 641°0 2ot o 060HT  8°L6 [ A 804°0 §8°0 498°T 114349 s2i°0
£€lt0 220°T  OT9°0  ALT°T  gLT°0  20€°0  0002T H°€6 04T  889°0 H2g'y  £08°1 111449 [YAL]
ghio rwo.a 819°0  €81°T  641°0  90f£°0  OFT0T 4°68  S°9T  899°0 694°0  gfL°T HIT°E §249°0
2540 ofo't  €19°0  06I°T  0BT°0  TIE'0O 0026  9°58  0°9T  gH9'0 194°0  #w9°T $00° € £9°0
(TTAL] 820°T  €19°0  4#6T°T  09T1°0  +#I€'0  0of1g 2°28  S°ST  829°0 6£L°0  0T9'T L1672 £29°0
L YAl £20°1 919°0 961° 1 1910 (44341 WL 16l 051 £09'0 02.°0 (1190 ¢ ohg"2 090
954°0 T20°T  T129°0  H6T°T 2gT°0  STE°O £9€9  £°94. S°AT Lgs'O 0.0 Ten'T 64L°2 §48%0
Lo T10°T  529°0 8611 44T°0  TI€°0 8595 #EL 04T 995°0 +#69°0 9TH' T ;17 550
940 986°0 2€9*0 9221 161*0. 8otro LTwh w49 0 €1 9250 889°0 25e° 1 13 (A% 4 §26°0
594°0 £66*0  2€9°0  992°t €ET°0  STE€0  g2HE €19 0°2T 984’0 €89°0 8821 569°2 05°0
194°0 g8€6°0 €€9°0 0g2° T #21°0 91€°0 2£92 6°45 0°TT SHih'o 649°0 6511 089°2 Sv°0
864°0 ££6°0 #£9°0 921 gI1*o 01£°0 6661 0*1§ 0°0T Soh°0 +©89°0 080" T T0i°2 o4'0
§54°0 Le6c £€9°0 el t oT1°0 00€°0 6641 N 94 0°6 #9€°0 269°0 T06°0 L TAF I §¢€°0
&S/ & 12e d Yo 3 m s N A Ty ® ® rxd Tyn
dd y3duey 44 009 Jo dIys Jo3 eJe. seandty TTY dd y3dueT 34 00h Jo dTUS JoJ eIe seJndrg TIV

SLEE 3oqmup 3a[radoxrd ‘ST = /g ‘SL°L=§/T ‘SL'O= 45 1.z soqunN 19poN

squemiedxy Hors[ndoiJ-jjog pus adouvjsIsa)y jo sy[nsey

G1-d H1dVL

B-76



899°0
889°0
124°0
8540
184°0
#64°0
8080
018°0
£18°0
918°0
£18°0
£1g8°0
018°0
908°0
%08°0
6840
§iL°0

dHS/ o8

§50°1
950" 1
290°1
®80° T
060°T
260°1
260° 1
9g0°T
$80°1T
280°1
+H80°1
+g0°1
+©80°T
$80° 1
+g0° 1
£L0°1
190°1T

L2

8gh° 0 gée° 1 gst100 64E°0 02l08 g8°t6 0°oe 018°0
H15°0 892°1 [TA M 6hE*0 09€1S #°28 0°61 694°0
625°0 £82° 1 661°0 §i800 048EE  H°2L 0°8T 624°0

6€5°0 €62°1 912°0 £6€°0 0g5s€e  6°49 041 889°0 H6S° T 818" T 620°4 08°C
gh5°0  60E°T  022°0  HOw'0  062LT  8°8S 0°91 8h9°0 €92°T  H0l°'T 495§ §4°0
BR5'0  L2ET 022°0  2TH'O  OHERT  T'95  §°ST §29°0 oHO'T  065°T [{:1420 VAL
265°0  oRE'T 912'3  #I#'0 08621 L°ES 0°S1 £09°0 T96°0  #E€5°T LE2°H §49°0
855°0 9€E° T s12°0 £THh*0 06LTT  4°16 £e4T 485°0 €060 LinT 296" € §9°0
656°0  #m€°T  STZ'0  STH'O  OTOOT €764  O°HT 995°0 098°'0 ozn' T €64° ¢ §29°0
095°Cc ~ 9HE'T 912°0  LTH°0 €483 €in ST gHS*0 1€8'0 €9€°1 +99° € 09°0
295°0 6£C° T 612°0 LTH O 6284 §°SH 0 €1 925°0 608°0 90€° T 995° ¢ 64870
655°0 2130 ¢ £€22°0  T2w"0 0569  9°th  §°2t 90570 96.°0 0s2'1 805" € §5°0
95570 SHE'T 822°0 924°0 T$19 8 Th 021 984 O T6.°0 €6T° 1T sght gzs°o
86670 6EE°T gtz o 9200 OtrhS T°04 (4R SHH*0 T164°0 9€1° 1 684" € 05°0
€560 Zhe 1 12 X4] 827" 0 wlin #°gt 0°TT S+ht o 964°0 220°1 §0$° € §%°0
2ssto TEE T gte o g24'0 §99¢ 0°5¢ 0°0T S0¥°0 208°0 606°0 137489 04'0
g6°0 KEE'T g€z'0  62H'0 ggLe g'1E  0%6 +9€°0 8080  §64°0 €95 € s€0

4 % 3 In s N PO, 777 ® ® Orx % Ty

dd y3dueq 14 009 Jo dyys JoJ exe seanig TV d€ ys2uaT 34 004 Jo dyug o3 axe seandtyd TV

£9S€ Jaquny 9fjedoxd ‘ST = g/g ‘S'S=g/7 ‘08°0 = mU ‘8¥TH I9qWny [9PON

syuowzadxy uors[ndoig-j[oS pus eouswysisey JO sInsoy

¢1-d H'IdV.L

o gt

B-T7



%990
gol°0
13 V2]
£94°0
044°0
LiLto
084°0
£g8s°0
88470
264°0
864°0
208°0
608°0
€180
128°0
Hg* 0

4HS/ dHH

10°1
220°1
620°1
+20°T
870" 1
020°1
§10°1
+“10°1
910°1
£€10° 1
ot0'1
T10° 1T
600° T
800° T
110° T
$00°1

Iy

§55°0
185°0
965°0
119°0
919°0
819°0
229°0
+®Z9°0
829°0
929°0
629°0
2€9°0
0€9°0
0£9°0
829°0
429°0

LR

£81°1
26T°T
14 €Al
612°1
gee 1
£€2 1
He2'1
s€2°1
g€€e 1
0s2'1
gs2°1
952° 1T
221
6L2°1
£62° 1
gTE T

Yo

€810
+81°0
881°0
061°0
161°0
961°0
861°0
0020
661°0
610
6170
981°0
281°0
LLTe0
10
49170

3

60€"0
STE0
62€°0
9¢€0
™E'o
ght o
oSt o
2seo
0s€-0
L5E°0
s6€0
250
i5€°0
95¢€°0
65€°0
£9t°0

I

064 Th
05942
0TT61
0S4ET
0081t
0l101
4948
1494
2699
1565
€615
1541
£96¢
T64E
0192
6561

dHS

+*201
8°06
218
134 72
4769
£°99
w°€9
4'09
2°8s
8°5¢
€S
218
6°g4
8"
9°2Hh
78t

N

a9 yaduet 34 009 Jo dIys JoJ ele seandid TTV

0°61
0°gT
0l
0°91
[
0°st
(4
0" #I
§° €t
0" €1
get
02t
$° 1t
0°11
0°0T
0°6

A

694°0
62L°0
889°0
849°0
829°0
£09°0
485°0
995°0
GHS°0
9250
905°0
984°0
997°0
S4hto
S0r°0
w9eo

/78

w951
961°1T
L00°T
g26°0
458°0
0180
L TAAL]
Shi0
T€L°0
®24°0
024°0
9TL°0
§Ti0
614°0

®

49 43dueT 34 00k JO dIuS JoF eI seandty TTY

226" 1T
208°1
289°T
ee9’1
295°1
2061
T T
T8E°T
T2E° 1
T92°1
1021
180°T
196°0
g0

®

hﬁmsegzszﬁsmﬁ&umhfﬁou@i.Sdnmwéﬁ¢§£§zﬁgs
wunmstomxm uorsindo1 J-}J]oS pue 90uBIsIsay’ jo sjynsey

$I-d H'T9VL

8€s°9
£00°$
o124
L58°€
58$°€
7:138%
9t2° ¢
gIT ¢
950° ¢
§20°€
600°€
266°2
T66°2
900° ¢t

o1 X L)

08°'0
[7AL]
0l°0
§49°0
§9°c
§29°0
oo.o.
§48°0
50
§25°0
0s°0
SH°0
o0
[130]

IViM/a

B-78



1739 ] T00° 1 615°0 6411 991°0 w20 ohg2s  9°ter  o0°02 018°0
H9°0 020°1 gts o 891° T ®LT°0 t62°0 0TéHE #°60T 0°61 694°0
999°0 §20°1 2880 9411 2810 +0¢€°0 YAY AR A7 3 0°8t 62L°0

689°0 220°T  246°0  LLT°T S6T°0  LTE°0  0BL9T  4°48  0°LT §89°0 (140 910°2 m_eo:w 08°0
[4 7AL:) 620°1 €85°0  26T°T  661°0  g2€°0 08611 6°8L  0°9T  gH9°0 2T 069°1 284 §L0
FAYAL+] S$€0°T  g§8$°0  202°T 8610  €EE0  OLTOT  0°6L  S°ST 829°0 STO'T  #94°T oHO4 04°0
intto Oho T ®65°0 otz T +®61°0 4E€ 0 +898 9° 1L 0°ST L09°0 th6°0 104°1 6L € §49°0
85470 9HO'T  B65°0  TIZ°T  #61°0  9E€°0  ownl  €°89  S°HT 4850 088°0  8€9°1 205" ¢ £9°0
$9L°0 0S0°T  409°0  90Z'T  #6T°0  TEE0 6649  $°69  O°#T  995°0 928°0  SL8°T 0é2* € $29°0
£94°0 050°1 £409°0 661°1 gét°o T€€°0 829s 429 (3821 ghS°O [AAALY eIs 1 £60° € 09°0
294°0 6010°T  §09°0  S6T°T  #02°0  HEE'0  9Té% 0°09 O°€T  925°0 €£L°0  6H°T 2H6°2 $45°0
£9.°0 6%0°T 809°0 26T 1 012°0 LEE"0 wth LS geet 905°0 9140 98€° 1 1682 g5°0
0L4°0 0£0° T 409°0 g0z T £12°0 ght o LAY LohS 0°21 98Hh°0 £€0l°0 g€2e 1 66.°2 §25°0
Lo 690°T L0970  GTe°T  HT2°0  €5€°0  S62€  4°26  S°IT 99v%p $69°0  092°1 L9472 05°0
084°0 6001 209°0 [4¥ 22 £12°0 £€9€°0 9982 AL 011 SHhto 169°0 4ET°T 052 S/°0
i8L70 £50°1 £65°0 092°1 g802°0 2LE0 6412 T1°$% 0°01 $0r°0 £69°0 800°T 65L°2 04°0
£6.°0 950°1 £85°0 i82°1 661°0 gLE°0 4291 6°0h 0°6 +9t°0 669°0 288°0 2L 2 s€°0
&5/ oz e 4% Y 3 in  am R A Ty ® @ rxi Ty
a4 43duey 33 009 Jo ATus.JoJ exw seandtg 1TV d9 y3dueT 34 00k Jo dyus oy ede seandty IV

8LEE J9qunN o[19doid ‘S'T =g/ g ‘S'L=g/7 ‘08°0= mU ‘STZTH 19qunN Tapoy
sjuewniedxy uors[ndoig-jjog pus oouv}sisey JO s[Nsey

ST-9 H1dVL

B-79



£99°0 020°1 885°0 L0T°1 95T 0 gtz o 0S8%  9°69T o0°L2 %60°1
299°0 €20°T  985°0  00T'T 291°0  gf2*0  oflol  §'99T  S$°92 #o°1
859°0 220°1 885°0 #60°1 L4910 6€2°0 00999 T°€9T 0°92 €50°T
259°0 2z0°1 885°0 $90°1 SLT°0 0420 01529 §°65T §°S2 €801
95970 +20° T 485°0 160° 1T 9LT°0 $42°0 01948  #°S8T  0°S2 €101
£99°0 £20°T  685°0  860°T 84T°0  262°0  OTH2E  B'OST S 266°0
€90 §20°1 0650 1440 ¢ 64170 292°0 088%h  K°SHT  0°#2 2L6°0
489°0 620°T  #65°0  wT°T 6LT°0  042°0  onbon  9°6€T  §°€z  286°0
gol°0 9£0°1 209°0 9¢€T°1 LLt0 9420 oTénE  £°ECT  o°f2 2€6°0

12470 9f0'T  119°0  EI°T  4L4T°0 4420 ofgez 2Lt StEz 1160 691°1 859°2 629°4 otT°T
L17ALY +®€0° 1 1290 13160 ¢ 8410 820 06€62  S°12T  0°22 168°0 29T°1 £64°2 €09° 4 0T
6€L°0 9£0°T  829°0  9ET°T  #BI°0  282°0 0922 0°LIT §'T2  Tig'0 BhT'T  gal*e A so°'t
ghito LE0°T  2€9°0  TRI'T  SBTT0 9820 06961 L°2TT  0'TZ  T88°0 L £99°2 94 s20°1
gsi0 0°1 $€9°0 L U180 981°0 L8270 oWLT  2°60T  S°02 0€g° 0 960°1 865°2 ThE' 4 000°1
L8400 Ho' T 8€9°0 [L140¢ L8T°0 lg2°0 OTT9T 0°9T 0°02 0tg*0 #50°1 ges e €T 4 §i6°0
95L°0 €801 L£9°0 gHl°1 981°0 162°0 OTgRT  8°20T  §°61 064°0 866°0 g9h°e T66° € s6°0
65L°0 £€0° T L£9°0 €61t 4810 €62°0 on9€t  0°00T  0°6T €9L°0 816°0 fon'2 9€9° € s26°0
294°0 $E0°T  4HE9°0  09T°T  LQT°0  662°0 - OTSTT 0746  S°BT 64470 s€g°0  gtE gor € 06*0
*9L°0 8f0'T  4€9°0  L9T°1 89T°0  #0£°0  O6WIT 2°46  0°8T  62l°0 9LLt0 17245 Slot §48°0
L94°0 680°T 2€9°0 691°1 681°0 90€°0  09%0T €°16 [4FA¢ 804°0 (37AL)] goz°e s26°2 58°0
T4L0 9€0° 1 1€9°0 641°1 8810 eto 9056 €98 0°41 889°0 gTL0 wre2 £nge2 §28°0
£44°0 9€0'T  o0f9°0  S8T°T  88T°0  4IE°0 0298 4S8 S°9T  899°0 otL*0  glo°z eg e 080
LYAAL] 90T  829°0  68T°T 26T°0  02€°0  SLLL  wteg 0°9T gH9°0 L0 96T 008°2 §L°0
TiL 0 1€0°T 6290 0611 261°0 2zto 6£0s 9°6¢ S5t 829°0 4040 6181 82 0l*0
SLLo 4201 829°0 102°1 061°0 9280 41£9 9°9. 0°S1 £09°0 £89°0 689°1 LY AR £9°0
894°0 BIO'T  929°0  S02'T  #61°0  E€0 LTS 2°TL 0°HT 9950 w90 685°1 899°2 09°0
$9°0 800°T  429°0  LIZ°'T  S61°0  6Ef0  TTTH 8°$9  ©0°fT  926°0 TU9'0  62x°1 859°2 &0
LTAL] £66*0 (190 622'T T02°0  6%E°0 682C  §*09  0°2T  98w°0 290 662°T 299°2 05°0
9o 986°0 6090 4m2'T  $02°0  T9€°0 9092  §°SS  O°TIT SO TL9°0  69T°T 659°2 [T
gis/gm Mo % Yo 3 n &is N s Tpa ©) @ rx Ty
48 Y3due 34 009 Jo dIys JoJ ele seandig TTV 49 YIdueT 34 004 Jo dIYS J0J eav seanITy TV

§Le€ soqun oqjadoid ‘0 = g/g ‘S'9=g/7 ‘09'C= q D ‘TSTH 19qunN [2poN

squowniedxy uoisindoij-j[eg pus eouv)sisey JO s nsey

: 97-d H'1dV.L

B-80



985°0 [AL AR 885°0 0€T" T [JAGL] 992°0 OTLHS 07602 0742 we0" .
089°0 §20°1 165°0 €211 to 292°0 0€LYS 0°502 S°92 4©20°1
849°0 #20°T  065°0 £2T°T 2LtTe0 €920 0L064 €°T02 0°92 €50 1T
LL9°0 €20t 685°0 €211 94T°0 992°0  0ST9h 0°L6T  §°52 g0t
189°0 §20°1 145°0 2T T §4T°0 992°0 09g2H §°26T 0°SZ £€T0°T
+89°0 £20°T  #65°0 921°1 T o +92°0 0626€ €°48T §'wZ 26670
L6970 920°T 965°0 6£T°T 69T°0 TL2°0 OHTSE  6°08T 0O°'HZ 2L6°0
9%0L°0 2201 109°0 gRI"T 49170 sieo 08TIE  2°#wLT  §°fC 266°0

LTLt0 120°1 L09°0 95T°T  S9T°0 8lz*o 0624z 2°L91 0°f2 286 0
9270 BTO°T  4T9°0  T9T'T  S9T°0 0820 0092 2°09T s°ee [16°0 190°T  g865°2 £10°4 00T°T
FAYAL] 8T0°T 0290  09T°T 99T°0  2§2°0 06£0z S €T o022 t68°0 650°T 626°2 996°¢€ §L0°T
wELo g10° 1 £29°0 13340 ¢ SLT°0 $82°0 0608T g LHT  §°T2 1£8°0 8%0°T 192°2 286°¢€ 060°T
0hL 0 g10°T £29°0 65T°T 9LT°0 692°0 08T9T  L°2HT 0°12 158°0 150° 1 £6L°2 9567 ¢ §20°T
DLTAL] “20°T €29°0 L6T° 1 0gl°0 62'0 0L94T  L°gET §°02 0£8°0 270t 5242 H88*t 000°1
6%L°0 620°T 629°0 L8T°T €8T 0 w620 0SEET  S°HET 002 01870 $66°0 1892 CLTARY $§46°0
€640 €01 629°0 €9T° 1T 2810 962°0 05§22T  g'0€T 56T 064°0 6£6°0 6g85°2 9€5° € §6°0
58§70 £E0°1 L2970 Y24 181°0 20€°0 0S2TT  0°42T 0761 694°0 9.8°0  sT125°2 ot ¢ §26°0 -
49L°0 $€0°1 L29°0 [TALh 0810 20€°0 00f0T  §°f2T  S'sT [LYAL) 603°0 zsv'e gro°t 06°0 Mw
£94°0 1€0°1 £29°0 T9T°T  08T'0 $0t-0 296 8°61T  0°8T 62L4°0 65L°0 etz 098°2 §48°0
894°0 ££0° T 929°0 6L1T°T 1810 90€°0 9£98 €°9TT  §°4T g04°0 92L°0 91€£°e wtle 80
0iL°0 T€0°T 929°0 €6T°T LT0 oTEc0 6484  §'2TT 0°4T 889°0 £TL°0 ghZ e 489°2 528°0
69470 s20°1 929°0 661T°1 8L1°0 §1€°0 9TTL 4°g0T  S°91 899°0 904°0 [o]:) 44 659°2 08°0
A (XA 610" T 6290 et 54170 61¢°0 8tHh9 g8'H0T 0°91 8h9°0 969°0 who 2 229°2 FTAL]
0iL0 410°T $29°0 602°T LLT0 0zt*o 9085 €' 10T  §°ST 8290 9890 806° T 419 0L*0
Lo 20T €29°0 [4¢ 201 6LT°0  #2€°0 ™Hes 56 0°'ST 4090 949°0 LT gns'e £9°0
99,70 $66°0 929°0 622' 1 69170 €2t 0 2len 806 0°+T 995°0 LL9°0 §€9°1 056°2 09°0
894°0 846°0 4290 6521 6510 2t 0 it 98 0°E1 925°0 6L9°0 664° T gvs e §5°0
194°0 656°0 229°0 w21 8170 L1330 2LLe w il 0°21 98h°0 €£9°0 29¢°T Hwes'e 05°0
%9470 S46°0 029°0 +E' T 2ET°0 geE0 Loz 48 ¢ 011 S0 €49°0 922°1 sese $h'0
dHS/dHa e da Ya 3 In dHS N A Ty/a ©) @ T x % Thy/a
d€ 433U 34 009 Jo dTUS I0J ele saunITd TV 44 y3SuaT 34 004 Jo dTyg Jo3 ale seamItd TTV

10§T sequnp Ja773dosd ‘0°€ = /g ‘S'L=§/7 '09°0= 45 ‘s5zp 19quny T9POR

sjuewnzedxg uorsindoig-jjes pus eoUBISIS6Y JO SINSOY

L1-d H1dVL



€99°0 600°T  285°0  62T°T  28T°0  642°0  0L6SK §°L02 0°l2  #60°T
£99°0 900°T 1850  HET'T  2ST'O  252°0 062t €0z S$°92  Ho0°T
£€99°0 200°T 285°0 LET°T gHT 0 15270 ozgow  £°66T 0°92 £50°1
659°0 L66°0 285°0 9¢T°T 0810 25270 0LHBE  Rw°S6T  §°Se £€e0°T
659°0 g66°0  €85°0 EET'T  2WT°0 262°0  056SE 6°06T 0°S2  ET0°T
959°0 666°0  L85°0 BTT'T  g5T°0 Lh2°0  062EE  9°99T  S°HZ 26670
099°0 $00°T  065°0 £€I1°T  #9T'0 642°0  OLT0€ 2°T8T  O°wZ 260
999°0 $00°T  965°0 EIT'T  49T°0  642°0  00BLZ 2°SLT §'t2  256°0
€89°0 $00°T 6650 gET'T  8sT'0 L62°0  0§9f2 0°89T 0°tT  2€6°0

£69°0 600°T  £09°0  SHI'T  @ST°0  §92°0 02502 9°6ST §'22 1160 LT0°T seUt 189°¢ 00T°T
o 00°T  609°0  TIT'T  #ST'0  TL2°0  ORELT 2°HST 0"z 1680 LT0°T  #S0°€ 849°€ Slo°T
6040 $00°T  #I9°0 1 {140 #9910 €L2o 0€6ST  9°BHT  §°T2 g o 020°1 £86°2 689°¢ 050°T
otLto 100°T  819°0  64T°T 99T°0  HL2°0 OSEAT  €4MT 0Tz 158°0 $T0°T 2162 w9'€ s20°1
Lot o 866°0 819°0 2198 2LTr0 8L2 0 OfTET  #6ET  §°02 0€g-0 666°0 a2 965°€ 000°T
L AL €66°0  319°0 €6T°T EARY 9g2'0  ofrer €°SET 0°02 0180 296°0  0li°2 o€ $46°0
60L°0 w66°0 21970 59T°T Lto €6z°0 06TIT  §°TET 76T 06L°0 026°0 669°2 62€°¢€ $6°0
o w660  2T9°0  69T°T  LLT°O 962°0  04E0T 0°g2T 0°6T  694°0 698°0  829°2 HTo€ $26°0
(1) (AL %660 0190 LTt 8Lt 0 66270 ons6  #w"HIT  5°8T 64°0 218°0 955°2 6£6°2 060
2TL°0 €660  019'0 1T gLT*0  Tot'0  0flg  802T 0T 62L°0 W0 9gh'e %A.« [72: 4]
9Tl 0 660 L09°0 0611 Litt0 60t°0 gh6L g°9TT  $°¢LT 04°0 o STh2 i89°2 058°0
L AL 586°0 0190 26T°T  HT0 Lot o gtel 2'ETT 0Lt 889°0 L2Lto e (AL 528°0
2L o 8L6°0 2190  2W6I'T  2lT°0  Sot°0 €869  S'60T  S°9T  899°0 6tL'0  tLeUe 109°2 08’0
ZTL0 oL6'0  2T90  66T°T 6910  LOET0 6165 S°SOT 09T gH90 6oL'0  TET'Z L9s'e sL°0
4 PA 996°0  £19°0  102°T  69T°0  gOE'0  T9ES  0°2OT S°ST 829'0 20470 686°1 ™2 (TAL]
€0 856°0 T19°0 Lre T 89T 0 9TE 0 otlgh 0°g6 0°ST £09°0 £€69°0 g X Lose $9°0
+0L°0 460 219°0 612" 1 0LT°0 61£°0 s06€  0°16 0°41 995°0 989°0 [{ R4 wgh'e 09°0
104°0 €6°0 019°0 st2°1 L9170 92t-0 [+1141 0°48 0°¢T 925°0 889°0 £€95°T ggn°e $5°0
£69°0 616°0  609°0 2H2°T  2YT°0  STE°O 91§z L°LL 07T 9gv'0 269°0  02H°'T sos°2 05*0
689°0 106°0 609°0 9521 LnT 0 °eeo 0002 138 ¢ 0Tt Sqvco 869°0 g9l2 T 925°2 4o
ans/ama = %ot Y 3 Iy 4ES X 2 Wy ® @ eotx¥ T
de u3duet 34 009 Jo dYUS o ee seamIpd IV dd 4aTueT 34 004 JO dTuS IoF eIe seaniTy TTY

§9.Z aquny 1ar1edoad ‘0°'€ = /g ‘S'8=g/7 ‘090 = 45 'pgzy s9quny jopoN

sjuowtiedxy uotsindoig-j[o§ pue oouwIsisey JO s nsay

81-d H'ISVL

B-82



995°0 8460 inst0 480°1 gm0 #61°0 00LHET §°69T  0°92 €50° 1
2L5°0 LL6°0 #5S5°0 450°1T £61°0 L6T°0 002811 T1°29T §°S2 £€0° T
:mmno 646°0 $88°0 §40°T #S5T°0 ete°o OORTIOT T°SST  0°S2 €10°1
009°0 886°0 9560 260" T 091°0  of2°0 08148 2°gHT  S°hE 266°0
91970 #66°0 45850 ZITT £€91°0 gne° 0 09L€L  LTONT  0°%2 2L6°0
04%9°G £€00°T 195°0 geT 1 €91°0 €920 06419 2°EET  S°t2 2560
499°0 910°1 895°0 951" T L91°0 082'0 09864 £°S2T  o0°t2 2té6°0

689°0 420°1 945°0 W't 9.1°C £62°0 0LTOR  8'LIT Sted 116°0 019°1 w682 €5°9 $20°T

€140 9f0"T  985°0 17248 ¢ €gr'c  +of‘0  0092€ gOIT 0°2  168°0 450 S 11 44 9H1°9 000°T '
s2l°0 o+0°1 #65°0 HTT #61°0 13 ¢3¢] 04TLZ 0°50T  S°TR T.8°0 g8t T Lon'e 1€9°$ $46°0

o%.°0 S0 1 L65°0 L48T°T 661°0 52€°0 00€€2 T°00T ©°12 158°C P22 woH'2 190°% $6°0

26L°0 o' T 409°0 €61°T L6T°0  L2€°0 ols0e €96  §'02  0€g0 w01 T THE 2 T8h° 4 §26°0

L5470 SHO0°T  $09°0  L6T°T  (6T°0  62€°0 02981 2°€6 o002  018°0 $96°0 Lee 916° € 06°0

88470 01T 609°0  L8T°T 861°0  #2€°0 OHTLT  6°06  S5°6T 06470 848°0 w122 (-1 548°0

esio 20" 1 019°0 £81° 1 861" 0 22e0 0065T  9°88 061 694°0 884°0 wre L6T € $8°0

154°0 oho't  T19°0 291" 1 g6T'0 220 OT9MT 298  §°8T 60l 0 85470 880°2 940° ¢ $28°0

FAL! 0% 1T 119°0  S8T°T  L6T°0 £2€°0  OLEET  L°€3  o0°8t 620 Sw"0 #H20°2 +20° € 08°0 o

§54°0 90" 1T TI9°0  46T°1 961°0  L28°0  06T2T 0°18 [3FA 804°0 6£L°0 1961 000° € §LLt0 M
094°0 €to"1 0T19°0 soe"1 #61°0 [43 3] ofott €8l 0°LT 889°0 LEL"O 868° T 266°2 [9AL]

65L°0 920°T  019°0 €12°T  #6T°0  9EE 0 8L66  $°§L  S°9T  899°0 ofl0  SEg1 £96°2 gelro

§94°0 820°T 609°0 gze 1 +®6T°0 THE"O }971.3:] g el 0°91 8%9°0 €2L°0 T 5€6°2 [JAL)

69L°0 T€0°T 8090 l22°T L6T°0  9n€0 4864 104 §°ST 829°0 8140 804° 1T 2162 §49°0

L0 £€€0° 1 509°0 [ASAR 002°0 €seo 921L w49 0°ST £09°0 [ FAL] $49°T 2gg°e $9°0

18.°0 ono° 1 509°0 ™e'1 202°0 L5E°0 €2€9 6°H¢ (3.1 ¢ 485°0 $04°0 285°1 098°2 §29°0

98470 050°1 €09°0 ehe T Lo2*o 29¢€°0 509$ se9 R4 995°0 T04°0 g16° T wa'e 09°0

9%6L°0 €Lo°1 2090 11730 4#12'0 €9€°0 96€h  0°8S 0° €1 92$°0 004°0 26€°1 ™e'e §5°0

608°0 €60°1 109°0 92 1 812" 0 29t°0 L2nE L €S 0°el 9g4° 0 T04°0 £92° 1 g2 050

$18°0 1211 009°0 T12°1 ozero  §s¢0 0992  L*6h 0TI SHa'0 2040 68T 1 ivge2 40

618°0 9RT*T  009°0  O06T°T  #4I2'0  THE'O 2oz  T'9v 00T  SOH°O €0L°0 2r0°T 582 0H°0

as/gm e 4% Yo 3 In oS N P, 77 ® @ erxis Ty

49 yadue 34009 Jo dIys IoJ exw seandyy TTV 29 YadueT 34 00k Jo dIUS JoF ele seandtd TIVY

8LE€ saquny sarredoxd ‘0°€ = f/g ‘ST°9=g/7T ‘S9°0= 9 zLzy 39qunN 19pON

syuowzedxy uorsindoid-j{es pus 8due)SISAY JO SINSSY

61-d A'1dVL



w60
995°0
685°0
019°0
1€9°0
159°0
2L9°0
$89°0
969°0
s0i°0
®L*0
w2Lt0
92.°0
s2L°0
LA
s2L0
9240
62470
€0
9%€L°0
oW o
H 0
%00
[AAd¢]
19470
08L4°0

JHS/ dHA

€560
1860
€00° T

810°T
£20°T
0£0° T
4o T
90" T
0n0°T
040" T
gto°1
gfo T
6£0°1T
o401
o+0°T
ho°T
80" 1
L80°T
(470084
j32000 ¢
1€0°1
T€0°T
€€0° T
sfo°t
ST
5901

E2 5

£85°0
085°0
6450
158570
955°0
295°0
T45°0
185°0
065°0
865°0
£09°0
$09°0
+09°0
+09°0
+#09°0
®09°0
109°0
009°0
865°0
965°0
$65°0
965°0
965°0
965°0
$65°0
565°0

L

620°1
050" 1
040°T
860° T
20T° 1
T T
LET T
LET°T
(13481
wET 1
™l
L1406
LST°T
I T
AT
€S-t
w9T° 1
W't
€8T 1T
w61
902°1
602°T
ot2°'1
o2t
ez 1
€21

Y

L4T°0
#T°0
0970
L91°0
0LT1°0
«T°0
9L1°0
18170
881°0
€6T°0
681°0
£81°0
28170
H8T°0
981°0
681°0
061°0
T61°0
161°0
6170
061°0
061°0
261°0
261°0
681°0
g1 0

3

L1°0
+#61°0
s12°0
Hw€2°0
0s2*o
$92°0
sieeo
082°0
§g2°0
682°0
062°0
262°0
€620
€620
£62°0
962°0
wt-o
60€°0
L1€°0
€2€0
62€°0
1230
2€e 0
2te o
LEE O
LEEO

In

04858
09€94
0t599
09495
06TLH
0906 €
otzeg
02892
0€922
0£961
08541
0H6ST
0291
0THET
[1]3X44
09211
06201
9mt6

Ling

2€9L

9989

T

6305

9064
LE8¢E
1562

;S

6°961
9°061
€ £8T
[AR.TA ¢
59T
0°88T
LWARe
9° 68T
g ettt
€ L2t
6221
2 611
8511
97211
§°601
2°901
8201
n° 66
0°96
9*c6
2° 63
0798
6°2Q
0°08
6°€L
189

&8 Y3BueT 34 009 Jo ATUS JoJ eJw seandtq TTY

552
0°S2
(44,4
o'+
s €2
o34 74
g2
022
§°12
0°12
[414
0°02
§°61
061
581
0’81
(22
0°LT
§*91
091
(354
0°ST
$°4T
04T
0°€1
o2t

A

13700 ¢
€T0°T
266°0
2L6°0
256°0
2860
1160
T68°0
1870
158°C
080
018°0
064°0
69470
[ 'A]
6240
804°0
88970
899°0
8190
829°0
L09°0
48570
995°0
9250
98h°0

Thp/a

(AL AR
0g€° T
€82 1
€51 Y
w01
+06°0
818°0
9L°0
"l
[ AL
2L°0
02L°0
[ 0]
0140
$0L°0
00470
569°0
689°0
289°0
2R9°0
48970
+w69°0

@

seice
6592
265°2
9252
144
€6¢°2
92¢°¢
092°2
w612
e
090°2
H66° 1
826" 1
198° T
$64°1
I 7AR
299°1
565" 1
29%°1
62€°1
961 1T
+90°1

@

SH9€ 1aquny a([adoid ‘0'€ = H/g ‘STL=§g/T ‘S9'0= NU ‘SLTY 12qWnN [2PON

squowrtzodxy uoisindoig-jiog puB oouB)sSISay JO S NS0y

0c-d d1dV.L

T€5°S
1{33J1
956" 4
95q° 4
956° ¢
T6h" €
9T ¢
056°2
858°2
128°2
L6L°2
zgl e
€942
2
g2l2
£04°2
£89°2
+99°2
€92
492
953°2
1892

T
49 U3TUST 3 004 JO ATUS IO oIw €9InNITL TTV

$20°1
000°T
§L6°0
$6°0
§26°0
06°0
$(8°0
£8°0
528°0
0g°0
§LLo
§L°0
4270
0L°0
§49°0
590
$29°0
09°0
50
04°0
40
o040

T/

B-84



l
i
M

w50 910°1 195°0 800° T 64170 9510 o9n29  0°toz  $°S2 €to 1
1850 020°T  8§6°0  Y20°T  LST°0  ZT0  08L9S 9°96T o0°ST  E£T10°T
985°0 220°1 £85°0 €€0° 1T 910 T61°0 0%0TS  9°68T  S°w2 266°0
065°0 T20°T  665°0  £€0°T  TLT'0  L6T°0  0LESH  9°28T  o°w2  2L6°0

665°0 020°T  %95°0 2%0°T  TLT°0  #02°0  0S26f +#°#41  §°€2  2§6°0 w2z T g2 LTAR s20°1

819°0 020°T  #4§°0  4$0°T  $9T°0 0720  000€E 2°69T o°€e  2€6°0 gt 9llte 129°4 000°1

2%9°0 LT0°T  065°0  0L0°T  6ST°0  #I2°0 0§24 9°9ST §°22  T16'0 29T°T 9042 9LE 4 §L6°C

299°0 ST0°T  #09°0  T0°T  4ST°0  022°0 0542 9 gWTl  0°22  168°0 260°T  (£9°2 THO® 056°0

©u9'o OTO°T  TI9°C  890°T  95T'0 #4220  0gf6T €°THT S°T2  T48'0 0660 g9s°e *99° € $26°0 |
490 600°T  S19°0 160" 1 ®Y0 220 OTOLT  L°SET 0°T2 158°0 988°0 86T 82 ¢ 06°0 4
649°0 w0°1 L19°0 960° T 05T°0 (14440} otEST  2°TET  $°02 0£g°0 L0g°0 62n°T 186°2 gig°o

649°0 000°1 619°0 L60° 1 64T°0 #22°0 0SOHT  4°42T  0°02 018°0 294°0 65¢°2 2282 580

849°0 $66°0  6T9°0  O00T°T  BHT'0  922°0  0S62T B'€2T  §°6T  06L°0 Hi0  062°2 [ LAY $28°0 .
089°0 066°0 619°0 60T° T SHT'O otz o 026TT 2°02T 0°61 694°0 [(17A{/] 1222 LA 08°0 ,.
289°0 986°0 6190 LTIT°1 a0 1134d4) 0260T  9°9TT  S°6T 6%°0 [ 7A) w2 292 SiLo :
£89°0 £96°0 819°0 €211 sqt°0 g€z o 566 6°2TT  0°gt 624°0 91L*0 280°2 059°2 (7L mw m
989°0 2960  (19°0  EET°T  SHTO  S#2'0  SEO6 TT6OT  §°LT golo orLto  2T0°2 829°2 s2L°0 n.u

889°0 8l6 0 5190 THT'T 9HT*0 %20 R7A (] €601 oLt 889°0 040 En6° 1 909°2 040

989°0 26°0  L19°0  SHT'T  S4T°0  £52°0 00WL  8°TOT  S°9T  899°0 869°0  #8°T £85°2 £49°0

689°0 996°0  LY9°0  95T°T  THT'O  9§2°0 9999 I'86  0°'9T  @M9°0 w690  %08°T 895°2 £9°0

68970 9%6°0  619°0 49T°T  SE€T°0  952°0 T09 9°w6  &°ST 929°0 6g9°0  SEL°T 0§5°2 £29°0

6@9°0 in6'0  0Z9°0 ©?rt 82T°0  LS2°0 €208 216 0°ST 090 £89°0 999°T 9€5 2 090

689°0 6t6°0 229°0 08T°1 £21°0 952*0 648h 6°48 [421¢ £485°0 890 428°1 615°2 550
489°0 1660 429°0  MQU'T  BIT°0  &%2°0  €RE  L'W@  O°HNT  995°0 289'0  get°t "5 05°0 ) .
889°0 160 $29'0  goz°T  €OT°0  462°0 TWE TR o°fr 920 889°0  6%2°T 92 sno :
£89°0 £68°c  929°0  922°T  L80°0  S§§2°0  Log? VW 0°TT 90 £69°0 o111 wse on*o

&s/om e % % 3 I am x A Dy ® @ et Pyn

24 YaMe] ad 009 Jo dIyS 07 elv meamITd TTV &1 Y3duoT 34 0ok Jo ATUS 0 eaw senITd IV

£18Z saqump Jof[adoid ‘0°€ = /g ‘ST'8=g/7T '§9'0= 8 ‘pszp 39quny 19poR

sqjuewred Xy uorsndoig-j|oS pus oous}sIsay jo synsoy

18-d d'1dV.L

O R



169°0
4TL°0
614°0
220
T€L°0
6870
8’0
§8L°0
4800
194°0
%9L°0
99L°0
04L°0
ti0
64400
8L°0
£8s°0
Lo
Lo
994°0

dHs/ &1

#50°T
090°1
£90°1
€L0°1
9L0°T
£€40°T
90°1
$L0°1
€0°T
2L0°1
T20°1
T20°1
690°T
€L0°1
€L0°T
wo°1

0L0°T

890°1
890°T
"50°T

iy

%550
Hws5°0
6550
5§95°0
L95°0
895°0
995°0
%95°0
£95°0
995°0
995°0
995°0
995°0
995°0
495°0
295°0
095°0
195°0
L85°0
8850

&

£8T° 1T
912°1
g02°1
2611
661°1
et
et
9n2 1
182°1
w2t
092°1
z92°1
[77 A0 ¢
21
6g2°1
862 1
90€°1
g62° 1
L0€° 1
gog° 1

Ye

691°0
gé1°0
902°0
€12°0
112°0
602°0
012°0
0T2°0
T12°0
112°0
o12*0
012°0
802" 0
o120
TT2°0
§12°0
g12°0
2220
612°0
T12°0

3

gé2*0
THE*O
131 ¢]
onE*0
ZhE*0
LHEo
L5€°0
99¢°0
69¢°0
(\TA%)
€L€°0
wEo
LEo
ogt o
8g8€*0
s6€°0
04%°0
004%°0

204"0

L6t°0

n

0T94h
otoz2t
00282
og1se
ossee
2§202
oTIgt
06291
06941
on2EL
OM6TT
0TgoT
546
[404:]
9169
OTHS
HTH
11149
642
8161

$e e
()4
0°gé
6°H6
4716
88
2'58
128
€ 6L
9°9¢
T4
9° T
1°69
499
9°19
8° 9%
128
8°¢n
9 tn
B°6€

dd FaeT 331 009 JOo dIUS JOJ eJv SeINITL TIV

08€€ soqumy sajpadoid ‘0°c = /g 0°9=g/7 ‘0L°0= mU ‘9SZ¢ 3oqunN [3poN

o°22
0°12
§°02
0°02
§°61
0°61
{94 3¢
0°81
(A ¢
01
$° 91
0°91
§°ST
0°ST
o°#1
o€l
o2t
o't
001
0°6

a

168°0
T58°0
0€g 0
018°0
064°0
694°0
L LYAL)
624°0
804°0
889°0
899°0
gh9°0
829°C
L09°0
995°0
9250
984%°0
S4h°0
So%e-
%9€°0

W74

95T T
£66°0
126°0
988°0
658°0
2€8°0
018°0
064°0
Lo
§94°0
094°0
25L°0
w00
£€L°0
g2l o
s2l°0
o€l 0

®

&9 433ueT 34 00k Jo dTus 207 eiv saandTd TIV

squewrizedxy uorsindoi-jjog pus @ouw}sisey Jo sj[nsey

6%-9 4'1dVL

612°2
L5102
960°2
+w£o*e
2lL6°1
T16°1
6m8° 1
884° 1
924°1
99° 1T
£09°1
HS"T
6Nt
96¢E°1
£€e 1
1aght
986°0

®

»

R OAAR
L60°H
008° €
$69°¢
st
132349
e €
652° ¢
$61°€
LST°E
9tT €
901" ¢
9L0°€
#20° €
166°2
£66°2
€10° €

T ¥ 39

06°C
$48°0
$8°0
£28°0
08°0
L0
§4°0
s2l°0
04°0
§49°0
5§90
$29°0
09°0
§6°0
05°0
Sv°0
o%°0

o 77

B-86

o e



419°0
L19%0
£29°0
5£¢9°0
iv9°0
4590
049°0
Wwy'o
849°0
849°0
2L9°0
049°0
u9o.
U9*0
649°0
5490
29°0
5990
95970
8t9°0

d8S/ 8%

210°1
L10°1
oto°t
g00°T
600°1
So00°1
100°T
€00°T
0TO°T
s10°1
L1071
L10°1T
910°1
S§10°T
z10°1
686°0
086°0
0g6°0
166°0
£86°0

i1e

915°0
€50
9¢s°0
6£s°0
NS0
£45°0
Hs°0
6%5°0
£55°0
650
s 0
1274
6£5°0
™0
H$"0
055°0
285°0
25570
%0
LHS°0

4

81" 1
ERT°T
91T
691°1
17180 ¢
002°1
922 1
gz 1
€1zt
et
e 't
s12°1
se2° 1
w2zt
™'t
22 1
e 1
o€z 1
o1zt
[{18d1

%

H91°0
961°0
T61°0
881°0
10
8LT°0
691°0
991°0
691°0
941°0
|10
681°0
T61°0
T61°0
881°0
€810
181°0
+81°0
681°0
€61°0

3

#62°0
862°0
10€°0
so€°0
ott*o
(9434
74 30)
12£°0
{44304
61£°0
gee o
[433¢¢
oxE*0
6€€°0
9nE°0
ZHt°0
oOHE°0
LE€°0
13300]
61€°0

In

09+t
05682
06852
ontte
0L#0Z
08181
02191
0TSHT
091¢T

oz2oTt
0€00T
1906
0418
5259
602§
Woh
oHTE
lowe
8581

dHs

gr 2t
AR C21
[3FA4¢
2 eTr
8°80T
401
z°00T1
6°96
FAT
N6
L°g8
8°58
6-2g
1°08
€ n
8°99
269
6°LS
6°2¢
£ gh

&9 TaRae 34 009 JO ATUS JoF eJw seandyy IV

o*ze
0°12
(4414
002
$°61
0°61
S°8T
0°gt
[2FA¢
0°L1
$°9t
09t
$°ST
0°ST
0°#t
0° €1
o°et
o° Tt
0°0T
06

A

168°0
T58°0
0€g*0
018°0
0640
694°0
644°0
62L°0
804°0
889°0
899°0
8%9°0
829°0
409°0
996°0
926°0
9gh°0
S0
S0K°0
+9¢€°0

/A

560°1
456°0
106°0
048°0
(80
1280
664°0
£84°0
wio
69440
9470
994°0
29.°0
T5L°0
o
En0
w0

€)

& YatueT 34 00 JO ATUS I0J exw sesudyy IV

9€€ 2 9L2° %
wuze L€
902°2 LIS E
™2 gét €
940°2 17134 %
2102 Loz €

iH6°t T2 €
2881 650°€
L18° T €20 ¢
28l T +00° €
439°1 9%66°2

229t 066°2
L8571 §L6°2
genT £€6°2
862°1 96g°2
g5T°T  T06°%
8ot €06°2

® oz

Z0ST sequny 3971adoid ‘0°¢ = ff/g ‘0'L =g/ ‘0L°0 = 45 ‘65zy soquny 1opoN

squewtzodxy] uotsindoig-jjog pus oous)sisey jo sj[nsey

ga-d d'19dV.L

06°0
$48°0
£8°0
528°0
08°0
SiLo
Si0
s2l0
04°0
549°0
590
£29°0
09°0
$5°0
0$°0
n0
0%*0

Wa

B-87



90
££9°0
849°0
989°0
€69°0
969°0
£69°0
969°0
“pL°0
13 741
120
seto
Pr TN
20
s2co
20
0%°0
Lo
€2i°0
welo

dHS/dHA

sto°t
L80°1
6%0°1
01
o%0°T
6€0°1
9to°1
st0°1
4£0° T
9to° 1
o't
91
Zno°1
4t0°1
z20°1
ZI0°1
100°T

296°0
€670

0$5°0
6s5°0
995°0
€95°0
ts0
wS‘o
Si5°0
$45°0
$45°0
§i5°0
L4870
$45°0
$45°0
%600
€50
045°0
L9560
095°0
€550
6%6°0

d
E]

T T
91°1
11180
65T°1
[1180¢
£9T°1
911
(A% |
11" o4
96T T
so2°1
$02°1
$12°1
122°1
o1
g2t
uzt
90€° T
113304
£5E°1

Ys

18T1°0
161°0
061°0
697°0
981°0
T61°0
L6170
002°0
002°0
$61°0
€610
*%1°0
T61°0
T61°0
681°0
6140

“61°0 -

881°0
w10
891°0

982°0
to€o
L62°0
00€°0
T0€°0
90€°0
ZIto
81¢°0
+2€°0
g2€°0
ott-0
T1€€°0
HE€0
ge€o
9ME*0
48¢°0
§9¢°0
64€°0
g8t 0
98¢°0

Iy

09592
1) {94
01261
06141
00%ST
0SLET
OHEZT
09011
6€66
S26g
6408
(1477
5459
9£6S
({72}
L8L€
on62
9922
FAA¢
9¢eT

dHS

8°L5T
rARAA ¢
#°6ET
9°4EY
6°621
geset
9*021
€911
I3 24¢
€80T
8 %01
§°to01
0°86
L ]
€48
£°0g
(A4 74
149
2°19
L°8S

ddg y13uar] 34 009 Jo drys 3o0j are saIndrg IV

o*22
0°12
§toe
0*oz
£ 61
0°61
$°81
0°gT
$°iT
04t
§°91
0°91
$°ST
0°ST
04T
0° €T
021
0°11
0*o1
0°6

A

1680
158°0
0£8°0
018°0
064°0
694°0
VAL
62L°0
904°0
889°0
899°0
849°0
829°0
209°0
995°0
926°0
98%°0
S+4'0
040
€0

MWqp s

900°T
§16°0
$98°0
L£9°0
®18°0
884°0
0940
280
180
“eL°0
FACAL
0TL"0
®0L°0
169°0
£89°0
6490
LL9°o

©)

2an°2
®ez
Lotz
6€2°2
wure
got1°2
§€o°e
496°1
006°1

R4 ¢

w9l 1
9%69° 1
829°1
269" 1
L8€°T
122°1
980° 1

€Y

88be 1aqumy i3112doid ‘0°€ = /g ‘0°'8=g/7 ‘0L0= 45 ‘gszy soqmnN [9poN

sjuswzadxy uois[ndoid-jjo§ pus 9ouBISISOY JO SIUSdY

¥6-d d'194V.L

184°€
e €
Zne €
oHI* €
150° €
£€56°2
1882
T8L°2
LAY
|3 AR
6892
199°2
9€9°2
2652
29572
452
6€5°2

o1 x %0

06°0
$48°0
$8°0
£28'0
08°0
S§ii-o
[7Ad]
s2L°0
04°0
549°0
£9°0
£29°0
09°0
£§°0
0s$°0
§+7°0
0N 0

Rk P2

dd Yi13uar1 34 00p 3O drys o ase sINB1g 1y

B-88



lllllﬂ“

6%7°0 820° T £05°0  H9T'T  0LT'0 4820  02zHY LU6TT  0°22 680

079°0 TH'T LRG0 09T'T  0LT°0  S82°0 05645 T'9TT §°12 g0

24970 gh0°T £€85°0 091" 1 691°0 +#82°0 022TS 4’21t oO°'12 $8°0

039°0 #50°'T T165°D TLTT 04T°0 162°0 089h 0°gOT  §°02 0tg’0 4821 [35) 4 204§ §43°0
69°0 090°T  E#"Cc  ®SI'T  OLT'0  LoE*0  06To% 0°FOT 0°02  018°0 AX 20 SN 3 V25 26T°S 580
2470 490° T LhS*0 921 2LT 0 9tt 0 OLMEE  L°L6 §°61 064°0 S8T°T 286°1T €6 szg°c

™0 970" T €65°0 952°1 8LT°0 S4E°0 06182 §°26 0°6T 69470 Tt 226°1 Lo YAR 08°0
DA Z90° 1 65570 LA ¢ 610 65€°0 OHOWZ 6740 [43°1¢ (VAL oHo°1 298°T 59€°4 54400

9nl"0 650°T 9960  Sxe'T 1020 85€'0 08502 9'€g  0°ST 62470 £66'0  208°T 4004 (AL

L OTAL) €90°T  T46°0  §23°T #I2°0  09E°0  084LT 0708  5°4T  g0l'0 We'o T 899°¢ gzLo

VAAAL TO'T 54570 622" 1 912°0 29€°0  00WST 979/ 0°4T  389°0 818°0 289°1 e € 0l°0
040 6L0°1 LLs°0 Le2°1 T12°0 $9t 0 00§€T S €L 591 899°0 +wBL%0 229°1 262t §49°0

28L°0 080T 08570 052°1T L02°0 $9¢0 088TT 9704 0°9T 8h9°0 894°0 295°1 ALY $9°Q

€8L°0 080°T 2860  9x2'T  402°0  49€°0  0890T 189  §°ST §29°0 §§L'0  205°T 89T € §29°0
26L°0 080°1 €85°0 962°T  S02°0 89€ 0 95+6 9°69  0°ST 090 o 2T 12T € 09°0 2
2640 20°T  §85°0  292'T  902'0  OLE0  ToRg  0°€9  S°HT  4gsto SeLro 2getT +80°€ 6450 A
68L°0 890°T  §355°0  €92°T  802°0  O0LE°0  00SL  §T09  O'HT  995°0 otl'o  22E°T £90°€ §5°0

£64°0 €90°T  £86°0  692°T 4020  GAET0 6485 86§ 0°€T 9250 gel'o et £50° € §25°0 ’
56470 L450°T #8570 8921 602°0 9g€°0 64 T°TS  0'2T  9gn°0 920 202t L 05°0

£08°0 250" T 9450 92€° T $02°0 104°0 026¢€ 9' 94 0'Tt  §Hn'O o 180° T 990° € 0

86L°0 60T 045°0 §EE°T 0T2’0 80K"0 4892 K2y 00T 5040 [AYAL] 196°0 T60'E oo

98470 950° T 695°0 60€° T 612°0 £€0R'0 w102 9°g¢ 0°6 +w9€°0 whe 0 H8 0 R_rE €0
dHs/dHa 13, 45 s ! Iy ane 1 r Ta ® ® wrxt Ty,

dd qa%ueT 3 009 Jo djys JoJ age saandrd TTIY 48 433ueT 34 00k Jo dFus 203 aJv seamITS TTY

9bve 19quny sefradoid ‘0°€ = /g ‘SL'S = §/7T ‘50 = €D ‘9Lzy 39qwnN 19poR
syuawiiedxs] uols[ndoig-}[oS pus 8ouw}sIsdy jo sj[nsey

693-d 4'1dVL




929°0
$29°0
0€9°0
L£9°0
£59°0
849°0
004°0
T0l°0
g0L°0
“TL°0
g2l 0
o0
L CTAL
g5L°0
194°0
89.°0
[YAAL]
[:TAA¢)
98470
§8l°0
08L4°0
£€94°0

dHS/dRE

£90°1
890°T
0T
wo'T
180°T
$80°T
5§80°1
280°'T
080°T
9L0° 1T
WOt
o 1
2Lt
§90°T
0l0°T
9L0°1
8L0°T
€01
990° T
T50°1
£eo°1
LT0°T

I

S94°0 €92 1 £9T°0 #5E°0 oalgs €261 0°2zz  168°0
€00 g€z 1 261°0 ght o OHnSS 2744t §°1C 1o
6Lh'0 6221 961°0 9HE*0 0269% 6°THT 0°12  158°0

284%°0 o€z 1T 2029 wseo 0960%  €°9ET §r0z  0fg°0 488°T greze T28°S
L89%°0 oz 1 861°0 LSE°0 0625¢  2-ofT 0°0z 018°0 8EE°T ss172 w2e's
1640 €t 9610 g89¢t-0 01962  2'€21 $°61  06L°0 192°1T 160°2 860°$
9640 T0¢°T 8617°0 +gt0 0TSHE  6°STT 0°6T 694°0 61T°T §20°2 TTYAL
§05°0  §42°T  OT2'0  0gE'0 0090z 6°60T 57T 6w.°O 20T §%°t L92°4
#2§°0 j(%AR¢ 112°0 69¢°0 06nLT  8°40T 0°gT 62L°0 #96°0 T06°T L€8°€
KESO e T TT2°0 99¢°0 0€TST 27001 §°LT 90L%0 +$8°0 8€8° 1T 095°€
8t5°0 652°1T Leo  0ltto 0L0ET  9°56 0°4T 8890 0§8°0  #U'T $ge €
1] glz T 902°0 64€°0 0gETT  €°16 $°9T  §99°0 218°0 Tt et
HhS°0 i82° 1T 202 0 8€0 966 9°L8 0°9T 8n9°0 *8L°0 gh9° T 02T ¢
RS0 L62°T  géT°0  28E°0 HiB8 2°W8 §°5T  829°0 T9L°0 #8S°T ofo*t
645°0 9621 8610 2gt°0 9984 o 18 0°ST L09°0 w0 26T 96°2
TSE'0  S62°T  geT'0 T8t'O 9869  6°LL S°HT  Lgs'o €€L°0 g5t 9T6°2
+“55°0 w62 T g61°0 0gt o €285 0°§L 04/l  995°0 §24°0 L 130 ¢ 998
1550 9TE"T  S6T°0  68€0  logy  6°89 0°€T  925°0 024°0  TEE'T 998°C
(313 HE T 61°0 L6€°0 T04€ 0°€9 0°2T  98v"0 8TL0 892° T (1424
gné*0  29E'T  geT'0  4ow'0 6262 €°L8 0°TT  Sih'0 TU0  THI'T 9tg T
MG 0 28€°1 €810 80K 0 8sTe 0°2§ 0°0T 504°0 4 7AL] #10°T 9t T
Hhs*0 64£°T  08T°0  SOWO 9T 2°Ln 0°6  #9%t°0 ozLl'0  Lg8°0 99%°2
4 Yo 3 Iy dHS X s Ty ® @ iz

& WY 3 009 Jo dTug 03 oIV SeIITY TTV
S95¢ 3squiny sa1jedoid ‘0°€ = j/g 'SL'9 = g/7T 's£°0 = ¥ '6LT¥ 32qunN [9Pon

syuewnadxy uolsindoig-jjes pue aousisey Jo sy[nsey

9¢-d H'1dVL

sigo
058°0
s2g0
08°0
[I7AL)
05L°0
[17A]
04°0
£49°0
£9°0
$29°0
09‘0
1 729]
£5°0
§25°0
050
S0
oh'o
g€°0

o 77

d€ TI%ueT 3 00k Jo dTUE 203 eJe sexndyy TIY

!

B-90



835°0 o0 T 340 GLT"T  LLT'0 00870 08805 0°602  0°22 T68°0
109°0 €H0°T 644°0 foz't  48T°0 €ee o bllom T H6T  0°T2 16870
609°0 SHO°T 64770 [AtAR ¢ 881"0 133V Oh6SE  2°98T §*0z  0%£g°0 2661 geet2 262°S 548°0
€290 0%0°T  Teh'0  #E2'T  26T°0  GxET0  OLOTE  g'4LT 0’02 01870 6nE T 9522 s sg°¢
gt9°0 150°T 6gh0 oSt 25T0 64E°0 0gt9z T 691 $°6T 06470 £€82° T o61°e 848°H s28°C
099°2 190°T 964°0 £52°1 261°0 56¢€°0 otoez  €°09T 0'6T 69470 L6T°T w212 TS5 H 08°0
4490 £€90°T $05°0 662°1 26T°0 gs€°0 0gK8T  0°2S8T §°gT  6w4°0 +80°1 L50°2 2214 FT7AL
989°0 £50°1 €TS°0 992° T 26T°0 29¢€°0 04EST  H*HHT 0°gT  62L°0 266°0 T66°T 2llE L0
889°0 0H0°1 €250 ®92° 1T £6T°0 29¢°0 09981  [-4fT §°LT g0l°0 126'0 526°1 005°€ §2t°0
+69°0 geo*tT 62570 w2 T S6T°0 €9€°0 058TT  @°TET  0°4T 88970 g0 858° T 2TE°€ 04°0
46970 00"t g€s o L52°T L6T°0 85€'0 06€0T #®°92T  S$°9T  899°0 628°0 264°T 2T € 5490
969°0 920° T 2H5°0 0521 g61°0 8se"0 9816 #' 12T 0°9T g+9°0 9%6L°0 §2L°1 g20°¢ 590
66970 520°T €H5°0  HS2'T  002°0 29e°o 6218 9°9TT  §°ST  §29°0 €44°0 659°T 8€6-2 §29°0
669°0 420°T Hh$ 0 wse 1 020 99€°0 w124 0°2TT 0°ST  L09°0 954°0 €65 1 wg'e 09°0
L0470 #20° T HhS°0 692° T 202°0 Teo 25€9 €401 S°HU LBSTO a0 925° T 828 ¢ 54570
stL°0 +20°1 50570 2ge T 661°0 9LE"0 955 §°20T O"HT  995°0 HEL O 091" T 38l°2 05570
9€l°0 9€0°T  9HS'0  TOE'T  BETTO0  £BETO0 H0ZH  T'Hé 0°€T  926°0 HW2LT0 wEE'T A (TAKA §25°0
[STA] 1501 ghs"o ote" T 961°0 98€°0 (443 0°98 0°2T 984°0 §T4°0 L2et 6TL"2 050
€LL°0 690°T  9nG°0  H2E'T 4610  #6€'0  6Efz 279l 0°IT  §+v'0 90470  S6T°T €g9°e o
€840 H80°T L4600 Z2E°T L6T0  26ET0 HELT T 0°0T 50%'0 60i°0 z%0°T 9692 0%"0
L9470 860° T M5S0 eTE°T H6T°0 L8€0 5821 949 0°6 +#9€°0 [ACA 626°0 92l2 s€o
dHS/4HE o d Y 3 Iy aus N A Ty ® @ erxd s, 777
& adue1 34 009 Jo dTUs JoJ exe sexndyy ITY d€ Y33uaT 34 00H Jo dIYS JoF exe samBTy v

8¥9€ Jequny 19713doid ‘0°€ = /g ‘SL°L = g/7 ‘SL0 = ) ‘gLTy sequny 1epon

sjuowtsodxy uols[ndoig-j[e§ pus a8ouv}sIsey Jo synsey

15-d 4'1dV.L

B-91



969°0
+99°0
€L9°0
22L*o
29470
044°0
w.L0
080
L TAL)
28470
#8470
$84°0
58470
984°0
884°0
064°0
684°0

dHs/dHd

640°T
20T
PHO°T
950°T
£90°1
190°T
£90°T
990°1
0L0°T
+H90°T
+30°T
190°T
190°1
€90°1
090°T
590°1
8L0°1

w0s°0
025°0
®£5°0
6+75°0
195°0
49570
9950
495°0
895°0
495°0
995°0
095°0
855°0
§85°0
H55°0
458670
855°0

d
°

ohZ 1
922 1
goz°1
9n2° 1T
Ld2 T
i92°1
sg2°T
062°T
1621
9621
got T
0ze'T
(1430 ¢
see°T
oHe'T
2EE°T
HIE T

Yy

W16
161°0
622°0
sez’o
022°0
022*0
922°0
6220
geeo
s€z o
L€2°0
N0
Hh2*o
She'o
+the*o
oH2 0
gez o

3

92€°0
o 1}
09€°0
84£°0
69£°0
H#6E€°0
g6€°0
2040
9040
oTH"0
STH'O
+#2h'0
otR°0
§€4°0
9tn’0
624°0
[o74 M1]

In

08459
099%h
0802€
ofgTe
(11919 ¢
0SHET
o€LTT
04201
0gég
€964
FA (A
6819
545
8644
S$6TH
841t
onER

dHS

g 4Tt
5°501
8 €6
L]
T 5L
9'TL
5789
9°59
6°29
€709
8°Ls
2 88
82
9°0§
£ gh
2" Hh
T°04

dd Ya3ueT 34 009 Jo dTYS J0J eJe semITS TTY

LLg€ sequny s9113d03d ‘0°€ = f/g ‘S'S = §/7 08°0 = 8 ‘09zy 39qunN 1opoW
squewtiedxy uois[ndoid-J[eg pue 90uw)sIsay JO s3nsey

0'oz
0°61
0°8t
04T
0°91
§°§T
05T
[ 14
0°#T
S LT
o€t
§°et
02t
51T
0°1t
o°ot
0°6

A

8¢-d A1dVL

018°0
69.°0
624°0
889°0
gh9°0
829°0
2090
4g5°0
995°0
A )
925°0
905°0
984H°0
99%°0
Swrto
5040
w90

oma

045°T
we't
9£0°T
156°0
268°0
6+8°0
L1870
564°0
18470
L0
2LLro
§LLto
18470
884°0

&)

w81
L8471
o0n9°T
185°1T
225t
"t
son°T
LHE'T
882° T
ofe°T
Utt
H50°T
48670
028°0

@

659°9
2on"S
(73]
2E0° 4
[4:741
009°€
on°€
69¢° €
TIE t
182°€
9Le €
Bg2 ¢t
£1e°t
the't

gt x Yo
4 YaBueT 34 004 3O ATUS JoJ eIv semITJ TTV

08°0
si°o
04°0
549°0
$9°0
§29°0
09°0
$45°0
550
5250
05°0
S4°0
oX"0
[13]

b 7779

B-92



9650 €I0°T w0 ™'t 2910 §2¢°0 0Tg8S S°LAT  0°0Z 0OT8°0
429°0 (17020 ¢ 9gh°0 ine 1 881°0 64E°0 0L86€ T et 0761 694°0
849°0 0S0°T 206°0 622°T 022'0 590 02692 2°9TT  0'gT  62L°0

969°0 940°T  ST6°0  4Se°T  gIe'0  gL€°0  04TBT  9°f0T  0°4LT 8890 45T T86°T 60€°9 0g°0
25L 0 £60°T s25°0 ote"T T02°0 06€°0 ozl 9°26 0°9T 8%9°0 €52 1 2458°1 220°§ [T
84470 TOT°T  0€5°0  SE€E°T  &6T°0 L6£°0 09901 8°48 5°5T 829°0 90T HEL'T 06T 4 (YAl
§64°0 9T°T TE5°0 6SE°T  €61°0 90m0 g6 €°tg 0°ST  L09°0 996°0  29°T 248°€ $49°0
218°0 0T°T 2660 28€°T  26T°0 9RO 9RLL  2T6L S°wT L8570 669°0  019°T 209°¢€ 05£9°0
128°0 PT'T €€6°0 96€°T  €6T°0  22MO 9699 WS4 0'#T  995°0 B0 BHS°T 88€"€ £29°0
828°0 SOT°T  {4€6°0  0OR'T  T6T'0 220 0485 2°EL [4d3 S "4 €08°0  98n°T 9r2° € 09°0
2€g°0 90T'T 9£6°0  @6E°T  T6T'0O w0  STTIE 2769 0°€T  926°0 L0  wH'T 6g0°€ sis°0
£€8°0 LOT*T  THE'O  96E°T  06T'0  6TH'0  Lbth  4'99 §°2T  905°0 YA 138 ¢ +10°€ §5°0
6£8°0 €OT°T  THS°O  SOM°T  98T°0  024°0  6S6E  §°%9 0°2T 9gh'0 SH'0  00t°T £86°2 s25°0
0480 T0T°T OWS*0 €T T $8T°0 £€2h°0 2gHE g°09 $°IT  99%°0 Znl o gtz t 262 05°0
080 §60°T  6£6°0 €T €QT'0  924°0  o0SOE  0°8S 0°Tl S0 8L°0  4TIT'T 956°2 05%°0
2480 €80°T 5€5°0 €41 sito ZEH°0 geeez 8°2s 0°0T  SOn°0 6€4°0 166°0 196°2 on'o
82870 TO'T  685°0  SER'T 0LT°0 240 £9T 0'8h 0°6 #9t0 ssito 493°0 £g6°c se°o
dHs/dHa s % 45 3 Iy dHs N A M™afsa ©) @ ot Mafa
ddg wBuaT 34 009 Jo drus 10j are saIndy qry dg widuar] 34 00v Jo diyg J0j a1 sandrg NV

SLg€ saquny 1edoid ‘0°E = [/g 'S°9= g/7 ‘08°0 = MU ‘69T J3qUnN J9poN
sjuewiledxy uotsindoij-j[oS pus eous)sisey JO s)jnsay

66-9 H'19V.L

B-93



4 >

965°0 $20°1 89’0 2T 04T°0 #EL 0 0gsin  LULiBT 0°02 018'0

929°0 TIW0°T  €gH'0 TST  SLT'O 94€°C 0682€  T°99T  0'6T  69L°0

T+49°0 10T T05°0 $92°1 +®61°0 €9¢-0 ogzte 2 6M1 0°8T  62L4°0

999°0 €10°T  T115°0 ige'T  #o2'0  T8f0 09M9T  S°EET 0°4T  889°0 485°1 8lo°e 6L0°9 08°0
0040 670" 1T £25°0 €TE'T  T02°0  26E'0  OTLTIT  T°02T  0°9T 8490 882°T  ghé'T A sLto
€0 g20°T 0€s 0 [: 1R £02°0 T6£°0 S266 H°HTT §°ST  829°0 60°T 81g°T ST % 0470
L0 9€0°T 48500 +ET 0270 06€°0 6E48 0°601 0°8T  L09°0 ST0°T £€6L°T 26g°¢€ 5490
6470 "o S0 OTE'T L0220 S6E°O 2LTL LtROT S°wT L85°0 Phé*0 889°T 0€9°€ $9°0
[LIAL] wWO'T  THECO  02€°T £T2T0 o0 T9T9°  9°86 O'HT  995°0 €88°0  429°T ggt ¢t $29°0
T8L°0 550°1 Hh$°0 e T 022°0 Soh'0 (2434 £ ht S'ET 9¥s°0 628°0 8955°1 81 € 09°0
59470 190°1T 9t5°0 SHE'T §2e°o €2h°0 0954 $°68 0°€T  925°0 884°0 woh T 220°¢ 84570
(17l €L0°1 seso ghe T o€z 0 g2n°0 TE6E +w°S8 §*2T 9S50 L840 62n°T 506°2 55°0
[4:7Ads} £80°T  TES'O 99€°T  #f2°0 6E4°0 L6EE  H°TB 0°2T  984%°0 gel 0 #9E'T €82 s25°0
88470 680°T 0€§°0 $9€°T 9¢2°0 OHh'0 w562 6°LL $°IT  99K'0 92L°0 662° WL 2 0$°0
16L°0 260°T  §25°0  SLE°T owZtO 60 TST  2THL 0°Tt  S4v°0 9TL°0 69T°T gnl2 (AN
06L4°0 T60°T gT5°0 66€° T 2Hh2 0 B5%°0 6561 §°L9 0°0T 50%°0 02L°0 6£0°T wee 04%°0
[4:7AL] T60° 1T 015°0 2T 2420 £€9h°0 £gHT €19 0°6 w9t°o g2L°0 606°0 T6L°2 s¢0
aws/anz e % Ya ) In ans N PO, 7778 (6) ® orx3 Ty

dg Y3duaT 34 009 jo diyg 203 are samiTg TV 44 Y3dua 34 004 Jo dyys 0 are samITd ITY

10ST 1aquuny Jo1jadoid ‘Q0°c = H/g ‘Sl = q/1 ‘08°0 = QU ‘29Z¢ 2qunN JOPON

sjuswredxy uorsyndoiJ-jjog pur oouv}SIS8Y JO SI[NSOY

0¢-d H1dV.L

B-94



!

929°0 166°0 985°0  SET°T /@10 4820 06804 S°0ZZ  0°LZ  H60°T
z29°0 266°0  955°0  62T°T  96T°0  982°0  OfT99 S°STT  $°9T 40T
029°0 066°0 u5°0 T 002°0 682°0 08919 $°012 0°92 €50°1
029°0 496°0  095°0  S2T'T 0020 6920 of2lS S°s0z  sUsT €fo°T
929°0 6g6°0  T195°0  6ZT°T 202°0  £62°0  Of%eS 8'66T 0°5T  ET0°T
£€9°0 066°0  #95°0 11348 ¢ 202°0  S62°0  oghin @ EET  S°we 266°0
$%9°0 966°0 %95°0 SHT°T 2oz o fot°o OhEZn  0°L8T O°%2 2670
959°0 T00°T  045°0  TT'X 002°0  So€'0  ofwif  2ZT08T  S°EZ 2560

899°0 666°0 Lso 65T 1 661°0 60€°0 0092 O0'ELT  0°f2 286°0 46171 266°2 66€°% oT° T

v.9°0 t66%0 €88*0 wW9T°T  o00Z°0 €I€°0 00982 0°99T S22 TI6°0 PerT 99972 £EEy $lo°t

1w99°0 166°0  68S°0  L9T°T  Y02°0  SYE'0  pggwZ  9°@ST  0°22  168°0 2211 66z - olz'h $0°1

489°0 696°0 %650  OLT°T T02°0 LTE°0 0fgTz  0°25T S°T12 Ti8°0 00T T 26l 2 28T*4 $20°T

£69°0 996°0 665°0  SLT°T 002°0  61E°D OghéT 24T 0°T2 T58°0 890°1 999°2 9904 00°T

LA 1660  T09'¢  €8T'T  S6T°0  02E'0  OTYLT  S°24T  S'02  0fg 0 0£0°T  665°2 126 ¢ $26°0

90470 696°0  209'0  06I°T  16T°0  02E°0  O06TIT 9°gET 002  018°0 w60 265z 60L° € $6°0

(3¢2d] 996°0  668°0  LOT'T  681°0  @IE°0  OEBHT  STHET  ST6T 06470 906°0  99n"zZ oo € §26°0

o 496°0  965°0  9TZ'T  06T°0  4€E*0  ONBET  BOfT 06T 69.°0 s€gr0  66f°z 6T € 06°0

stico 0960  #65°0  622°T  gRT'O0  OME'O0  06LZT  0°LZT  £°QT  6wi%O 6gLr0  EEE'z 686°2 $.8°0

KTLto $L6°0  265°0  LE2°T 69T°0  #ET0  OLLIT  2°€2T  0°gT  62L°0 85L°0  992°2 §88°2 $8°0 =
4TL°0 1L6°0 T65°0 2T $8T°0 e o 0BLOT  §°6TT  §°4T 80L°0 CLVAL 661°2 ™g e sz8°0 R.,
9170 460 68570 (2T 2610 2$E°0 L0B6  S°STT 04T 889°0 T2 VAT 3 3 &4 282 08°0

weso §96°0  065°0  HZ'T  S6T°0  HSE°0  6%6@  0°2TT  $°9T 99970 HE'O  666°T “28°2 §4°0

oti*o 296°0  T6S°0  gMZ°T 9610 95€°0  §0T@  S°@0T  0°9T  gH9°o €€L°0  999°T 06L°2 0L'0

Lo %960 066°0 2T L61°0  gst'0 (6L ST+OT  S°ST 829°0 904'0 EEL°T 069°2 $9°0

904°0 €96°0  065°0 ww2°T  TO2°0  @SE°0 2869  O°TOT  0°ST  L09°0 0040 665°1 299°2 09°0

Soi0 486°0 (g0 SS2°T 902°0 . (9ET0  EIES  9°€6 0N 9950 1040 99%°T 699°2 $570

£04°9 6460  wgst0 2T Lz0  LE0  owh 498 0°€T 92670 4040 13130 4 089°2 0570

669°0 ™6°0 g9s°0 6ot 1 602°0 96¢°0 Ens€ €08 0"t 984" 0 90(°0 002° T 89°2 40

&8/ & a1 L % Y In o X A IM//a ® @ gor x 35 Ty i

& TI2IT 34 009 Jo dIys I0J eav seInITd TV 49 QaUeT 31 00K 3O dIUS J0J siw seindig [TV
10ST Jequny w[1adord ‘S'e = /g ‘S'9=g/7 ‘09°0 = “ aqunN [3poW
sjudwiiedxy uorsindoig-jjog pus oouw)s nsey

Tg-d d'TdV.L "



«£9°0
§€9°0
8t9°0
290
ih9°0
059°0
890
€590
®99°0
+89°0
269°0
goL0
804°0
gl o
T2L°0
gzl o
280
sel o
™o
SnT0
énl°0
T8L°0
09L°0
$94°0
TLL°6
06470
664°0
00§°0

dHS/dHI

26670
£66°0
+#66°0
666°0
200°T
£00°T
000°1
000° T
100°T
H00°T
500°1T
400" T
+00°1
500°T
$00°1
900°T
870°T
620°T
geo0°T
€h0°T
250°T
050°1T
£50°1T
050°T
S0°1
6£0°T
£t
620°T

8450
085°0
285°0
285°0
185°0
285°0
£86°0
885°0
565°0
%090
£09°0
609°0
+419°0
619°0
619°0
419°0
/19°0
609°0
090
+09°0
909°0
4090
090
9090
509°0
509°0
+09°0
W09°0

4,

90T°T
€T 1
+HOT°T
S0T°T
80T°T
L1944
01T
Tt
SIT°1
ey
6£T°T
BHT'T
6HT°T
SHT'T
651°1
0lt°T
T
€LT°T
9T°1
2gT°T
STt
8LT°T
68T 1T
202°1
6121
952°1T
082’1
1821

Ue

20 )
N0
ZHT*0
HHT'0
SHT'0
9RT*0
2810
£sT'o
€510
251°0
25T 0
€610
T51°0
gHT 0
oHT°0
THT O
N0
0910
$91°0
691°0
LT1°0
L9170
49T°0
09tT°0
s8T°0
THT O
[ TAR]
6TT°0

3

h 4]
2220
2z2'0
s2e 0
g22°0
#wEz2'o
4€2'0
gee o
o o TAe]
gHZ°0
952°0
292°0
T92°0
#$2°0
§52°0
992°0
teo
4820
062'0
620
£62°0
6z o
962°0
Tot o
Loto
9t€°0
61€°0
2TE 0

Iy

o€2ts
00564
04294
Oh62Hh
0896¢
0€L9¢
065¢EE
0220¢
09€92
08922
05861
OHRLT
00951
002HT
0H62T
(114
02801
Ti86
2L68
6218
14:1%7
049
+£09
Lens
858H
006€
040%
6202

dHS

5°912
§°212
2 loe
§°1202
0°L6T
261
67981
87081
§°2LT
07591
0°55T
[AZ¢
(A
5°E4qT
2 6T
0°SET
§°TET
€42t
§° 22T
§°6TT
2° 911
§°2TT
4°80T
8 +0T
§°00T
2 €6

1°98

L6l

N

dd QatueT 34 009 Jo dTug 10) ele seandtg TV

0°le
5792
0°92
g°se
0°se
$He
0°he
s°ee
s34 ¥4
s$°ee
022
§'1e
0°'12

502

0°02
56T
0°61
§°81
0°g8T
54T
0°L1
£°9T
0°9t
58T
0°$T
04T
0'¢t
o2t

A

w60
ﬁ\
€

€

|38
266°0
2L6o
256°0
2€6°'0
160
68°0
80
0§8°0
0€8°0
018°0
06470
694°0
6hi"0
62L'0
80470
8890
899'0
8%9°0
829°0
409°0
99570
925°0
9870

o 7777

4©90°1
T50°T
90’1
480°T
510°T
186°0
©£6°0
w80
228°0
9LL°0
€he'o
0€4°0
w240
61470
) ALY
6690
§69°0
L6970
865°0
€0°0

®

9L0°¢
900°¢
9t6°2
998°¢
9642
92s4°e
959°2
985°e
9152
e
9E2
Lot e
Le2'e
L60°2
486°T
L1871
849°T
8Es T
g6t
952" T

®

§9/z requmy a71adoid ‘S'€=g/g ‘S’L=g/7 ‘09°0 = q 7 ‘€SZY 13quuy T9pON

sjuewtodxy] uoisindoiJ-j[e§ pus @0ue}SIS9Y JO S)NSeY

og-4 d'14VL

648°€
gEg ¢
$18°E
T84°¢
T0L°¢
645°¢
gon't
12164
g66° e
otg e
01l
99°2
oh9°e
+H29°2
065°2
185°2
9tse
ohS°2Z
9s°2
€952

0T x 30
dg u3dueT 34 004 JO djus IoJ dde soandta 1TV

o0T°T
§L0°1
050°1
520°T
006°T
5L6°0
$6°0
52670
06°c
548°0
$8°0
$28°0
08’0
5470
04°0
5970
09°0
8570
0§°0
sh'0

I™y/a

B-96



929°0 646°0 #55°0 9T 1 €HT°0 652°0 NTEER 0°STE 0°L2 #60° 1T
$29°0 94670 €55°0 LTt HWT"0 0992°0 0T60% ©0°80¢ 592 w0 T
#29°0 §L6°0 #w55°0 S5T°T sqt°0 652°0 0998€  $°20¢ 0°92 £€50° 1T
€290 946°0 955°0 641" T SHT®O 9520 0lh9t 0°L62 5°s2 £e0° T
£€29°0 L6°0 95670  ONT'T  HHL"0  #HGZ'0  OTSK/E §°062 0752 ET0°T
929°0  946°0  095°0  SHT'T  2HT°0 620 009TE T4 S 26670
629°0 w60  #95°0 OHI'T  THI'O  0S2'0  OHBEZ 0°94Z  0°H2  2L6°0
2€9°0 60 L9570 LMTT E4qT°0 €62'0 08092 6°992  §°€2  2G6°0
€€9°0 €96°0  045°0  2ST°T  &4T°0  g52'0 o2tz #°L6Z  o0°€2 286°0

L£9°0 856°0  HLST0  O9T°T  4KI'O 292" 00802 6°LmZ  STZT U670 Sto°t Lozt s e otT°1
8€9°0 0§60 44570  H9T'T  SHI'O  992'0 02981 o6tz 022  168°0 9T0°T  HET'E ghs € ST
TH9°0 056'0  645°0  69T°T  0ST'O €2°0 08991 Hofz  §°T2 T8O 4TO°T  T90°E ens' e g0t
949°0 £56°0 £85°0 9T°T T$T°0 692°0 0964T §° €22 0°12 1%8°0 $00°T 886°2 905°€ §20°T
1590 256°0 %8570 RCASA S 64T 0 €L2°0 OT9ET S§°9T2 s°oe 0£g°o 066°0 §T6°2 954" € 00°T
%£9°0 gn6'0  +85°0  ZBT'T  onT°0  4L2°0 O+l 6°602 002 0T8O 296°0  24g°e T9E°¢ $L6°0
) 659°0 9h6°0 +85°0 w61 T ZHT°0 182°0 O+RIT 6°to2 §°61 064°0 926°0 0il°e 9€z € 056°0
. 299°0 ™°0 285°0 602°T geT 0 820 0850T  6°L6T 0°6T 694°0 648°0 L69°2 TL0°€ §26°0

$59°0 €€6°0 TS0 90T ONI'O 88270  H9L6  2TeéT  $T8T 6wi'o 628°0 €292 68T 06°0 =

159°0 260 1880 Lo2°T €qT°0  062°0  STO6 L°98T  0°8T  62L°0 L0 18572 w92 8480 @

99°0 g16°0 185°0 Tzt K10 €620 lotg  T'18T §°it 904°0 694°0 gLh2 i89°e 58°0 o
™9°0 6060  Ig5T0  ST2°T /IO #62°0 €€9L $°8LT 0°LT 88970 gsl:o  Sow‘e gn9 2 528°0
™9°0 #06°0 1850 022°T  6ET'0  H62°0 8969 0°0LT  §°9T  §99°0 €640 22 629°2 08°0
£49°0 1060 085’0  0f2°T  gETT0  662°0  STEY  2°HIT 09T gw9°0 ghi'0 9812 §19°C §L°0
8h9°0 868°0 085°0 SH2°T T€T°0 ot 0 €695  €°85T §°ST g829°0 LA ™2 909°2 0l°0
%90 w80  6L5°0 gs2°t  L2T'0 lotto 22§ §°2T 0°ST 090 T€i'0 568°1 2ss°e §9°0
+®59°0 +88°0 [755d0} 282°T 221°0 91E°0 43Th  2°THT 04T 995°0 22L°0 6H.°T 0zs°z 09°0
259°0 $48°0 +w.5°0 g62° T 22t o €2€ 0 s62€  trott 0°tT 925°0 12L°0 €091 615°2 $5*0
159°0 299°0 095°0 gLi T gIT°0 T€Eo €092  2*6TT 0°et 9g4°0 s2L°0 9sHv" T £€€se 05°0
05$9°0 $8°0 995°0 0sE°T 90T°0 geE o 2902 8601 0° Tt S4h'o o€l 0 2Te°T T85°2 Sh'o
dus/agd e 4 Yo 3 In dus X A R 778 ® ® o1 r/7a

dd YadueT 3d 009 Jo dIys JoJ ale seandyd TIV de Qaduer 34 ooy 30 dTUg I0F exv seInITd TV

L£8Z soquny 1e7jedosd ‘St =f/g ‘S'8=g/7T ‘090 = g D ‘THTY IPqunN [9pol
sjuewrizedxy uorsindoiJ-j[oS pus eous)sisey jJo wu?mmm

86-d H'TdVL



L£5°0 066°0 025°0 o1 091°0 S6T°0"  0OTSOT §°602  §°52 €20 T
685°0 666°0 615°0 8L0°1 HST 0 £12°0 02216 €002 0°S2 £10°1
085°0 800° T 025°0 901" 1T w510 sg2°0 02€8L  T°T6T  §°w2 266°0
965°0 BTO°T  225°0  22TT'T  491°0  552°0 06999 0°28T O'#He  2L6°0

009°T 9242 929 So°1
609°0 920° T 525°0 TET°1 LLTto 2leto 00€95 g"eUT S°€2 266°0 926°T - 199°2 94675 $20°1
z€9°0 €0 T [4744¢ 6q1°1 gi1'0  $g2°0 0849 #H'E9T  o0°f2 2¢6'0 ConeT 965°2 169°¢ 00° T
959°0 L80°T  S#6°0 T9T'T SBT°0 9620  Of9LE  0°€4T  §°2@  TT6°0 T 2este 962§ 6L€°6
§49°0 o1 L586°0 €91°1 L8T°0 20€°0 OT60€ w41 022 1680 602°1 oz 9EL % $6°0
2690 2 O £95°0 69171 810 L ] oot9z 28ttt  StTe T30 w0t 2042 902° 4 $z6°0
9040 $50°T  995°0  f8T°T T8I0  gof'0 o€z 6°2€T 0°TZ  T1$8°0 W60 LEE02 924°€ 06°0
02it0 #5601 04570 861" 1T [7A8d¢] €1€°0 01502 gTL2T §to02 o€g o £58°0 ez 156 € $4g°0
180 250°1 w50 T2t L7A L) 81¢*0 0lngT  2°€2T  0°02  018°C 6640 Loz e 1413439 58°0
(4 7AL) g0 T w50 2ee 1 2LT°0 €2eo 04891 €611 6°61 0640 B Y- VAL ZHI*2 850° € s29°0
JAYAN] gro°1 wS§'0 9ze°1 €10 92t 0 OTHST  B°SIT 061 6940 2LL°0 Lo 2ot € 08°0
(VAL (hotT wSUO 9€2°1 2L1°0 0ff'0 030MT  T2TT  §°81 600 2L 0 2r0°2 £20° € $44°0
FL AL 150°1 (LA oh2 1 L7ASe HEe 0 02821 6°g0T 0°gt 62.°0 19L°0 L6 T L00° € 640
w0 670" T eis*o (ST ¢ LLTo g€e 0 06911 5°50T  §°41 804°0 654°0 288’1 €62 geLto
(WAL} o1 TS50 SH2t 84T 0 0HE0 0T90T ©0°20T 0°4T $89°0 PR 818" 1 1134 04°0
:19Ad¢ 040" 1T 0l5°0 e T 48770 HhE°0 8296 9°¢6  §°91 899°0 FAYAL] €6l 6892 §49'0
JAYAL) #wE0° T 250 92’ T €810 whE"0 9699 256 0°9T gh9°0 4240 889°T gng°e $9°0
[3YAL] T€0° 1 2L5°0 M2 1 981°0 LHhE o LY2-7A 0°26 §°81 829°0 02L°0 €291 02g°e §29°0
[+4 "Ad 4] 680°T £495°0 9521 481°0 £s€0 €40l 988 0°51 L09°0 STL°0 856°1 108°2 09°0
9N 0 L80°1 89570 492°1 s810 LS00 g2t9 5758 §°4T L85°0 €140 gen" 1 £€6l°2 §5°0
L YA L£0°1 £95°0 §g2° 1 €810 w0 ™S 229 0° 4T 995°0 2TL°0 g62°1 4842 05°0
L s (23 2950 21t 4100 TLE°0 g 0°9L 0° ¢t 9250 R4 VAL 891" 1 98L°2 4o
L §:TAL6! €01 195°0 HLET 9L1°0 €L€°0 gERE  0°0L o2t 9840 1o 6£0° 1T 9g8.°2 oq°0
aois/giz e 4 e 3 @S N A Ty ® ® o1 X 35w/

44 y3duay 34 009 3o djus oy sxe sean?rd TTV a4 Y3ue] 34 004 JO dIYS Joj eI seInST4 TV

SP9€ saqumy 1971adoid ‘S°E = /g ‘'ST'9=g/7 ‘S9°0 = mo ‘S9ZY 1equnN [9poW
suewnIed X coﬁm_zmoi-:wm pue 90ue)SISIY JO s)[nS8Y

¥6-8 H1dVL

B-98



e —

085°0 2960 geso £90° T S€T°0 102°0 o9n8L  S°sEZ Ses2 €to 1
685°0 L96°0 s25°0 20T T onT°0 022°0 09499 0°422 0°S2 £10°1
wS°0 #96°0 9€5°0 £1T° 1 ZKRT"0 gzz o 04285 §°LT2  S°n2 266°0
985°0 946°0 9€5°0 0zZT° 1 9RT°0 ge2o 06905 (*l02 O'% 2L6°0

209°0 86°0 RGO 2ET° 1 ghI°o gHhe°o ongEn  2°g6T  S°€2 256°0 95E° T 9%6.°2 950°S £20°1
4290 666°0 12 ] W11 6471°0 192°0 0$n9t  T°88T o0°€e 2€6°0 ZTE°T g2l 16841 00°T
6%9°0 500°1 85570 95T°T  O0ST°0  §92°0  0f00t #*4L1  §°2@  T16°0 2T 099°2 16574 $46°0
899°0 $00°T  WS'0 65T°T  0ST°0  992°0 06442 2891 0°22  168°0 €T 1 z65°2 9224 $6°0
L89°0 600°1 €950 L9T°1 0$T'0  T2°0 0960 0°09T §°T2  1ig°0 920°T 252 929°¢€ $26°0
00470 AT0° T 985°0 841" 1 0st°0 8420 0L%8T  6°€ST  o0°T2 158°0 226°0 an'2 gEn°€ 06°0
b1 (A ] 410" £g¢"0 - 902°1 gHI*0 €62°0  0SS9T T°gHT §°0¢  o0tg°0 L48°0 862 65T ¢ §48°0
gu-o 210°1 £gs o 912°1 (NT0 8620  0FOST 4#"EHT  0°0Z  0T18°0 064°0 61€°2 646°2 $8°0
1270 600°1 2850 6221 onI‘0  $0€°0 0LLET  0°6ET  S$°6T 06470 wi0 wee 888°2 6280
L2lo 010°1 T85°0  O%2°T T 0 TIE°0  O06HST  S°HET  0°61 69L°0 194°0 28T 2 L8872 08°0
. 0€L0 600°T  T85°0  9MS'T  SHT'0 4TIET0  OBETT  #'OLT  S°8T  éw°O Lo w2 s08°2 siL*o
wEL°O 10" 1 185°0 6nz 1 S4T°0 stE°0 0980T  §°92T 0°8T 62470 LYALY 9no°2 1842 SLTo
(1740 210°1 285°0 ghe' T iate0  LIET0 0686 57T S°LT 80420 ™0 8L6° 1 29l°2 [17AL] .
w0 £T0° T 285°0 8se° 1 ALY 2zt o 8548 €°8TT  0°4T 889°0 9€4°0 oT6°1 [2 VA 0L°0 >
M0 #10°1 0850 g92° 1 LHT°0 Leeo LE9L € HIT  $°9T 899°0 otéto TH8° 1 £eLe §49°0 -
28L%0 [400 ¢ 185°0 6L2°1 THT O 62€°0 5989 €01t 0°91 849" 0 w2Li°0 €Lt 20l°2 £9°0
2640 g00°1 2g85°0 2821 (1 } o] 62¢°0 9619  §°90T S°St 829°0 614°0 [T § 189°2 5290
65L°0 5$00°1 #8570 w62 1 2ET 0 [e13344) 5555 L°20T  0°ST L09°0 H1Lt0 L€9°1 £€99°2 09°0
€94°0 #00°T  4g%'0  fof'T  ofrTr0  2€t0 896%  6°86  STHT  (85°0 60L°0  00§°1 g9 2 §5°0
L (7AL) $00° 1 184°0 12€° 1 821°0  oxE'o 8lh  0°56  O°HI 99570 guio +9€° T w592 05°0
LiL*o 200°T 2gteo0  L2E°T S2TI°0  04t"0 S6nE  0'B8  O°tT 924°0 9140 g2 T 2L9°2 $4°0
9840 600° 1 085°0 SHE*T L1170 tht o Li¥A4 0°18 0°et 984°0 22L°0 160° 1T T69°2 oh°0
as/amm = e % e 3 In s N A T ® @ o1 x 3 gy
48 qadue 3 009 Jo dTus doj edw seyndyg TIV d9 YadueT 34 00k Jo dIUS JoF etw saInITd TV

S9Lz 1squny seqredosd ‘S°€ = H/g ‘ST°L = §/7 ‘§9°0 = I ‘g4zy soquinN 1opoN
sjuewnredxy uoIs[ndolJ-3[0S pus aous}’ sy JO SI[nse)]

ge-g ATAVL



69570
046°0
0l5°0
9L5°0
8570
265°0
209°0
41970
8€9°0
15970
L59°0
65970
459°0
£59°0
259°0
25970
€590
+59°0
199°0
699°0
18970
2690
20L°0
gol 0
L2lto
"o
w6400

dHS/dHI

0T
9€0° T
oto°t
820°T
9201
020°T
T10°%
o101
£10°T
910" T
T20°T
T20°T
210°1
€00°T
56670
066°0
L86°0
£86°0
£€86°0
986°0
166°0
666°0
900°T
210°1
§20°1
20T
890°1

XX

2150
2T15°0
916°0
5o
925°0
gtso
™$0
JA N
08570
w5570
455°0
85570
65570
65570
655°0
655°0
6550
45850
H55°0
€550
T85°0
ghs'o
SHS°0
9HS°0
0%5°0
wES°0
£€5°0

4%

£90°1T
Slott
€01
wo't
2801
60°T
T0T°T
gTT°T
HHT'T
L5T°T
SST°T
95T°T
9T°T
89T° 1T
UT'T
6LT°T
98T°T
€61°T
12" T
g22°1
et
+92° T
92T
9l2°T
eTE°T
SE€€°T
§2€°1

9%

muﬁ.o
TT°0
0810
98T°0
88T°0
681°0
06T°0
$8T°0
8LT1°0
§LT1°0
#1°0
[TAS]
9LT°0
§4T0
#1°0
#.T°0
wT°0
€LT°0
YAl
89T°0
£9T°0
£91°0
£91°0
2910
09T°0
85T 0
6510

3

0z2*o
822°0
9tz°0
EA Ao
0s2°0
952°0
+92°0
042°0
182°C
L8270
48270
982°0
062°0
€62°0
56270
662°0
€0£°0
400
STEt0
gzeo
62¢°0
gEe o
PHE"O
SHE*O
65€°0
69€°0
$9€°0

In

06545
04205
0€ESH
0STOH
0205¢
08T0€
0z652
00122
06061
0£89T
oH2ST
0E6tT
0T8T
0L4LTT
02801
£066
Hho6
Sq28
9TH
0599
4265
454
0594
LETh
9teE
96h2
9€6T

dHS

§°Tle
S$° €92
0°HS2
0" e
g eee
sege2
o€
§-202
§°€6T
1°98t
L°08T
§°64T
2°04T
0591
0°09T
T°651
27051
ST
T o#T
T°6¢T
T°0€T
0-set
2-oztT
6°61T
L7901
2 g6

20°6

N

49 u3dua 34 009 Jo dyus oJ aIe semITL TV

05°52
00°52
05° 42
00°%2
0s° €2
00°¢€2
0s§°2e
00°2e
05$°12
00°12
0s°02
00°02
05°61
00°6T
05°81
00°¢T
05°4T
00°4T
05°9T
00°91
05°ST
00°ST
0§ *Ht
00°"4T
00° €T
00°2tT
00°TT

A

£€80° T
€10°T
266°0
2L6°0
256°0
2€6°0
116°0
T68°0
T8'0
158°0
ofg o
018°0
064°0
69.°0
(3T
624°0
804°0
889°0
899°0
gh9°0
829’0
£09°0
485°0
995°0
925°0
98" 0
S+h°0

Myra

HIE T
gt
61°1T
621" 1
950°T
1460
168°0
628°0
16470
wWio
®94°0
094°0
§8L°0
0640
oo
gEL o
ATV
Lel0
selo
92.°0
g2l'0
13 YAL¢]
oRl'0
Ln0

©)

d€ TadueT 34 004 Jo diUs 03 exe seandTy TTY

166°2
616°2
gme 2
Ll
904°2
#wE9*e
€952
26°2
w™h'e
osee
gLe e
Loz e
9€T°2
§90°2
w61
226°T
158" 1T
08L°T
604°T
8€9°T
995" 1T
Hwen't
2g2°1
6ET°T

@

9v9¢ 1aqunp 19fyedosd ‘S'¢ = [/g ‘ST’8=g/T ‘S9°0 = 44 ‘ggzy sequny [9pOW

sjuewzadxy uotsyndoig-j[oS pus @0uB)SISaY JO sjnsay

9¢-4 A'1dV.L

L69°x
954 4
952°H
980"+
9LL° €
UR't
98T €
4962
Leg e
99l 2
4 YAK
[4 (A4
004°2
089°2
6592
L89°2
81972
009°2
g6s°2
w65°2
T09°¢
2z9°¢e
w92
699°2

(o1 x ¥

050°T
Ss20°t
000°T
5§60
056°0
526°0
006°0
§48°0
05870
528'0
008°0
§iLL0
054°0
s2lo
004°0
§49°0
059°0
$29°0
009°0
84570
05570
005°0
054°0
00k"0

y/a

B-100



26570 LT0°T Uw'o LfR°Y €LT°0 2EET0 09h9m  S°6ET 0tE2  T6g°0
8€9°0 9to°'T  gim°0  882°'T 84T°0  29£°0  OT42E  6°H2T 0°Tz &80
€49°0 ofo°1 IgH° 0 €g2' 1 94T°0  gSE€°0  oTéBE 02T 502 080

849°0 s€0°1 w640 L92°1 28T 0 £s€0 0HO92  §°9TT  0°02 018°0 €Tt W'z Tgnw 06°0
2¢9°0 20T f6n'0 6921 €8T°0  95€°0  06S€2 O'EIT 561 064°0 w66°0 £ 2 o46° € £48°0
6$9'0 TO'T 9640  942°T  S8T°0  T19€'0  0€gOZ  £°ROT  0°6T 69470 o%6°0  0ST°Z s2L € 11:3]
£99°0 LE0°T  T0S°0  082°T 4810 29E°0  OEMET  2THOT  $°8T  6%4°0 L06'0  (B0°2 £65° € £28°0
90 8€0°1 005°0 £62° 1 +81°0 69¢°0 09T 9°00T  0°8T 62,0 649°0 ©20°2 gh' € 08°0
LU90 oN°T  664°0 wOE'Y 2PT°0  2UE0  OEOST L6 ST golo 188°'0 09T 0lE"¢ SiLo
649°0 2%0°T  00§°0 20€° 1 2gT°0 2i€°0 0E9ET 4 %6 (A 889°0 +28°0 681 w92 € F AL
849°0 o't €050 9%62°1 8T 0 T4€°0 onEeT €' T6 §°91 899°0 508°0 H£8° T 06T°¢ a2é0
89°0 wWO°T  205°0 90€°T  +#QT°0  94€°0  OSOTT  T°88  0°9T  849°0 €6L4°0 R I7AS €T € 04°0
489°0 TO°T 45°0 17315 137} o] #E0  3T66 0°58 §°6t 829°0 $94°0 804°T ottt §49%0
069°0 6£0°1 105°0 92¢° T H8T°0 +g€°0 €88 9°18 0°ST £09°0 LLL o 9 T LL0° € 590
204°0 8€0°1 L6%°0 29€°1 181°0 665°0 5269 1°SL 0°41 995°0 4940 186° 1 o't £29°0
gTL*0 ™O'T  06%°0  OTH'T  8LT°0  LINn'O E4ES 8°89  O°€r 925°0 854°0 8IS°T S00°€ 09°0
[ YAL $%0°1 13- ) WH'1 10 040 0TTH 0°£9 021 984°0 ™0 T6E° 1T 9€6°2 550
174} 6%0°1 ogH°o g T 291°0 SEH°0 12,143 948 0°TT SHK°0 [JYAL §92° 1 26g°2 05°0
[:t7AL:) ™ot Sin°o S5t 681°0 o gLte €25 0'0T 50v°0 g2l0 eI 1T 988°¢ Sq°0
204°0 «f0°T 9n"0 SN 1 L6T°0 3tq°0 (1744 [ A 0°6 +®9€°0 2eLo 210°1 T106°2 on°0
&8/ &1 iie 4 % 3 in s ¥ a T ® @ T x 3 Ty
&9 YATUeT 3d 009 Jo dTUS JoJ eIw seIndTd TV dg y3dueT 34 004 3o dIys JoF exw seandyy TTV

70ST 1aqunp 12119doid ‘S°€ = f/g ‘0'9=g/7 ‘0L°0= MU ‘SPT J9qunN T9poN

squowtzodxy uois[ndoig-joS pue 9ouB)SIS8Y JO s} nsey

Lé-d 4'TdVL

B-101



8€9°0 5201 L2570 08T° 1 6LT°0 +#0€*0 OLHEE  €°gST  0°22 168°0
959°0 820°T £€5°0 L6T° T €61°0 92€°0 04182 S°+Hl  0°T2 158°0
859°0 1€0°1 g€s 0 981" T 66170 se€to olh22 9°6E€T §°02 [+11: 2]

199°0 £€e0° 1T 2HS 0 081" T 202°0 LA 08102  T°SET  0°02 018°0 080°1 g6t 2 190°4% 06°0
+99°0 9¢0° T RS0 9T T 902°0 +2€°0 0608T  9°0fT  §°61 064°0 T46°0 T€€2 699° € {973
$49°0 $€0° 1T gns*o0  06T°T 202°0 6280 0809T  L°SBT  0°6T 694°0 £16°0  %92°2 oS € $g°0
989°0 9£0° T §45°0 912" 1 H02°0  §4t°0 OSTHT  €°02T  §°8T 69L°0 598°0 gét 2 SHEE $28°0
869°0 €€0'T  ows'0  TS2'T €020 €9€70 0§62T 2°§TT  0°'gl  62L'0 168°0 "€z LEe € 0g°0
204°0 #8201 T45°0 621 202°0 +#9€*0 0ZEIT  #'TIT  §°41 804°0 L28°0 4©90°2 §21°¢€ §LL°0
804°0 L80°1 260 gse 1 002°0 +#9£°0 0920T 0°80T 0°41 889°0 964°0 866°T 410" ¢ siL°o
80470 €H0° 1 €S 0 0s2° 1T +©02°0 w9t°0 20¢6 L'HOT 5791 899°0 £€84°0 T€6°1 656°2 s24°0
80470 6£0°T SO €get +02°0 49€°0 €Tng ¢° 10T 0°91 8h9°0 ®lL°0 598°1 926°2 0470
(4 IAL) HEO'T  4mStO 2Lt L6T°0 89€°0  #wSSL  §'l6 S°ST 829°0 0li'0 gL o162 §49°0
ST4°0 920°T €Hh5°0 +wge" 1 L6170 F7AN] S049 9° €6 051 409°0 09470 eeL T 888°¢ £9°0
9240 L10°1 2050 L1€°T 68T°0  #gt'o 60€5 1°98  0°#T 995°0 9540 $99°1 858°2 £29°0
(I YALY] 800° T HS O LEET 681°0 £€6€£°0 TETH 6°84 0" €Y 92570 A TAL] 96S° T 128°2 09°0
62L°0 266°0 Zn5°0 (1130 $81°0 g6t°0 661¢ ) 454 o't 984" 0 gelo S9n°1 0sie $6°0
szit0 §L6°0  HMSt0 89E°T 8LT'0  66€'0 22 8°$9  0°IT S0 L0 2EE°T LT AK ] 05°0
12L°0 296°0 ™$'0 9g€° 1 ®TI°0  HOw'O 6481 8°6S 0°0T  $0v°0 )AL 661°1 4 (AR S$H°0
02i°0 6€6°0 ges-o Seh't 2510 Son0 oftnt (319 0°6 +9€°0 91L°0 990°T 90L°¢2 oho
&S/ 11e 4% o 3 In ans P y P ® ) ot x 3% TMams
48 433ueT 34 009 Jo dyys JoJ exe seIndtd TTV d4 Y3FUeT 3 004 JO dTUS JoJ eaw sexndyi TIY

G187 soquup jedoid ‘'€= g/g ‘0°L=g/7T ‘OL°0= 5 <4gzp 39qunN T9poN

syuewuiedxy uorsndoid-}[9S pue eoue}sIsoy JO SHNSaY

8¢-d HTdVL

B-102



z19°0 2€0° 1 915°0 6H1° 1 981°0 T62°0 09282 T1°212 o0°2 168°0
ih9°0 +hO" T zes°0 (8T T 981°¢0 ®1£°0 0s60z E£°E6T 0°T2 1$8°0
159°0 SH0'T 82s°0 8T T 981°0 TTe°0 05481  6°98T  §°0¢ 0tg* 0

189°0 9H0° T 2€6T0 oltT°t 26T°0 60€°0 0489T ©0°TI8T 0°0Z  o018°0 920° 1 9052 669°€ 06°0
%5970 Z%0'T  9f5*0 0LT°1 26T°0  OTE"0  O9IST  g°4iT  S°6T  06L°0 2H6°0 9tH2 L6€°¢ §48°0
£99°0 gfo°t gts o ggtrY 881°0  LY€°0  00SET  T°99T  0°6T  69.°0 868°0 L9€°2 FAxAdY £8°0
949°0 £€0° 1T g€s5°0 812" 1 0810 92t 0 00021 4°T9T §°8T [LTAD] sig'0 L62°2 133889 529°0
0690 €£0°1 ges o H2'1 2LT°0 [3334] 0240T  #°SST  0°81 62.°0 258°0 gze e 2Lo°t 08°0
669°0 137000 4 6£5°0 9521 L9tt0 9¢€°0 5656 6°64T  §°LT g0s*0 $28°0 gs1°e §L6°2 siLo
904°0 LE0°T 6€5°0 2921 89170 onE*o €658 LHAT  0°LT 889°0 +08°0 880°2 4682 si°o
2140 gho° 1T 6£5°0 092°1 €Lt o ZHt 0 6894 6°6ET  $°91 899°0 064°0 610°2 9H8*2 szLo
L1L°0 050° 1 0Mn$°0 £€92°1 [7AL] S#wE0 4989 6°HEY 0791 8Hh9°0 84LLt0 6h6°T €og*2 04°0
“2L°0 T90°T  O®S°0 #HI2T'T  SLT°0 [HE°0 4219 £°0€T  S$°ST  g29°0 8940 088°1 69.°2 £49°0
€470 £90° 1 ges"0  8l2°T €L1'0  €5¢°0 THRS 4°S2ZT 0°st £09°0 094°0 0T8°T ™i'e £9°0
L LTAL) 080°T L85°0 #g2°1 Lo 65€t0 962%  T'9IT  O°HT 99570 w40 onlT 61L°2 429°0
2940 €60° 1 ges o s62°1 2Lt 0 19¢€°0 T2€€ 20t 0°fT 9250 ghé 0 T49°T g69°2 09°0
180 T0T°1 9£5°0 €2E 1 €910  g9€°0  4mse 2'g6 0"zt 9gh'0 ™o 2ES T 699°2 $56°0
€6L4°0 STUT L85°0 w2et €91°0 89€°0 9261 6°68 0° 1t SHnto €gito 26€°1 €92 05°0
008°0 9ZT°1 *£5°0 14134 ¢ 49T°0 Teo w1 818 0°0t 50v°0 [ YAL] £62°1 £€9°2 S4°0
008°0 e T 8250 ORE"T €910 sL€00 2801 FAR.YA 06 +#9€°0 §2L°0 HIT'T £19°2 oh'0
ws/qm e 4 T 2 Iy &S 5 2 o ® ® QT x % My
g9 Y4idueT 34 009 Jo dpys J0J eJw serndii 11V 49 YaSueT 34 004 JO dTUS JOJ eI® seInIT4 TIV

YOSE 19qunN 3a11edosd ‘'€ = }/8 ‘08 = g/7 ‘0L°0 = 9D ‘opzy s0qunN 1opow
sjuawizedxy uoisindorg-jog pus aouBlSIse)y JO SInsay
6¢-d 4'1dvVL

B-103



108°0 090°1 0 89371 981°0  898°0  OTZL9 £°861 0'6% 16870

609°0 ¥S0'T  6S¥0  8SET  LLI0 9980 0%68§ L'IST  $'I3 1.8°0

139°0 <S0°1 14'3 AV} 1281 8L.1°0 89¢°0 13428 (4148 0°18 198°0

¥9°0 £S0°T  ¥¥0 2637 9LI'0 9980 008K 9881  §°03 088°0 88T 8§12 3¥8° $18°0
$9°0 §SO'T 1990 2081  L1°0 0L8°0 0616 3'eST  0°03 018°0 663’1 9603 3 LR 98°0
¥$9°0 890'T  ZL¥0 SIST 08I0 .80 0828 8931 g6l 06L°0 238’1 ¥80°3 886°% 9380
899°0 860°1 8%°0 9081 381°0 ¥.8°0 0¥983 68°031 0°61 69L°0 SPL°T GL8'1 89°¥% 08°0
889°0 8S0'T ¥6¥0 BILT  6LT0 480 03683 §FIT  $'8I 8¥L°0 990T 1161 90¢°¥ QL0
00L°0 0S0'T 86%°0 88T GLI'0 8880 06108 ¥L0L O8I 63L°0 886°0  6¥8°'T 186°¢ $L°0
LIL0 e¥0'T 6080 TISCT  OLI'0 9880 OLRAT  0'€OT  $°LT 80L°0 036'0 88LT gIL'g 93L°0
¥eL 0 <301 80$°0 el 8L1°0 262°0 03391 ¥'86 oLy 889°0 <98°0 93L°1 16%'¢ 0L°0
L3L°0 0T *609°0 99T ¥SI°0  TO¥O 00FET  SHE 99l 899°0 838°0  ¥99'1 ¥¥8'8 $29°0
08L°0 ¥¥0°1 809°0 8181 061°0 (48 A1) 08LIT 0°06 091 8¥9°0 208°0 809°T 8¥%6°8 990
882'0 £%0'1 gI1¢°0 §9¢°1 .moa.o 80¥%°0 08%01 698 9°¢T 829°0 q8L°0 I%¢°1 691°¢ 989°0
8PL0 $PO'T 9140  088'T 981°0 OIFO ¥936  $'88 09I 109°0 0LL'0  6L¥1 801°¢ 09°0
8§20 'L L1900 FOFPT S0 BIF0 8138 308  SHY 189°0 0920 8I¥T 2908 $19°0
1LL°0 S¥0'T  BI9°0 WHFT 6910 SBF0 613,  99L  O'H 999°0 3820 98T 980°¢ 99°0
18L°0 $80°T 10€°0 L1S°1 991°0 0s¥0 296¢ .w.ao 0°81 9369°0 9¥%L°0 ¥$63°1 810°'¢ £69°0
98L°0 630°'T  00S°0 L39T 6910 9SF0 93¢ OF 0l 98%°0 T¥L°0 8831 ¥66°5 09°0
09L°0 010'T  $09°0 06%1 8.0 8¥'0 32668 888 011 9¥¥°0 18L°0  OI1'1 963 s¥0
38L°0 166°0 20€°0 69%°1 881°0 L¥¥0 3993 8°89 0°01 S0¥0 I¥L°0 986°0 686°C 0¥0
10L°0 996°0 1090 8¥HFT 1610 I¥0 SL0Z I'6F 06 ¥e'0 30 £98°0 120X 2¢°0

dus/ana Yo % % 3 In  asis N A Tgpp ©® @ guxo i,
dg M3uer] 14 009 Jo diys 10) ere seundiyg 1y dd m3uer] 14 0¥ Jo diYS o) ere seandiy 1Y

S9SE 3aquny 1311adold 'S°E =} /g *SL'S=g/T ‘SLO= NU ‘69z Jaquuy [apoy
sjuewtadxy uois[ndoij-jjog pus 9ouwsisey jo sInsay

0¥-9 47dVL

B-104



$¥4°0 $36°T  09%'0 9T BEI'0 6830 (09¥6S G'S61  0°3E 168°0
96$°0 1%0°T  §S%0 6L1°T  881°0 1I€0 O00S8¢  @'88I 18 118°0
69$°0 o¥0'T  S¥0 13T L1810  ¥8E€0  0SGL¥  €°08T 018 148°0

68$°0 L¥0°T 9¢¥%°0 283’1 I81°0 eee’0 09L.0% 0°oLT €05 088°0 80¥%°1 913°0 (41 98] €.8°0
10000 3S0T  29%0  L¥ET L0 0¥E0  0WFE 9891 008 0180 el 1168 LTS 98°0
£39°0 9S0°1 eL¥ 0 L¥%3°1 8L 0 1%¢°0 08163 ¥ qst 61 06L°0 oL3'T 9¥1°3 eL8°¥ 6380
189°0 0901 28%°0  SH5T 0810 GRG0 OSEE  BLFTL 06T 69L°0 QLT 180 BISY 08°0
6¥9°0 190°1 16%°0 9%3°1 ¥81°0 ¥eC 09L03 6°6¢T S8t 0%L°0 820°T 910°% (388 4 SLL°0
299°0 0901 96%°0 8SGT 9810 3880 0SLLT  0'6¢l 08T 65L0 6860 TSET  O6L'E §1°0
100 8S0'T 1080  §95T  L81°0  S8°0  008ST  L'98T  §°uL  80LO 6160 9881 I8 96L°0
119°0  $S0'T  S08°0 TLGT  T6I'0  ¥9E0  0Se€l 8031 0L 889°0 g98'0 1381 gIg'e 0L’
8990  $SO'T  908°0 0651 1610 8180 0BT  £'STT  §9T  899°0  Tg80 9SLT  g8l'E  §L9°0
0L'0 0901 SIS0 00¢T 9ST°0  SLE'0 8666  FOIL 09T 890 | 080 T69T  080°€ 99°0
18L°0 0L0°% ¥16°0 eIe°1 081°0 9.8°0 8698 8°G0T Sq 869°0 I8L°0 939°1 ¥66°G $39°0
18200 8207 SIS0 SIET  WAL0 bLE0 LSk STOT 09T 109°0 £9L°0  09S'T  ¥36C 09°0
0sL'0 180T @3S0 S88'T  ILI'0  ELE0 8099 L6 SHL  L8S0 890 96VT 18T SISO
192°0 880°1 930 ¥eel S91°0 ¥12°0 98LSG 3°¢6 0°¥%1 99¢°0 o¥L°0 [1]:5 20 ¢ £€8°3 S¢'0
¥82°0  S60°T 0880 0SET  gST0  EL8°0 0¥ 9S8 OEl 9380 seL'0  S9ET SIS 93870
108°0 £60°1 ¥8$°0 3Le’L 8e1°0 8L2°0 yLEE 8L 0°81 98%°0 38L°0 008°T $08°2 0¢°0
080 980T 1gs'0  S6ET  8EI'0  @8e0 8§95 &L OTL  §HHO 66L°0 0T T6LD g0
S6L°0 SL0°1 63S°0 86¢°1 ¥¥1°0 188°0 (4118 9°%9 00T S0%°0 08L°0 0%0°1 86L°3 O#..o
9820 80T 8350 8981  181°0 ¥8g'0 IGHL  §'8S 06 ¥OE0 L82°0 0160 #3873 96°0
dHs/did Mo % % ! Iy ads N A WA ©@ @ uxd T

dg n8uer] 14 009 Jo diyg 10} exv seandiy |1y dd w8uer] 34 00¥ Jo digg 0 exe seanFiyg 1y
g8b€ Joquiny seedoid ‘SE = H/g ‘sL9= §/7 ‘st'0= D ‘Lizy 19qunN 1opon
squewuedxy uols[ndoig-jjog pus 8ousysisey jo sj[nsey
1¥-9 dAT1dVL

B-105



ws'o 810°T €990 G331 9910 810 08L8% 1192 032 168°0
0L$°0 g30°T  09%0 €131 691°0  <I8°0 0L38Y 029¢ 913 1480

L1980 £€0°'T 19%°0 9031 381°0 858’0 [1184:14 1 4 £ 018 1¢8°0

91570 180T #9990 ¥0Z'1T 8810 9320  093¥8 8'8€8  $°03 0€8°0 298’1 €823 120§ $L8°0
189°0 220°1 98%°0 6131 881°0 ¥£8°0 06863 6°€33 0703 018°0 83'8°1 S1¢°¢ woc.« 98°0
$09°0 $¥0'T  69%°0 63T  ISI'0 9880 09193 0€13  S'6I 06L°0 98T 133 909°% 9%8°0
829°0 3S0°T €890 L£31  0SI'0  L88°0 0613 6303 06l 89L°0 %611 6LI'Z 6se’¥ 08°0
9€9°0 g¥0T  06%°0 B¥ST  I8T°0  I¥E0  08I8L  L'Z6T ¢8I 6¥.°0 8601  TII' S10°¥ SLL°0
189°0 930'1  L6%°0 8¥3T  ¥BI°0  9¥E0  O0O0LST 6381 08I 83L°0 30T £¥0°3 z0L'e 510
90 330°T  30ST0 9§3°T  L81°0 0S€°0  06$ET WL §°LI 804°0 6%6'0  SL6°1 oL¥'g $3L°0
8¥9°0 LI0'T  808°0 9$3°T  881°0 €$e'0 09811 8991 0Ll 889°0 006'0 1061 062°¢ 0L°0
199°0 10T 6080 0L3'T  L8I°0  09€°0  09€OT  L'69T 99T 899°0 298°0  6€8°T ¥s1°¢ 919°0
199°0 8101 3190 23831  981°0  §98°C  TL06  §°3ET 09T 8¥9°0 ¥e8°C  0LL'T 0s0°¢ $9°0
L19°0 1201 BIS0  ¥63°1T ¢8I0 0LE0  SS6L  9'9¥T  9'Gl 829°0 . 6080 30LT 8983 $29°0
689°0 $0'T YIS0 B0e'T  §81°0  FLEO  ¥E6d  IO¥I  0O'SI L09°0 L8L°0  ¥E9°1 8183 09°0
90L°0 660°T L0 61¢’1 6L1°0 8L€°0 8209 o°¥el ¥ 18¢°0 0LL0 99¢°1 818°% QLSO
03L°0 3SC'T SIS0 63T 6LI'0 380 813§ L83l O°¥I 99$°0 8SL°0  86FT 0LL'S $9°0
1$2°0 0680°T 31s°0 8¥%e’1 £81°0 £€68°0 $88¢E 8°L1T 0°el 935°0 8%L°0 0E¥'L 1S 7% 3 $6S°0
28L°0 621°T 1090 99€'T 881°0 90%¥C 3L8% 9201 03I 98%°0 (3 A VI 4 T ¢ ¥ 0$°0
018°0 991°1 00§°0 16g°1 181°0 $I¥%°0 811% 8°L6 011 o ¥8L°0 93831 ¥89°G 5 A1)
0€8°0 803'T 88%°0 60¥T 661°0 Igy0 1961 688 001 90%°0 88L°0  060°1 6692 0%0
8¥8°0 1§31 9L%°0 €3%T 1020 8E¥0 ST 6708 06 neo L0 £96°0 63L°% $8°0

aus/ana Yo % 3 In 4B N A WA ©O @ g x Wppn
df m3uer 14 (09 Jo diqg 105 exe seandiyg ||y dd mduer] 14 00¥ jo diyg 10j eaw sem3Ly |1

LY9E 3oquiny soyfdoid ‘S =f/g ‘SLTL=6/T 'SLO= QU ‘0LTY J2qunN Topol
sjuswtredxy] uorsindo1g-}[0g pue eouelsisey Jo s)nsey

¢v-d A'1dV.L

B-106



5190
££9°0
£99°0
204°0
82L°0
1Y)
€640
99L°0
TiLL°0
49470
$94°0
L9470
2iL°0
w840
864°0
280
+28°0

dHS/ qu3

4201
0t0° T
8€0° T
9hO* T
260°1
450" 1
950° 1
§50°1
L50° 1
850°1
290" 1
190°1
§40°1
580°T
L60°1
6211
291°1

Iie

L5470
2gh°0
00S$°¢C
11500
226°0
52570
925°0
42570
H25°0
4250
2250
134 9d¢]
€250
125°0
6150
01570
964%°0

de

+#IE°T
9l2°1
gzt
HIE T
§2€°1
HEE'T
sse°T
9gt" T
T6€° T
£€8e° T
18¢°1
2g€°1
2T
[4:130
ton"1
otR"T
TEq° 1

Y

HHT"O
2LT'0
841°0
+81°0
681°0
56170
H6T"0
2610
L6T°0
s02°0
€120
11270
§12°0
4120
0120
112°0
#wte o

3

6xE"0
15¢€°0
19€°0
6.5°0
8g8£°0
96€°0
SOK°0
LTR°0
geH 0
$2H°0
oth'0
62n°0
BTh’0
2Eq°0
Lt 0
gt o
PEANY

Iy

00949
086¢H
0910¢
04602
0205T
0£geT
08601
L646
9828
ghel
€649
0£Ls
2205
95¢H
99L€
9442
L1082

dHS

258t
+'8¢T
(214
#°0TT
6°66
AR )
0°06
9°59
6°18
(A7
5764
52
9°69
9°99
£°£9
L L8
6°15

46 Y3due] 34 009 Jo dyys Joj oIv seindig TV

0°02 01870
061 6940
0°81 624°0
(A 889°0

0°91 8HG*0
§°61 8e9°0
0°$T  £09°0
S41 486°0
0°HT 9950
5 €1 9¥5°0
0°€T  92%°0
S*2T 906°0
02T 9g4°0
SYTU 99%°0
0'TT  $4m'0
0°0T 50470
06 +9€°0
p o T

925° T
g€z 1
920°1
056°0
#68°0
5680
2280
L6470
94470
9940
294°0
99.°0
€440
64L°0

®

49 yadueT 34

yv6z 19quny sa11edoid ‘SE=H /g ‘S'S=g/7 ‘08°0= NU ‘6VTY I2qUDN [SPON

sruswuadxy uoisindoiJ-j[og pue oouBISIS8Y JO SINS9Y

£¥-d 1dVL

€26° T
208°T
289°1
229°1
296°1
205°1
T T
29e°T
22€ 1
292"t
202°T
180°T
196°0
™8°0

®

602°9
480°S
STy
$98° €
0h9'¢
8n° €
ghE* €
[ (A
84T €
STT°€
TOT°€
(34847
i€
Wi ¢

fT.x 30
004 Jo diys Joj ®Ie seandtd TTV

08'0
[AN]
04°0

§49°0
$9°0
mmmo.o

- 09°0

BT
860

ges o
05°0
Sv'0
oh°0
set0

War/n

B-107



s o
965°0
£29°0
059°0
8496
169°0
469°0
969°0
€69°0
969°0
£69°0
%69°0
%69°0
%69°0
169°0
649°0
499°0

&8/ 38

H10°1T
100°T
66°0
166°0
L86°0
+86°0
2g6°0
94670
4960
856°0
9n6°0
2t6°o
026°0
806°0
968°0
948°0
658°0

L2

SHho
$5q°0
89’0
i8%°0
tos o
ot5°0
915°0
A
s260
£25°0
925°0
g25°0
825°0
825°0
2€s o
9¢5°0
S’ 0
q

$92°1
90€°1
FA1%4 ¢
dnt°1
§9¢°1
LLE°T
L7234 ¢
8L€°1
T9€° 1
T6¢°1
86€°1
PACT 4
624°1
T
054° T
S 1
w1

%

2810
061°0
610
gétr-o
®61°0
061°0
261°0
S61°0
g61°0
002°0
961°0
€61°0
+g1°0
9410
910
L8100
oHI'0

3

114341]
T8€°0
66€°0
K0
60q°0
ZTH°0
2o
9tH°0
02H°0
wZh'o
524°0
oth'0
6zh°0
140
s2q°0
LTH°0
L6€°0

L

(WJ7:111
0€94t
ONT92
09281

0H01T

174"}
[4:19)
§529

2EgH
9524
6ELE
L62¢€
2652
oté1

dHS

2 €61
*ut
T 28T
8 sET
6°121
Lostt

13148

T°50T
00T
$°56
216
6°98
0" €8
2°6L
8°5L
1°69
6°29

49 q3¥ue1 34 009 3o drys JoJ eJv seandry TTIV

0°02
0°61
0°8T
0Lt
0°91
Sest
0°S1
St
0°HY
(3434
o€1
[9F41
021
st
0° 1T
o‘ot
0°6

018°0
694°0
62L°0
889°0
8H9°0
829°0
409°0
(85°0
995°0
9¥5°0
925°0
905°0
98h°0
9H°0
S0
So0%°0
+®9¢€°0

e 7Y

ST
592°1
690°T
Lg6°0
026°0
298°0
#18°0
08°0
(1AL
s€L°0
92L°0
0€L°0
LELO
L VAL

&)

€to°2
906°1
6Ll 1
(47234
2E9°1T
885°1
§25°1
9T
-1 130
e 1T
ol2°1
wmTT
910°1
688°0

®

10SZ 3oqunp ofradoid ‘Ste=H/q ‘S'9=¢/7 ‘08°0 = 45 *pozy saquny 19pon

sjuswtiadxy uols|ndoiJ-jjeS pus 9ous)sisey Jo sj[nsey
¥9-4 4'1dVL

696°S
298°4
s21°q
otg°€
0$S°€
g2€° €
Ent €
T10°€
906°2
9€g°2
209°2
818°2
thg° 2
tigee

mo.HNuo

08°0
§i°0
0l°0
£49°0
590
£29°0
09°0
8450
§6°0
§25°0
0s°0
F A M)
0%°0
s¢°0

i 7773

49 433ueT 3d 004 JO dTUS J0J edw seINITL TTV

B-108



¥1$°0 286°0 TH°0 €2t 891°0 64£°0 04516 6°66T 0°02 018°0
985°0 $86°0 ien'o 22€°1 29170 99¢°0 09T6€  0°LLT 061 69.°0
£gs o 286°0 LT N 80€° T 29170 65€°0 065he QST 0°8T 62.°0

L09°0 §L6°0  0lm°0  9ZE°T  S9T°0  OLE'0  O0hLT  9°THT  Q°LT  889°0 we'T  2T°2 6%0°9 0g°0
5§90 W60  9lN"0  2UET  99T°0  26£°0  OTHIT  L°92T  0°9T  gH9°0 SEE T 666°1 ST6°4 [7AL
059°0 T86°0 94RO T6E'T  ZLT0 SOMTO O9HOT  0°02T  S°ST  g29°0 62T°T  998°T 45T 4 (AL
099°0 986°0  9iv*0  90m'T  TQT0 QTR0 4S88  @°EIT  0°ST  £09°0 260°T  66L°1 0i8°€ $49°0
049°0 i86°0 2gh°0 60%°T 281°0 [e4 3} 1554 T°80T  6°41 485°0 %86°0 2¢L°T 029°¢ 59°0
£49°0 086°0  98n°0  TTH'T  €QT'0  22H°0  TEE9  6°20T O°HT  995°0 “26°0  999°T g6c°€ 429°0
€90 T46°0 26%°0  60m°T  2BT°0  02N°0  T0LS  2°86  S°ET  9HS°O #.8°0  665°T 912 ¢ 09°0
049°0 £56*°0  00§°0 2oM°T 6LT°0  4Tx‘0 €L6% 9°€6 0° €1 925°0 #£8°0 2651 990° ¢ §45°0
€99°0 9€6°0  40S°0  JON'T  9LT°0  HIHO L6 9°H6  S*TTL  905°0 T08°0  99m°T 13 £5°0
099°0 w260 905°0 8Th" T git o LInt0 9LLE g8 o2t 98h°0 94L°0 66€° 1 £48°2 (1147
%99°0 €6°0  905°0  EEN'T  99T°0 QT4°0 2E  @§°08  S°TT  99v°0 29l0  2eEeT +09°2 05°0
$99°0 906°0 OT$°0 AT  T9T°0 6TH°0 gH8Z B8°9L  O°IT  SHy°0 0$4°0  66T°T 6sL°2 sS40
%L9°0 9680  20$°0 96T 26T0  Efx'0  SETZ €69  0°0T SO0 g0 990°T 69i°2 04°0
899°0 068°0  L6w*0  OTS'T  L4T°0 SE4°0  9T9T  8°2T9 0% +9€°0 19L°0  €£6%0 66L°2 VEeo
&/ 1, % % 3 In s 1 s Byn ® @ 1z Tyn
&4 q3%u»] 33 009 JO dIUS J0J elv seJultd TTV 4d Q33ueT 34 00 JO TS JoJ ele sexndfy TT¥

S9LT sequny J9[jadold ‘S°E = H/§ *S'L = g/7 ‘8°0 = I ‘g5zt sequny japop

sjuswtzedxy uoisindoij-jjeS pue eouw)sisey Jo sy[nsoy

S¥-d 4'1dVL

B-109



00" 1
g6
06’
T3
08"
'YE
oL
121 ) m fo ™ 001281 | 0IS68 e 16 | oz | 5Ll shoe | sisro | 8202 Wt sl | so
09"
T3
. 0§
sv’
0%°0
- oibou
v | 2G| o (| B2y | s UM M| v o353 £ |ge=H/8|oc-Ha|sz:H/8
n N } 22-8+0) 8-0 Wy,
. /A
G ©)] A A dH3 ) iy s/ I A sy v/2y q o] SIN0JUOD WOy ¥ /iy
P) o 0 N P 7 ¥ r / H 9 4 E} a | 2 | # v
(suo4 dW) /06860 = 2 ¥/ b€850 = Z AZ=0D BETITCS X TRev o MW
(suoy paw) v/L°6er = A g/ 1Lz = K S £-0 00160 - X Tisa S
(W) M7.A-182°€ = 1A MWIA = A ., 9n W ¥ eV
L Sbl 9°g2¢ | 53] & ) =q - -
BgA - dHOMIW U dHI SFR-c dH3 v/iu 2 <\im s 9/ly o T7801 T H
w) M MIan) et = sioun u A M (TMa/A) = stoun U A (5721 g/iy- 16 9/ 0y sz H/8 Toowm 8
(w bs) 5 (5/4)288'% = BN Ul Iy S (S/4y8) = 'sqi w iy [og- (pdhioieid o) sz = x wor~ 8/981 o 98
e . d8
(5U04 1OW) T (WM pOpb0 = B Uy v (v/4y) = sa w iy XQtxD+ (0= H/E S g/ly = 9/0y o V8 Ty MY
spun  NINW syun  ysibuy silun 91N Jo ysybul
SJUDJSUOD pUD @D|NW.OH suoisuawig dus
1500 ‘ON |9POW YIRVATISNN34 § § diys
SINOU0)) 09 seueg wolj oyewysy JomodosioH 9A09y — 9%-d 9Iqe]L

do

B-110



Table B-47 - @ Estimate from Series 60 @ Contours

Ship __SS PENNSYLVANIA Model No. 4057
Ship Dimensions Formulae
twe 209 cg(lgp) 01 © 400 = © 400 (1o B/h » 3.0y *AX+DX
$95.00 1.083
Lep Lgp/B —— X = 2[B/H (of prototype) - 3.0]
B 8.0 g/n 2.545
a =© 400 (3.3 '© 400 (2.3
H 33,00 -0.9100 >
1262670 2 0.828)
v —_ X b =© 400 35 *© 400 (2.9 - 2© 400(3.0)
s/y¥® __ 6.208 2
A 5 | c | D I3 F 6
® © a00 from contours a b © 400
D-8 D+8-2C
B/H=25 | B/H=3.0 | B/H=35 > 2 CoEXeFX*
1.2
1.3
1.4
1.5
1.6 0.7735 0.7730 0.7083 0.0074 0.0679 0,7728
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
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Table B48 — Approximate Corrections to @400 r¢ for Other Ship Lengths

Wetted Surface
Coefficient §/A2/3 65 75 85
Speed Length
Ratio V/VL 0.60 | 0.80 1.00 0.60 | 0.80 1.00 | 0.60 0.80 | 1.00
Length L in Ft Additions to Basic @mo ft
100 0.086 | 0.082 | 0.079 § 0.100 | 0.095 | 0.091 | 0.113 | 0.107 | 0.103
125 0.070 | 0.066 | 0.063 | 0.081 | 0.077 { 0.073 | 0.091 | 0.087 | 0.083
150 0.058 | 0.055 | 0.053 | 0.066 | 0.063 | 0.061 | 0.075 | 0.072 | 0.069
175 " 0.048 | 0.046 | 0.044 | 0.055 | 0.053 | 0.051 | 0.063 | 0.060 | 0.057
200 0,040 | 0.038 | 0.036 | 0.046 { 0.044 | 0.042 | 0.052 | 0.050 | 0.048
225 0.033 | 0.031 | 0.030 | 0.038 | 0.036 | 0.035 | 0.043 | 0.041 | 0.040
250 0.027 §0.025 | 0.024 | 0.031 } 0.030 § 0.029 ] 0.035 | 0.034 | 0.033
275 0.021 | 0.020 | 0.019 { 0.025 | 0.024 | 0.023 | 0.028 | 0.027 | 0.026
300 0.017 {0.016 | 0.015 | 0.019 | 0.018 | 0.017 | 0.022 | 0.021 { 0.020
35 0.012 ] 0.011 | 0.011 | 0.014 | 0.013 | 0.013 | 0.016 ] 0.015 | 0.014
350 0.008 | 0.007 | 0.007 | 0.009 | 0.008 | 0.008 { 0.010 } 0.009 | 0.009
400 ——— - —y -} -] - | |- |-
Deductions from Basic @400 t
450 0.007 | 0.006 | 0.006 | 0.008 | 0.007 { 0.007 | 0.009 | 0.008 | 0.008
500 0.013 | 0.012 | 0.011 { 0.015 | 0.014 § 0.013 | 0.016 } 0.015 | 0.015
550 0.018 {0.017 | 0.016 | 0,021 | 0.020 | 0.019 | 0.023 | 0.022 | 0.022
600 0.023 ) 0.022 ) 0.021 | 0,026 | 0.025 § 0.024 | 0.030 | 0.028 | 0.027
650 0.027 | 0.026 | 0.025 | 0.032 | 0.030 | 0.029 | 0.035 | 0.034 | 0.033
700 0.032 [0.030 |0.029 | 0,037 { 0.035 | 0.033 | 0.041 | 0.039 | 0.038
750 0.036 | 0.034 | 0.032 | 0041 { 0.039 | 0.038 | 0.046 | 0.044 | 0.043
800 0.039 }0.037 | 0.036 | 0,045 | 0.043 | 0.041 | 0.051 | 0.049 | 0.047
850 0.043 ]0.041 | 0.039 | 0.049 | 0.047 | 0.045 | 0.056 | 0.053 | 0.051
300 0.046 | 0.044 §0.042 | 0.053 | 0.050 | 0.048 ;0,060 | 0.056 { 0.055
950 0.048 |} 0.046 } 0.044 1 0.056 | 0.053 } 0.051 | 0.063 ] 0.060 } 0.058
1000 0.051 | 0.048 | 0.046 | 0.058 | 0.056 | 0.053 | 0.066 1} 0.063 | 0.060
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APPENDIX C

METHODS OF ANALYSIS AND FAIRING OF RESULTS

B
For each n value, 15 models were built and tested,the three models at each block
) L
coefficient covering a range of 5 values. It is desirable to have sets of contours to facili-

tate the interpolation of the results given in this paper. The contours also will give ship
designers a visual picture to guide them in choosing the principal proportions and coeffi-
cients of the ship.
Rr
Consider the contours of - A two-way interpolation is involved-first between —

values at each block coefficient and then across the block coefficient at each E value.

Such interpolation could be done by drawing curves through the test points as shown in
R

Figures C1 and C2. Then Figure C2 would be replotted by using constant ‘&' values as

pacrameter, Cp as abscissa and ] as ordinate to obtain the final contours. However, it is

not easy to follow this procedure. In general, the points taken along any horizontal line in
Figure C2 will be quite scattered in the final plot. A tedious cross fairing is then necessary
among these three plots. This process has to be done for many values of —7=. At the end,

VE |

R 1% |
a plot of —R against-\?f as lifted from the contours for fixed values of Cg and ) may not

A
be a fair curve. Further refairing among the four plots is necessary. With the experience of

fairing a set of ship lines between two plots, body plan and waterlines, it is quite evident

that it would be extremely tedious and frustrating to obtain a set of consistent — contours
by manual fairing. Accordingly, it was decided to interpolate between Y and across the

block coefficients mathematically and to program the computation work into a UNIVAC
computer, by the method devised by Dr. P.C. Pien. B
R

. . L L
For interpolating between 3 values, three values of >~ corresponding to three —

B
values at each block coefiicient and a fixed value of 7 » are known from the model tests.

It was rather difficult to decide how the interpolation should be done since an infinite number
of curves can be drawn to pass through three given points. Without any definite knowledge

as to how such a curve shouid look, a simple curve expressed as follows was chosen

3 -eeo(5)o(5)
A~-a+ B)+CB

Rp L
With this equation, ‘Z- values for 'B-' values between 5.5 and 8.5 at intervals of 0.25 were
computed for each block coefficient at constant values of \/L_L— .

C-1



For interpolation between block coefficients, there are five points, one for each
L vV
block coefficient for-given values ry and \/_f . The polynomial

Ry

could be used for this interpolation. However, it was felt that the interpolation near one end
of the curve might be influenced unduly by the values near the other end. It was decided to

use two equations of the following type, one for each end of the curve:

RR
2 3
—E=A+B'CB+C°CB +D'CB

The coefficients of the equations were so determined that each equation would pass through

three points and have equal ordinates and first and second derivatives where they joined at

R
the midpoint. Values of ~ at intervals of 0.01 in C'z values were computed by using these

L
two equations. Figures C1 and C2 show the interpolating curves between the 5 values and

across block coefficient, respectively, as obtained by using the foregoing equations.
R
R

L
If we consider a three-dimensional surface plot with Cp as ¢, — as y, and
B

as z, then Figure C1 indicates the cuts of this surface by a series of planes with constant
z-values, and Figure C2 indicates the cuts of this surface by a series of planes with constant

y-values, The cuts of this surface by a series of planes with constant z-values are the

Eg
required contours of A
. kr 14 B
Figure C3 shows the contours of — obtained in this way for a —= of 0.60 and a —
A R VL H

value of 3.0. Also shown are the actual values of Y for the 15 models (having three values
L
of ] at each of five block coefficients) from which the contours were derived. It will be

agreed that the contours show an excellent interpolation among these 15 points and give
confidence in their use for power estimates.

The three-dimensional surface mentioned is determined by 15 points from model test-
ing. Each of the points follows a faired curve as ~——changes. Any spot at fixed values of
z and y, therefore,will follow a faired curve of its own as Vf changes. That is to say, the
Ep
N values of any particular model lifted from the contours at various V-Z-‘ values will give

a faired curve when they are plotted against ‘—Z‘ .

VL
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BLOCK COEFFICIENT
14

,
Figure C2 — Interpolation Curves of T between C p Values
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Rg
All the N contours show only the portion covered by the range of model tests. The

tests were not conducted to as high a speed range for models of higher block coefficients, as

. . vV
for those of lower block coefficient. Hence the contours at higher —=— values cover only

N

The contours of @, thrust deduction ¢, and wake fraction w, were obtained in the same
R

the lower block coefficient range.

R
manner as those of vy except that the original 15 points were taken at constant @ and

constant ship speed, respectively.

All the computation work was done by the Applied Mathematics Laboratory on a UNIVAC
computer; this not only saved a great deal of time and money but also greatly reduced the
chance of errors. The choice of the interpolation equations was somewhat arbitrary, but the
comparison made in Figure C3 suggests that they do give a very good presentation of the
data. However, the original results are all included in Appendix B and may be used to carry

out any other form of plotting or interpolation desired.



APPENDIX D

NUMERICAL EXAMPLE OF USE OF SERIES 60 CHARTS

In order to illustrate the use of the Series 60 Charts in preparing lines plans and
power estimates, a numerical example is worked out in this appendix.

The désign chosen is that of a ship corresponding in main dimensions with SCHUYLER
OTIS BLAND. It was selected because a model of the resultant Series 60 equivalent of this
ship had been made and run, as described in the report, so that actual model data are avail-
able for comparison with the Series 60 estimates.

The principal particulars of SCHUYLER OTIS BLAND as built are given in the first
column of Table D1,

Table D1 — Principal Design Data of SCHUYLER OTIS BLAND

SCHUYLER OTIS - SERIES 60
BLAND EQUIVALENT
Lyt 453.0 457.6
Lgp, ft 450.0 450.0
Beam, ft 66.0 66.0
Draft, ft 21.0 21.0
Displacement, tons ' 14,920 14,920
Cp 0.651 0.651
Cy 6.980 0.982
Cp 0.664 0.663
Yap,deg 9.5 9.3
2/L 0.510 0.510
Ly/L 0.503 0.472
L X/L‘ | 0 0.036
Lg/L 0.497 - 0.492
Kp 0.204
LCB 4.5 ft aft {0 4.5 ftart {
=1 percent Ly p aft = 1 percent Lgp aft

D-1



Knowing the value of the block coefficient (0.651), the midship area coefficient, prismatic
coefficient and bilge radius coefficient can be obtained from Figure 3. The values are 0.982,
0.663 and 0,204 respectively as given in the second column of the table, They correspond

to the characteristics chosen for Series 60, and so differ a little from those of the type ship.

From Figures 4 and 9 the half-angle of entrance on the load waterline !} o g is found

Ly "
to be 9.3 deg, the parallel body is 3.6 percent of the LBP.(L— = 0.036)-and the length
LE BP
= 0.472. Hence the length of run is determined by

of entrance L is given by the ratio

P
Lg 8

the ratio = 0.492.

BP
The LCB is required to be at 1.0 percent LBP aft of amidships, between perpendicu-

lars. For this position and a block coefficient of 0.651, Figure 10 shows that the ratio of
prismatics of entrance and run must be 0.916.

We then have two conditions to determine Cpp and Cpp:

Cpg

— = 0.916

Cpr

CP'XL=CPE XLE +Lx+CPR><LR
i.e., 0.663 = Cpgp x 0.472 + 0.036 + Cpp x 0.492
Substituting for Cpp
0.663 ~ 0.036 =(0.472+0.537) Cp

and CPE = 0621

and CPR = (0.678

The form particulars are now

Lp = 0.472 x 450 = 212.4 Cpg = 0.621
Ly = 0.036 x 450 = 16.2 Cpy =1.000
Lp = 0.492 x 450 = 221.4 Cpgr = 0.678
Lpp ~450.0




be entered with the correct coefficient, Cpg or Cppg, as necessary, and the area ordinates
obtained are to be equally spaced along the lengths of entrance and run respectively.

In this particular case, the ordinates are:

P

The offsets for the area curve can now be obtained from Figures 5a and 5b. The charts must

RUN

Station

1 (AP)

w0

10

11

Dist. from
AP, 1t

$4.28

66.42

88.56

110.70

132.84

154.98

199.26

221.40

Area
Coefficient

0.006

0.129

0.313

0.505

0.672

0.803

0.900

0.960

0.998

.

ENTRANCE

Station

21 (FP)

20

18

16

15

14

13

11

Dist. from
FP, ft

63.72

106.20

127.44

148.68

169.92

191.16

212.40

Arca
Coefficient

The parallel middle body is

plotted, area coefficients lifted at equally spaced stations, and a calculation made to check

0.233

inserted between the entrance and run. An area curve is now

0.385

0.551

0.707

0.830

0.920

0.970

0.995

1.000

that the right prismatic coefficient and LCB position have been obtained. (Figure D1),

This calculation is shown in Table D2.

o
@

o
-~

bod
o

PN

©
>

©
>

N

SEGTIONAL AREA COEFFICIENT
o
[T}

M
N

N

o
o

15

LENGTHS

7
17

20

Figure D1 — Area Curves for Series 60 Equivalent of SCHUYLER OTIS BLAND
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Table D2 — Check on Cp and LCB Position
(New ordinates at equal spacing, 22.5 ft)

Station| Ordinates| SM. | f(vel) |lever | f(moment)
1 AP 0.006 1 0.006 | 10 0.060
2 0.135 4 0.540 9 4,860
3 0.322 2 0.644 8 5.152
4 0.514 4 2.056 7 14,392
5 0.683 2 1,366 6 8.196
6 0.815 4 3.260 5 16.300
l 0.910 2 1.820 4 7.280
8 0,965 4 3.860 3 11.580
9 0,990 2 1,980 2 3.960
10 0,999 4 3.996 1 3.996

ngl oo | 2 | 2000 | o | 75076

12 0.999 4 3.996 1 3.996

13 0.985 2 1,970 2 3.940
14 0,947 4 3.788 3 11.364

15 0.868 2 1.736 4 6.944
16 0.750 4 3,000 5 15,000

17 0.590 2 1.180 6 7,080
18 0,416 4 1.664 7 11,648

19 0,250 2 0.500 8 4,000

20 0.110 4 0.440 9 3.960

21 FP - 1 0 10 Co-

60)39.802 67.932
Cpm 0.663 75.776
I 7.844
LCB =3;:;: x 22,5 = 4.434 ftaft |
= 0.985 percent L aft [R{B,

The resultant prismatic coefficient is 0.663, as desired, and the LCB is 0.985 percent
L pp aft of midships, as compared with 1.00 percent required, which is sufficiently close for
practical purposes. It is significant that this close agreement was obtained immediately from
the contours without any adjustment or personal factor being involved. This shows the use-
fulness of the Series to the designer for obtaining a set of lines which will fulfill the design

requirements at a very early stage and from which stability, capacities and similar quantities

can be ohtained.

D-4
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A similar procedure can now be used to draw the lines plan; half-breadths on different
waterlines and stations can be obtained from Figures 6a to 6p and the bow and stern contours
from Figure 11. The half-breadths must be set off at stations equally spaced along the
entrance and run.

An estimate of the resistance and ehp can now be made from the contour charts, using
the format given in Tables B46 and B47.

The information required to complete the tables is as follows:

Ly, & = 457.6 Vigy, = 21.39
Lgp ft = 450.0 Jigp = 21.21
B ft = 66.0 Ly ft = 20.338 on WL
H ft = 27.0 A = 922.5

2 =
A, tons = 14,920 a%? = 606.19
8, sqft = 39,994 Al/3 = 24.621
Cp = 0.651 A/ = 4.962
L

BP 0

- = %%_ - 6.82 v - 522,200 cu ft
-S. - gg_ = 9.444 y2/3 = 648.35

v ~ 80.52

S 39994 _ oo

p2/3 T 648.35

For the interpolation process, we need the values of X and X2, where
. B
X= ] -3.0)=2(2.444—3.0)=—1.112

and X2 = +1.2365

The value of the wetted surface S used above was calculated from the lines drawing.

An approximate value can be obtained from the contours shown in Figures B124 to B126 for
use in the first ehp estimates, which will probably be made for a number of forms before any

lines are drawn.
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COLUMN

B C D E F G
s from contours § f 5 2
o2/3 D-B D+B-2C 273 [OF g <A
14 — =\ Vv
forﬁof 2 =C+E . X+F . X2
H

=6.38-0.228+0.031

2.5 3.0 3.5

6.20 | 6.38 | 6.61 | +0.205 +0.025 © 6.183

This compares with a value of

of 6.168 from the calculated wetted surface, a difference

V2/3

R
Table D3 shows the calculation of ehp and ship @ values from the e contours

of only 0.24 percent.

given in Figures B1 to B39. The table is largely self-explanatory. Columns B, C, and D
, RBp |4 B
give the values of — lifted from the contours for different values of 7—— and —

B
These are corrected to the desired I for the ship in columns E, F, and G by the interpola-

tion process described in the text and illustrated above in its application to the

V2/3

Column J shows the values of 5 obtained from the nomograph in Figure B127.

contours. R

The final ehp in column M is for the bare hull, without bilge keels, rudder, or other
appendages.,

For comparison with other models, the values of @ and @ for the actual ship are
given in columns P and Q.

Estimates of the @ value for a 400-ft standard ship ( @400 ¢¢) can be made directly
from @400 ¢t contours given in Figures B40 through B78. These are useful for estimates
and comparisons with other data when considering various alternative choices of length,

" beam, draft, fullness, etc., before the design is finalized and an actual ehp for the ship is
required.

The calculation is shown in Table D4; it follows the same method of interpolation as
used in Table D3 but is much shorter for the purposé in view.

- The @ and ehp estimates made up to this point are for a ship having the LCB in the

L B . .
position chosen for the parents of the —B— T series. For a block coefficient of 0.65, this

position was 1.54 percent L p aft of midships, whereas for this particular ship SCHUYLER
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Ly,

Lgp
B
H
v

S/y2/3

Table D4 — @ Estimate from Series 860 @ Contours

Ship

Ship Dimensions

SERIES 60
Equivalent of SCHUYLER OTIS BLAND

MODEL NO. 4484W

Formulae

4576 Cp(lgp) _ 0.651 ©u00 ~@io0 (ror 5/1 = 3.0+ X + 632
450.0 Lpp/B 6.82 X = 2{B/H (of prototype) — 3.0]
66.0 B/H 2.444 a =©4°° 0.9~ Ouo @.5)
- - 2
21.0 X -1.112
- @400 @3.5) +Cc)wo @5~ 2Cc)aoo 3.0
520,00 X2 +1,2365 5= 2
6.168
Al 8 C | D E F G
@400 from contours a b @400
® - D+B-12
B/H=25 | BH=30 |B/H=-35] 2 - B 7 C comxern?
1.2 | 0.669 0.692 0.713 +0.022 -0.001 0.667
1.3 | 0.673 0.690 0.711 +0,019 +0.002 0.671
1.4 | 0.677 0.689 0.708 +0.015 +0.003 0.676
1.5 | 0.680 0.691 0.709 +0.015 +0.003 0.678
1.6 | 0.685 0.697 0.713 +0.014 +0.002 0.683
1.7 | 0.6% 0.706 0.722 +0.013 +0,002 0.694
1.8 | 0.711 0.716 0.733 +0.011 +0.006 0.711
1.9 | 0.717 0.724 0.745 +0.014 +0.007 0.716
2.0 | 0.728 0.729 0.752 +0.012 +0.011 0.730
2.1 | 0.756 0.742 0.758 +0.001 +0.015 0.759
2.2 | 0.835 0.778 0.776 -0.030 +0.027 0.844
23 | 1.030 0.875 0.825 -0.102 +0.052 1,052
24 | 1.280 1.030 0.930 -0.175 +0.075 1.318
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OTIS BLAND, the required position is 1.00 percent L p, aft. The correction can be made
from the data given in Tables 49—53, and the resultant ehp and @ values are shown in
Table D5. The parent model of 0.65 C ; had the LCB 1.54 percent L g aft of midships,
whereas the position required in the Series 60 equivalent of SCHUYLER OTIS BLAND is
1.00 percent L g p aft.

The corrections given in Tables 4953 were cross plotted to a base of L CB position
and the values lifted off at the desired point are shown in Table D5. Because of the erratic
variation of@ with L CB position, linear interpolation is not possible,

These values are plotted in Figures D2 and D3. The two @ curves in Figure D2 are
in very good agreement, remembering that the one for the 450-ft ship should be lower than that

for the 400-ft ship because of the difference in skin friction coefficient. This agreement is
R
R
of considerable interest because one @ curve is derived from the —A— contours, the other

from the @400 ¢t contours, and although both sets of contours are based ultimately on the
same model experiment results, the subsequent fairing to obtain the contours was done quite
independently. The agreement indicates that both sets represent the results very closely.

In the course of the analysis of the Series 60 original parents, a comparison was made
between the model of the actual SCHUYLER OTIS BLAND and a model of the Series 60 equi-
valent, It is thus possible to make a direct comparison between these model results and the
estimates made from the Series 60 contours. The actual model results are shown in Table
D6 and plotted in Figures D2 and D3. They give considerable confidence in estimates made
from the Series 60 contours.

For propulsion data, the wake and thrust deduction fractions and the relative rotative
efficiencies can be obtained from the respective contours in Figures B79 through B123, using
the same method of interpolation as with the %5- and @ contours. With this information
and suitable propeller design charts, estimates can easily be made of propulsive efficiencies
for different engine conditions, provided the propeller diameter is about 0.7 of the draft. For
any other diameter/draft ratio, corrections can be made from the data given in Chapter X of
this report.

Much of the model data in the world is published in the form of @400 ¢¢ using the
Froude O and O frictional coefficients in the extrapolation from model to ship. As stated
in t'he text, Gertler has given a quick method of converting @400 ¢ from the Froude values
to the ATTC values, or vice versa,*’ and his chart is reproduced in Figure D4.

As an example, take the case of the Series 60 equivalent of SCHUYLER OTIS BLAND
at a @ value of 2.0,

!, =20.338 ft

400 \*
A =14,920 tons for 450-ft ship and A = 14,920 x(zga-) for 400-ft ship

®) =6.168 = 10,473 tons.
D-9




Table D5a ~ Correction to Actual Ship@ and EHP for Shift in LCB Position

14 Percent qurection Uncor!ected Ship Uncorrected EHP
m fl[%maslg::iiigg @Tait;nepof;om ofrected 'E::Ie"[())g‘ Corrected

0.40 +1.0 0.653 0.659 580 586
0.45 +0.4 0.653 0.655 827 830
0.50 -0.2 0.660 0.659 1145 1143
0.55 -0.5 0.664 0.661 1534 1526
0.60 -— 0.667 0.667 2001 2001
0.65 -0.3 0.681 0.679 2597 2589
0.70 - -1.0 0.699 0.692 3330 3297
0.75 -0.4 0.716 0.713 4198 4181
0.80 +0.1 0.720 0.721 5119 5124
0.85 +0.5 0.763 0.767 6508 6540
0.90 +0.7 0.976 0.983 9885 9954

Table D5b — Correction to (C} 5o 1, Ship and EHP for Shift in LCB Position

® |4 P‘;:g;";g;’;;egam“ OCiore | Ouoone
m LCB Position "l;?“c.(l)'r;:::;eg‘ Corrected
1.2 | 0477 +0.1 0.667 0.668
1.3 | 0517 -0.3 0.671 0.669
1.4 | 0.557 ~-0.5 0.676 0.673
1.5 | 0.596 -— 0.678 0.678
1.6 | 0.636 ~-0.2 0.683 0.682
1.7 | 0.676 -0.7 0.694 0.689
1.8 | 0.716 -0.9 0.711 0.705
1.9 | 0.75% -0.4 0.716 0.713
2.0 | 0,795 - 0.730 0.730
2.1 | 0.835 +0.4 0.759 0.762
2.2 | 0.875 +0.6 0.844 0.849
2.3 10,915 +0.8 1,052 1.060
2.4 | 0,954 +1.0 1318 1.331
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Table D6 — Model Results for Series 60
Equivalent of SCHUYLER GTIS BLAND

V, Knots | EHP for Ship | (®) | @so0 r ShiP
8 514 | 1.058 0.711
9 15 | 1176 0.706

10 9%7 | 1.293 0.701
11 1305 | 1.352 0.698
11.5 1486 | 1411 0.696
12 1683 | 1.470 0.695
12.5 1899 | 1.528 0.698
13 2144 | 1.587 0.702
13.5 2415 | 1.646 0.704
14 2691 | 1.705 0.713
14.5 3044 | 1.764 0.720
15 3403 | 1.822 0.719
15.5 3149 | 1.881 0.717
16 4115 | 1.940 0.716
16.5 4505 | 1.999 0.718
17 4943 | 2.058 0.724
17.5 5433 | 2.116 0.763
18 6213 | 2.175 0.830
18.5 1B | 2.23 0.925
19 8906 | 2.293 1.046
19.5 10908 | 2.352 1.200
20.0 13517 | 2.410 1.373
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The chart is drawn for 59°F and a ship correlation allowance of +0.0004 on the ATTC
C p values,

Entering the chart at ® = 2.0, going across to a displacement of 10,473 tons, up to
the model length of 20.338 ft and across to the scale of § @, we find 8@ has a value of
0.017, to be subtracted from the ATTC value to obtain the Froude value. This is for a
standard @of 6.0; for the actual @of 6.168, the correction will be

6.168
8 = 0. = {), ’
© 5000 X 0-017 = 0.0175

Hence the Froude value of((D400 = 0.730 -0.017
= 0,718

or 2.3 percent less than the ATTC value with +0.0004 correlation allowance., One other
calculation may be necessary—the conversion from ATTC to ITTC correlation lines. The
procedure for doing this is set out in full in Appendix E, to which reference may be made
for details.

The calculation for the SCHUYLER OTIS BLAND Scries 60 equivalent is given below
to illustrate the difference between the final ehp obtained by the two methods.

14
At a speed defined by \/— =0.70, we have from Table D3
Ly
WL

Er
— =1.5429 and Rpg = 23,020 lbs
A
For the ship, VL = 14.973 x 457.8 = 6852, and entering the nomograph in Figure E1 with
this value, the corresponding value of C% . +0.0004 = 0.001950 for the ITTC line.
The model length is 20.338 ft, so that the scale is 22.5, and the model speed
corresponding to a ship speed of 14.973 knots is

14,973

v 22.5

Hence for the model, VL = 3.16 x 20.338 = 64.3. Entering the same chart at this value of
VL gives a value for the ITTC line of C% _ 4e + 0.0004 =0.003490.

= 3.16 knots

For the same value of VL, but using the line at the extreme left of Figure E1, the

corresponding value for the ATTC line is
Cr moder +0.0004 = 0.003415

It is shown in Appendix E that the value of (C'F’S + 0.0004) for the ship for use with this

chart when making a conversion of this kind is

D-14



C’_t ship + CF model ~ C’F model
(ITTC) (ATTC) (ITTC)

or 0.001950 + 0.003415 - 0.003490
or 0.001950 -~ 0.000075
or 0.001875

Entering Figure E1 with this value for (C " + 0.0004) and a speed of 14.973 knots, the

R
value of —F is 1,197, whence R = 1.197 x 39994 = 47873 lb. Hence Ry =Rp+ R
S

= 23020 + 47873 = 70893 lb
70893 x 14.973
= 3260 -

Then ehp =

The corresponding ehp using the ATTC line is 3330 (Table D3), so that using the ITTC line
gives about 2 percent less ehp in this particular case.
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APPENDIX E

INTERNATIONAL TOWING TANK CONFERENCE 1957
MODEL -SHIP CORRELATION LINE

Meeting in London in 1948, the ITTC* agreed that in future published work the extrapo-
lation of model resistance results to estimate resistance and power for the ship would be
carried out by using either‘the Froude coefficients or the ATTC 1947 line, the latter being
based upon the work of Schoenherr. In using this latter line, a ship correlation allowance is
usually made of +0.0004 on Cp.

The 1948 Conference also set up a Skin Friction Committee which was instructed,
inter alia, ‘‘to survey_the problem of skin friction in general, and in particular to recommend
what further research should be carried out to establish the minimum turbulent friction line
for both model and ship use.”7?°

This committee finally reported to the 8th ITTC in Madrid in 1957, making two alter-
native proposals. Both were designed to increase the slope of the ATTC line at the low
values of Reynolds number associated with the use of small ship models while giving values
close to the ATTC line at high Reynolds numbers. One of these proposals was, in effect,

adopted by the Conference, which decided that ‘‘the line given by the formula
0.075

f=
(log,o B, - 2)2

is adopted as the ITTC 1957 model-ship correlation line, it being clearly understood that this is

to be regarded only as an interim solution to this problem for practical engineering purposes.’*’!
Tables of values of C r derived from this formula have been given at yarious times

(see for example Reference 72), and the differences between them and those represented by

the ATTC 1947 line can be illustrated by the following figures:

Values of C f x 103
€10 Bn "XTTC 1947 | ITC 1057 | Difforence
Line Line
6.0 4.410 4,688 +0.278
7.0 2.934 3.000 +0.066
8.0 2.072 2.083 +0.011
9.0 1.531 1.531 —
10.0 1.173 1179 ~0.001

*Then called the ‘“Intemational Conference of Ship Tank Superintendents.’’
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One or two points are worth mentioning in connection with this new formulation,

In the first place, the Conference was careful to label the line a ‘‘model-ship correla-
tion line,’’ thereby emphasising that the members did not consider it to be a line representing
the skin friction of the hull nor of an equivalent plank. It is, as the resolution states, ‘‘for

practical engineering purposes,”’

and may be taken as including some allowance for form
effect. At the time of the 1957 Conference, a great deal of research was in progress on the
problem of extrapolation from model to ship, and it was generally felt that great developments
were likely in the not too distant future~hence the emphasis on an *‘‘interim solution.”’

These will probably take the shape of a three-dimensional system of extrapolation, allowing
for the effects of hull form and proportions upon the viscous resistance. Such methods have
been proposed, but the profession will no doubt wish to gain experience in their use before
making what will be, after all, a radical departure from the practice of nearly a hundred years.

Secondly, the values of C  quoted above show that the 1957 ITTC line is everywhere
steeper than the 1947 ATTC line, and it is this slope which is important in the extrapolation
problem. Since the ITTC line is higher over the model range, the C 5 values derived from
the model results will be smaller. When added to the ITTC C  values over the ship range,
which are nearly equal to or less than the ATTC values, those C g values will result in a
lower prediction of the total ‘‘ smooth’’ ship resistance and corresponding ehp. This will
apply whatever the model scale, but the effect will be larger with small models run at low
Reynolds numbers.

In the third place, in adopting the new correlation line, the ITTC made no recommenda-
tion regarding the ship correlation allowance to be used in predicting ehp for the actual ship,
contenting itself merely with a general recommendation to continue work ‘‘to improve model
and ship correlation’’ and ‘‘to determine roughness allowances.”’ In adopting its line in 1947,
the ATTC considered a number of model-ship correlations available at that time and while
recognizing the sparseness of the data and the possible dependence of the allowance on a
number of factors other than roughness, did finally recommend a ‘‘roughness’’ allowance of
+0.0004 for all ships; this allowance has been used since in all published work based on the
ATTC 1947 line. For most merchant ships of the seagoing types, the resultant ship ehp did
not differ much from that obtained using the same model results and the Froude coefficients.
For the same model results and the same full-scale ship trial results, the use of the ITTC
line will call for a somewhat greater correlation allowance than would the use of the ATTC
line in order to obtain the same agreement. If a new three-dimensional method of extrapola-
tion is devised in the future, the value of the correlation allowance necessary to reconcile
the same model and ship results will have a still different value. It is very obvious, as pointed
out by the present author in 1957, that this factor is not just an allowance for the relative
roughnesses of model and ship but involves such things as the method of extrapolation used,

the relative sizes of model and ship, scale effect on wake, thrust deduction, and propeller




efficiency, factors which are involved in the comparison of the resistance of the model with
that of the ship as deduced from shaft horsepower measurements made on trial—and other
quantities besides hull surface finish.”3 The term ‘“‘roughness’ allowance is therefore very
misleading, and for this reason has not been used in the present text. The more rational

name ‘‘ship correlation allowance’’ or ‘‘factor” has been suggested and the ITTC Presentation
Committee has proposed the symbol C ,, where the suffix stands for ‘‘additional.”” In Great
Britain, where the Froude coefficients are still in general use, the NPL tanks have for some

years used a **

ship correlation factor’’ which has different values for different types of shell
construction, these values being derived from comparisons of actual ship trial results with
corresponding predictions from model tests. The British Admiralty tanks use a similar
method of correlation in the form of a quasi-propulsive coefficient factor, The weight of
evidence today is that the allowance of +0.0004 above the ATTC line is somewhat too high
for modern merchant ships of good welded construction, with a clean, newly painted hull
surface, using a standard commercial paint.

Hadler et al have recently given correlation allowances for 13 merchant ships for
which good full-scale and model data were available.”* They found that the correlation
s'" ‘ances decreased in magnitude both with increase of length of ship and with the date
of construction, but were unable to disentangle the relative importance of these two effects
because of the small number of ships available, The newer the ship, the better the probable
finish of hull surface, but also the newer ships in general are longer. When they considered
only seven ships built since World War II, they found the average values of C' , were +0.00015
for the ATTC line correlation and +0.00020 for the ITTC. This difference is small, and will
be so for correlations carried out from experiments with large models of the order of 20 ft in
length. Because of the divergence of the ATTC and ITTC lines at low Reynolds numbers,
the differences in correlation allowances for the two methods will increase with the use of
smaller models.

A large number of ship trials have been correlated with model experiments in Great
Britain,”5 The trials were carried out on some 69 single-screw and 21 twin-screw ships by
the British Ship Research Association and the models were run in the NPL tanks. There
was some variation in C, with speed, but no length effect was obvious. For all-welded hulls,
the average value of C , using the ITTC line was +0.00015 (with a total scatter of 0.0004)
and for half-welded hulls (generally welded butts and riveted seams) +0.0004 (with a total
scatter of 0.0007). Using the ATTC line, the corresponding C , values were +0.00005 and
+0.0003., Clements pointed out in this paper that the best results achieved to date corre-
spond to a correlation allowance C 4 of zero.

More recently, results of British ship trials embracing modern large tankers have
suggested a definite trend towards lower correlation allowances with increasing length, and
a proposal to represent this by the straight line

C 4 = 0.00160 - 0.0000023 - L

E-3



has been made by Moor (discussion on Reference 74). This equation leads to a value of
+0.00045 for a ship with an LBP of 500 ft, zero for 700 ft, and negative values for longer
lengths, all based on the ITTC line.

In order that the Series 60 results based upon the ATTC line can be compared with
others derived from model tests by the use of the ITTC line, it is desirable to provide a
rapid method of conversion from one method to the other. This involves the choice of a
correlation allowance C 4. In view of the above discussion, the ATTC allowance of +0.0004
would appear too high for modern ships, and moreover it should quite possibly be varied with
length of ship, but there is no finality in these matters at present. Since there is little
difference in the ship prediction from the Series 60 models whichever line is used for extrapo-
lation, the only logical choice would seem to be to use the same allowance of +0.0004 with
the ITTC line until such time as a more definite value is recommended by the ITTC.

A second nomograph has therefore been prepared on the basis of the ITTC line using
a correlation allowance of +0.0004; see Figure E1. In any individual case, if some other
value of C , is preferred, an appropriate allowance can be made.

The relative values of the frictional and residuary resistances for a given model total
resistance will be different when using the ATTC and ITTC lines, so that it is not sufficient
merely to correct the frictional part of the total.

Using the suffixes ¢, », and f for total, residuary and frictional, m and s for model and

ship and C and € for resistance coefficients using ATTC and ITTC lines, respectively, we

can write
Ctm =Cip + Cfm = C;m + O'Im
and
Com=Copm + Ctm= 'fm
also Cys = Clig+ C')q
=C.+ C'fs

= Crm + Cfm - C’]m + C'fs

= O’S.+ C’]‘s + (C!‘m - C’fm)’

C,, is the residuary resistance coefficient as obtained using the ATTC line, and so the

k
values of —R can be lifted from the contours and inserted in Column G of Table D3 as
A

before. The frictional resistance coefficient to use with the nomograph for the ITTC line

will now be
0']-3 + (Cfm - 0'.,’")
ises, ITTC ship coefficient + (ATTC model coefficient—ITTC model coefficient)
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In Figure E1 the V. L and C'f scales have been extended to cover model values, so
that O'fm can be found. For convenience, extended scales of VL and Cj for the ATTC line
are also given at the left-hand side, but these form no part of the nomograph itself.

As an example, consider a ship 500 ft in waterline length with a speed of 20 knots.

V=20 knots
V. L =10,000

The Series 60 models have a WL length of 20.388 ft, so that the scale will be

500
A= 90.388 = 2452

20 20 20

For the model, V= = —— = = 4,039 knots
VA Vv24.52 4.952

and L =20.388,

whence VL = 4,039 x 20,388 = 82.34.

For VL = 82,34, from Figure E1
Cfm + 0.0004 = 0.00330 for ATTC line
}m +0.0004 = 0,00337 for ITTC line
and for VL = 10,000
C’fs + 0.0004 = 0.001879 for the ITTC
Hence the final value of the resistance coefficient to be used is

Cl

P
’s

£(C; = C' ) =0.001879 + (0.00330 - 0.00337)
= 0.001879 — 0,00007
= 0.001809

On Figure E1, starting with this value of C'fs for the ITTC line, a straight line
kg
through a speed of 20 knots on the V scale will give a value of TS— of 2,069, which will be

inserted in Column J of Table D3 and the calculation completed in the usual way.
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