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1. SUMMARY, ASSUMPTIONS AND CONCLUSIONS.

1.1 A preliminary survey

The present report is concerned with random processes, the

power spectra of which consist of two distinct peaks. In marine

engineering such processes are found in ships and slender off-

shore structures who exhibit a resonant random vibration in

addition to the semi-static forces excerted by the passing waves.

With reference to ships the resonant stress is termed springing

and corresponds to the two node mode of vibration. The semi-

static response is termed bending and corresponds to the more

familiar hogging and sagging stresses.

The main objective of the work is to investigate how the extreme

stress in both a short and a long time interval is influenced by

the mixing ratio of bending and springing.

In the short termi case, i.e. under stationary conditions, the

stress peaks are supposed to follow a Rice Probability distribution,

which is common for signals of arbitrary spectral shape. The

distribution parameters, i.e. the RMS and the spectral width in

this case are simple, algebraic functions of the individual RMS

and periods for springing and bending.

Once the Rice distribution of peaks is adopted, the short termi

extreme stress is also known, both in terms of the characteristic

value and the probability distribution. As the exact extreme

value expressions are fairly unsurveyable there are a number of

approximate formulae which give more direct insight into un-

certainty, effect of period estimate etc.

The long term case is heavily based on certain properties of

the generalized gamma functions.
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It has been pointed out that there is a logical relationship

between the Rice and the general gamma distributions.(Section 3.3)

B~y short term gamma distributed peaks and long term gamma

distributed RMS, a method has been pointed out tjo establish

a long term gamma distribution of stress peaks. Once this

is established, the long term extreme may be evaluated.

At the present stage, the short term stationary condition

case is fairly complete. The long term case is less complete

from a theoretical point of view, but the evaluation methods

pointed out should give reasonably correct results when applied

to practical problems. For this purpose a table of the functions

required are included in Appendix A.

Although not a part of the original project, some evaluations

of fatigue life has been included, partly for the sake of

completeness, and partly because it is felt that additional

vibration components may be more important for deterioration

processes than for direct overloading.

Some empirical material from a measuring project on a tanker

has been included in Apnendix B.' This material has been pre-

sented in a fashion which conforms with the theoretical work.

An evaluation of the measured data against the theoretical

results has, however, not been undertaken. Previous documen-

tation of the measurements are found in /14/.

ALL
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1.2 Basic assumptions.

The work and conclusions in this report are based on the

following assumptions:

A When considered separately the springing and bending stress

components are gaussian, narrow-banded random processes.

This implies that the average zero-up-crossing period is

equal to the average peak period, and that the amplitudes

are Rayleigh distributed.

B The bending and springing stress components are statistically

independent under stationary conditions. This implies that

the resulting stress process is a gaussian broad-banded

process with Rice distributed maxima.

C The RMS-values of the springin(I and bending stress com-

ponents are statistically indeoendent in the long run.

D There is a high degree of independence between the total

RMS-value and the variables connected with the average

periods, such as the spectral width parameter.

E The contributions to crack propagation velocity or fatigue

rate from bending and springing are to be added together

linearly.

Assumption A is supported by Fig.l,2.1.

Assumption B has not been extensively testes within the present

project or in previous related projects. In case there is a

positive correlation between the instantaneouse bending and spring-

ing stresses, the present theories will underestimate the total

stress extremes.

Assumption C is supported by Table 1.2.1.

Assumption D is supported by Table 1.2.2.

Assumption E is to some degree discussed in the text in Chapter 8.•7
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Fig.l.2.1 Statistical properties of bending and springing

stress components within a short term record. The sample

values are gaussian and the amplitudes are Rayleigh-like.

From /14/.
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Ae.4, CORRELATION 8EIWEEN ?ME MICE OISTRIBUTION
PARAMETERS Of 1,4 TOTA STRESS

T HE AMPLITUDES OR THE LOCAL MAAIMA Of THE TOTAL STRESS ARE SUPPOSED
10 r O010 A tICE PQdAILIT Y FUNCTION.

THIS DISIIUTION FUNCTIONR HAS TWO PARAMETERSI T ROOT-( VALUE
OEFINED AS SORT11 1 , MNS-iALUE. AND T4 SPCTNAL WIDTH EPSILON
REFINED As SORTiI - PEAK PERIOO/ZERO CROSSING PERIOD)*ie).

IT WILL BE OF ITEREST TO SEE IF THES PARAMETERS A01 STATISTICALLY
INEPfNDENT OR IF THERE IS GONE CORRELATION.

|I WILL ALSO St OF INTEMEST TO KNOW 104E CHARACTERISTIC VALUES Of
II SPECTRAL WIDTH. OCCADSE THE APPLICATION Of TM1 RAYLEIGH
.iSTRIouTION COMIMOML T USED. IS 0 VALI D OR SALl . vALUES O1 THE
SPECTRAL WIDTH ALESS THra EPSILON * 0.N 5 i.

THE INVESTIGATION IS BASED 04 1l1l OBSERVATIONS.

SOME MAIN DATA Of THE OBSERVATIONS ARE LISTED IN TE FOLLOWING lALE I

aVERAGE STRESS SPECTRAL .ID0H 1.6S1035-1 DIMENSIONLESS
STANDARD DEVIil0 TN STRESS SPECTRAL WIDTH 9.o3A66OS-RP OtMENSIOWR.ESS
LARGEST VALUE O iHE STRESS SPECTRAL WIDTH 9.9,93352-01 OIMESIONLESS
CORRESPONDING VALUE OR TOTAL STRESS 0OO"- VALUE 4.2004WO0.6I APIC00A*Z
SMALLEST VALUE Of THE STRMSS SPECTRAL WIOTH . "oRRo"-0 DIMENSIO RESS
CORR SPONDIN VALUE 01 TOTAL STRESS ROOT-( VALUE S.7o00000.01 KPCAoZ

AVERAGE TOTAL STRIS RO01- VALUE .?Z'4395201 KP/CM*o
STANOARD DEVIATION OF TOTAL STRESS MOOT-C VALUE J.216091A9* KPfCMIWW
LARGEST VALUE 0 1HE TOTA STRESS ROOT-f VALUE 2Z3R060O-02 KPICRR*2
CORRESPOND IG VALUE Of STRESI SPECTRAL WIDTH W.9*0T236-91 DIMEMSIOWR.LeSS
SMALLEST VALUE W THE TOTAL STRESS ROOT-E VALUE 6.000RO0.41 KPACMM2
CO RRESPONDING. VALUE OF STRESS SPECTRAL WIDTH 9.667194-0I DIMENSIOW.ESS

AN INTUITIVE IMPRESSION OF THE CORRELATION IS ALSO OBTAINED Iy
INSPECTION O THE SCATTER DIAGRAM ON THE NEAT PAGE.

SCATTER DIAGRAM iALL CONDITIWWS1

IIS DIAGRAM SMONS TE SIMULTANEOUS DISTRIBUTIONOF 01 VATIOWS AND
I4( P ARAMETERS Of THE CLASS-ISE AM MARGINAL DISTRIBITION$ I

I STRESS SPECTRAL WIDTH TI TOTAL STRESS ROOT-f VALUE
IN DIMENSIONLESS IN P/C*-e2

CLASS TOTAL
IDPOINT As ,3. . .S3 .0. IS as

AVERAGE
VALUE Y, %0,9O bz 50 43,3 44.49 S2.6 55.74 30.611 47.SZ

ST ANDARDO
DEW A T TOM Yg .00 ZS,37 19.84 22.64 i9.4 36.0? 31.67 33.57

10.00 .92 .0? 0 0 ? 3 2 28 l1t 151

30.00 .R7 .10 0 3 0 21 46 151 198 A2T

s0.00 .aS .11 1 3 7 A2 l ie 9* 2?6

70.00 .R3 .10 0 I 3 11 2R 60 39 134

90.00 .R3 .10 0 0 I 6 7 Z3 12 AG

110.00 ."* .09 0 I 0 0 N 22 4 31

130.00 .07 .0 0 0 0 0 0 9 2 i

150.00 .86 .05 0 0 0 0 1 t0 2 13

170.00 .90 .05 0 0 0 0 0 0 I IS

190.00 .8 .00 0 0 0 0 I 0 2 3

Z10.00 .90 ,05 0 0 V 0 0 2 2 4

230.00 .05 .00 0 0 0 0 0 I 0 I

TO
T
AL .86 .10 I R 21 53 130 432 474 !1119

Table 1.2.2. Correlation between stress level (1b'RMS) and the spectral

width parameter c. From /14/.
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1.V

1.3 Conclusions.

If the attitude of a ship navigator is adopted,the problem can

be stated as follows:

You know the springinq and bending periods of the vessel. The

first one is a farily constant one, while the bending period

is roughly equal to the encountering wave period. You also

know the RMS-value of the total ;trpss which may be monitored in

real time by the simplest type of a hull surveillance stress

monitor. What you do not know is how the observed stress is

shared between bending and springing. How important is it, for

a safe operation of the vessel, to discern between bending and

springing stress in this situation ?

The present work indicates the following main conclusions:

A To evaluate the largest stress Stax in a rough weather

situation, there is no sense in discerning between spring-

ing and bending. The extreme load Smax may in any case be

evaluated as

Smax = 1.4 X RMS x ln N (1.3.1)

where RMS is the value read from the monitor, and N is a rough

mean value between the springing and bending number of cycles

in the time period considered. The uncertainty introduced by

rough estimate of N is completely exhausted by the natural,

statistical dispersion of the largest stress, and both these

sources of uncertainty are nearly exhausted by only a moderate

measureing error of RMS. (Chapter 6 and 7).

B The relative uncertainty in the estimated largest value (1.3.1)

due to natural dispersion under stationary conditions (that is

relative dispersion of extreme value distribution, the correct

values of RMS and N being exactly known) is with good approxi-

mation

6Smax 1 (1.3.2)
Smax 2 ln N
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On the other hand the relative uncertainty in the extreme

stress (1.3.1) due to uncertain monitoring of RMS is directly

equal to the relative uncertainty in RMS itself.

C The fatigue rate increases when the springing share exceeds a

certain limit. There is also an upper limit for the fatigue

increase due to springing, and this limit is given by the bend-

ing-to-springing period ratio which may be of order 3-6. Thus,

If the ship design has proved sensitive to fatigue damaqes,

either by fatigue calculations at the design stage or by ob-

servation of cracks during the service stage, heavy springing

should be avoided. (Chapter 8).

If the attitude of a ship designer is adopted, the problems will

be somewhat different and may be stated as follows:

Bending and springing responses are regarded as two different

phenomena. We have a number of hydrodynamic theories, methods

and computer programs which may predict the bending stresses in

the short and long term by a given service profile. We also have

(presumably) theories, methods and computer programs for treating

springing stresses in the same way.

The ship should, however, be designed to resist the resulting

stresses, and the question is: How should bending and spring-

ing be combinded to give the resulting stress when those two

components are known separately ?

The following conclusions may be of practical use:

D When the largest stress and the largest springing stress

are separately known, a guiding estimate of the resulting

maximum stress is

Smax4Smax (bending)
2 + Smax (springing)

2  (1.3.3)

The relation is assumed to hold in the short term as well

as in the long term case. (Section 4.4)

A



E When the Ioril teirm distribution of bondi n3 RMS and spring-

ing RMS are known (in terms of Weibull plots Fiq.9.1.1)

there exists an additive class of distributions which

immediatelv indicates the long term distribution of the re-

sulting RMS more or less roughly. In addition the long term

distribution of the springing or bending share (springing

resp. bending RMS relative to total RMS) is indicated.

(Section 9.1).

F The spectral width Fv entering the Rice distribution for

local maxima is not a basic variable, but is uniquely

determined by the springing-to-total RMS ratio (springing

share x) and the bending-to-springing period ratio (7:).

(Section 2.3).

G The limiting case of E=1 can never be obtained in the present

situation, while the opposite limit c:0 is approached in both

th, pure springing and the pure bending case.

This indicates that a number of approximate formulae derived

for E=0 may be of rather general application. (Section 3.1).

H The Rice-distribution for positive maxima under stationary

conditions may with good approximation be replaced by a

generalized gamma distribution. The resemblance is exact

in the limiting cases of c=O and c=l. (Section 3.3).

Several analytical probability distribution, exact and

approximate, are available for the extreme stress under

stationary conditions by known zero crossing period.

(Chapter 5).

J Probability distribution for the extreme stress by unknown

period is derived in analytical form, but this distribution

does not deviate significantly from the distribution with

period fixed at the mean value between bending and springing.

(Chapter 6).

K For given long term probability distribution of R4S, an

analytical procedure is suggested which attaches a generalized

gamma function to the long term distribution of stress peaks.

(Chapter 10).

. ..........



2.1

2. GENERAL PROPERTIES OF A TWO-COMPONENT STRESS SPECTRUM

2.1 Basic variables

The resultant stress presently considered consists of two

distinguished spectral components which will be termed the

bending stress due to quasistatic wave action, and the springing

stress due to resonans vibration. Regarded separately, each

stress component is narrow-banded, and a short term stationary

stress state is completely characterized by the four variables:

"B Root Mean Square (RMS) of the bending stress

TB Average period of the bending stress

jS RMS of the springing stress

TS Average period of the springing stress

If the power spectral density of the total stress is termed S(w),

a function of the circular frequency w, the spectral moment of

order n can in general be written:

Mn = TB nS(w)d 2) n 2 + 2Tt n T 2 (2.1.1)

Based on the spectral moments of order 0, 2 and 4 the following

three parameters of the total stress may be defined:

- RMS-value a (or variance a 2

SYM = + s  (2.1.2)

- Average zero-crossing period Tz

MO

-B A2/T + (2.1.3)

- Average peak period Tp

T = 21TY/ M2 2 /T4+ s/TS4 (2.1.4)-V OB T +
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From these basic variables one may derive a number of related

parameters which do not convey new information, but which have

significance for physical or historical reasons:

- The ratio t between peak- and zero-crossing period

Tp ()B 2/TB 2 + c$2/Ts2"- - / ,T 4 +- = 2a - 1A = !TZ B 2/TB 4 + Os 2/TS4 COB 2+

(2.1.5)
- The spectral width E-

L= I- a2 = 2/a(l - a) (2.1.6)

- The fraction of positive maxima a

a = /(1 1 - 2 ) -(1 + X) (2.1.7)

The spectral width c has been the prevailing shape parameter of

the Rice distribution in the literature /1/, /2/. Some authors

have preferred the period ratiox , for example /3/, /4/. The

related parameter a is essential by considering the distribution

of positive peaks only, see /5/, and appears as the shape para-

meter in the generalized gamma distribution approximated to the

Rice distribution, see Section 3.3.

,1
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2.2. Dimensionless Representation

It is convenient to perform the derivations within a dimension-

less system of variables.

As time unit is chosen the springing period T S which is the most

stable of the time variables introduced. Periods measured with

T s as unit will be denoted t with a corresponding subscript.

As stress unit in the short term case will be chosen the total

RMS value, o. This is the quantity which is for instance most

easy to monitor in service. Stress variables measured with o as

unit will be denoted x with a corresponding subscript.

t written without subscript denotes the dimensionless bending

period.

x written without subscript denotes the dimensionless springing

RMS.

Hence the variables previously defined may be re-written as follows:

- RMS of bending stress XB, bending share

XB = 'B _ _B =__ /1 - S (2.2.1)__°i -- +  S =/1 X2

- Period of bending stress TB

1B = T TB (2.2.2)

- RMS of springing stress X, springing share

Xs = X- Is C+ (2.2.3)

- Average zero-2rossing period tZ

TZ _ T 2.2.4)
~TS fx2+x ___7 I+X 7 -2(2..4z-T X + xB /1 1 2 )

- Average peak period 'p

2 ' 2  
+ 2

,  /X ' 2 + x /] + 22- 1) (2.2.5)

2, 4 X2 x2  4 _ )

A



2.4

- Ratio between peak- and zero-crossing period

p-X2 + X 2 -[2  2 2 _ )-2 226

IZ v'XB 2  + X 2 T 4  V/1 + x 2 (1 _ 1) 2 226

- Spectral width c

1-a C[l+ 2 T2 - 1)2J 2 2~ 2i

L 1 + X 2i T ) 4 + X 2 4 - 1)

(2.2.7)

- Fraction of positive maxima a

a+ 1 + X2 ( 2 2 ]+ a

(2.2.8)
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2.3 Considerations of the Spectral Width

As observed from equation (2.2.7), the spectral width parameter

is completely determined by the springing RMS-to-total RMS

ratio x, and the bending-to-springing period ratiot.

The equation is

2 X2 ( - X) (2 - 1)2 (2.3.1)

1 + X2 (2 _ i) (12 + 1)

From this we may conclude:

- = 0 for x = 0. This occurs when (=s 0 and the stress is

pure bending.

- = 0 for (1 - X2) OB2/O 2 = 0. That is: there is no bending,

and the stress is pure springing.

- =0 for T = TB/TS = 1. That is: the spectral peaks due to

springing and bendinq coincide, and there is in reality only

one peak in the stress spectrum.

- Differentiation with respect to X keeping T constant reveals

that c has its maximum value when

I-X 2  
(5B  T BI that is BS TB (2.3.2)

X Os TS

The spectral width is then given by

T2 _ 1 TB 2 - TS 2  2-max -2 - 2  1 2 (2.3.3)
+ 1 TB 2 + TS2 T + 1

or by

E max = 1 - 2X2 - 1 - 2(Cs/d)2 (2.3.4)

- = 1 is obtained only when T - and X + 0, that is T S I> TB

and as >> B

The spectral width c is shown as a function of the springing share

X = OS/O for selected values of the relative bending period T = TB/T

in Fig. 2.3.1.
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BENDING SHARE, 0111G = 'G"
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Fig. 2.3.1. Spectral width F as a function of the springing

share X = S/c for selected values of the bending-to-springing

period ratio i = TB/TS.

This figure shows in more detail how the spectral width becomes

zero when the stress is either pure bending, aS/a = 0, or pure
springing, (is/O = 1.0. And also how the spectral width disappears

when the springing and bending periods approaches each other at

T 1.

The maximum values of the spectral width are located on the

dashed line which is the parabola described by (2.3.4).

The value 1 = is an ideal case which is never realized in practice.

LdA.
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2.4 Consideration of Periods

In a given time interval t, the number of local maxima is Np

Nt I+X 2 (T 4 -1) t l+x2 (T 4 -1)
p p s [ [i+x 2 (12_ i)]1 2  - B l+x2 (-i2_1)

The peak period Tp is given in (2.1.4).

The dimensionless representation is given in (2.2.5).

The term t/T s on the right side is the number of springing cycles

in the time t considered. The square root expression is therefore

the ratio between local maxima and number of springing cycles

experienced within an arbitrary time interval, and is graphed in

Fig. 2.4.1.

It is observed that the peak period very rapidly becomes equal

to the springing period, more rapidly the longer the bending

period is.

10" BENDING PERIOD

.9 R A T I O , T ; T g l ,/,, , ,, ,,S

1.25
• i .8
U

S .7-

0z

cc .5-

0

1 _. x(1 4 - 1

U,

0

Ui .1
ICD

z 0
0 .1 .2 .3 . .5 6 7 . .9 1.0

SPRINGING SHARE, C0SX

Fig. 2.4.1 Number of local maxima within a time interval, as
Sf ng (-y(-nq cycles.



Similarly, in a given interval t, the number of zero crossings

Nz is

zt _ st 1F lx( -  2 t2 (2.4.2)

Tz is the zero crossing period given in (2.1.3), dimensionless

in (2.2.4). As t/T s is the number of springing periods within

t, the square root term is the ratio between zero crossing periods

and springing De iods in any arbitrary time interval. The ratio

is graphed in Fig. 2.4.2.

Fig. 2.4.1 and Fig. 2.4.2 show how, depending on the circumstances,

the peak as well as the zero-crossing period will always be situ-

ated somewhere between the bending and springing periods.

BENDING PERIOD
U RATIO, "E T9ITs

11.25

0 .6- 1 -7

I
0

A-

3- 1Y= Ty= ( 1)

o .2-

S 0-
0 .1 .2 .3 .4 .5 .6 .7 .9 .9 to

SPRINGING SHARE, GsO = (T- x

Fig. 2.4.2 Number of zero crossing periods within a time inter-

val as a fraction of springing periods.

• , -• IA .
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The friction of positive maxima is {iiven by the parameter a

in and (2.2.8). Hence the number of positive maxima,

denoted N p in the time t is
p '

N aj- IN,,- Np+Nz
NP a N D = I+¢A-]N 2 (2.4.3)

that is, the mean value between the number of peaks and zero-up-

crossings. The average period between positive peaks, denoted

Tp+ is hence
p

T + 22T (2.4.4)P l/Tp+1/Tz Tp+Tz a

Correspondingly the fraction of negative maxima is (1-a), which

gives a number of negative maxima denoted Np- of

N = (l-a)Np [I- l- 2]Np Nz (2.4.5)

The average period between the negative maxima, denoted Tp is

T 2 = 2TzTp (2.4 .6)
p l/TPl/Tz Tz-Tp

These expressions will be of importance later.

The fraction of positive maxima is uniquely determined by the

bending-to-springing period ratio T and the springing share x

as it appears from equation (2.2.8).

The dependence is graphed in Fig. 2.4.3.

Fraction of positive maxima is essential in the probability dis-

tribution of positive maxima, Section 3.2 and 4.5 and also for

the approximation with generalized gamma distributions, Section

3.3 and 4.6.

A-.- .i
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Fig. 4.2.3 Fraction of positive maxima as a function of the

period ratio T and the springing share x. (Equation (3.8)).
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DISTRIBI'Tl %I 01 MAX MUNi)1AR STAT IONARY CONDITIONS

W,' considelr i t iHY. intorval durinq which the sea conditions Ind

tne ship speed and C,.urse do not change significantly. In the

real life this wilI only be the case in short term intervals of

a couple of hours duration. However, consideration of such statio-

nary intervals ,f, say, 20 years duration is also of interest

because some lono term trends may be qualitatively indicated.

Looked separately, the bending and springing stresses are assumed

to be gaussian random processes with RMS values oB and 3S respec-

tively. That is: If the bending stress component is filtered out

and sampied, the samDle values over a sufficiently long period

will conform with a normal probability law with standard deviation

'B- Similarly sampled data from the springing stress component

will conform with a normal probability law with standard deviation

S- If the two spectral components are statistically independent,

sampled data of the complete stress signal conform with a normal

distribution with standard deviation o, equal to the RMS-value.

Looked separately, the bending and springing stresses are also

assumed to be narrow-banded. That means, among other things,

that they appear as a sequence of slowly modulated amplitudes

which conform with a Rayleigh probability distribution with para-

meter !,-B for the bending stress and 1- oS for the springing stress

component. The distribution of amplitudes coincides with the

sampled value distribution of the envelope of the respective com-

-)onents. In the narrow banded case the stress peaks, or local

maxima, coincide with the amplitudes, and represent a sampling of

the stress envelope with a sampling period, equal to the period

of the respective stress components. Since there is one zero-up

crossing and one positive peak in each cycle, there is little or

no difference between the zero crossing period and the peak for

a narrow-banded stress component.

When the stress components are superposed upon each other, the

concepts of "envelope" and "amplitude" loose the siqnificance.

What is still siqnific.nt is the .equenc , f - - , r local

,A



3.2

maxim11. This makes little conceptual difficulties for the extreme

stress Prediction, since the extreme stress within a certain time

interval is easily definable as the largest local maximum value.

In fatique, 'iowever, the complications become considerable because

the amplitude-concept is lost. By counting cycles for fatigue

life prediction, however, one can evidently not identify the stress

cycles with the peaks.

Alternative oarameters to the RMS-value c are:

- The "ROOT-E" value fE = ;. which is the Rayleigh distribution
parameter for single amplitudes.

- The significant height, or double amplitude, H =4o which is
s

preferred in the analogy of wave motion.

A



3.3

3.1 Exact distribution of local maxima

For a broad-band stress history, which also covers the present

two-component case, the peaks or local maxima conform with a

Rice probability law /1/ /2/ which has two parameters:

- the RMS-vaiue a

- the spectral width e (or any related parameter a or a)

Denote the sequence of N stress peaks

Sl S2 S3  . . . . .SN. 3.1.1)

Normalize the stress peaks with respect to the RMS-value o and

define the sequence of dimensionless peaks

Z1 Z2 Z 3 . . . . ..ZN, Zm Sm/O 3.1.2

The probability density function of the stress peaks is

Z 2 2
-- _ l 2  /1- 2

g(Z - 72 e 2E2 + (--Z)Z e 2 (3.1.3)

D( ) is the normal probability integral

IX t 2

@(x) = e 2 dt (3.1.4)

Special cases of (3.1.3) are:

S= 0 g(Z) Z eZ 2/2 (Rayleigh) (3.1.5)

1<< << Z g(Z) = 1- 2 Z e -z/ 2  (3.1.6)

C = I g(Z) =1 e- z2 /2 (Normal) (3.1.7)

Z = 0 g(0) = L/2 7  (3.1.8)

&
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The prob.-bility of exceedance is

O(Z l- iZ/E) + f- ( / Z)eZ/ (3.1.9)

with the special cases:

i 0 Q(Z) e - 3.1.I0)

• < i z Q ( ) = ) e - Z 2 / 2 3. . 1

= 1 Q(Z) = - (z) (3.1.12)

z =0 Q(0) = (i+ 1-/7) = a (3.1.13)

The cumulative probability function P(Z) appears immediately
from the exceedance probability through

P(Z) = I - Q(Z) (3.1.14)

The moments of the distribution are:

Mean value: = Z = v2 /i-2 (3.1.15)
2

Variance : '2 = (Z-Z) 2 
- l-(---) (i-r 2 ) (3.1.16)

3rd central moment:0 3 = (Z-Z) 3 =VT (u-3) (l-c2) 3/2 (3.1.17)

Hence follow the dimensionless coefficients:

Coefficient of variation A = -2/O1 = 1 2 + (3.1.18)- 2"

Coefficient of skewness 6 = 13/02 = /2(7-3) 1 i- 2  3/2
2 1l-(7T/2-i) (1-c 2 ) I

(3.1.19)

A graph of the exceedance probability is given in Fig. 3.1.1.

The limiting cases of c = 0 and c = 1 are plotted together with

= 0.5, 0.9 and 0.95. With the extreme value prediction in mind,

A
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3.5

the high-peak-low-probability region is of most interest. Hence,

looking to the region about Z = 4, Q = 10- 4 , it is observed that

Q is reduced by roughly one decade when c goes from 0 to 1 under

constant u. Half a decade, however, is occupied by the transition

from E = 0 to c = 0.95.

Keeping the probability level constant, it is observed that the

argument Z is reduced by about 0.6, or 15%, when E goes from 0

to 1. An amount of 0.3, or 7%, however, is occupied by the trans-

ition from 0 to 0.95.

These observations indicate that the special cases of low £ and

large stress, equations (3.1.6) and (3.1.11), may be valid for

fairly large e-values.
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Fig. 3.t.1 Graph of the probability of exceedance of the Rice

probability distribution.
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3.2 Distribution of positive maxima

For NO there is a certain fraction of negative maxima and

an equal fraction of positive minima, which is given by (3.1.13).

The number of positive maxima is given in (2.4.3), and is

Np+ = Q(0)N = aN = NP+Nz = +x 2 (T4-)+T[I+x2 (h2 -l)) t

Q()NP p 2 2L /lx 2 ( 2-) Ts

(3.2.1)

The probability distribution of the positive maxima is found by

truncating the ordinary Rice distribution at Z = 0. This gives

the probability density function, corresponding to (8.3)
Z2  f_ Z 2

+ g(z) 1 e -- 2 l- --g (Z) -( Z)Ze (3.2.2)
Q(0) - a a Fe"+ a

where

a = [i+/Y-c 2 ] = Q(0) (3.2.3)

The probability of exceedance, corresponding to (8.9) is

Q +(Z) - ) = I1-qZ/)] + fl (iZZ)e-Z2/2 (3.2.4)
Q(0) a a E

with the narrow band approximation corresponding to (3.1.9)

Q+ 1- 2  -Z/2(32)

E << 1 << Z: Q (Z) = a e (3.2.5)

The exceedance probability is graphed in Fig. 3.2.1.

The cumulative probability function is given by

P+(Z) = i - Q+(Z) P(Z) -(O) (3.2.6)= Q(0)(326

Extreme values have been studied in terms of the truncated dis-

tribution by Ochi /5/.

The truncated distribution will be applied later in the approxi-

Iltl,'m wiLh qc<n§ralized gamma distribution, Section 3. ., and in

<i_!cuis5ion of extreme value, Section 4.5.
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3.3 Approximation with generalized gamma distribution

The generalized gamma distribution has the density function

h Z ah-l - (Z/A) h
f(Z) - (a ) e (3.3.1)

where a, h and A are parameters. This distribution covers a lot

of well-known distributions as special cases, see Table 3.3.1.

With reference to Article 9 it is observed that the limiting case

of the truncated Rice distribution with c = 0, that is the Rayleigh

distribution, is equal to the generalized gamma distribution

with

a=1

h = 2 (3.3.2)

A= /2

Similarly, the broad band limiting case e = 1, that is the

a h A Distribution function

1/2 2 /2o One sided normal distribution

1/2 2 a Error function

a 1 2 Elementary gamma distribution

n/2 1 2 x2-distribution with n degrees of freedom

1 2 /2o Rayleigh distribution

3/2 2 /2a Maxwell distribution

1 1 A Exponential distribution

1 h>O A Two parameter Weibull distribution

1 h<0 A Fr~chet distribution

Approximate normal distribution with

1 expectation x and standard deviation o

1 0 A 6-distribution. Constant x = A

Table 3.3.1 Special cases of the generalized gamma distribution.

I_._ __ a
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one sided normal distribution, coincides with the generalized

qamma distribution with parameters

a = 1/2

h = 2 (3.3.3)
A = 1'2

It is hence reasonable to assume that the intermediate family

of truncated Rice distributions with arbitrary c can be approxi-

mated with generalized ganuna distributions with parameters

a L-v 1 1j+,F2 ]

h = 2 (3.3.4)A= /2

This can also be shown to be the case.

The distribution of positive maxima has hence approximately the

probability density function

g+ (Z) - (Z )2a- e (3.3.5)

r(a) C7-2

and the exceedance probability function

Q+(Z) = Na; Z 2/2)/r(a) (3.3.6)

where the complete and incomplete gamma functions are defined by
CO

r(a;x) = t a - 1 e-tdt , F(a) = F(a;O) (3.3.7)
x

Graph of the exceedance probability is given in Fig. 3.3.1.

Further information about the generalized gamma distribution is

given in /6/ or /7/ among others.
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4. CHARACTERISTIC EXTREME VALUE

4.1 Elementary considerations

Consider a time interval t under stationary conditions with a

given RMS value a of the complete stress signal. One then has

the simple and well known estimate for the extreme value

Sc = or2 in N (4.1.1)

which is obtained by putting the exceedance value Q equal to 1/N.

This formula is correct only when e = 0, and from the consider-

ations in Section 2.3 this takes place in the two limiting cases

when the springing share x = Os/a = 0 and 1.

In the case x = 0, the stress is a pure bending process, and the

number of cycles is

NB = (4.1.2)

In the opposite case x = 1, the stress is a pure springing pro-

cess, and the number of cycles is

Ns = T = TB T = NB' T  (T = TB/Ts) (4.1.3)

Thus, when the stress goes from pure bending to pure springing

with the same RMS, the extreme value increases with a factor

Sc (pure springing) =In Ns = + in_ (4.1.4)
Sc (pure bending) in NB in NB

Results are given in Table 4.1.1 in terms of percentage increase

in extreme value when stress goes from pure bending to pure

springing. One has reason to believe that this is a maximum in-

crease, and that the increase in a mixture of bending and springing

lies somewhere between.

-L :.-
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one may conclude from these results that, when the total stress

RMS is given, the presence of springing can at most elevate the

extreme stress with about 10-15% in the short time case. For

the long term case the table indicate an increase of order 5%.

Number of bending periods in the time interval, NB

102 103 104 105 106 107 108

2 7.26% 4.90% 3.69% 2.97% 2.48% 2.13% 1.86%

3 11.3 7.66 5.80 4.66 3.90 3.35 2.94

4 14.1 9.58 7.26 5.85 4.90 4.21 3.69

5 16.2 11.0 8.39 6.76 5.66 4.87 4.28

6 18.0 12.2 9.29 7.50 6.29 5.41 4.75

7 19.3 13.2 10.1 8.12 6.81 5.86 5.15

8 20. ) 14.1 10.7 8.66 7.26 6.26 5.49

Table 4.1.1 Percentage increase in extreme value when the stress

goes from pure bending to pure springing under constant RMS.

A4
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4.2 Characteristic extreme at arbitrary springing share

One considers a time interval t which contains a sequence of

N stress peaks in the total stress history. A characteristic

value for the extreme, or maximum stress peak is obtained by

putting Q(Z) = I/Np in equation (3.1.11) . This gives:

Sc a 2 In 1_2 Np :2 ln (Tp/T z ) (t/Tp) = i/2 ln Nz  (4.2.

where Nz is the number of zero crossings in the same time inter-

val.

Equation (4.2.1) is valid for small and moderate values of L only.

But since c is zero in both the limiting cases: springing is all

or none, and since E can never become = 1.0, it is reasonable to

Delieve (4.2.1) to be generally applicable in the present problem.

Equation (4.2.1) will then replace equation (4.1.1) which was only

valid for c = 0. Thus introducing the number of zero crossings

from (2.1.2) into (11.1), one may derive the ratio between the

maximum stress at arbitrary springing share and the maximum stress

in the pure bending case:

Sc (arbitrary springing) - '4 + ln[l+x 2 (T2-l)]
Sc (pure bending) V+ ln NB (4.2-

This is a generalization of (4.1.4) , the latter giving the limi-

ting case of x = 1 only.

Some results are shown in Fig. 4.2.1, for some selected values

of the bending-to-springing period ratio T and the time intervals

given in terms of bending cycles. This figure shows the transi-

tion of the extreme stress amplitude by increasing springing share

up to the pure springing case. And with reference to the Table 4.1.

it may be concluded that the extreme stress increases roughly

linearly with the springing share.
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4.3 Extreme positive maximum

So far the total distribution of both positive and negative

maxima has been considered by using the complete Rice distri-

bution described in Section 3.1.

One should also consider the short term extreme value predicted

by the positive maxima only. This can be derived from the trun-

cated Rice distribution described in Section 3.2.

In a time interval t there is a number of

N p+ = aNp (4.3.1)

positive peaks, as derived in (2.4.3).

A characteristic value for the extreme stress peak is obtained

by putting the probability of exceedance in (3.2.5) equal to l/Np +

This gives

+ F _,Zc2 Z /2 1
Q (Z a eLL/ - (4.3.2)a 

aN p

which gives

Zc = t21n ll-2 N= 21n N z  (4.3.3)

the same as in (4.2.1)

That is: The truncated Rice distribution predicts the same

extreme stress under stationary conditions as the complete Rice

distribution.

The characteristic extreme value predicted by the generalized

gamma distribution may be studied very roughly by considering the

equivalent of (4.3.2) introducing an asymptotic expression for

Q(Z):

,)l(Z )2a-/2 e(Z/ )2  1 + a + 21- (4.3.4)
( 7 (Z//2) 2 aNp
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Putting 1/r(a) a and taking the predominate term of the natural

logarithm on each side, one obtains the leading term

= /21n a 2 Np (4.3.5)

which is equivalent to (4.2.1).

For small values of e we have

a2 11 + =E2] [ (l 2) + /!IE2] / /lC 2 (4.3.6)

When introduced in (4.3.5) this gives back the previous character-

istic extreme (4.2.1), which also appears from Fig. 4.2.1

For c. 1, on the other side, (4.2.1) breaks together and gives

non-sense results while (4.3.5) gives

Z c = V2 ln(Np/4) (4.3.7)

The corresponding expression for E = 1 derived directly from

the one-sided normal distribution is

Z c  = /2 ln Np/-7 (4.3.8)

which gives about 1.5% higher values, but this equation is

still an approximation. Equation (4.3.8) is discussed in /2/.

An expression for the characteristic extreme value which is more

complete than (4.3.5), but still an approximation for c * 0 is

obtained by taking one term more into consideration in the loga-

rithm of (4.3.4). This gives

z c =vr2 lna2Np + /iE2 ln(lna2Np)} (4.3.9)

but this formula is probably of little practical interest in

the present context.
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SPECTRAL WIDTH , c

Fig. 4.2.1 Graph of the alternative functions of e for deter-

mination of the effective number of maxima which enters the ex-

treme stress formulae (4.2.1) and (4.3.5), that is

Zc 2 ln/L7_cNp alternatively =/2 mIa Np.
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4.4 Relation to individual maxima

In a given time t the complete signal executes N Z = t/Tz zero-

up-crossing cycles, and the characteristic extreme stress is

Sc = 2 (lnt - lnTz) (4.4.1)

as stated in equation (4.2.1).

In the same time interval the bending stress component executes

NB = t/TB cycles and has an individual characteristic extreme

value

SCB = /2oB 2 (Int - lnTB) (4.4.2)

Similarly the springing component executes NS = t/T S cycles and

has its individual characteristic extreme value

2
SCS = 2oS (lnt - lnTB) (4.4.3)

sic 2 2 2Y

Hence since a = GB + oS according to (2.1.2), the individual

extremes for bending and springing may be introduced in (4.4.1)

and give

/SCB 2 lnt - lnT z + nt - lnT Z  (444)
int - lnTB SCS lnt - lnT S

That is, the total stress extreme is a weighted quadratic sum

of the individual extremes. Since we always have

T S < T Z < TB (4.4.5)

the springing contribution has slightly greater weight than the

bending contribution.

For sufficiently long times t the weighting factors approach unity,

and (4.4.4) becomes

Sc C +SCS (4.4.6)

This relation gives in most cases a good indication of the impor-

tance of springing as far as extreme value is concerned.

• i
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5. STATISTICAL EXTREME VALUE DISTRIBUTION

In the present chapter the statistical probability distribution

of the short term extreme value will be discussed. The exact

probability function is pointed out together with a number of

possible approximations. Each distribution function is given

an identifier which is referred to in a comparison which is

undertaken at the end of the chapter.

5.1 Exact represen:ation (No. !a)

Consider a time interval t which contains a sequence of Np stress

peaks which are randomly distributed according to a Rice distri-

bution function. The largest stress peak Z = S/a has probability

distribution defined exactly by the following formulae:

Cumulative probability Pt:

Pt(Z) = [I-Q(Z)]NP = [ (Z/e)+ i-F: 2  ( Z)ez /21 Np (5.1.1)

Probability density function

gt(Z) = dPt(Z)/dZ = Np [I-Q(Z) NP - i g(Z) (5.1.2)

where Q(Z) and g(Z) are given by the equations (3.1.9) and (3.1.3)

respectively.

The spectral width c is given by (2.2.7) and the number of local

maxima Np is given by (2.4.1).

The expectation value is with some approximation

E(Z) 2nV1- - + , c , c = 0.5772 (5.1.3)
/21n/1-_ N p

which is somewhat higher than the characteristic maximum (4.3.3)

Fig. 5.1.1 shows how the probability density changes with the

springing share x = Os/O. The bending period has been put equal

to 5 times the springing period, that is T = 5, and a time inter-

val of 5000 springing cycles or 1000 bending cycles is considered,
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that is of order 2.5 hours. Corresponding spectral width,

number of peaks and extreme values appear in Table 5.1.1. It

is observed that the difference between characteristic and ex-

pectation extreme is insignificant.

Springing Bending Spectral Number of Characteristic Expectation

share, x period, T width, c peaks, Np maximu, Zc value E(Z)

0 5 0.0 1000 3.717 3.872

0.333 5 0.8993 4380 3.888 4.036

0.666 5 0.7148 4885 4.034 4.177

1.0 5 0.0 5000 4.127 4.267

Table 5.1.1 Change in spectral width, peak number and maximum

values with the springing share. The cases correspond to the

distributions in Fig. 5.1.1.

MAXIMUM STRESS DISTRIBUTION

BENDING-TO SPRINGING PERIOD RATIO 1 =5
- NUMBER OF SPRINGING CYCLES: NS=5000
z 1.s

I-

z 1.0.

SPRINGING>"SHARE , x o -0

.- J
.5

0

0 V

3.0 3.5 4.0 4.5 5.0 5.5

DIMENSIONLESS MAXIMUM STRESS PEAK, zMA x  SMAX/O

Fig. 5.1.1 Exact probability density function for short time

maximum stress.

• A
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5.2 Narrow band approximation (No. 2)

The general expressions for the cumulative probability and the

probability density were given in (5.1.1) and (5.1.2) in the

last article. Introducing Q(Z) from equations (3.1.9) and (3.1.3)

respectively, gave the correct distribution functions. One may,

however, introduce the low-E-high-Z approximations (3.1.11) and

(3.1.6) instead. This gives the cumulative probability function

of the maximum peak

pt(z) = [i_ ie 2 eZ/ 2 ]Np (5.2.1)

and the probability density

gt(Z) = Np[l- 1-s 2 eZ 2 /2 1  Ze (5.2.2)

where £ and Np are to be evaluated as before, that is by (2.2.7)

and (2.4.1) respectively.

It appears from the discussion in Section 5.7 that this approxi-

mation is very close to the exact distribution in the present

context, but it breaks of course together for c approching 1.

*1
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5.3 Approximation with double exponential distribution (No. 3a)

The cumulative probability function of the short term extreme

stress was with very good approximation given by (5.2.1), that is

Pt(Z) = [l- FI -j C 2 e-Z 2/21 NP (5.3.1)

The characteristic value of the extreme value was given in (4.2.1)

This may be written as an expression for /1-2 , viz. Zc2/2

/1-7 = eZc 2 /2/Np (5.3.2)

This may be introduced in (5.3.1) and gives then

1 _ (Z2_Zc 2 )/2 I NpPt(Z) = [1- p 2

-e- (Z2-Zc2 )/2 _ eNze-Z2/ 2  (5.3.3)

according to the definition of e.

The probability density function is

gt(Z) Z e - (Z2 zc 2)/2 e-e - ( Z 2 - Z c 2 ) / 2 (5.3.4)

Np and C do not appear as individual parameters, but rather

through the combination

L_ / + x2  21)
I-F-2  N p =  Nz  = Ts ( -)(5.3.5)

in the characteristic value

Z = /2 in Nz  (5.3.6)

The goodness of this approximation is discussed in Section 5.7,

and is found to agree very closely with the exact distribution.

*1
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5.1 Approximation with square normal distribution (No. 4a,b)

The double exponential approximation for the short term extreme

stress, derived in Section 5.3 may be somewhat modified by con-

sidering the variable

y = (Z2-Zc 2 )/2 or Z2 = 2y + Zc2  (5.4.1)

The probability density function of y is, from (5.3.9),

, - e~~-212

gt(y) = e-Y. e-ey = e-Y. +y +...

1 e-y2/2+... 1 -y2/2e " 2e(5.4.2)

That is, y is approximately normal distributed with expectation

0 and variance 1. Hence the square of the extreme stress Z2 is

approximately normal with expectation Zc 2 and variance 2.

Hence the probability density of Z is approximately

g(Z) = 1 Z e2 2 (5.4.3)

with the cumulative probability function

Pt(Z) = Z2-z- 2 (5.4.4)

where is the ordinary normal probability integral.

One may argue that one should apply the expectation value (5.1.3),

that is

Zc  2 ln Nz + 0.5772 (0.772.... is Euler's constant)c 21n Nz
(5.4.5)

rather than the characteristic extreme value (4.2.1) in this con-

nection.

As appears from Section 5.7, the distribution has no skewness, but

the variance seems reasonably correct.
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It should be mentioned that according to the last section the

more exact distribution of the variable y in (5.4.1) is the

elementary double exponential distribution with density

g(u) = e
- y e

which has the following main parameters, exactly determined:

Mean value y = Y(l) = 0.57721 (Eulers const.)

2. central moment E(y-y) 2 = T'(1) 1.64493

3. central moment E(y-y) 3 = T''(1) = 2.40411

--- etc.--------

The ', T', T'' .... functions are the successive derivatives of lnF.

-I
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Application of distribution for positive maxima (No. Ib)

The probability distribution of the positive maxima was treated in

SLoction 3.2. It was also shown in Section 4.2, equations (4.3.1) to

,4.3.3) that this distribution gives the same characteristic extreme

vcilue as the complete Rice distribution, provided that the number of

peaks is correct. The probability distribution of the extreme stress

is then also expected to be closely the same.

The basic equation for the cumulative probability function of the

extreme, corresponding to (5.1.1) is

+ Q+ N+  Q (Z) given by (3.2.4)P(Z) = [1 - Q(Z) ] p, g"enb (3.2.5.)tN +  given by (3.2.1)
p

The probability density function is, similar to (5.1.2),

+ + + N+l + +

g (t) = N (-Q+(Z) p- g (Z), g (Z) given by (3.2.2)
p

(5.5.2)

The distribution is very slightly different from (5.1.2)

For this extreme value probability distribution, namely (5.5.1),

we may find the small-E -iarge-Z-approximation by application

of Q +(Z) from (3.2.5), just as it was done for the complete dis-

tribution in Section 5.2. This gives the cumulative probability

distribution

() [ - a eZ 2 /2] aNp (5.5.3)Pt(Z) -a el

which is not exactly the same as (5.3.1), but indeed very close.

One may, however, proceed further and find the double exponential

pproximation o (5.5.3), as it was done in Section 5.3. For

this purpose one expresses the characteristic extreme from (4.3.2)

on the form

/1i-F2  I Zc2/2
_ - e (5.5.4)

a aNp

.*



and introduces this into (5.5.3) This gives

+ = 1 e-(Z2-Zc2)/2 ] aNp -e- (Z2-Zc 2 )/2
Pt(Z) [l-a p  e (5.5.5)

which is identical with (5.3.3).

That is: The extreme value distribution of positive maxima

coincides with the complete extreme value distribution on the

double exponential distribution level of approximation.

A
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,.0 Approximation with generalized gamma distribution (No. -)

In Section 3.3 it was shown that the truncated Rice distribution

foz the positive maxima may be replaced by a generalized gamma

.distribution with reasonable accuracy. Hence a probability dis-

tribution function for the short term extreme value may be estab-

lished by the basic formulae (5.5.1) and (5.5.2) with application

of the required functions from Section 3.3.

This gives the cumulative probability function:

+ a,
Pt(Z) = [i - P(a;Z2 /2)/f a) ] (5.6.1)

and the probability density function

gt(Z) = aN [1 - I(a;Z 2/2)/F(a) aN P-1 v Z 2a- Z/2
t p 7(a) (7) e

(5.6.2)

with the parameters a and aNp defined in (2.2.8) and (2.4.1)-

(2.4.3) respectively. That is

a 1 + x (- i) (5.o.3)L ,lI+x2 (1r4-i)

and + ]+2(t -) +/~ 2 2 1
aNp = Np = [N + Nz] NB[/1+x 2 (1:-) +1+x 2 ( 2 -1)1

p p l+x 2 ( 2 -1)

(5.6.4)

The distribution function has very much the same shape, while

the most probable extreme is slightly lower.

One may also reconsider the double exponential distribution dis-

cussed in Section 5.3, with the characteristic extreme as

/2 lna 2N derived in (4.3.5). This gives a distribution of correctp
shape, but with slightly too high mean value.

A1
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5.7 Discussion of alternatives

Previous in this article different representations of the prob-

ability distribution of the short term extreme stress peak have

been derived. These are:

No.la) The exact probability function based on the complete

Rice distribution of the total ensemble of local maxima.

Derived in Section 5.1.

No.2 Narrow band approximation of the short term exceedance

probability introduced into No.l.

Derived in Section 5.2.

No.3a) Double exponential distribution derived from No.2 using

the characteristic extreme of the Rice distribution.

Derived in Section 5.3.

No.4a) Square normal distribution derived from No.3a) using

the characteristic extreme value as a parameter.

Derived in Section 5.4 using equation (5.4.5).

No.4b) Square normal distribution derived as in No.4a), but

using the expectation value of the extreme as a parameter.

Derived in Section 5.4 using equation (5.4.5).

No.lb) Exact probability function based on the truncated Rice

distribution for positive maxima.

Derived and discussed in Section 5.5.

No.5 Truncated Rice distribution in No.lb) replaced by the

generalized gamma distribution approximation.

Derived in Section 5.6.

No.3b) Double exponential distribution using the characteristic

extreme of the generalized gamma distribution.

Derived in Section 5.6.

A



5.11

The diff erent formulae have been compared by considering j part.-

cular case selected in the region where approximations are most

likelv to fail, viz. in the large -short time region.

The case with the following parameters has been chosen:

Springing share x = 1/3

Bendinq/springing period ratio T = 5

Numb-r of springing cycles Ns  = 5000

Hence :

Bending share Vl-2 0.9428

Spectral width = 0.8993

Peak-to zero crossing period ratio L 0.4373

Fraction of positive maxima a 0.71867

Number of bending cycles NB 1000

Number of zero crossings (a2Np = 2262.2) Nz 1915.5

Total number of peaks N = 4380

Number of positive peaks N = 3147.8p
Characteristic extreme from Rice distribution Zc 3.8879

Expectation extreme from Rice distribution E(Zc) 4.0363

Characteristic extreme from gamma distribution Zc = 3.9304

Alternative value from gamma distribution E(Zc) 4.0425

Graphs of the different distributions are shown in Fig. 5.7.1.

A table of the same distributions are given in Table 5.7.1.

A table with a qualitative indication of the fitness of the ap-

proximate distributions is given in Table 5.7.2.

.. ... . . ',.... -- ,i; -> - .
'



REPRESENTATIONS OF SHORT TERM EXTREME
STRESS DISTRIBUTION. (x= 1/3, t 5 Ns=500})

DISTRIBUTIONS

- NOS. la), 2, 3a), 1b)

.. . NO. 4a)

NO. 4b)

. .... NO. 5

............... NO. 3 b)

.5 .. %

o-

3.0 3. " "
:of; ' \'\

DIMENSIONLESS MAXIMUM STRESS PEAK, zMA X SMA X 1(

Fig. 5.7.1 Graphs of different representation of the probability

density function of the short term extreme in a selected case,

(x 1 /3, T =5, Ns  =5000). See also Fig. 12.1.
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Probable Standard Skewness
DISTRIBUTION largest value deviation

la) Exact. Complete Basis for Basis for Basis ,for

Rice distribution comparison comparison comparison

2 Narrow band ap- ++ ++ ++

proximation

3a) Double exponential ++ ++ ++

Rice extreme

4a) Square normal, + + Skewness is

characterist. extr too small

4b) Square normal ex- 3.5% high + Skewness is

pectation extreme too small

ib) Exact. Truncated ++

Rice distribution

5 General gamma 2% low ++ +

distribution

3b) Double exponential 1% high ++ ++

gamma extreme

++ very close agreement

+ reasonably close agreement

Table 5.7.2 Tentative evaluation of the three first moments of the

extreme value distribution representations. The evaluation has been

performed by inspection of Fig. 5.7.1. The case is realistic but

unfavourable. Discrepancies are generally lower.

IA
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,L5.8 Dispersion of the extreme value distribution

Fractiles of the short term extreme value distribution can

conveniently be evaluated from the double exponential distri-

bution representation, equation (5.3.3)

-2/

P = e-Nz 
(5.8.1

Solving for Z gives immediately the P-fractile Zp
z= 42l(-I -2ZN-I1

Zp /-2 1 n /inNz ln(ln 1 (5.8.2)

That is: There is 100-P% chance that the extreme value shall

be less or equal to Z p.

The characteristic value Zc correspond to the 36.8% fractile (l/e).

As a measure for dispersion we may choose the 68% confidence inter-
+

val (corresponding to the - one standard deviation in the normal

distribution). The interval is determined by:

- Lower limit, 16% fractile

Z0 .1 6 = /2 /lnN z - 0.606 (5.8.3)

- Upper limit, 84% fractile

Z0.84 = v2 /inN z + 1.75 (5.8.4)

Taking half of the 68% confidence interval as an estimate for

the standard deviation of the extreme value 6z, we find

Z= - /ilnNz + 1.75 - ./lnNz - 0.606 (5.J.5)

The relative deviation, 6Z/Zc , is shown in percent in Fig. 5.8.1

and is seen to have characteristic values of order 5-10%.

This is in the same order of magnitude as the increase experienced

when the stress goes from pure bending to pure springing (Fig. 4.2.1)

. . ............. . . .- " - "iT'mmiiii.n*.Eh. * .,_i--



5.16

w
wx UNCERTAINTY IN THE SHORT TERM

.o  EXTREME. (FIXED PARAMETERS)X
10 10-

U_

z HALF OF 68*14 CONFIDENCE INTERVAL

/INVERSE EXTREME VALUE

D

"-0
0-

2

10 10 10 10 t0 10 10

NUMBER OF ZERO-CROSSING CYCLES, Nz

Fig. 5.8.1 Standard deviation of the extreme value represented

by one half of the 68% confidence interval (heavy line) and by

l/Zc (dotted line). The deviation cover only the natural dis-

persion present when all parameters are known and fixed.

A more handy but less stringent expression for the dispersion

of the extreme value can be derived from Section 12.4. In this

section it was shown that the variable

o c2)
y = (Z. - Zc )/2 (5.8.6)

is approximately normal distributed with expectation 0 and standard

deviation i. Since Z is rather close to Zc , (13.6) gives

y = (z - zc) (z + Zc) - (Z - Zc) 2Zc = (Z - Zc)/(i/Zc) (5.8.7)

which shows that Z is roughly normal with standard deviation

6z = I/Zc (5.8.8)

The relative standard deviation, 1/Zc 2 , is plotted in Fig. 5.8.1.

It is found to correspond closely to 1/2 of the 60% confidence

interval.
La
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6. EXTREME VALUE DISTRIBUTION BY UNKNOWN SPECTRAL WIDTH

So far we have only considered stationary cases where the spring-

ing share x and the bending period ratio T are assumed to be known.

When x and T are known, one also knows the spectral width t and

the related parameters a and a which in turn determine the number

of zero crossings Nz (in terms of springing cycles), and N is

the only term in the basic extreme value expression which is

dependent of the springing-to-bending relationships. See equa-

tions (4.2.1), (4.3.3), (5.1.3), (4.3.5), (4.3.9) among others.

Further about the number of zero crossing cycles, we know that

it will always lie somewhere between the number of bending cycles

NB and the number of springing cycles Ns, thus

NB - Nz k Ns  or 1NNZ (6.1.1)

This was discussed in Section 2.4.

Thus, in a stationary condition, if one knows the total stress

RMS value o, the springing and bending periods, Ns and i, but is
completely ignorant about the mixing ratio of springing and ben-

ding, the number of zero crossing cycles Nz can only be determined

by a probability distribution. The probability distribution which

conveys minimum information and which introduces largest uncertainty

in the predicted extreme value is the uniform distribution between

NB and Ns . That is: Nz has the probability density function

I

h(N) - INB NB < N . Ns  (6.1.2)

which has the mean value

R = (NB+Ns) (6.1.3)

and the standard deviation

fN 1 Ns-N 3  1 + (6..4)

N = 1 Ns-NB - (NsN+ NB)2(.14
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u:xpressed by the bending period ratioT, the standard deviation

relative to the mean value is

4 t3 - 1 -(6.1.5)

(1-l) (T+l) 2

A plot is given in Fig. 6.1.1.

"/"
so- RELATIVE UNCERTAINTY

IN NUMBERS OF
CYCLES

30-

20- RELATIVE UNCERTAINTY IN

10 CHARACTERISTIC EXTREME

BENDING PERIOD RATIO, "

Fig. b.1.1 Relative uncertainty in number of zero-crossing

cycles in the case of a uniform probability distribution between

NB and Ns . The dotted line is the corresponding uncertainty in

the characteristic extreme value.

In the case studied in Section 12.7 a time interval was considered

which covered NS = 5000 springing cycles and NB = 1000 bending

cycles, that is = 5. If one is ignorant about the number of

zero crossings in this case, the uniform distribution (6.1.2)

prescribes a mean number of (3000 t 1154) cycles. The uncertainty

is 38.5?'.
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With this probability distribution of NZ, the characteristic

extreme value

Zc = /2 in NZ (6.1.6)

also becomes a random variable with a probability density function

1 1- eZ 2/2 <
k(Z) NS-NB 2 e n < Z < 21 (6.1.7)

The relative uncertainty in the characteristic extreme caused

by the uncertainty in number of cycles is approximately

6Z 1 1 6N 1 6N
S nN - (6.1.8)

Z N Z N

the relative uncertainty in N being given by (6.1.5). Since

N in the short term case is of order N = 1000 we have (2lnN)

being roughly 15. The relative uncertainty in the characteristic

extreme is thus of order 1/15 of the relative uncertainty in the

number of periods, which is below 5% in most practical cases.

In the numerical example it is about 2.5%. This means in the

practice that the extreme value distribution under uniformly

distributed number of cycles is expected to deviate insignifi-

cantly from the extreme value distribution obtained with the

number of cycles fixed at the mean value (6.1.3).

To derive the actual probability distribution of the short term

extreme value by unknown number of cycles, the double exponential

approximation (5.3.3) is most convenient. The cumulative prob-

ability distribution by given NZ is

-N e-
Z 2

/2

Pt(Z; NZ  = N) = e (6.1.9)

Weighted by the probability distribution (6.1.2) for the number

of cycles N, one obtains

= NS _NeZ
2 /2

Pt(Z) N f e -  dN

Ns N B  e - e (6.1.10)

Bi
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which is the cumulative probability distribution of the short

term extreme when number of zero crossings is unknown. The

corresponding probability density is

(z) Z NB (NB+eZ  (Ns+eZ2/2 )e-Nse (6.1.11Ns-t

This distribution is graphed in Fig. 6.1.2 for the case studied

in Fig. 5.7.1.

Fig. 6.1.2 also shows the probability distribution of the extreme

value when the number of zero crossings is fixed at the mean value

of Nz = 3000. The peak values of the two distributions indicate

that the standard deviation of the extreme increase by a factor

1.47/1.36 = 1.081, that is 8.1%, oy the loss of information about

the number of zero crossing cycles.

MAXIMUM STRESS DISTRIBUTION

- UNKNOWN NUMBER OF CYCLES

---- NUMBER OF CYCLES 3000 (MEAN VALUE)

1.5

N N 5000 1.36
IS

>. 1.0.

z to-

co

0I
o
0.

0 -

30 3.5 4.0 4.5 5.0

DIMENSIONLESS EXTREME PEAK , MAX  SMAX / I"

Fig. 6.1.2 Probability function of the extreme by unknown,

uniformly distributed number of cycles.



7.1

7. UNCERTAINTIES IN SHORT TERM EXTREME VALUE PREDICTIONS

It appears from (4.2.1) and (5.4.1) that the extreme response

under stationary conditions can be written

S = 'f 2 lnNZ + y (7.1.1)

y is a normalized random variable which is responsible for the

natural dispersion of the extreme value, approximately normal

distributed with expectation value y = 0 and standard deviation

y i. More exactly y is double exponential distributed with

= 0.5772 and Cy = 1.2825.

Nz is the number of zero crossings, in the most unfavourable

case uniformly distributed between NB and NS. Expectation value

is the arithmetic mean, and standard deviation 6 N which may

amount to the order of NB (6.1.4)

i is the RMS of the complete response subjected to a normal error

distribution with expectation a and standard deviation 60 .

Depending on the situationcy may be monitored in real time with

a relative uncertainty of order 5-10%, or it may appear from

wave load response calculations and has then a still higher un-

certainty.

Uncertainties in y, NZ and o makes the actual extreme peak S un-

certain with expectation

S = ,'_2-o/nN = C (7.1.2)

and standard deviation S given by

s _ o2 1i+ 6 N2 1 2 = /2lnN (7.1.3)
- )2 N

The second term under the square root stems from (6.1.8) and

the last term from (5.8.8).



7.2

Cons idtrino tihe case studied in section 5.7 and Fig. 6.1.2,

:-11d assuming 10' uncertainty in the RMS value j, we have

L : 4.0

N, 3)00 (7.1.4)

N 1154N

which give

/0.102 + 0.02402 + 0.06252 0.1 2 + 0.0672 - 0.12

(7.1.5)

It is hence seen that the uncertainty caused by unknown number

of cycles is nearly exhausted by the natural dispersion y. And

both these error sources are nearly exhausted by the uncertainty

in the RMS.

It is also observed that when uncertainty in RMS is disregarded,

the relative uncertainty in the extreme stress becomes

6S 1 6N 2 _11

_ - /i + ( ) -=+ 0.15 I (1 + 0.075) = 0.067
S j2 N 61

(7.1.6)

which confirms the conclusion drawn from Fig. 6.1.2: By loss

of information about the number of cycles, the uncertainty in

extreme value increases with 7.5% (; 8.1%), viz. by increasing

from 0.0625 to 0.067.

"-. . . - . ., _" ... ,



6.1

8. FATIGUE CRACK AND PROPAGATION

8.1 Elementary considerations

It is convenient to consider fatigue in terms of crack propa-

gation velocity. Consider a crack of present linear extension

a. Under the influence of a pure stationary bending stress, the

crack proceeds with a mean velocity vB

da da dN da 1 da 1VB -dt dN -t dN TB  dN TTs

Under a pure stationary springing stress, the crack proceeds

with a mean velocity vs

da 1
Vs 1 (8.1.2)

Now da/dN which occurs in both (8.1.1) and (8.1.2) is the mean

crack increase per cycle, and provided that the stress RMS is

the same in both cases, then da/dN are also the same in both cases.

Thus we obtain under very general conditions, that when the stress

goes from pure bending to pure springing under fixed RMS, cracks

accelerates with a factor

- = TB = T (8.1.3)
vB Ts

and correspondingly, the fatigue life time is reduced by a factor

l/T.

As is of order 3-4-5, one may conclude that fatigue may be rather

sensitive to the presence of springing.

'I
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6,2 Fat ique under combined bending and springing

Proceeding with development of cracks as a model for fatigue

'1nd deteriorating processes it can be shown that distinctly

separated sp)ectral stress peaks do not interact. This is only

an assumption, but it may be supported by results obtained with

the rainflow cycle counting method which is presently regarded

as the most reliable cycle counting method for crack propagation

as well as Miner calculations.

The propagation speed v of a crack is thus the sum of the bending

term vB and the springing term v s . The linear extension a of a

one-dimensional crack has then the velocity

da da + da1 (8.
-t VB +VsdN TB  dN Ts  (8.2.1)

According to Paris et.al. /8/ the increment da/dN per cycle is

related to the stress intensity AK through

da C(,K)m (C and m are constants) (8.2.2)

The stress intensity has a linear relationship to the nominal,

local stress amplitude S through

AK s bTTa g(a)S (8.2.3)

where g(a) is a geometry factor. When the sequence of amplitudes

S is not constant in magnitude, but fluctuating according to a

Rayleigh distribution with parameter /2o, the average contribution

from each cycle is

N - C[ v27a g (a) ]m F(l+m/2)om = C'0m (8.2.4)
IN

C' i : a new constant which changes only slowly with the crack

depth, but which is instantaneously the same for springing and

bendi ng.

Introduced in (8.2.1) we then find the crack velocity

ftdffiw



v = C[V- g(a)] m !'(I+m/2)[T B  + (8.2.

where i B and is are the RMS of bending and springing only.

Introducing the total RMS, (i, gives

om[]
v C[2Ta g(a)]m il+m/2) - ( l-X 2 )m + Ix (8.2.6)

Here the last bracket is a factor which tells how more faster

the cracking process goes on when the stress changes gradually

from pure bending to pure springing through x. The fatigue life

is reduced by the same factor. By definition, this factor is

closely related to a spectral correction factor, denoted A,

appearing in the literature /9/. For the present case we have

thus in particular

\ : ( )m + lxm  (8.2.7)

which is graphed in Fig. 8.2.1 for different values of m and T.

The normal value of m is 3-4, but values up to 8 appear in diff-

erent codes /10/. (It should be noted that m in the crack propa-

gation approach is equal to the slope parameter of the W6hler

curves usually entering into the Miner fatigue calculations).

It is observed from Fig. 8.2.1 that the fatigue decreses slightly

for a small component of springing when the total RMS is given.

This is in accordance with common evidence, since fatigue is

known to decrease by less regular cycle forms. For larger

springing share, the fatigue rate increases rapidly up to the

factor T predicted in Section 8.1 due to the increased number of

cycles. In case the squared snringing share x2 in the long run

is Beta distributed (see section 9.2) with parameters (r,s) , and

T is considered constant, the long term average of the spectral

correction factor due to soringing is

-- 1I Br+ 828
B(r,s) (rs+m/2) + TB(r+m/2,s) (8.2.8)

There is one inconsistency in (8.2.7): The spectral correction

factor X should approach 1 for t=l, that is when the two spectral

components coincide to one. This is only the case for m=2.

A



8.4

CHANGE IN FATIGUE RATE
WITH INCREASING SPRINGING
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8.5

8.3 Comparison with regression formula

An empirical formula for the spectral correction factor A is

suggested in /9/ and has the form

X(m,r) = a(m) + [l-a(m) ] (1-E)b(m) (8.3.1)

By regression analysis of counting tests on simulated random

records, the functions were determined to

a(m) = 0.926 - 0.033 m (8.3.2)

b(m) = -2.323 + 1.587 m

Due to definition of periods, (8.3.1) is not quite the same as

(8.3.1), but a relationship may be established by

A' - TB = /l+x2(T 2-1) {a(m)+[l-a(m)][l-E(x,T) bCm)} (8.3.3)

£Cx ...) = x 4 x (8.3.4)
l+x2 (r4 -1)

c. is quoted from (2.2.7).

Tha fatigue correction factor derived from this equation is

graphed in Fig. 8.3.1, and should be comparable with Fig. 8.2.1.

The fatigue rate is, however, seen to increase much more steadily

with the springing share than predicted previously.

The stress spectra on which (8.3.1) and (8.3.2) are based are

of different nature than the two-peak spectrum underlying (8.2.7),

and it is not immediately clear which procedure that gives the

most correct results.

- v
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9.1

9 LONG TERM DISTRIBUTION OF RMS

9.1 Distributions in a special case

In one particular case the long term probability distributions

of the total RMS and the springing share can be exactly derived

from the long term bending and springing RMS-distributions.

This occurs when the bending RMS GB follows a general gamma dis-

tribution (3.3.1) on the particular form

2 ( B 2m-1 i 2 (B/B)1)
f(aB) = f(m, 2, B; GB ) = m)B e2 (9.1.1)17(m)B B

and the springing RMS oS follows the almost similar distribution

f(aS) = f(n, 2, B; aS) (9.1.2)

In t'iis case the total RMS a defined through (2.1.2)

a 2 = 0B 2 + a S 2  (9.1.3)

has the related distribution function

_ 2 01 2(m+n)-i -(a/B) 2

f(a) = f(m+n, 2, B; an) 2 (-) e

r(m+n) B (9.1.4)

That is, in this particular case the shape parameters m and n

for the bending and springing are additive such that the corres-

ponding parameter for the total RMS is (m + n).

Some selected members of this class of distributions are shown

in Fig. 9.1.1, normalized to scale parameter B = 1. This plot

may in some situations be used qualitatively to judge the impor-

tance of vibration components.

For example, if a Weibull plot of the bending and springing RMS

are relatively positioned roughly as the curves for m = 1.0 and

m = 0.25 respectively, then the total RMS is positioned roughly

as the m = 1.25 curve. That is the presence of springing increases

the extreme stress level with order 3-4%.

"A
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9.3

The statistical moments of the distribution (9.1.1) are

M i E ( o2) = B i j (m+i /2)(9 1 5

1(m)

That is, the parameters m and B can be expressed by moments

through

2m = 2 (9 .1 .6)

B2 = M 2/m (9.1.7)

In the particular case treated here, the squared springing share

x2 = (as/0)2 is Beta-distributed with parameters m and n. The

probability density function of x is then

p(x) = 2F (m+n) 2n-1 2 rn-i (9.1.8)pr(m)(n) x (1-x 2 )

The probability density of the bending share is obtained by

interchange of m and n.

.t
" ,i '
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9.4

9.2 Distribution in general cases

The simple relationship between the individual and the resulting

distribution of RMS (9.1.1)-(9.1.4) does not hold in general.

Neither does the exact Beta-distribution hold for the squared

springing- or bending share.

One may, however, fit the same distributions to the empirical

data by methods defined in the sequel:

Variables defined in the interval (0 - -):

This yields in particular springing, bending and total RMS.

Statistical distribution may be approximated with the generalized

gamma distribution with parameters (b, g, B) with density

f(Z) = (Z)bg- e (Z/B)
g  (9.2.1)f(b)B B

The parameters b, k and B may be estimated by the method of mom-

ents as defined in /6/ through the following steps:

- The measured values are

Z1  Z2  Z3 . . . . . . . . . . ZN (9.2.2)

- Evaluate estimators for the logarithmic mean value, variance

and skewness:

1 N
R = N InZ (9.2.3)

i=l

N 2
V = (In - R) (9.2.4)N-i i=l

-3 / 2  1 N3
T 1 N (lnZ i  - R) (9.2.5)(N-I) (N-2) i=1
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9.5

- Determine the value of the shape parameter b from the formula

- Y'' (b)/T' (b)3/ 2 = /T/

The table in Appendix A may be used.

Determine the slope parameter k by

= tV__T + for T < 0g = -/'Y'(b)/V (9.2.6)

- for T > 0

-Determine the scale parameter B through

B = exp (R - '(b)/g) (9.2.7)

Available computer programs are described in /11/ and /12/. It

should be stressed, nowever, that the empirical estimates (9.2.3)-

(9.2.5) should, if possible, be calculated directly from the ob-

served values in the sequence (9.2.2). Grouping of data into

classes, which is more or less explicitely assumed in the programs

has proved to introduce unnecessary inaccuracies, in particular

in the determination of the skewness parameter b.

Variables defined in the interval (0,1)

Variables defined in (0,l) are among others:

- The spectral width c

- The peak-to-zero crossing period Lo a

- The springing share x

- The bending share xB

- The fraction of positive maxima, redefined as (2a-l)

The squared values of the variables are also defined in (0,1).

The statistical distributions of such variables may be approximated

by the Beta-distribution with the density

- (m+n) z n-l(_Z)r-i (9.2.3)
r(m)r(n)

Ou ..
" ,,--. .. ... .. . . . . .. -.,,., __ ' : " . , . . . .J, ' . .,-,_Q26 . .
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The two parameters m and n may be determined by the mean value

and standard deviation as follows:

- Determine the value Z and the variance V through

= i  (9.2.9)

V = N 1 E(Z i  - Z) (9.2.10)

- Determine the parameters n and m through:

n = (Z - a 2)E/V (9.2.11)

m = n(I-Z)/Z (9.2.12)

Preferably the squared variables e2, x2 etc. should be matched

to the Beta-distribution, because then the distributions of O2

1 - E 2 and XB 2 = 1 - x2 are simultaneously determined. The pro-

bability distribution of the variable themselves, i.e. E or x are

then given by the function (9.1.8).

A



10.1

10. LONG TERM DISTRIBUTION OF POSITIVE MAXIMA

10.1 Proposed procedure

Suggest that the distribution of local maxima under stationary

conditions can be described by a general gamma distribution with

parameters (a, h, A). By section 3.3 this distribution should

approximate the truncated Rice distribution, giving in particular

a = fraction of positive maxima in interval (0.5, 1)

h= 2 (10.1.1)

A= I2a

The scale parameter A is distributed in the long run according

to a general gamma function with parameters (b, g, B).

Neglecting period fluctuations for the moment, the long term

distribution of local maxima is

fs(S) = ff(a, h, A; S) f (b, g, B; A) dA (10.1.2)

0

This distribution can be approximated by a general gamma distri-

bution with parameters (d, k, D) by a method which gives correct

logarithmic moments up to the third order.

Transforming (10.1.2) to inS, one may find the moment generating

functions of the distributions on each side of the equality sign.

Equating the moment generating functions gives

f(u) E(eus) = Du r(d+Q/k) - Bu r(a+u/h)F(b+u/g) (10.1.3)r(d) r(a)r(b)
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Hence the cumulant generating function is

0(u) = in 1(u) (10.1.4)

From this function the cumulants kn of general order r can

be derived by

n = -u=o (10.1.5)

Comparing the first three cumulants of (10.1.3) gives the

three equations for determination of the gamma parameters

d,k and A.

1 = lnD + Y(d)/k = lnB + T(a)/h + Y(b)/g (10.1.6)

(d)/k2 = T' (a)/h2 + Y (b)/g2 (10.1.7)

S(d)/k3 (a)/h 3 + T (b)/g3 (10.1.8)

Hence the skewness coefficient on each side is

A__3 _ 11 (d) _ 1 (a)/h 3 + Tll(b)/g 3

A23/2 T 1(d3/2 [l(a)/h2 + T l (b)/g2 3/2 (10.1.9)

The ricjht side is known, and the middle term is only a

function of d. Hence d can be evaluated by the table in

Appendix A..

Once d is known, k may be evaluated from the second

cumulant identity (10.1.7)

T I (d)l/2

I 1 (Cd) i0.ii0(b)/g2)

l~a)h2+ ~b)/g
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and finally from the first cuoulant (10.1.6) one finds

D = B exp Y(a)/h + Y(b)/g - T(d)/k (10.1.11)

In the present particular case of Rice-distributed short term

maxima we have h = 2.

If the long term distribution of the RMS value a rather than

of A=Yf2u is known, B should be set equal to 2 x the scale

parameter of the long term distribution of 0.



10.2 Rayleigh short term - Weibull RMS 10.4

2o get an idea about the validity of the procedure proposed

in the last section, one may consider the particular case of

narrow banded stresses (Rayleigh distribution) where the

A = V- RMS is Weibull distributed in the 1 ig run.

In this case we have

a = 1

h =2

b =1

'<(1) 0.57721
S1(1) =  1.64493

11 ()= 2.40411

When the Weibull parameters k and B of the long term distribution

of F RMS are known, the gamma parameters d,k and D of the

amplitude distribution may be determined from (10.1.9)-(10.1.11).

Some corresponding values are given in Table 10.2.1.

g d k (D/B)

0.0 0.65 0 0.749

0.5 1.16 0.436 0.516

1.0 1.50 0.674 0.399

1.5 1.79 0.806 0.361

2.0 1.89 0.918 0.384

2.5 1.83 1.034 0.442

3.0 1.72 1.147 0.508

3.5 1.60 1.254 0.575

4.0 1.50 1.349 0.631

4.5 1.42 1.429 0.678

5.0 1.35 1.503 0.720

5.5 1.30 1.561 0.752

6.0 1.26 1.610 0.778

Table 10.i.l. Parameters of long term distribution of

amplitudes by 7ayleigh distributed short amplitudes and Weibull

distributed r RMS.



10.5

Corresponding values can also be determined from Fig.10.2.1.

LONG TERM GENERAL GAMMA DISTRIBUTION
PARAMETERS FOR AMPLITUDES

- RAYLEIGH SHORT TERM AMPLITUDES,

- WEIBULL LONG TERM V/2RMS.

2.0

d

1.5

1 .0

0.5

0-
I I I I I

0 1 2 3 4 5 6

WEIBULL PARAMETER 9

Fig.lo.2.1. Graph of gamma parameters for long term stress

amplitudes (d,X,D) by Rayleigh short term amplitudes (i,2,Va)

and Weibull long term Ja, that is (ig,B).
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Comparison may be made by a procedure reported by Nordenstrom

/13/ where the objective was to fit a Weibull distribution to

(10.1.2) which should give good accuracy for large stresses.

Some corresponding values for d,k and D obtained by the two

methods are listed in Table 10.2.2.

Nordenstrom's values Present method

g d k D/B d k D/B

0.5 1.0 .428 .560 1.16 .436 .516

1.0 1.0 .722 .611 1.50 .674 .399

2.0 1.0 1.086 .690 1.89 .918 .384

4.0 1.0 1.444 .782 1.50 1.349 .631

6.0 1.0 1.614 .834 1.26 1.610 .778

00 1.0 2.0 1.0 1.0 2.0 1.0

Table 10.2.2. Some corresponding amplitude distribution

parameters obtained by different methods.

Weibull plots of the distribution obtained for g=1.0 and 6.0

are shown in Fig.10.2.2. The corresponding distributions are

seen to coincide for large stresses where Nordenstroms values

are most correct. This investigation gives some confidence

to the present procedure, at least for low spectral width.

_ _ , .. ... .. . J .. . i
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11. CONCLUDING REMARKS.

The validity of the way of establishing the long term stress

distribution outlined in chapter 10 should be more thoroughly

studied, in particular for wide band stresses.

The long term parameters (d,k,D) for half-normal short term

stress distribution and Weibull long term D-distribution are

given in Table 11. and Fig.ll.l analogous to the representation

in Section 10.2. However, alternative data for comparison are

not imediately available.

When the long term statistical distribution of local maxima

is established in terms of the probability distribution

P(d,k,D;S) the characteristic lonq term extreme can be established

as the (1-N P+ fractile, This may always be solved numerically,

for instance by /11/ which solves this by Wegstein iteration.

One may also evaluate a characteristic extreme value by the

asyl)totic expression

Sc = D {n(y ) NP + (d-i/k)lnln( N + k (1.1.1)

The probability distribution of the extreme value is given as

N+

P(z) = P(d,k,D;S) p (11.1.2)

analogous to (5.1.1), and may be discussed along much the

same lines as in the stationary case Chapter 5.

The influence of the changes in period should be investigated.
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g d k A/B

.0 1.00 0 .374

.1 1.02 .0982 .299

.2 1.08 .186 .237

.3 1.18 .258 .185

.4 1.32 .311 .142

.5 1.49 .347 .1092

.6 1.68 .374 .0874

.7 1.90 .387 .0655

.8 2.13 .396 .0511

.9 2.36 .401 .0408

1.0 2.58 .405 .0337

1.5 3.35 .421 .0209

2.0 3.53 .446 .0231

2.5 3.46 .473 .0297

3.0 3.35 .495 .0369

3.5 3.24 .514 .0442

4.0 3.15 .528 .0507

4.5 3.08 .540 .0563

5.0 3.03 .548 .0607

5.5 2.98 .556 .0651

6.0 2.95 .561 .0681

Table 11.1 Parameters of long term distribution of positive

maxima by broad band signal (r=i) and Weibull distributed

T2 RMS.
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PARAMETERS OF LONG TIME DISTRIBUTION
OF POSITIVE MAXIMA.

- ONE SIDE NORMAL SHORT TERM MAXIMA

DISTRIBUTION

- WEIBULL LONG TERM DISTRIBUTION OF

7 %2 RMS

6 -

Dx 100

d

3

2

-x 10

012345 6
WEIBULL PARAMETER 9

Fig. 11.1 Graph of gamma parameters for long term stress

amplitudes (d,kD) by one-sided normal short term distribution

( ,2,f1 with parameters (l,g,B).
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A.1

APPENDIX A

TABLE OF POLY-GAMMA AND RELATED FUNCTIONS.

Following quantities are tabelled:

X - argument of functions

GAMMA - r(x)

PS - Ox)

PSi - VW (x)

PS2 - p"(x)

PS/VPSl - (x)/J-)

VPS - fv W

PS2/PSIXX3/2 - "(x)/' (x) 3/2

t
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.06 16.14117 -17.15 274.3 ; '261. -1.026? 16.712 l,,q8 4 2

.'0T 13. 7734 "4. 7-i 20 .' - '35 . -1.0? 10 14.334 -1 I,,7 20

0 1. 1 h, -12. 157. f -;0.. -1.0314 12.51) -1.'751
.d, I I .l. U, - t1.5 124.11 2 - 4T ; . -1,03534 1 I .176 - I .- 6,6

.10 .51 55 -10642 101.4 -2002a -1,0350 10,071 -l*9596

0 11 mo61P7 -_10 50 P4 Il -1504a -1,0362 9*168 -I,0521

.12 7.1632 - , 73 70. -115c. -1,50371 L.417 -1,0441

.1 s (42302 -3.fn 7 60.6 - 12. -1.0376 7.rR1 -1*0357

.14 6.6,- 7 - .S 1 3 9 , 4-731. -1.0377 7923F3 -1ivq2 70

.15 6.2203 -7.0210 45o7100 -T14.o2466t -I.0376 6.7668 -I&9176

.1 '.i11 S -. 10 40.3 '17 -Vi 1. '77 -1.0371 6.3554 -I. D84

.17 3.4t)1 -6,2101 35, 1153 -c0l.6635 -1.0362 5.992g -lPW'7
018 .131° -i. 702 32.161 - 34-4.4,,06 -1.0351 5.6711 -1.88P7
.1V 4 .PA6: -5.564c' 26.:F132 -213.0-97 -1.0337 5.3836 -l.874R

.20 4.590, 0 -5.2PI0 26.2674 -251.411 -10320 5.1252 -1.8680

A 4.35 - ', -1i.03 3 23.4-1,313 -217. 4 059 -1.0300 4.8317 -1.574

• .2 41505 -4.,6014 .1.' 116 -1.-'39 -1,0277 4.6797 -1.8466

.23 3.95 -4.0,,.' 5 20,12 0 -161).7642 -1.0252 4 %,4864 -1.8356

.24 3.7P55 -4.4062 18,5719 -146.031 n -1,0224 4.3095 -1.B246

.25 3.6256 -4%2275 17.1q73 -121.3277 -1.01 4 4.1#70 -1.a81311

,26 3.T47 1 -4.0617 15., 71 -11i.OQ1 -1.0162 3o9'171 -1.8022
.27 -S.3426 - 3o,105 14. '1',7 -102. 6 R'3 -1.0127 3.,566 -1*710?
." t 3. ?1h't -3.7u5 13.1 -13 -42.3556 -1.0090 3.7301 -I 7795
.21 3.1001 -3,62kiq 13.037D -v3.2270 -1.0050 3,6107 -176M1

.30 2a,16 -3.5025 12.245t -15,2725 -1.0009 3*4993 -1 756f;
• 1 2.' ) - 3. 3; 37 11.52 Q -6"-. 3011?. -. 9)66 3.3993 -1 752

.52 2.7-15 1 -3.2717 10. 764 -62.1P70 -. qq 2 1 3.2979 -1.7337

.33 :!.7012 -3.1 ,,,0 10.2 121 -Wo.7 24 -. 11173 3.2066 -1.7222

.34 ".6242 -3.o65" 9.73-17 -51.9931 -9')A25 ! 1207 -1O7108

.35 2.5461 -2.1711 9.2405 -4 7.7 33A -,1774 3°.039R -I.6 94
.36 ?.4727 -2. 10 1-,.7 -4'5. -5 3 2 q -. 1721 2 oQ 6 35 -I.68P0
.37 2 .4 935 -. v11 i. 3ITi -40.5303 -. 661 2, 8914 -1,6760
. 319 2s33'.3 -2o 71 57 7. 17137 -37.4790 -. '%1 2.9232 -1.6653

.31) 2.2765 -2.635 76100 -34.7236 -,'599 2.7586 -1.654 1

.40 2,21l 2 -2.5614 7,?754 -32.2341 - q4q6 2.6973 -1 .6424

.I1 -2.4 '02 6.'-,644 -2 9 .9 q-I  - .1436 2.63q0 -1.3317
.4? Q.0 : -2.4220 G.,7De -27. "IN6 - q379 2.5R36 -1.6207

0.Otr -~ .tit,6 n. 43' - -4-312 2.530 1 -1.60'17
.44 2o0132 -22'1 6.15 ' 1 -24.3916 -o9241A 24pi04 -le594

.45 1,"6l 1 -2.2339 5." 16 -22.891 T - .1 3 2.4324 -1.5880
, 46 1 ."?,? -'1.17T'iS 5.' '50 -"1.43,i5 -. 1lt 2.3864 -1.5772

.,r I,;: 4 3 -2.11 k( '.e4 171 -21.13(2 -. l0 4 k 1.3425 -1.5666
.41 1 .' 4') -'. 069 lie, I V, - 1",.114;)" - .'0 2.3004 -195560

4) ~e1 fO0. 1 -.. 0 137 11% 10.1 - 1' I '8 I - .W-10 2.2601 -1.5459

" ,,.', - • A



A.3

.x.". Hr 9 1'l P'iS2 P< /VPS I VP;;1 Pc)2/Pq I •-3/2

.90 1.777' -1. 4(35 4 -'34 -14.P -. .1 30 2.2214 -1,9391
• 1 1.73"14 -1. 11 ) 4.,1 13 -15 93 ::"-20 -. '767 2ol143 -I1, 5244

1.705 ' -1. '6 1 .. ,316 -'.022- *'3Q4 2.1497 -1*5147
.53 1.b74 1 -1. -226 4.'705 -14.2220 -. qf 20 2.1144 -1.5046
.4q 1.644, -1.77: 6 4.3321 -13. 47614 -. tz549 2.0814 -1. 4 q4 6

ti5 1,#61GI -1,73 0 4.20Ott -1 .. 7935 -. 8470 2.0436 -1,4R47
5 , 1.5 ";G -1. F'46 4. 0763 -12.133-b -. A3Q3 2.0190 -1.474n

.97 1 5o.23 -1,6944 l. )'571 -11.5376 -. 314 1.-9L95 -1.4693
1 1.534 G -I.61' 3-10454 -O-07r -. 123,3 1.9610 -1.4557

.59 1.512f. -1.5775 3s 7383 -10.4521 -. 819c 1,9335 -1, 4462

.60 1o48z2 -1.5406 3.6362 -1.9621 -. 8079 1.9069 -1.436P
tpl 1.4(S7 -1.50 47 3.538-1 -4. 503" -. 799n 1.8,12 -1.4276
Q42 1.4490 -1.4th, 3o4461 -- 1. 0737 -. 7 19 1.8564 -1,4184
63 1.4242 -1.43'H 3e3573 - 1.66iq -o7136 1.8323 -l.Oq4

.64 1.4041 -1.4027 3o 2726 -3.,2905 -. 7754 1.8090 -1*4004

o65 1.3848 -1.3703 3.115 -7.9337 -. 7671 1.7865 -1.3915
.66 1.3662 -1.336', 3. 113" -7.597q - 7587 1.7646 -1.34 2)
.67 1.34P2 -1. 30l 3.0314 -7.2814 -. 7503 1.7434 -1.3741
. 6, 1.330q -1.27- 0 2o4631 -o q.920 -,741 3! 1.7223 -1,3656
.60 1.3142 - 1.24t,7 2. E; q97 -6.7012 -. 7333 1.7029 -1.3571

.70 1,2nR1 -1.2200 2.8340 -6.4350 -o7247 1,6835 -1.3488

.71 1.2e25 -1.1020 2.7710 -6. 1833 -. 7161 1.6646 -193409

.72 1.2675 -1.1646 2.7103 -5.9450 -. 7074 1.6463 -1.3324
.73 1.2530 -1.137P 2.6520 -5.7lq4 -. 6987 1.6285 -1.3243
.74 1.2330 -1.1115 2 .5q5 q  -5.5055 -. 6899 1.6112 -1.3163

.75 1.2254 -1.065q 2.5419 -5.3026 -. 6811 1.5943 -1,3095

.76 1.2123 -1.0607 2.4"q9' -5.1100 -e6722 1.5773 -1.3007
o77 i, i, -1o0361 2.4306 -4, 271 -. 6633 1.5613 -19 2 030
.70 1.175 -1.011- 2.3c13 -4.7931 -. 6544 1.5464 -1.2854
*7q 1.1757 -. .i3 42  2e3446 -4o5876 -. 6454 1.5312 -1.2779

.8O 1.1642 -. '650 2.2f"9 -4.4301 -. 6364 1.5164 -1.2705
1 Jolt 32 -. "4"2 25.9 -4. 2"01 -e6275 1*5020 -1.2632

,":2 1,*1421 -,a1 ' A-"  2.213.' -4.1370 -. 61P2 1.4q79 -1.2553
0, 3 1.1322 - .3 ., 0 2.1732 -4.0006 -. 60 1 1.4742 -1.248P
64l4 1.1222 -. 8764 2.1331 -3.R705 -- 6000 1.4609 -1.2417

.R5 1.1125 -. 3553 2.0957 -3.7462 -. 5908 1.4477 -1.2348

.!6 1.1031 -cO345 2.05 4 -3.6274 -. 5916 1.434" -1.2279
' 0t4 1,'1141 2. 0,3i -3.5131 -. 5723 1.4224 -1.2211

10 53 -. 7140 1. A -is -3,4092 -. 5631 1.4102 -1,2143
.8c 1.076'; -o7743 1. 551 -3.3013 -. 553F 1.3982 -1.2077

.1 0 1.0686 -,, T94" 1.'Th -3.2018 -. 5445 1.3866 -1,,2011
-1 1.0,07 -.0 r35 1. " ' -3,1065 -. 5351 1.3751 -1,1q46

l.053 -.7171 1. '604 -3.0191 -. 5257 1.3640 -1.1882
S 1.04 56 -. b '6 1. 307 -?.1274 - .5164 1.3b30 -1.181 n

.14 1.03 4 -. 6:05 1. 013 -?.434 -. 50611 1.3423 -1.1756

*15 1.0319 -. 6f,24 r . 773 - 2. 7627 -. 475 1. 331F1 -1.1614
* -u 1.024 7 34 -W 1. 74'1, -2.b''2 - & 444 1 1o3216 -1.1633* '7 1 .0 1 : '  -. ,T Iu7 . 201 -2.6107 -,.47 H6 1.3119 -1.1573

1.011" -. 6106 1.' 4.5 -2.5"41 -. 4h,)1 1.3017 -1.1513
19005 -. 53. I 3,¢i 5 -2.4713 -4516 1,2420 -1.1454

.T

id lmima&,



A.4

x t)C Mf ) /VPl ttPl P'?IP 1.-3/2

1.00 1.0000 -. 5772 1. 644 -2.4041 -. 4501 1.2125 1.1345
.(ll ~ ~~ ~ 1-, f3 - ' ) , J.--I )  -- 34 I. 0 1.3 -1 133

S1U2 .. ' -?.2' I -. 430 4 1.2o 4 -I.12I

. 3 - ) 1. i. i; - 2.2 0'), -. 4214 1.2552 -1.122)

1.04 .. 4 -. 51 53 1.5537 -. 1630 -. 411- 1.2465 -1. 116"

1.05 °.1739 -. 4 7f 1524 -. 10'? -. 4022 1.2373 -1.1114

1.f) .7 ? -. 4( 7 b 1. 4 -'.C0%P? -. 3Y)2) 1.2212 -I.10
",

. 7 -. 4' I2 . 4 -1'1)  - lq' 4  -. 3733 1.2130 - 1 .DqD

1.03 .. 43 -. 43-' I- V21 -1. n 0 74  -. 36 36 1.2050 -1.0900

1610 o;514 -. 423c 1.4333 -1.615 -. 3540 1.1972 -1.*A04

1.12 . -14-. -. V" 1. 1 17 -1.7742 -. 33 46 1.l3 -1.074,
I1 .5 1°3" - 3.: 16 1,57 )4 -1I.732 ,  - .32 4'4 1.1749 -1.O0 66

1.14 .t364 -.367' 1.3623 -1.6q 27 -. 3152 1.1672 -1.0646

1.15 ,9330 -. 3. 43 t. 3456 -1. 654f0 -. 3055 1.1600 -1.0597
I~l .IL 09 -. 3410 1. 32 ,1 - 1. 6165 - 92457 Is 15? - -1 054e

1.1 .. 67 -. 327 1.313 -1.5ot2 -. 2G0 1.1460 -1.0500

1.I3 .i31 . 147 1.2 4'6 -1. 1450 -. 2763 1 .1391 -1.0453

II ,q -,301A 1.2823 -1.5110 -.2665 1.1324 -1.0406

1.20 2 -. 2 s:0 1,2674 -1.417,0 -. 2567 1.1259 -1.0359

I. .l, -,2764 1.252 -1.4461 -. 2470 1.l1113 -1.0313

1.22 .0131 -. 2640 1i!315 -1.4151 -.2372 1.112? -1.0261

1 .3 .9101 -. 2 17 i 2241 -1 . 3P51 -. 2274 1.1065 -1.0223

1.24 .oqcl5 -. 23o5 1.2107 -1.3560 -- 2177 1.1003 -1.017A

1.25 o06 4 -. 2275 1 o1q73 -1,.3277 -. 2079 1.0942 -1.0134

1.26 . O 4 -. 2195 1.1li42 -1.3003 -. 1'8 1.0'082 - 1 - 0 0 0 1

1.21 . 025 -. 20 33 l. 1713 -1.2737 -. 18d3 1. 0H23 -1.00'#

1.29 .Ci007 -. 21 1. j1 )57 -I.2A7 " -. 1TA5 1.0764 -1.000

1.2 .P 0 -.1 06 1. 1464 -1.222A -. 1667 1.0707 -. 9963

1.30 .Rli -. lb'12 1. 134S -1. 1985 -. 1589 1.0650 -. 921

1 .31 .8 60 -. 157 1.1224 -1.1741 -. 14I 1.05q4 -. 9810
1.32 F-7 46 -,1467 1. 11 D0 I. I ' -. 13 '42 1. 053c' -9 l3')

1.33 . P',3A -.1 57/ 1. 014 -1.12,14 -. 1294 1.0495 -qT q

1.34 .W922 -. 1249 1.08,92 -1.1077 -. 11'16 1.0432 -. q758

1.35 .1 12 -. 1139 1.0IT2 -I.0P66 -. 1018 1.0379 -. 9719

I.S6 .1'0? -. 10 52 1.0 64 -1.0 (,"0 - ,q q 1.0327 -eq 6 O

1. 37 .pr - -. 0.26 1.' -1. 60 -. 0,01 1.027t -. q641

1.3i ..- , -. 0?1 1 .045'i -L.fl?65 -. 03 1.0225 "G 0e

I.§9 V' 7 -. 0717 1. 0u 53 -1.00 16 -. C07C 1.0175 - q964

1.40 OW- 73 -. 0ul4 1.0? -.1nE 1 -. 06116 1.0126 -. 952T

1.42 .t.4 -. 011 1. ' 1' -1.4 57 -.0n410 1 - •

1.43 , 0 -. 0~ll , -. 5'J -. 0311 .')"

1.45 r',:' -. 0113 . ', -. '?00 -. 021 I - • ' '-*

1 .47 . ' .1 .0C.1 . ".1

h.1

Undio --- I Il °[ll -
n _



AD-AII1 186 NORSKE VERITAS OSLO F/ 13/10
STATISTICAL DESCRIPTION OF WAVE INDUCED VIBRATORY STRESSES IN S--ETCIU)
DEC 80 S GRAN DTC623-8-C-20007

UNCLASSIFIED 80-1171 USCG-M-2-81 NL22flfIIIllIIIIIIIIflf

IIIIIIIIIEND



X . r A ; OSVP 1 VPSI PS2/P S1*3I?

1.50 A',62 13b5 . 4' -. 2n9 .0377 o16 6'q -.417n
1.51 A.. (A 4,4* • , -, "'14'1 .0476 *626 -*1136
,"2_ *P' t0 .0'.- , '1 -, -. 0t3 .0"574 .q5 4 - 0'U3

1."13 * S 76 .Of42 * .0, -. 7s If ) 0672 .M542 -. 0070
1.54 .AfP 2 *0732 • 1027 -. 7751 .0771 .q 5 0 1 -s9037

1.55 .R359 .0"22 sq1 51 -. 7625 .0869 .9461 -. 9004
1.56 ,p'>.: .3"11 ,1" -. 7501 .016 .9421 -. 8972
1.57 ,z'-05 .1000 ., 101 -,7'1,- .1066 .9381 -. 6940

1.5d ,- 1# .10<7 * ,/27 -. 726S . 16 .Q342 -o8904
1s.59 892 4 .1174 ,fa555 -97144 .1262 e9303 -. S77

1.60 .iY^35 o1260 ,F&5F4 -. 7036 .1360 .9265 -*8q46

161 .A f47 . 1 .34 . :15 -. 6026 .1451 .9227 -RP I)

1.62 .695" 01431 0 .'.4(i -.6 11 e1557 ,Q190 -. R705
1.63 ."T 72 a1515 e 137- -,6714 .1655 .q153 -. 8759
1.64 ,87,96 *15nb .8312 -.6611 .1753 .9117 -.R725

1.65 GQ001 o1681 4924G -06511 .15i .9081 -.86q5

I.66 .9017 .17 b,3  0 .I'1 -.6413 .14 .904 -. 8666

1,67 91033 .1,45 'A II: -,6317 .2047 .9010 -.8637

1.61 ,0 5OD 26 .1055 -.6223 v2146 * '975 -*R60

1.69 o906 .2006 a74"13 -. 6131 .2244 .8940 -* 8 5 79

1.70 oR086 ,20"'5 *7932 -*60I1 .2342 .8906 -.8551
1.71 .9106 s2164 *7-172 -15n53 s2440 *8A73 -8523

1.72 .c126 .22415 , 7 13 -.5867 .2537 .8839 -.84q5

1.73 014 7 .2321 .7755 -.57,2 .2639 .8806 -8467
1.74 .9169 92396 *769A -e5700 .2733 .8774 -oS4O

1.75 .9191 .2475 .7641 -.5619 .2831 .8741 -.%413

1.b 0.214 .2'531 . 7W3 -.5540 * 2921 .8701 -.9386
I'll *923' .2626 .7930 -.5462 .3027 .8678 -.8359

1.79 .q262 *2701 o74716 -.53136 .31214 o8646 -.8332

17q .9288 o2776 .7422 -.5312 .3222 o8615 -.8306

1.80 .q314 .2(,50 e7310 -.523a e3320 .9585 -.8280
1I 13! .2 23 .731k' -.5167 .3417 .8554 -.8254

1.L2 936 .21v'6 . 72Gr -.50?7 .3515 .8524 -.8229

1.13 '3n 7 .306 "  ,721r -. 502A .3613 .6495 -e9203

1.94 .9426 .3141 .7166 -.4961 .3710 .8465 -.8178

1.5 e9456 .3212 .7117 -. 4899 *380P ,8436 -.8153

1046 .97 .32 13 .796A -. P30 .31093 .0407 -. 812n
10.7 .L51e .3353 97020 -.4767 .4002 ,837q -. 8104

.0551 .3423 .(. 17i -.4704 .4100 .H350 -.8080

1.99 o9b84 o34-43 .6426 -.4643 . 41 C17  .8322 -. 8056

1,q *? o .3562 * 6110 -.45A3 ,4 2, 4 .82Q4 -.8032
1 , I ,nr52 1 .330 9 f 13A -. 4924 .43 11 .267 -. P000
1.112 956r- . '  , G 7 1 A - 4467 .44H" . 82#40 -. 7q8 4

I.q3 .3724 . 37b,, *745 -. 4410 .49 t, .A213 -e 7q61
1,n4 .9761 0 1r: 33 .b701 -. 4354 .46 P" .8186 -,7939

105 07 "  .300 . f3 6 -. 4300 .47u,' .8160 -. 7915
-14. *'-' 3 1 o3- 67 e.,blb -.4246 4'tf7 .P133 -*7902

1.9? .'4$77 .'40 S .6J7 -.4l11 s $07 4 o8107 -. 746 q

1 9:- 17 .40 1.. .6531 -. 4142 .5071 .8087 -.7447

9:1 5 .4163 .e.+ng -. 4091 .5168 .8056 -. 7925



A.6

11Wi' 1 2 ''L ;' 2 IVp";1 VPS1 P -fP" 163/2

'.00 .0D022 .0 W' -. 404, °9265 .,'s031 -"7,02
4, 3" :2 1, • 40 O', -°IT7RI

1.03 1,,01' . ,0 . 9 - 3; 7 .555 ,7)5(3 -. 7737

2.04 1.0176 *44$ 3 ."? -. 3 90 .5651 .7132 -. 7716

1.05 1,022 b455 ,6"3 -. 3t-09 .574 k .7?OCl -.76Q4

0.92- .4o.r . '1) -. 373 .94 4 .7 k84 -. 7673
.417 1 077k .bl '. -. 716 .5f41 .7-460 -. 7652

"2.3- 1.0369 .4 7L . 141 -. 3673 .r,O 3 1 .7A 37 -.7631

2.09 1.0415 .47q2 .6105 -.3630 .6154 .7813 -.7611

2.10 1.0465 .4953 *6061 -. 35A9 .6230 .7790 -.7590

2.11 1.051 .41 14 .6033 -.3947 .6326 .7767 -. 7570

0.1? 1.55"6 *4'. 74 . -. 3907 .642 .7144 -. 7550

2.13 1.021 .5034 .5 63 -. 3467 .C. q1 .7722 -. 7530

2.1o4 1.0675 .50 13 5 q2 -. 3428 .6615 .7100 -. 7510

2v15 1.0730 .5152 .514 -. 3391 .6711 .7677 -*7440

2.16 1.07 6 .591 .560 -. 3392 .6307 .7655 -.7470

2.17 1.01 42 .5270 .5A27 -. 3314 .61103 .7634 -. 7451

2.iA 1.0 00 .5321 *5714 -. 3271 .694n *7612 -.7432

2.1 1,0V59 .5385 .5762 -. 3242 .7091- .7591 -o7413

2.20 1.1019 .5443 .5729 -. 3206 071ql .7569 -. 73q3

2-21 1.107 .9500I ,5q7 -.3171 ,7287 ,7541 -. 7375

2.22 1. 114 .5557 .5665 -.3137 .7582 .7527 -.735c

2.23 1.120? .5613 .5635 -s3103 .7478 .7506 -a7337

2.21 1.1266 .5670 .5604 -o3070 .7574 .7486 -731')

2.25 t1.330 .5725 .5573 -303T7 *7 6 6 q .7465 -.7300

2.?6 1.13u5 .57fI .5543 -. 3009 .7765 .7445 -.7282

2.27 1.1462 ,5&36 .5913 -.2974 .7660 .7425 -. 7264

2.2 115214 15pi .5434 - .2 3 ,2 l7q56 o7405 -a.7240;

2.29 l-l5Q8 .5c46 .6454 -.2912 .8051 .7385 -. 722e

2.30 1.1637 .60O0 .54?5 -.2981 .146 .7366 -.7210

2,31 1.173 . OT *31 7 -.2 )52 .8242 .7346 -.71,3

2.32 1.10O .6101 .936' -.2922 .1337 .7327 -.7175

2.33 *.18]'2 .6162 15340 -.27'3 .8432 .730 -.7159

2o34 1.1956 .6215 .5312 -. 2765 .R527 .7289 -.7140

2.35 1.2031 .6268 .5235 -.2737 .8622 .7270 -.7123

2.36 1%2106 .321 .5214 -.27 'Y .717 .7251 -. 7106

2.37 1.21 14 .6373 ,5231 -. 26,'2 .8R12 .7232 -. 70R

2.3., 1.22 1 ,6421) , 9"04 -. 2659 o.lVlr7 .7214 -.7072

2.39 1.2341 .6477 1517i, -.262q .0002 .7196 -.7056

2.40 1.242? *652 .9152 -.,2603 .?097 .7177 -.703 Q

2.41 [.2503 .65 ;0 .512,. -.2577 . 1711 7151 -. 7023

2.42 1,2 ' , .,6 32 .5100 -.2552 12P(6 .7141 -. 7006

2.43 1.2679 .6f.! * il -.2927 13,11 .7124 - .6q 0

2444 1.2796 .6733 ,5041 -.2502 o'475 *7106 -.6 Q74

2.45 1,2r4) .67-13 .9029 -. 2072 .248 570 .7083i -0,45P

2,46 1 .,2 '31 , , 54 l599) -.2414 .%564 .7071 -.6" 2

2.4? 1301 .6F 13 .4 IT5 -.2411 .175- .7054 -o6"26

2.4' 1.310 .C, .4 '51 -. 2407 .l5 .7037 -.6"10

2.4" 1.3201 .G"2 .'?1 -. 2395 ,'4T .701c -. 6941



A.7

X lm f"; "I I".2 ,S/Vf'S1 V P"l I PS?/P31*3/2

2.90 1.32<3 .'o.52 .4,04 -.2SA2 1.0041 .700" -.697q
.51 1 10 .4 1. -. 2140 1 .01 56 .b )H6 -.6P61

1.34 5 a 71 4 51 -.231 1.0230 .6:6) -.64'
2.53 1*35 0 .711 .4 ;34 -.22 6 1.0324 . 6 9 5 2  -. 6A33
2.54 1.3b7" .7226 .4-11 -. 2275 1.041'q o6 q3 6  -.681R

2.5i 1.3777 .7214 o 4731 -.2254 1.0912 .6920 -.6103
2.56 1.31 7-' .?322 .4 f6, -.2233 1.0606 .6103 -.6780
2. 1.31 .r3' .- 744 -. 2213 1.0700 .6487 -.6773
2.54 1.40 4 .7416 .,722 -. 21-1 1 . )7 T3 .6871 -.675P
2.5'1 14110 .7464 .*4700 -2173 190887 .6455 -6743

2.60 l42q6 .7510 .4671 -. 2153 1.0981 .6840 -. 6 7 2 q

2.61 1.4404 .7'17 .4 O'1 -. 2134 1.1074 .6824 -.6714
2.62 1.4514 .7604 .4635 -.2114 1.116il .6401 -. 6700

1..3 l4625 07610 .4614 -.2016 1.1262 *6793 -9 6695
2.64 1.4731 .76Q6 .4593 -.2077 1.1355 .6778 -.6671

2-65 oF52 .7742 .4573 -.205q 1.1448 .6762 -.6657
2. - L .4,160 .7787 .452 -.2040 1.1542 .6747 -.6643
2.o7 1.5045 .7133 .4532 -.2022 1.1635 .6732 -.6621
2.64 1 ..204 7' P.4 912 -.2009 1.1728 .6717 -.6619
2.60 1.5325 o7Q23 .4492 -.1087 1.1822 .6702 -.6601

2.70 1.5447 07968 o4472 -,1970 1.1915 .6687 -.6587
2.71 1.5571 .' 012 .4453 .1i53 1.2008 .6673 -.6574
2. 72 1.5G-4t ..i0,i7 .4433 -.136 1.2101 .6658 -.6560
2.73 1.51124 .-101 .4414 -.1c20 1.2194 96644 -.6547
2.74 1.5753 08145 .4395 -01903 1.2287 .6629 -.6533

2.75 1.60R4 .8189 .437.6 -.1887 1.2380 .6615 -.6520
2.76 1.621S .t233 .4357 -. 1871 1.2472 .6601 -.6507
2.77 1.6351 .*276  .433. -.1859 1.2565 .6587 -.64c3
2.73 1.64'l7 .83I n  .4320 -. 140 1.2658 °6573 -.6480
2.79 1.6.25 .8363 .4301 -.1824 102751 .6559 -o6467

2.80 1.6765 .A405 .4283 -.1809 1.2843 .6545 -.6494
2.-1 1.6-07 .R44V .4?65 -.17'14 1.2936 .6531 -.6441
2.42 1.7051 * -14'1 .4-47 -.177c 1.3028 .6517 -.6428
2.3 1.71 6 .1533 .4230 -.1765 1.3121 .6504 -.6416
2.84 1.7344 .8575 o4212 -.1750 1.3213 o6490 -. 6403

2.95 1.74Q4 .617 .415 -.1736 1.3305 °6477 -.6390
2.96 1.7646 . 6 5 ) .4177 -.1722 1.339A .6463 -.637P
2.47 1*77qc 9,;701 .4160 -.170q 1.3490 *6450 -.6365
2.8 1.755 .-1742 .4143 -.16c4 1.3582 .6437 -.6353
2.99 1.8113 .870+d .412b -.1681 1.3674 .6424 -.6341

2. 0 1.8274 .8625 .4110 -.1667 1.3766 .6411 -.632A
2.1 1.P436 .0I'66 .40 3 -.1654 1.3850 .6 3q9l -.6316
2.12 1.E00 . 1 07 .4077 -.1641 1.3950 .6385 -.6304
2.'13 l.e767 .4' 41 .406O -.162q 1.4042 .6372 -.62q2
2*.4 to W" 36 .4988 .4044 -.1615 1.4134 .6359 -.62-90

2.95 1.(l02 . F4029 e402,, -.1602 1.4226 .6347 -.6268
"-)6 1.'+20 1 • 06.; .4012 -.1510 1.4317 .6334 -.6256

2.07 1 .-4 .j 7 • 410* .5'" 011 -. 1577 1 .440 .6321 -.62414
2.'1j 1.a 165 3 r- 044 .3 J10 -.1565 194501 .6301 -.6233
2.c9 1.9" 17 .9188 .3'69 -.1953 1o4592 .6297 -.6221

Al.. 4



A.8

! p ;~ t r'VP'1 VP31 pS?/PS1**3/2

3.0, ~0j-j ,141 1.46"4 >624 -. 620 ',

3.00 ,03i' • v3'.i * -.. 1500 1.4171) .6274 -. 6176

3.02 1.0537 10 . 1 ,3 10 0-,O 1 4 59 ,6 -61795

3.04 S075') * . 3 11 -. :-9 1-50 4  .623b -,6164

3.05 21 .3 , I -. 14 3 1.5141 .6224 -. 6152
.413.V1 5 1.514 *612 -. 61413 .0 o.11 

.1 V-) 1 .5232

3.11 2.11"5 'bOi • 7i -. 141 1.5'732 .6200 -.6130

3. -1. ?.2I * 1 1  .5+423 .3 .q0.61- O -.611'
3.21 It 6, ,) 31 5,30140 . -. 61043

31.1 2.2' * 1'1 *3 -. 1317 1.64 -6~ -. 6032

3.17 217S6 ."15 .301 -. 142? 1.5596 .6165 -. 60 17

3.10 2- 147 E )615 .30 -. 1 .5617 .6154 -. 606
76 -j 3 3N7 -. 1331 1. -1 13 .6142 -. 600T

3-15 3 .2-S2 3 . 37 "  .375 ') . 3 7 i.5.6 .6131 -160&3

3.2t 2.245 . 4766 .33745 -. 137 1.503 .6-52 5 9604331!4 n.06 - 4q '3731 -1]377 1. 605S0 6 10 3 -0 14

3.1 2.30 . 1 ,3T37 -. 1367 1.614 .607 - . 6 0 32

3.16 2"51 0.-$fl .3105 -. 13-7 1.6231 .6070 -.60213.19 2.552 .015 3 -. 137 1.6522 *6975 -- 6000
3.26 . t'54 2 .02 I 2  37 7 -,1336 1- 643 66 -.5600

320 2. 24a 190488 .3663 -. 1329 1.6503 .6052 -.59':

3.2I 2.44'6 1.027 .3.050 -. 131 1.2651? .6042 -597"

3.29 2.6730 1.031 .36357 -.13oq i.6644 .6051 5 6c

3.30 2.4730 1.0361 .363 -1200 1.6774 .6020 -.5951,

3.21 2.5235 1 .0134 .3611 -. 122 1 .6 1 6 59 -593

3.25 2.54342 1.0170 *35,1 -. 12-92 1.6955 .5918 -. 592A

. .5754 1.0206 .35 -.1273 1 .705 .5'1 7 -.5 8

.3. 2.7Di6 1.0241), .3573 -.1264 1.713 .54 -. 59R3.27 2.60 61 .0 T .3 -j -.1255 1 .7 225 ,56 -. 59 8

3.23 2.62-6 1.0237 347 -. 121)6 1.7315 *5856 5

3.30 206r 54 1.0354 .3531 -. 123A 1.7405 .594 -. 582

2.7114 1. 03A4 .3523 -.1221 1.793 .5374 .25 2
35.51 1-,737 t.? 7  .3510 -. 1221 1.13 -5!-53.12 1.061 .32 -. 1-17 .1214 .5 -15 .5 -50
3.40 2.7'76 1* 0 b' 6  .5416 -. lo4 1.7764 *5904 -. S7~1

3.35 1.272 1.0523 .3474 -. 1 196 1.7354 *584 -,57I 2

.44 2.f 1.0'551 .3461 -. I1 19 1 .5 6 5871 "15;84

5.37 6 .1 7' 1 0 'J .' 3450 -. I111 1.4033 .5*378 -. 520
:.3. 9, 1 75 1.10 7 -, -.1 7 1 0q . 123 .5464 "--5" 1 (

%.3 :.Q25 1.0661 .3427 -.I16 I ."012 .575 -..432

3,40 - .,2 1.0'b 6 1, .15 -. 1156 i.R301 .5q574 -. 57A2

3.41 3.O135 100730 In - i.8 10f .5Q4 -.57723. . l.on' .764 -S3 'q - .I I 1. r L52 -.5763

. - n-7C3 I < J~ol -,1133 1 • ' 5 q  .5g, 1 -. 5754

3. 44 3 11 2 4 1. as, it. x3 1 - i 1 .q65 .5 ?05 - 5 7 44

1.49 5 6 .14 f;3 1.0,65 .335" -.I II 1 I.6837 .5lt05 -.5735

3.46 5. ." I' " .3347 1,II 1. -;42 .5176 -.5755

J•l • , - .5767 -.5717

j 04 .1110 1. v b 5  ,,3' .- 1 . ,10 ..O 5 7 7 - 5 O

..
216 ", 1, 

..... 
tt',_.314.I ,



A.9q

x fAMA P'i P, -1 fl12 s VP 3 VPS1 PS?/PSl**3/2

3.50 3.3233 161032 03 504 -. I042 1 .&493 .5748 -a 5699

3.51 3.3S0 3 1.1065 932-1.3 -.1075 1 .q2 12 .5731, oo56q0

3.52 3.3z-77 1.10'-,7 9 32 12 -. 106.1 1 .'371 .5729 -. 56%1
3°1 3 3o4357 11130 a3271 -. 101 1.9460 .5720 -. 5672

3.54 3.4742 1.1163 .3261 -,1054 1,954A .5710 -. 5663

3.55 3.5132 1.1195 .3250 -. 1048 1oc637 .5701 -. 5654

3.56 3.552" 1.122 '  .3240 -. 1041 1.'726 .5692 -.5645

3.57 3*5-30 1*1260 .3230 -. 1034 1.1-,14 .5683 -. 5636

3.5cs 3.633 "  1.12,42 .321 -1102'3 1.103 .5674 -. 562

3.59 3o6751 1.1325 *320V -. 1021 1.9991 .5665 -*5 6 1q

3.60 3.7170 1,1357 o319-1 -. 1019 200390 .5656 -65610

3.61 3.7535 1.138c , 3 1 -o100 Q 2.0168 .5647 -.5602

3.62 3.6026 1.1420 .31 7c -. 1002 2.0256 o5638 -,5 5 Q 3

3.63 3.P464 1. 14 92 .316' -. 0996 2.0345 .5629 -45585

3.64 3.8907 1.1484 .315' -. 0 94q 2.0433 .5620 -.5576

3.65 3.9357 1.1515 .3149 -. 0934 2.0521 .5611 -05568
3.6b 3,9f114 1. 1547 3131 -*0"7Q 2.060" .5603 -*555 '4

3.67 4.0277 1.15711 .3129 -.072 2.0697 .5594 -. 5551

3.68 4.0747 1 01 6 0 q .3120 -,0466 2.0785 .5585 -.5543

3.69 4.1223 191640 o3110 -. 0960 2.0873 .5577 -. 5534

3.70 4.1706 1.1672 63100 -,0q54 2.0961 .5568 -.5526

3.71 4.2197 1.1702 .3011 -,0949 2.1049 .5560 -.5513

3.72 4926J4 1.1733 43081 -. 0942 2.1137 .5551 -. 550n

3.73 4,3199 1.1764 ,3072 -. 0937 2.1225 .5513 -.5501

3.74 4.3710 1.1795 .3063 -. '0931 2.1313 e 553 f -. 5493

3o75 4.4230 1.125 .3053 -.0925 2.1400 .5526 -. 5495

3.76 4.475 7 loll 16 .3044 -,09 2 0 2,1488 .5517 -.5477

3.77 4,5271 1. U86 .3035 -.0S14 2v1576 .5509 -. 5469

3.78 4*5P33 1*1L 17 o3026 -. 0 q0 q 2.1663 .5501 -. 5461

3.79 4,6383 1.1547 .3017 -. '044 2.1751 .5493 -o5453

3.80 4.6942 1.1 77 s3008 -.0898 2.1838 .5484 -.5445

3.81 4.750R 1.2007 .2 49) -. 0893 2.1926 .5476 -.5437

3.82 4. 802 1.2037 *2 q'10 -. OPP' 2.2013 .5468 -.542c'

3.A3 4.P665 1.2067 0.219-11 -. 08R2 2.2100 .5460 -.5422

3.R4 4,9257 1.2096 .2972 -,0877 2.2188 .5452 -.5414

3.85 4.9857 1.2126 e2964 -.0872 2.2275 .5444 -.5406

3.M6 5.04G6 1.2156 .2155 -. 0667 2.2362 .5436 -,539A

3.97 5.10"14 1.21H9 .2946 -. 0 A62 2.24q9 .542R -0 5 3 q4

3.89 3.1711 1022 15 .'31 -,09 5 7 2.2536 .5420 -. 5383

3.89 5,2347 1.2244 .2')2q -.0852 2.2623 .5412 -. 5375

3.90 5.29q.3 1.2273 o2)21 -. 0847 2.2710 .5404 -.5368

3.41 5o36 4 1.2302 .2 '1;" -. 0942 2.27q7 .936 -.5360

3.42 i.4313 1.2332 o?)04 -. 093A 2.2894 .5389 -,5353

3.13 564 F, 1.23b1 .2' '5 -. 0P33 2.2171 .5381 -. 5345

3,44 5*5673 1.2339 02147 -. 0828 2e3058 .5373 -05338

3*95 5.6367 1,2418 2 17 -.0n23 2.3145 .5365 -.5330

3.1,6 5.7073 1,2441 .2 t71 -. 011 2o.3232 .5351 -. 5323

3.c'7 5.77RA I. 276 .2';62 -,Olr 4 :. 331H .5350 -. 5315

304 5,e515 1.2504 02 15 -. 0H0' 2.3405 .5343 -. 5308

3.99 5o9252 1.2533 .2Q46 -.0(05 2,3491 .5335 -.5301



A.10

x P;1 P'"' P' JVPS1 VPSI P^12/PS1- 3f2

4.00 u. COJ 0 1.2561 .243; -. 0,100 2.3571 .5323 -. 52Q3
,+.01 .07 1.: r '.1 .2 3f -. 0 7% 2.36614 .5320 -. 52P6
4.02 .V*5'$ 1.2'.i . 2' ".012- 2.3791 .5313 -. 527C

S .21 2 1. -h>+ I t 1 ".07-7 2.383 7 .5305 -. 5272
4 .0 4 1.0. 1.feTi4 . 07 -. 07-3 2.Y324 .5293 -. 5265

4.05 .3-ii 1.2702 . 271 -. 077q 2.4010 .5290 -.5257
4.O 3.47.' 1.2730 .2711 -. 0774 2. 40% '6 .524i3 -. 5250
4.07 n 1. .7'. .2 ?+j -. 0770 2.41'02 .9276 -. 5243
4 .O .. b4 0 1.27 ku .2 r7e,  -. 076;, 2.426 .5263 -.5236
4.Oq j. 725,? 1. l' 13 .27' 5 -- 0761 2v,43i5 .5261 -. 5229

4 .t0 6a.126 1.2F 41 .2760 -. 0757 2.4441 .5254 -o5222
4.11 u.'-0 -7 1.2- t .2 53 -. 0753 2.4527 .5247 -. 5215
4.12 ')o W 02 1.2k '. .274',J -. 074-1 2.4613 .5240 -. 5208
4.13 7.0. 10 1.2' -14 *:731 -. 0745 2.6G9 .5232 -. 5201
4.14 7.1732 1.2, 51 .2730 -. 0741 2.4785 .5225 -. 51q 4

4.15 7.26r, 9 1.217,11 .2723 -. 0737 2.4871 .5218{ -. 51017
4,16 ,.361 ? 1.3005 .2"16 -. 0733 2. 4956 .5211 -. 5181
4.17 7.4513 1.3032 .270- -.072 q 2.5042 .5204 -.5174
It01q 7.5 (6 t. 0.,0 .2 Tol -. 0725 2.5121 .51q7 -. 5167
4.19 7.6557 1.30z36 .2Gq4 -.0721 2.5214 .5 1 q0  -.5160

41.20 7.7567 1.3113 .2617 -.0718 2.5299 .5183 -.5153
4.21 7. P5,4 10314+0 .o' 7,; -. 0714 2.9385 o5176 -. 514+7
4.22 I.3632 1.3167 .267,1 -. 0710 2.5470 .5170 -.5140
4.23 lobtve . 31 q4 eo266j -. 0706 2.5556 .5163 -. 5133
4.24 3.1761 1.3220 .2653, -.0703 2.5641 .5156 -.5127

4.25 1.2R50 1.3247 .2651 -.069 2.5727 9514 -. 5120
4.26 1.3 56 1.3273 .2f54 -. 0695 2.9q12 .5142 -. 5114
4.27 1.507 1.3300 .2637 -. 06q2 2.58++9 .5135 -. 5107
4.211 1.6220 1.3326 .2630 - * 068,11 2.5')q.3 .5129 -. 5100
4.29 R.7377 1.3352 a2624 -. 0685 2.6068 .5122 -. 5094

4.30 3.3552 1a3371 .2617 -. 0641 2.6153 .5115 -. 5087
4.31 1.q74 1 1.3405 .2o10 -. 0677 2.623q .5101 -. 50RI
4.32 0zbl 5 1.3431 .2.03 -.0674 2.6324 .5102 -.5074
4.33 '.21f) 1.34 57 .25IG -. 0671 2 . 6 4 0 q .5096 -. 5061a
4.34 .3440 1.3413 .2'q0 -.0667 2.64194 .5099 -. 5062

4.35 1.4710 1.3509 .29R3 -.0664 2. 6 57q .5082 -. 5055
4.3S '.9 -  1.3934 .2 77 -. 0660 2.6664 .5076 -. 50 40
4.37 '.730 1.3960 .2970 -.0657 2 . 6 74 .5064 -. 5043
.31 ).,j3,' 1.35 ,1 .2'63 -.0654 2.GA31 .5063 -.5036

4.39 ?.9:9 1.3611 .2557 -. 0650 2.6ql .5057 -. 5030

4.40 10.1360 1.363r .2650 -. 0647 2.7003 .5050 -.5024
4.41 10.2754 1. 3i,? .254 -. 0644 2.70" . •5044 -,501P
4.42 10.41')' 1. it .21i37 -. 0641 1.717? .5037 -. 5011
4.41 10.5605 1.3713 .. '; 31 -.0637 2.7257 .5031 -. 5009
4.44 l0.70t5 1. 5731 2 i 2-j -. 0634 2.734 *2 .5025 -. 4990

4.43 11). "14 7 1.3764 02:1 1 -. 0631 2.7426 .5011k -. 49q3
4.46 11.Oi5A 1.37 . ") 1' -. 061"1 2.7511 .5012 -. 4487
4.47 11 .1r- 2 1. 14 .1 ' ,0", -. 06:9 2.75c,5 .5006 -. 4081
4.4t 11.3130 1.3r $ .?'SO -. 0'2? TI.7b') .5000 -.4fl79
4.4" 11.471q 1. St 64 e2 '3 -. 06t" ".77(4 .4,3 -. 496F

" -- .. . ... : I I .... . . . .. l 'ii 
' -

il~ .. ...



A.11

XP ; ,;i. ;I2V P;1 VPS1 PS?_/PS1**3/

4.50 11.6317 1.3w .24,17 -. 0616 2.7R94, .4,R7 -. 462
4.51 II.7" 43 1. 3 14 .24, -s -. 0611 2.7"33 .44gl -.4q56
4.52 11. ?" 1. 3V3I .2473 -,0610 2.017 .4175 -.4Q50
4.53 12.1271 1. 3 65 .246' -,0607 2.p1 01 .4169 -. 4044
4.54 12.2' ,6 1.3Aqq .2465 -.0604 2.R185 .4963 -. 4?3',

4.55 12.4720 1.4012 .2457 -. 0601 2.8270 .4957 -. 4933
4.96 12.64-1 1.4017 .2451 -. 0593 2.1354 .4951 -.4027
4.57 1.8271 1.40,,1 . ?'44" - , 05 9 2.8439 .4945 -. 4q21
4.$il 13.00A1  1.4016 .243 -. 05"2 2.P522 .4939 -. 415
4.59 13.1,36 1.4110 .2433 -. 0589 2. .606 .V33 -. 490)

4.60 13.3812 1.4134 .2427 -. 05a6 2.8690 .4927 -.4903
4.61 1.571'1 1.4151 .2421 -. 0544 2.8774 .4q21 -. 4897
4.62 13.7b56 1.41,13 .2416 -. 05A1 2.8957 .4Q15 -. 4R42
4.G3 13. 1'62 1.4207 .2410 -. 0571 2.8'41 .4909 -. 4986
4.64 14.1623 1.4231 .2404 -. 0579 2.9025 .4903 -. 4880

4.65 14.3654 1.4255 .2393 -. 0572 2.9109 .4897 -. 4874
4.66 14.5719 1.4279 .2392 -. 0570 2.9193 .4891 -. 486
4.67 14.7"16 1.4303 .21S7 -. 0567 2.q276 .4886 -. 4863
4.68 14.9r,4T 1.4327 .2381 -.0564 2.9360 .4880 -.457
4.69 15.2113 1.4351 .2376 -.0562 2.*443 .4874 -.4852

4.70 15.4313 1.4374 .2370 -. 0559 2.9527 .4868 -.4846
4.71 15.654? 1.4391 .2364 -. 0556 2.9610 .4862 -. 4841
4.72 15.8 21 1.4422 .2359 -.0554 2.9694 .4857 -. 4935
4.73 16.1130 1.4445 .2353 -. 0551 2.9777 .4851 -. 4829
4.74 16.3477 1.4469 .2348 -;0549 2.9861 *4845 -. 4824

4.75 16.5861 1.4442 .2342 -. 0546 2.9941 .4840 -.4818
4.76 1,. 82? 4 1.4515 .2337 -. 0544 3.0027 .4834 -. 4R13
4.77 11.0747 1*453q .2331 -. 0541 3.0110 .4828 -.4807
4.78 17.324q 1.4562 .2326 -. 0539 3.0194 .4823 -.4802
4.79 17.5793 1.4585 .2321 -. 0536 3.0277 .4817 -. 4796

4.80 17.837- 1.4608 .2315 -. 0534 3.0360 .4812 -. 4 7q1
4.91 1 1.1005 1.4632 .2310 -.0531 3.0443 .4R06 -. 47,6
4.0 2 11.3679 1.4655 .2305 ".052Q 3.0526 .4801 -. 4780
4.13 1I .63 4 ' 1.4678 .22 q c -. 0526 3.0609 .4795 -. 4775
4.84 13.9146 1.4701 .2294 -.0524 3.0692 .4790 -.4769

4.85 119.1950 1.4724 .2289 -. 0522 3.0775 .4784 -. 4764
4.86 11.471 '

I 1.4746 .224 -. 0511 3.0858 .4779 -w475q
4.7 1l.76n5 1.476'1 .2271 -.0517 3.0441 .4773 -.4753
4.8A 20.0639 1.47"2 .2273 -. 0515 3.1024 .4768 -.474q
4.89 20.3631 1.4P15 .2266 -. 0512 3.1106 .4763 -. 4743

4.90 20.6673 1.4P37 .2263 -. 0510 3,1189 .4757 -.4738
4. "1 ?!.ce764 1.4 60 .2291 -. 050a 3.1272 .4752 -.4732
4.12 21.2 07 1.4' 43 . 2:253 -. 0506 3.1355 .4747 -. 4727
4.*43 21.6102 1.4"09 ?2fW -. 0503 3.1437 .4741 -.4722
4e94 21.9341 1.4<27 .2243 -. 0501 3.1520 .4736 -.4717

4015 21.2F51 1.4?50 .223 ' -* 0 4 qq 3.1602 .4731 -. 4711
4. Oc 22.600 1.*'-2 .2 33 -. 04q7 3.1cA5 .4725 -.4706
4.'17 2 .Q 4 1 1 1.41'*'5 .222s -. 0414 3.1767 .4720 -.4701
4.18 235.28"7 1.5017 a 2213 -. 0412 3. 1350 .4715 -. 46q6
4.99 23.6914 1.503q .221 -. 0490 3.1932 .4710 -. 46ql



A.12

IAMMA , P: Pi1 P-2 tvS/VP.la VPS1 Pl;?/PI;1"3/2

5.00 2 3.9 8 1. 5O't1 .2213 -. 04814 3.2014 .4704 -. 4686

5.01 2 .3;.43 1 1.0-3 ... 0 -. 04 ,6 3.20 '7 .46n -. 46A1

A.02 24.34 1.,135 .2'0 -. 04 4 3.217 * 4644 -. 4676

).cOi '5.111 ; 1.51 '7 ,.11 -04 '2 3.2261 .4681 -. 4671

5.04 1'.4"47 1.51 4 .21 4 -. 047) 3.2343 .46,14 -. 4666

1,.05 2'3o8.41 1.5171 .21t' ,  -. 0477 3.2426 .4679 -. 4661

5. Ob ':.2' 01 1.51 13 .21 4 -. 0475 3.25011 .4674 -. 465(,

I.01 20.b 27 1.521 i .2181 -. 0473 3. 25 '0 .466 1 -. 4651

5.0 21.0 21 1.5237 .2175 -. 0471 3.2612 .4664 -. 4646

5.09 27.50k 3 1.52 5b .2170 -. 0469) 3.2754 .4659 -. 4641

5.10 2 7. 3 16 1.52-0 .2165 -. 0467 3.2836 .4653 -. 4636

5.11 2 .3fY, 1 1.9302 .2161 -. 0465 3.2 11 .464q -. 4631

5.12 2:.76 1.5323 .219s -. 0463 3.3000 .4643 -. 4626

5).13 21.244 "i345 .1415 -. 0461 3.30Al .4638 -. 4621

5.14 23.6'71 1.5366 .2147 -,045
q 3.3163 .4634 -. 4616

5.15 33.1573 1.5388 .2142 -. 0457 3.3245 .4629 -. 4611

5.16 30.62'3 1 .5 4 0 q .213:1 -. 0455 3.3327 .4624 -. 4607

5.17 31.101? 1.5431 .2133 -. 0493 3 ,3 4 05 * 4 6 1 q -. 4602

3.1 31.5 r52 1.5452 .2121 -. 0451 3.34'40 .4614 -. 4597

5,19 32.0773 1,5473 .2124 -. 0450 3.3572 *4605 -,4592

5.20 32.577-1 1 .54q 4  .2120 -. 0448 3.3653 .4604 -. 4587

5,21 33.0- 61 1.5516 .211j -. 0446 3.3735 .455 n -. 453

5.22 33.6046 1.5537 .2111 -. 0444 3.3817 .4594 -. 4578

5.23 34.1312 1.5558 .210; -. 0442 3.39Q3 .4590 -. 4573

5.24 34.6667 1.5579 .2102 -. 0440 3 . 397q .4565 -. 456P

5.25 35.2114 1.5600 o209$i -. 0438 3.4061 .4580 -. 4564

5.26 35.7653 1.5621 *2 0 13 -. 0437 3.4142 .4575 -. 4555

5.27 3,.32 ,,w 1,5642 .20,11 -. 0435 3.4224 .4570 -. 4554

5.28 3 6.qOl9 1.5bb2 2 05 -. 0433 3.4305 .4566 -.4550

5.29 37,qm4q 1#56s43 .2030 -. 0431 3.4386 .4561 -. 4545

5.30 3-1*0777 1.5704 .2076 -. 0429 3.4467 .4556 -.4540

j.31 3 .b 0 1.5725 .2072 -. 042,1 3.454 ' .4552 -. 4536

5.32 3i.2"4 3 1.5746 .2167 -. 0426 3.4630 .4547 -. 4531

t.33 3- l$,. 3 1.57 t- .2063 -. 0424 3.4711 .4542 -. 4526

5.34 40.5531 1.5787 *2051 -. 0422 3.4792 .4537 -.4522

5.35 41.198" 1.59807 .2055 -. 0421 3.4873 .4533 -.4517

5.36 41.8556 1a5 2q .2050 -. 0413 3 .4q 5 4  .4528 -. 4513

5.37 42.523' 1.5P48 .2046 -. 0417 3.5039 .4524 -o450$

1j. 3A 4J.203. 1.5?tj .2042 -. 0416 3.5116 .4511; -. 4504

5.39 43.8951 1.568e .2031 -. 0414 3.5197 .4514 -. 4 4 99

5.40 44.5"'5 1.5-110 .2034 -. 0412 3.5279 .4510 -. 44 95

.41 45.3142 1.5t 30 .2030 -. 0411 3.935 .4505 -. 44"nl

,j.42 46,0 4 2 5 1.51,50 o2026 -,040' 3.543" .4501 -. 4486

5.43 46.7 31) 1.570 .2022 -. 0407 3.5520 * 4 4 q 6  -. 4481

5.04 47.531,7 1.55'i .2017 -. 0406 3.5601 .4492 -. 4477

5.45 443034 1.6011 .21 -. 0404 3.5682 .4487 -. 4472

5.46 4 .0 35 1.,,3 31 6 100 -. 0402 3.5762 .4485 -. 446:'

1J.47 4" .!# 71 2 1 .l jSl .?1.0 , -. 0401 3.5443 .4478 -. 4464

5.4 90.bfl l47 1.6071 .1 3 -. rV 3.51 1 .4474 -. 44511

5.49 51.5064 1.603 1 .1 *'7 -. 0394 3.6004 .4469 -. 4455

,.~ I



A.13

Ps/P I vl- S> I!?
,P;, "';1 "'2? PS/VP:1 VPS1 PF /P'"3 ./

.'- 32 9. 3424 i.'.111 .1 3 -. 03)6 3.60 14 °465 -. 4450
,. ! i .l ,u 1.43 1 * , -- ffd) 3 .6 1ou% .4460 -. 4446

.5 s0, 1z2.1 -03,1 .. 241- . 44 56 -. 44442
. * 1.611! .1 2 -. 0 33 3.632ui .445 -. 4437

'.4 Ii5.,-3'. 1.4 0 .1 17 -. 0530 3.6406 .4447 -.4433

5.99 'i.7 74 1. '210 .1 '74 -. 03'. 3.6497 .4443 -. 4429
5,, 1. t, 7 3 .? so . I 17n -. 037 3. 567 .4431 -. 44291

'0.t1 .l ,50 .I C -,0 3Th 3.6647 .4434 -. 4420
,) 5 .. I .b' • 152 -603 44 3.6727 .4430 -. 4416

6).55 1.62""ill . 1 1 5) -. 0312 3.6808 .4425 -. 4412

9".60 6.5534 1.6308 .I155 -. 0381 3.6888 .*4421 -. 4407
.t'l 62.9bt I 1.63?" . 1'-I -. 0378 3. 696A .4417 -. 4403
.2 63.5' 67 1.6347 1 147 -. 0371 3.7041' .4412 -. 439"
.'.3 64.64 ), I.63b7 .1 J43 -. 0376 3.7128 .4401 -*.4 35
5.64 65.7123 1.63S6 .193'1 -. 0375 3.7208 .4404 -. 4390

5.65 6G.79c2 1.6406 .1'36 -. 0374 3.7289 .4400 -.4396
1). 6 6 r.'P41 1. b423 .1 2 -. 0372 3.7368 .4395 -. 4382
9.S7 6J00300 1.6444 .1 12- -. 0371 3.744q .4391 -. 437P

.6- 70.1711 1.6463 .1'f5 -. 036 q  3.752A .4387 -. 4374
5.68 71.3407 1.6413 .1 121 -.0363 3.7608 .4383 -. 4370

5.70 72.5270 1.6502 .1917 -. 0366 3.7687 * 4 3 7 q -. 4366
5.71 73.7345 1,6521 .1114 -. 0365 3.7767 .4374 -. 4361
5.72 74.9535 1.6540 .1 )10 -. 0364 3.7847 .4370 -. 4357
5.73 76.2145 1.655 .1 '106 -. 0362 3.7927 .4366 -. 4353
5.74 77.497Q 1.6578 .1403 -. 0361 3.8006 .4362 -*434V

9.75 7".7839 1*65q7 .1"399 -. 0360 3.8086 .4358 -. 4345
9.76 ,40.1031 1., b616 .14-5 -. 0358 3.8166 .4354 -. 4341
5.77 41.44F0 1.6635 .1 jq2 -. 0357 3.8245 .4350 -. 4337
9.7 8:2,aA130 1 3654 *1339 -. 0356 3eq329 .4346 -.4333
5.79 84.2045 1.6673 .18R5 -. 0354 3.8404 .4341 -. 4 329

5.80 45.621 0 1.66 12 11381 -. 0353 3.8484 o4337 -. 4329
5i.L1 7, OuS. 1.-'711 .1371 -. 035? 3.4563 .4333 -. 4321
5.' 2 8.530 1 1.b72', .1.374 -. 0350 3.P643 .4329 -. 4317
5. -A3 '0.0253 1.674- * ,1M71 -. 034c 3.8i722 .4325 -. 4313
5.84 91.5466 1.6767 .1867 -. 0348 3.8801 .4321 "& 4 3 0 Q

5.P5 q3 *0 -5 4  1.6715 .Iq64 -.0346 3.8881 .4317 -.4305
5.1 6 c4.6721 1.61 n4 . 1160 -. 0345 3*8q6O .4313 -.4301
5. It 4t,.2773 1 .w'23 .IA157 -. 0344 3,10 3q  .4309 -.4297
5. 84 .1 )llI 1.6 41 .1 115 -. 0343 3.111 .4305 -.42Q3
5* . c, 5 7 5 3  1 6*6 .150 -.0341 3.9198 .4301 -.42 9

5.'0 101#26 43 1,6P7A .1447 -.0340 3.a277 .4297 -.4285
" 1 12. 4 1 1. w" ''7 , 1 43 -, 0331 3. 135, .4213 -. 4291

j* 12 104.7500 1. 6 :1V .1 140 -. 0338 3o-1435 .4289 -.4277

. 5 1 %).537 1.6 33 .1 13t, -. 4336 5.nli14 .4295 -. 4274
. 4 101.3 O3 1.5'-i2 .1 133 -.0335 3 .15 q 3  .4281 -.4270

p*o15 11J.2111" 1. '7 3 0 1l83 -.0334 3,0672 .4273 -. 4266
'96 11 .? 1 .1 s 1I ?1b -. 0333 50,791 .4274 -. 4262

7 I11 .0,0 . f 11 r .1 12i -. 0331 3, )130 .4270 -. 4258
9. t 1 . '17Tr6 1.Tf027 .1 "fl -. 0330 3. n In .4266 -.4254

41. 11 7.0701 1.1043 .1 Il -.0328 3 9: 4: .4262 -. 4251

I



Fp -
.14

,;/VPi VPSI PS2/P.I- 3/

.O 11 .- '0 1 701 .1 1 ,13 -. 032' 4.0067 .4254 -. 4247
) 12-.0.,5 1.72 . 1 -. 2T 4. 0 14 -  .4254 -. 424 3

• ,,.)2 123 .l''," 1.7 ' .1 f -. )32' -. 02 2 .4291 -. :'31,
.. 03 1 ,.3111 1.5115 .1 ' -. 0324 t. .030. .4247 -. 423 '

1..)4 1-?.4-2/ 1.113 .,}1 -. 0323 4.0392 .4243 -. 4232

0 jj 130.714 1.7131 ,1717 -. 0322 4,0460 .4231 -*4220
'..1) 1 5.?.'-. ' . 1 w' 1 1 T04 -. 0321 4.053 o4235 -. 4224

*..jr IV);.? 0, 1.71 '1 . 1 ) -. 0320 4. OG1 .4232 -. 4220
I,. - 1 3 7.t .'? 7 4 1.720! . I '.N7 -. 031 " 4.06.16 .4224 -. 4217

0..n 143.0170 1.7223 1714 -. 0319 4&0775 .4224 -. 4213

,.10 142 45 0 7 .1241 .1781 -. 0316 4.0853 .4220 -. 420
I..1 1',"2-? 1.7253 . 17 -. 0315 4 .Oq 32  .4216 -. 420,

,.12 14 f .4D. 3- o 1"26 . ,1775 -. 0314 4.1010 .4213 -. 4202
,..13 1 '9.024 4 1.72'4 ,1772 -. 0313 4.10q8 .4204 -. 410'a
(,.14 152.642' 1.7312 .176- -. 0312 4o1167 .4205 -, 4 1 Q5

b.15 155.30 4 Q le r330 176,5 -. 0311 4.1245 .4202 -0 41CI
.b 151.02",l 1.7347 .1 ?u2 -. 0110 4,1323 .qlqi -. 4187

b. 1 7 163*7-2 1.7365 .175 -. 030" 4.1402 .4194 -. 41 4
6.'(I 163.1 0? 1.73, 2 .1 56 -,030Q 4,14.0 .41q1 -. 41B0
6,I Q 166a4iD0 q I.7400 .1 753 -. 0307 4.155A .4187 -. 4176

6.20 161.4045 197417 91750 -,0305 4.1636 .4183 -. 4173
s.21 17".3 24 1.7435 .1747 -. 0304 4.1715 .4180 -. 416"
5.22 1T5.41 19 1, T452 *1744 -. 0303 4 * 1 7 ' 3  .4176 -. 4166
l,,23 171 .5057 1.14 0 T1741 -. 0302 4' 4V71 .4172 -,4162
t.24 1416531 1.74"37 9173 -,0301 4,1949 o4169 ".415

6.25 IQ4,P532 1.r505 .1735 -*0300 4.2027 e4165 -. 4155
6.26 1.3 1.1292 1* r522 . 173 -,02q) 4.2105 .4161 -. 4151
.3.27 1.104522 1.1539 o172, -v0298 4.2193 ,4159 -. 414P
t.23 1-)4..4 15 1.7556 .1724 -. 027 4.2261 a4154 -. 4144
6.29 198.2:i4l 1.7574 .1723 -. 0296 4o2339 .4151 -. 4141

6.30 201.Hll 3 1.7501 *1720 -. 0 2 q5 4.2416 .4147 -. 4137
t,.31 205.3'A 5 le 1601 171 ! -. 02q 4  4.24L)4 ,4144 -. 4134
u32 20 4.0450 l a.625 ,171% -. 02313 4.2572 .4140 -o4130
6.33 212.79i40 1.1642 .1711 -. 02"2 4.2650 .4137 -. 4127
6.34 2 1u. 5 529 1.7659 ,170q -. 021 4,272S .4133 -. 4123

u.35 220*412 1. 7677 o1705 -. 0290 4.2R05 .4130 -. 4120
*..36 224.54i5 1.7b 14 ,170? -. 23q 4.283 .4126 -,411A
o.37 22 t3522 17711 1u I "1 02q 4.2161 .4122 -,4111
6. 3 232.4344 1.7724 ,I 1 7 -. 02,17 4.3034 .4111 -9410"
.31 23tJ.5'3 1. 7745 ,1t'4 -. 0286 4.3116 .4116 -. 4106

0.40 240.4R31 9 1.7761 .1 b11 -. 02;95 4 .31-"4 *4112 -94102
".41 24 ).1 -"3 1.77 7,, .1o'L, -. 0214 4.3271 .410'1 -. 404n
t.42 24 1.54" 'c 1.71'5 . 1 15 -. 02F 3 4 .334q .4105 -. 4006
4.3 2')4.031 5 1. T 12 .t92 -. 02A 2 4.3426 .4102 -. 4002

b.44 2t,4.4 1. 7 2 .1b'sO -. 02I1 4,3504 .409f -. 4080

Is.45 2,, . 2' 1.", 4 .1W 77 -. 02:11 4.35 11 .4095 -. 40q5
o. " 2,1 r." 1 1. 7 . I *,? -. 0 7" to 14.3i , .4011 -. 4082

,.4', 27 .T) 1.T 7 fi .I46 -. 0or. 4.311.5 .4085 -. 4075
." 2 .7, 12 1.7 12 .1666 -. 0277 4*3,93 0 a40 1 -. 4072



A.

,.. . ., . ., .".,' . 7 -".406

1. , 4 .T i1.6 4 .4071 .406?
i. * * lQ) ' V 4.4c'r .004,4 -. 4055

"1'1 .''71 1. IV12 lj,4 -. 0271 4. 45 3 .4061 -. 4052
1 . I ' . 1,,-, .n 1) 0 4.4431 .405," -.40 ':

.,- .10' 1. 'PV) 1., 44 C. 0 70 4.450 .4 05' -. 40 4',1 ' '. 4 , ) - '2 t. 0 , 1.1 ,+ 1 -.) , t3 1 4 .4 5 t .4 0 'i 1 - .4 0 4 2

5.' 3 .5203 l.a,/ .1t.' .k.02b 4.4662 .404-. -. 4O 3

U.',O 344.b 9, 4 I.PO4 1L 36 -. 0267 4.4734 .4044 -. 4036
1* 3'J. '".4 1. C -. 02, 4.48 6 .4041 -. 4032

,. ,4 1 r.412' 1. 1 .? .f 1,30 -. 02u5 4.4, 32 .403 -. 402"
,. ( 5 3 I 1 . , 141 . i', -. 0 uo4 4.4146 1 .4 035 .402r

7-,4 .Jbl 6 1. '1 '3
q  

.1 5 -. 0264 4.5046 .4031 -. 4021

3,., 271.414 3 1.'1 75 * 16,22 -. 0263 4.5123 .4028 -.401-
! ..4.3.. 1 .- . 1[0 -. n262 4.5200 .4025 -. 4016t) t371 I .13 l 3 1? O " . i1t)17 - 02 1-S 4 .52 77 ,402 1 - .40 1 3

, 5 1. '224 . I 1-.0260 4 .53 5 .491 " -. 4010

40 sc ?27A 1.A240 . 1 12 -. 02c, 4.5430 .4015 -,,f 006

6.70 413.4032 1.1256 .1600 -. 025( 4.5507 .4012 -.4003
.1 421.02,30 12T2 . 07 -.025; 4.55"t3 .40011 -. 400n
12 42 1.7 '0.5 1. A2 '1  1 I04 -. 0257 4.5660 .4005 -.3q'l7

..?3 4 3'.707 1. 3,04 . 1'0 -. 025G 4.5736 .4002 -. 3cq4
6.174 444.77 ,7 1.0320 .15q0 .0255 .5813 3999 -. 3991

6.75 453.0061 1.1336 .15 17 -. 0254 4.580 . 3 q9 6  -. 3q87
,. 7f, 4t,1.3 c2 1.13532 .15 14 -- 0254 4.5166 .3Y93 -. 3]84

77 46 1.'4424 1. 136-, . 3 ? -. 02J3 4.6043 .3-q9 -. 3Qq1
. A 47 1.bS ,.0 1.'34 .105 .-60 -. 252 4.1i .34q6 -. 317 P

6.79 417.542 10.1400 .1517 -. 0251 4.6 155 3983 -. 3979

6.40 416.6007 1 . Q4 16 .1let -. 0250 4*6272 .3 q80  -3q72
G. -41 ;3.".34 1. '14 52 0 i51 -. 0250 4.6341 .3977 -. 3q6
o. 42 c13.24' I . 44 ,  .1'37-' -. 02451 4.6424 .3-174 -.3 66
f. 13 924. 1463 1.-463 .157 -. 0 ?4 4.6501 .371 -. 3:62
6.4 5 3 4 .6 3 0q 1.447- .1574 -. 0247 4.6577 .30 6 7 -395(

6..'5 544.6066 l.4q 5  .1572 -. 0246 4,6653 o3964 -. 3956
1. 16 554 .716 f , 511 .lb. -. 0246 4.b730 .3 161 -.3 53
(.f 65.146 1 1. 2b .1j667 -. 0245 4.6R06 .395 1 -. 3n50
. , 7.71 1 i. 1)42 .15,4 -. 0244 4.68'12 .3955 -. 3347

f).'t 54 ').V'74 1. 8557 * 1562 -. 0243 1+6W49f6 .352 -. 3 4 4

6. 40 591.4 76 1.3573 .155' -. 0243 4.7034 .3n4 ) -. 3941
1 EI0 1.6 5.. 10', .1 -. 0242 4.7110 .34':) -. 3'93A

,. '2 123.II 1.T"04 .155') -. 02 41 4.71 i. .3 143 -3n35
',. 11 31.' 3 4.. "1 .lv')? -. 04, 4.72(:1 .3" 40 -. 3:'32

6. 4 6453.64 1. '3('3 1 -50 -. 0249 4.733!1 .3137 -. 3920

,. 15 65j.7V')l 1. 'si " 1 541 -. 02 5 4.7414 .3 34 -. 3026
'h f, '.I{ 'C 1. .154 ) -. .' 4.74-0 .3'31 -. 3 23

7 6 1.7(' h 1. 1b '2? '14. -. 0.'17 4.756o .5 3 " .3 20

r,.' , -3.',4 2 .,,T .• 241 -. 0237 4.7b42 .3 )5 -3q 1 7
6.41 70 .6. 1. '4712 1 'b -. 036 4. 71 " .31'21 -. 3"I,

A



7.00O 7,'J. I I. I? Sl 0 2.0 35 4. 77')4 13 )1; ,j'

0 1 1 # 0 4 7 V 16

0.7 5 4 / V 43.131 '

r r. (61 1 1 7 410 3 11 0 -. 0:
.1 7 -. I .I I 1 , -. 07 .3 5 1 -. s;'4'

1.01, 11 . ' 1. 1 . , 1 1 -. 023 4 . 7 45 .3 1" -. 3 3P'

1.1). Fl. 1 1, 7 * 1. ," -. "31 4 . 021 .3 Y 0 -. 3't

7.l I. ' .11 -. 0231 4o172 .3 01 -. 3o'9
I.0 12I * l.' 55 .k 5 -. 0230 4. 24 .31) -. 38

7.10 )6, . I. "  3 i 151 -. 0220 4. '550 .3833 .5RRI
71 5. 1.'' ,5 .1510 -. 02?' A ., 6 . 3,16 -. 34 7'
1.10 0. • 1. 0 .1510 -. 0227 4. 701 .3A 3 -. 3i7b

.13 )1 F 1. ? .l50i -. 0"6 4. 777 .3tP0 -. 3 37
7.14 )37.2 1. 4 41 .1503 -. 0226 4.8852 .3,77 -. 3R70

7.15 '55,2 1., W56 .1501 -. 0225 4.S920 .3874 -. 3k67
1.16 173. 4 1. 11 .14-" ' -. 02 4 4.00.5 .3-171 -.304
1.11 )92. 1 1. '46 .14 -. 0224 4.c1070 .3 6q ".3a~l
1.1 1011 I i* 1 1. loil0 .1I4'N -022) 4 9"15 I .3 166 -34 5
7. 1 1030.5 I. 1015 .14 2 -. 0222 4.922c' .3163 -. 3q56

T.20 1050.3 1.r30 1 4 ,10  -. 0222 4. 30 .3860 -. 3153
f.1 1 070.9 1. 1049 .148,, -. 0221 4 .? 3 7 1 .3157 -. 34 0
1.?1 1111 . 1 1. 1060 ,,14 15 -°0220 4.'i455 o3854 -. 3q47
1.23 1112.1 1 . 10 75 14i -. 0220 4.4530 .3051 -. 344
7.24 1133.5 1.''000 .14l -. 0219 4.l605 .3344 -. 3941

1.25 1155.4 1.4105 .1471) -. 021A f4e0680 .3Q46 -. 3B3'2-
I. t - 1 A,177 . 1 1. 111 1 14 7 f -. 13219 4 . 1175. o ) .3 ti 3 - 53 3

1.27 1200.4 1. 1134 ,1474 -. 0217 4. '1830 .3940 -. 3'433
7. ? 1227.6 1. 114 .1472 -. 0216 4 . 409 5 .337 -. 3930
7. ! 1247.3 1.-J164 .1470 -. 0216 4.9980 .3 3I -. 3927

7.30 1271. 4 1,4173 .14 6, -. 0215 5.0055 .3131 -. 3029
1.31 1?c4. I .'1I S .14h6 -. 0 14 ).0130 .3',2' ' -312?
7.3? 1321.2 1.1?"0 .1464 -. 021I 5.0209 .3'26 -. 3,01"
[.is " 34 , 1 . 22] .14 t, -. 0213 5.02P.0 .323 -. 3QI;
7.34 1373.0 1 . 23W .1451 -. 0213 5.0355 .3820 -. 3R14

7.15 13Q .6 1. 21 .1457 -. 0212 5.0430 .3817 -. 3411
I. SE 142t 1. 1' ,6 . 1,Vi -,0211 3.0905 .3,1 -. 3, 011
1.31 14')4 . I I., *' -. 0211 5 05 ;0 .3612 -. 30'
1.3 1 ". 1 12 1i 1 I I(&1 -- 010 j.0t54 .3 01 -. 3403
1.3" 1511. 1. 130 .1441 -. 0210 5.072"1 .3006 -. 3101)

7.40 141. 3 1. 132,4 .1447 -. 0 2 0 q 59.004 .3M04 -. 37'17
p.4 1 1 l .1I.4 1 . 14 -.110200K 5.037 ' *3,01 - 37'14
1 .4,) I :,0I. 1 1, '353 1 1+5 -. 020' i.0 153 .37,1 3 .370 '2

. 5 133. 4 1. '" F .1441 -. 02 07 Ii 102 .3711 -.1374
1.4 4 1665.4 I1.,3t2 .14< -. 0207 9.1103 .3743 -. 376

11.4" .0 1. 13 6 .143J -. 006 5.1177 .37'0 -. 3784
f ' 1!31 . 1. t ji . T " 02 '; 1 .17' .37'? -. 37'

I 16 .? 1. 42' . 143., -. 020 5.12, .3715 -. 377,
I.' 17'-' • 1. 4 5' .14S1 -. 01)4 ,.1401 .37' -. 377',

4 I i3-1.2 1. W3 .142; -. 0204 j.1475 ,377- -. 3773

. . . . .. . .i ... ., i l I I qI -



': ~~~~~1 -," ' I" . I , VP':, Pl.? /l , 1 *) "

l. 3 . h',,, * l ., -. 7 h., .7 , . 3770
.t ,1 • " . '" . - *'+ -4f1" ' l f, 4 .3174 -.77671

" '" i . * , • 1 '  
' -.1 , ,, 1 ,1 .3171 -. 37W)

' . . " 1) • 14'1 -. " D 1 . 1 5 * , 16 - .376,"
. . . ',;" . 1", -. )02 1 *.1 14 * 516L -. 3760

.,, '1 '. 1. C'', .if' -, U0 ] . 71  .3760 -. 3754

14 1 4 0.~' 1i0' ..:21 .3752 -. 375:6

.3350 -o.3746

7 .'1 '52.1 1. ' 2 ,,4 -.104 01? ..36' .3741 -. 3741

I .~ ' ~ 11 57 .140,' -01 6 '.,1442 . 374j -31 3
i 4. 1,, 1 4111 -01 *, .21 1 .574?' .173,

. 2460.l .I' -. 01 ;5 5.25 0 .3739 -. 3733

7.5 ,  '511., 1. i .31-1 -. 01'15 '.2664 .3737 -. 3731
I. ' ... . 7 1 3 . 1'4 01 4 '.77" .3734 -. 372-

7' 1L.. I 1 170? .1 014 ) .22 .3732 .37 2
I . .',,. 1 3 17 1 1 _1 5''1 . 2 t1. I. () .' 3 7"' 3 7 3 2

.60 2271.1 1.",7 " .710 -. 01'Q7 5.2160 .3726 -. 3720

7. J 0 765. 1 1. -17 4'1 .137 -.31 V0 2 5.3034 o 3721# -. 37 1
7.11 2, : ;.. I I., ' 7t,3 .13 -. 01"] 51.. .3721 -. 37 19

r. Y 3 i3 K. 1 1.' 710 .1 "3 -. 01" 5.325, .371 -. 3710
7.74 :)'37. d 1. , 04 . 137 -. 02110 9.3330 3714 -. 3700

1.79 .5057. " I., IfI .1377 -. 1 5 5. 3403 .3711 -. 3705
.11 lli. 1 1. 1 72 .1 3T -. 011 ' i.3477 .3708 -. 3703

7.77 S'I,. 1. 5 . 13f3 -. 01 I 5 '.3551 .3706 -. 3700
7.74 32471. 3 1 .),) . 1371 -. 01 ' 5.36?5 .3703 -. 362
f. 7 .5310. 13F.'73 .1370 -. 0187 5.369c ,3701 -. 3695

7.q0 3372 . . I .[,B77 .113 6 ". -. 0117 5.3772 .371 -. 36'3

7.73 S 54.' 1. ' 7 .3 5'2 -. 0119 1)3.5 .3691 -. 36115
7 .T4 U_57 . 1 41 e 1360 - .01'5 5.4067 .3688 -. 3683

7.T5 3730.6 1.1'155 .13') -. 01q4 5.4140 .36BG -. 3680

1 7 5 1.' o2 .135) -. 01-I 5.42 1' .3691 -. 3G75
1 * 1 3'6 1. 1- .1 * 1395 - . 0 1"3 i. 4 3r * 1 367' - . 3673
7.T '041 .0 . 0 .0 .1391 -. 01 ? '5.4435 .3676 -. 3670

. 41221. 2 .0 0 2? .134 -. 01 2 5.450C .31)73 -. 3668
7. 1 310. 1 2.10 3 .1341 -. 011 ia45 I .3t,71 -. 3669.'
1."1 D All00 0 34'. -. 01 l5. 346 5! .366 -. 363
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" ,U1 5 .0. it, .121 -. 0174 5.i630 .3534 -. 3S, 1

)7 J-,0 , 1 1 .131 .0174 'i. 753 .3632 -. 3,27

,.01 I24- 2. 0Pb . 1311 -. 0173 5.5926 .3630 -. 35,24

00 46045. 7 2.0276 .131b -. 0173 5.539'1 .3627 -. 3622

1.10 616-.6 ?.02p" .1314 -. 0172 5.5972 .3625 -,3620

, L'. 1 1.0307 .1312 -. 0172 5.6045 .3622 -. 3617

u.12 o42.2 2.0315 .1310 -. 0171 5.611i .3b20 -. 3615

.13 ')57. I 1 .032 a  .130 1 -. 0171 5.61'1 .361 1 -. 3613

• .14 b69l. ' 2.0341 .1307 -. 0171 5.6264 .3615 -. 3610

8.15 b82o. 4 2.0354 .1305 -. 0170 5.6337 .3613 -. 360P

.16 L ) . 2.0367 .1304 -. 0170 5.6410 .3611 -. 3606

4.17 7113.3 2.3: 0 13(12 -,016c 5.6432 .3601 -. 3603

7 .I f25--. ' 2.03143 .1300 -. 016c 5.6555 .3606 -. 3r, 01

4.19 740' .5 2.0406 . 1 2
q 'a -. 0168 5.6628 .3604 -. 359"

8.20 7562.3 2o04lq .1217 -. 0168 5.6701 .3601 -o35q6

,1.21 771'. 3 .0432 - 12"5 -. 016A 5.6773 , 359q -o35q4

8.22 777. 7 2.0445 a 1214 -. 0167 5.6846 a35 7 -. 35n2

4.23 1040. 5 2.0458 • 12'3: -. 0167 5* 6 91 q  *35-4 - * 358n

3.21 3206.7 2.0471 12q0 -. 0166 5.6991 e3592 -*3587

1.25 83765 2.04,4 ,1289 -. 0166 5.7064 .3590 -. 3585
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;,.39  11172.5 2.0663 .1266 -.0160 5#A07e .3558 -. 3593

:.O0 11405.8 2o0675 .1264 -. 0169 5.8151 .3555 -.3551
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- ,1 1 5 . € '.0 2 .1 ... -. 014~' . .•5.21 -. 3 5 4

.5J," 1 .930. -. 0"l .12 -. 14 1'1160 .35 2 -. 3920

0., J F, 1 '3 .3' 125 - .013 5.', 304 . 3 20 -. 314
. 1,03 * 2.0 : .12. -. 01) .'-376 .3511 -. 3911

2. 0) 1 .1 S,, 0 - • 3 ' .''41 . 3 21l1 -. 3511
I.5 lu'32•2 2.0"13 .1235 -. 0152 5 *'51Q .3514 -. 350 "

3.60 172 4.2 2.0"25 *12.3 -. 0152 5.9 5 91 .3511 -. 3507

I I ,I,. " 2. o 57 . 1251 -. 0151 ',3,3 .350'1 -. 350'

.62 1 *2. f .. 0 50 1230 -. 0191 5 .',7 35 .3507 -. 3503

.t3 1 111. 4 2.91 62 . 1 12 -. 0191 1 . 1't8OG .3 90 -. 3501
'.64 18401. 1 2.0'-74 .1227 -. 0150 5. c137.1 .3503 -. 34Q

A .65 1 1200. I .0.186 .1225 -. 0150 5.9950 .3501 -. 3496
'.66 1 1f., ' .0" )4 .122 -. 0190 6.0022 .34 '1 -. 314

19.5 29023. 7 2.111 .122 -. 0 14 6.003 . 34q -. 34n2
.,, 21344 .0 2.1023 .1221 -. 0141 6.f165 .34q4 -. 3 fl
,4 20 2e3. 5 2.1035 .1219 -e 0141 G.0237 *3492 -e 348P

01.70 21327.6 2.1048 .1214 -. 0148 6.0308 .3490 -. 3496
1!.71 21701.4 2.106O .1217 -. 014 4 6.0380 .3488 -. 34P4
1.72 222 4 . 1 2.1072 .1215 -. 0147 6.0451 .3486 -. 3482
,.73 .171 . ) 2,1014 . 1214 -. 0147 6. 0523 .3484 -* 34 7q

.74 23203,2 2.10'16 .1212 -,0147 6t0594 .3482 -. 3477

S.15 2369S.0 2.1106 .1211 -. 0146 690666 .3479 -. 3475
0.76 214203. 7 2.1120 .120' -. 0146 6.0737 .3477 -. 3473

177 24 T20.5 .1112 .120. -. 0146 6.0809 .3475 -. 3471
8.71 224 ', 2.1144 .120 -. 0145 6.0860 .3473 -. 346q
8.79 2578P 3 2a1157 .1205 -. 0145 6.0951 *3471 -. 3467

8.40 2 6 3 3c'.q 2116q .1203 -. 0145 6.1023 .346 q -. 3465
. 2 , '03S '. 11, 1 . 1202 -. 0144 6.10 ')4 .3467 -. 3463

. 2 2747 .3 -. 11- . .1200 -00.144 6.1166 .3465 -. 3461
0.13 2 406 U . 2. 12T () i . ' -. 0 144 6.1237 .3463 -. 3459
q4.14 2 IG70.1 2.1217 . 1198 -0143 6e1308 .3461 -o3457

9.'5 212P5.0 2.122') aII%6 -. 0143 6.1379 a3459 -. 3454
IL. 2 1 13. '1 2.1241 .11 1- -. 0143 6.1451 o3457 -. 3It92
; 17 . .o 122 1 3 -. 014? f3. 1922 9 3454 -. 3450

q.q.l 31212.4 2.1204 .11 '" -. 0142 Ge15')3 .3452 -. 344,'
.4L 31463.4 2.121M .11-0 -. 0142' 6.1664 .3450 -. 3446

o0 5 '0 12t,. . 2 2.12I8 lo -. 0141 G.17.35 .348 -. 3t4
. '1 55270.2 2.1500 .101' -•0141 10 , .3446 -. 3442
. '2 .3Y5 ,. * 12.1,12 .11<v -. 14 1 ' l's1 .3444 -.. 3440

!. IS 5471 A 2.1324 .1t; -. 014 f)  ,.l 'IW .3442 -. 343"
. 14 55461. '.13 .1113 -. 0140 u.2020 .3440 -. 3436

'. -') 3",23? ' " 1347 .11I' - .0140 .20') .3434 -. 3434
' , Is01q.4 5.13',) * 11 11 -. 013' ",.:16:' .3431, -. 3432

t. IT .1 15. ".1 1 1i I' -. 0 13 ' . 2 3 6 3434 -. 3430
I& 'o '630. : 1.13, 5 .117 -. n011 1 4,304 .3452 -. 3412

-.. 49 3 '466. 1 t .13j .1177 -. 0131, 6.2375 .3430 -. 3426

I'



A. 20

A:,4,-i'; ,v ";/Vplll VP'jI PS'> P" 1-, /

.00 4 31. 2.140, . 117j -. 013 1 6.244(1 .3421 -. 3424
.31 41127 * .. 1I I .1 ?114 -. 011') j.I;jI( .342, -. 342?

; )J) 4 p 50 .! IF'I -,n131 1.2'i',i .3424 ".3420
flS 42u ;,14 4? .1171 -. 013 7 E~265" .3 422 -3e#1I"

1.04 4'?.' .7 .14,)3 .1170 -. 0137 6.272' .3420 -. 341,

).05 q4,ef Ag .14 b5 • 11 r.., - .n136 Sj. 2i O0 . 34 18 -. 3414
1. , oij 4 °-j 5). 1 :1. 14 7 . 11If3! - .0 1 5 ) . 2-A7 1 .34lu - .34 17

.7 4u-51.1 4.14 ,N .11(,b -. 0 136 6.244: .3414 -. 3410
S0'1 47 6 '. 0 .I 0) .1164 -. 0139 6,3012 .3412 -. 34 0

-4.O09 4 111O .6 2.1512 .1163 -. 0135 630P3 s3410 -. 340A

1.10 4 Y'73. 4 2.1523 .1161 -,0135 6.3194 .340R -. 3404
'.11 :1961.0 2.1555 .1 0 -. 0134 4.322') .3406 -. 3402
'.12 52172. ' 2. I' 46 .115' -. n134 6.32"i .3404 -. 3400
.15 533 0 .4 2. 5',," 1157 -. 0134 6. 3366 .3402 33

10. 14 14471. ' 2.15 0 .1151, -. 0134 G.3437 .3400 -. 33"6'

lo.15 5565'.5 2.15I o1155 -. 0133 6.3507 .339R -. 3 3q 4
).16 5b 74.1 ?.1I'5 .1153 -. 0133 6.357 .3396 -. 3393
'.I7 9 i11E5.' 2.1c04 .115? -. 0133 6.3641 .3344 -. 33qi

14 5" 5 . 4 2.1fb1 P .1151 -. 0132 6.37 1* .3392 -. 33"
P. 1 6061A-. 4 2.1627 ,11411 -. 0132 6.37q0 .3390 -. 33R7

. 20 62010.4 2.163,)  .14. -. 0132 6.3360 .3384 -. 33A5
'.21 5367. ? .1f,!0 .1147 -. 0131 ,j.3 ) 31 .3387 -. 3393
'.2; 61,754. i 2. l742 * 1146 -. 0131 6.4001 .33R5 -. 33 i1
4.23 66172. ,' 2.173 .114,# -. 0131 6.4071 .3383 -. 337
'.24 67623.1 2.1685 .1143 -. 0130 6.4142 .33B1 -. 3377

9.25 61105.R 2.1646 .1142 -. 0130 6,4212 .3379 -. 3375
1.26 T,.,22. 3 2.170? .1140 -. 0130 6.42,33 .3377 -. 3373
-. ?7 7217'.1 2.171 q  .1131 -,0130 6.4353 .3379 -. 3371
, .24 73757.2 2.17 30 .113'. -. 01 " 6.4423 .3373 -. 336"
9.29 75377.9 2.1742 .1136 -. 012q 6.4494 .3371 -. 336A

9.30 77035.1 2.1753 .1135 -. 0124 6.4564 .33 6 9 -. 3366
1.31 7 -12"'.7 2.1,'6 .1134 -. 0129 6.4634 .3367 -. 33c4
,4.32 40462. 4 :_. 11 .1133 -. 0129 r.4705 .3365 -. 3362
9.33 1223.2 17 7 .1131 -. 0121 (.4775 .3363 -. 3360

9. 34 64045.2 2.17-' .1130 -. 01211 6.4845 .3362 -*335P

;.35 95i49" .6 2o1P0lO .1129 -. 0127 6.4419 .3360 -. 3356
'.36 A77'3. 1 2.11 21 .11!7 -. 0127 6.4Q85 .3358 -. 3354
P.37 8 1730. 3 2.11 32 . 1 26 -. 012? 6.5056 .3356 -. 3352
. $' '1711.4 ?..t 43 .11 2 i -. 0126 o.5126 .3354 -. 3351
3.3q 13737.2 2.11,55 .1124 -. 0126 6.5196 o3352 -. 334 "

,4.40 1500 •t. 2.1"66 .1122 -. 0126 6.5266 .3350 -. 3347
.41 !' :'. .. 1 71 .11)i -,0126 '.9336 .334k -. 3349

'.42 1T" 4 . 01 ?. It' . 1 120 -. 0125 6.5406 *3547 -. 3343
'.43 10',0 s ', .j . 1ll -. 01?5 b.',47 .3345 -. 3341
4.44 104i7S. 4 2.111 .111t -. 0125 6.5546 .3343 -. 3339

.45 1of, "'?.6 2.1' 22 .11 l - .0124 6 .5616 .3341 -.3337
'.4, 10 ''?. 1 2.11 S3 .11l5 -. 0124 .i ?6 .333' -. 3336
9.4f 111''€ . 1 -.1)44 1114 -. 0 1"?4 W z 57 6 .3337 ".3334
,4-; 114164.4 2.1 '5 . 111 -. 0124 .5 2(, .3335 -. 3332

1*1 " .3 2 . 1" . 1111 -. 0123 '15;493 96 o3333 -. 3330

*4
! 1i



(
'

I P '' m' /VI"w'I VPZI P7 I /P'l I •

1.90 11"2, 1. 7 2.1 P7 110 - .0123 '15 b
,  

.3332 -. 332
1. 1 121 43.1 2.1 1 I 1.1l -. ) 21 " ,.,0 II .3 3 -. 332'
,.')2 

1
2 u

5
4. I 0.2OJO .110 -. 01" :l .I 1 0 3, .3121 -. 3325

,.'3 12'42' . 5 ?.2DII 1 10;
,  

-. 011?1 6.6179 .352b -. 3323
.54 I 130 '64. ? ?.2022 *110) -. 012? 6. 62 45 .332A -. 3321

.55 133166. 1 2. 20 35 .llq4 -. 012? z.6315 .3322 -. 3319
'.Su 13,133. 4 '.2044 .1103 -.0121 6.b3th 3521 -. 3311
'.917 1311 • 4 2.21)9'j .1101 -. 01'1 6.645 .331'1 -. 331,
".9- 14227"... '2.2066 .1100 -. 0121 (, .6924 .3311 -. 3314

.5' 145147.6 2.2017 . 10l" -. 0121 6.65q4 .331) -. 3312

. 60 1436'5. 2 2.20 6 .1097 -. 0120 6.6664 .3313 -. 3310

.61 15201S. 1 2.20 1 .10 17 -. 0120 6.6733 .3311 -. 330A.
.62 155414.9 2.2110 .10li -. 0120 6.63 03 .3310 -. 3306
'.63 1'31 :, . 2.2121 . 1 1"4 -.0120 6.6973 .330-3 -. 330' ,

'.64 162444.6 2.2132 .1003 -. 011' 6.6942 .3306 -. 3303

9.65 1660A0 . Q 2.2143 ,10 2 -.011 6.7012 .3304 -.3301
.66 161000. 1 2.2153 .1 0q1  -.0114 6.70 92 .3302 -. 329'
.I 17S604. 7 2.21b4 .10 - -.011' 1; .7151 .3301 - . 32 " 7
&.6M 1774'% . 5 2.2175 .1001 -. 0118 6.7221 o329() -. 32Q6

J.69 181477.4 2.2136 . 10f7 -. 0118 6.7290 .3297 -. 3294

1.70 1R55#4, 7 2.21q7 .1086 -. 0118 6.7360 .3295 -. 3292
4.71 1,9715. 4 2.220n .101,5 -. 011, 6.7424 . 3 2 q4  -. 32q0
I -.72 1 1397b. P 2.221-1 .1094 -,0117 6. 74 99 .32q2 -. 32814
-).73 1q9'335.

'  
2.222" .10%2 -. 0117 6.7566 .32q0 -. 32P7

'.74 202705.3 2.2240 .1091 -. 0117 6.7637 .3288 -. 3285

.75 207357.2 2.2251 .1000 -. 0117 6.7707 .3286 -. 3283
0.76 212023.

"  
2.2262 .107 ' -. 0116 6.7776 .3285 -. 3291

". 17 21t,791,. 1 2.2273 .107, -. 0116 6.73 4b .32F3 -. 3290
9.74 2216?2.2 2.22,A3 .1077 -. 0116 6.7q15 .3281 -. 327P
9.79 226678. 7 2.2244 .1075 -. 0116 6.7984 .3279 -. 3276

9.RO 231790.3 2.2305 .10714 -. 0115 6.8054 .3278 -. 3274
'.01 23701-.7 2.231. .1073 -. 0115 6.P123 .3276 -. 3273
'.42 24236 .7 2.232o l UT2 -. 0115 6.8102 .3274 -. 3271
'.4 3 24743.2 2.2337 .1071 -.0115 6.R261 .3272 -.326q
".S4 253442.0 2.2348 .1070 -. 0114 6.8331 .3271 -. 3267

1.95 253172.0 2.235" .1064 -. 0114 6.8400 .3269 -. 3266
#.'16 265033.3 2.236

"  
.1067 -. 0114 6.1469 .3267 -.3264

Q.A 7 27103n.1 2.23A0 .1066 -. 0111 6.P53q .3265 -. 3262
1.49 27716j.7 2.23 ,1 .1065 -. 0113 6.6607 .3264 -.3261
9.8q 283443.1 2.2401 .1064 -. 0113 6.8676 .3262 -. 325q

9.90 2Hq'465.6 2.2412 .1063 -. 0113 6.6746 .3260 -. 3257
.Q1 2'1643 7. n 2.242

"  
.1f02 -. 011) 6.9M19 .325,1 -. 325

1.-42 303160. '?.2433 • 10-, -. 011' C .F R4 .3257 -. 3254
9.13 31003". 1 2.2444 .105I -.0112 6.r,5 3 .325) -. 325'
:."4 31707'. 5 2.2454 .1051 -. 0112 6.9022 .3253 -. 3250

9.15 3242b0.rh 2.2465 .1057 -. 0112 6.1091 .3251 -. 3248
-' )6 3 21u4 .* ".2 4 , . I19', -.81ll .n160 .3250 -. 3241
9.- ' 33,'i14 ' 2.24 'r .1U5 -. 0111 6."220 .3241 -. 324

,

A. ' 4 24 '04. 2.24 '6 .10 4 -. 1ll f,. '2" 0 .3246 -. 3243
-#-4 3547c-. 4 2.21-07 .1053 -.0111 6.I367 .3245 -. 3242

10.00 362971.3 2.251A .1052 -. 0110 6."436 .3243 -,3240

x LIX



B.1

APPENDIX B

EMPIRICAL DATA FROM FIELD MEASUREMENTS

Statistical long term distributions from full scale measurements

on T/T Esso Bonn ,'14/.

Main data of ship B.3

Deviation in the square sum of RMS-values (2.1.2)

evaluated in terms of 1 -9T " + S B.4

Distributions of RMS-values o,& B and oS  B.5

Distributions of logarithmic RMS-values lnu, lnSB

and ino s . B.8

Distributions of springing share x5 (2,2,3),

bending share xB( 2 ,2 ,1) and the squared functions B.1

Springing and bending periods,T and T average

zero-crossing period T z(2.1.3), Tp (2.2.5) B.14

Bending, zero-crossing and peak oeriod made

dimensionless with respect to the springing

period T(2.2.2), T (2.2.4) and i (2,2,5) B.18
z p

Pear-to-zero-crossing period ratio a(2.2.6),

spectral width L(2.2. 7 ) and the squared functions B.21

Fraction of positive maximaa (2.2.8), neriod of

positive maxima T+ (2.4.4) and T B.24
p

Peak period division ratio (T B-T s)/(T B-T s ) and

zero crossing period division ratio (T z-T s)/(T B-T S

touched in chapter 6. B.27 I
* ~ .I



B. 2

Ncurmaiized extreme values O -5(Smax /0' nN3, (5.3.4),

tor springing, bending and total stress B. 29

Spectral correction factor for fatigue ?~,(8.2.7)

for m=3 and m=4. B. 32



13 . 3

Part iculars:

Length overall 347.800 M

Length on sunmer LWL 337.861 "

Length between perpendiculars 329.200 "

Breadth moulded 51.800 
"

Depth moulded 25.600 "

Drafts:

Tropical freshwater 20.913 "

Freshwater 20.498 "

Tropical 20.458 "

Summer 20.043 "

Winter 19.628 *

Weights:

Light weight 36.063 T

Light weight V.C.G. Above Base 14.30 M

Light weight LCG FWD of AP 150.33 "

Load displacement summer 292.758 T

tropical 299.493 T

ronnage International:

Gross 126.192,23

Net 99.621,46

Sect ion modulus

Top midship section modulus 76.23 M
3

Bottom midship section modulus 77.27 M
3

Midship second moment of steel

re q82.38 M

Main data for A.G. WESER yard No. 1388

T.T. "ESSO BONN"



B.4

DEVIATION IN RMIS. -SCR1(RMSB.?.*RMS-2)/RMST

ALL LOADING CONDI'IOl',

PERCE W,

STATISTICAL PARAANEVES

4UIPOLA Of !A-PLC VALUFSM . 72
AN ITNITIC MECAN VALUE,6 * 1174

.1T0v 01VAT~o0 I I . . . . .

COMzaLET CF VAUIATICN* "I fs ...... . (.884
COU1ILEXll't sxECN301. KU3J*S ..!:"t'42
CllfUV11..1 OF ECE tS. KI"$. TA a 1T601

"OFENS CCE6N. TWOMENT. C2 1:5043-92
169 ofUIIAL MOMENT, C3 t 6.3343

P*WTN CEO 'AL MOMENT. C4 . 4.27443
flJuEIJICMAILABO, .~~~32 .2 . . !.1350 .0$

SEC440 iNiWfT ABIOUT 2'0 112 ........ 2.10)4'0
INWITW ANINIT ZEB0. 113 .. 2 .0%74

madm moor ABUT ZENO. "It . * 6.4-9543

DEVIATION IN RMS. i-SQRT(Rt1SB..2-RMSS..2)/RMST O[VIATION IN RMlS. I-SORT(RtSB.2.RMSS-2)/RMST

RALLAIT LONOU1QONS FUL_ lO)AD CoNviJIINS

1 0.20

0.10

0 120 0 to 20

P16121 ~PERCTMT

STATIST ICAL PAMAVIT'Rt STATISTICAL PARA"ETR31

0W- O ARPL VALl34 WBOABE Of 0*6111.1 VALUES. . . . . . .1336

"AA0 I 4,1CTIC RGA-l VALUE. 11. . . . . .0 04
aVITIICTIC Nt.AV ai LU 7L. . . . 533.AB0LI~L6 . . . . . 23
SIANOANI CIVOATION,.. ... . .. .. . S,6 .~ ~ 14ANDCIVAI ON SA6.ATI . .Vt. . . ... 38-01

CCEFYZCI!61 OF VWARIATICTI." 3, . ..,62.4 COEVfT[Ct-Cl OF VAIATC. 631S. . . .... 3.401

COEFFCtV I KCE COW'0 IC...545 ~ ~ 0EI F SENCES. 1S14......3 1.0
C C ", ,CI AT 1W:rCIEl Corr1~ Excess. is-.. . Z.Z1j*

IF(112 C' VIRAL 10,14cvlT7,'. . .. .. 1. "4-2 ^Et-)4D C!214Ut*L 4111C.II. CZ. . . . . . . 1

OWTY CIShA 40MWt )JTHESSA OENTC~ C. . .. 4.634
FOUNT" CUPIALANT. K4.IC4-3.C2.20 . .. .. 3.1041443 room H CU:NANT. 94.IC-3.C211) . ... 54

k23NO"01IT ZLR111 425i '4. . . 1:10 SECQO MOMENT? ABOUT) ZENO. ... .. .. 2.32-1147

T116 UHTAOUT t-C.1 VT . .. P1333AIV LAT AUUT ZLRC. n. . . 1.3.1

, ON6 "alo *m Z So66 . .MA. .. .. . . . %7.1414542 ,11C,1 1A11)U VE..........6.1466M

4141RUN~ 14LU 12 .""I'I
... .. .. .. .. .



I I 'A [

I' N N . N'1

STATISTICAL PAIAPETERI

a lil 01 SAMPLE VALUES * lilt.::: : 11
AANlyap TIC PtAK VALUE. PI* 3.3Z4 0I1
St141"a .... v i.,. . : :2: .0..0.1
CUPPSICSIIT oP VARIIIoI.: Ni/s . 141*00
cdhhuli OP :10U$ a/.&* 773*00
c.16(11.~tl o11.£ .40

tuzs* cu-RaISNIOpuT, £5 . .2....1).. 5.402
P95T "1 INA toy 1k. (4 * 2.4
POETIP CISULAET & 4-5CC-3.Ct-2) . *

silo" =.011 ABOU11TA0 '4lt * 3 . b43 a's
* a,.,, oMan Alout 1566. PA...' . 1.046:1,

*IN11popc,u AU A.ZiI,00
miamawau .L. I.5102

RMS FOR REIDING STRESS RMS FOR SPRINGING STRESS
ALL LOADiNG IONDI'IONS ALL LOADING, CONDIONS

0 or

Kr 'M-

STAISTICAL PlARAP ~ti S7TaSTCAL PaAtITR

imBAS 90 OAWLS VALUES ... . . . . . . . Ill9 L 1 Of SAPP" VALUES... .. . . . . .
.A1JTITC VAt 2IlS 3I. . . . 6391 A11OJTI) P11 VALUE. PI. . . . 9. 535:00
TAN9mii. 69Alh 5................2!30 1ssm I4IIIU .............. 353 00

COEFFICIENT OP VARIATSIN.I nu.. .......... 1l5 5.00 cmtntcin? of VARATION.. NI/S.. . 119*00
cculpsu of scawoiclt cos..! . . . ..... ao CSBPXZEINT OP cannonIS. 9!S31-1 20

SPPS1I IC O CI nSS. tA/i**4 . .. ppjfogriliAT OPF55 awISRA/IN.............0s2.0o

SE(3CNT A N111 Ot, ". £2.... . . . .s5.5u0a SCOND cENTRAL P0MmT. C2. ....... ...... 749-0I
110 CENTRAL 3093W." 3 Cl.......... ... 215 04 I91 1r CENTRAL NOVIN, CS .......... 1580

:Dust: ((ITEALYPlaPI, C4. .. ... 619:06 I P1alM CLNTRAL Poptu!, £4 . .. .. .. 5.398.04
MOST CAILAMTA t11(C43C2.Z) . . . ...... 66 0 P53N (UNULAiT. .c4I63C.7. ......... o2iz0

SECOD "OptT NOU 11. 42....................~mINT 110151alsl, Piz.. .. . . I.. .793-02
nT. mOEt clou ta&0UTZ, P0.. ... :304-04 TIMID flf*T ADOUT it.O P3. .. ......... 4.869-03
O51IN WENTW ASCII ZERt. 114......... ... 0.0 0 f53ITH PWNI ASCII ZElt, 014 .. .. . . .670-05

AN PUP5 VALLE... ...... aL1... ALUE .. . . . . . .... ?0OI
m~iNII ALU..........................5442 AIIuWsN vt. . . . . . ................. l0
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RTTS FOR TOTAL~~AS
B~ LAST CCNL)iIN

20C

STATISTICAL PARAPEISNS

4 WVD Oft S6ONL1'VALUES 1'

11 SIvinELc SEA VALUE14's. . ... . . .M~
c 1 1"1 of *EVIATISN. Pil.. .. ..

cEFIC OT OF 51(05515. K315-3 . . *
CUIICIEY MassEI. 9418--4 ... ... s. .

$UeSN CorfaTE. IwoEET. ca .030T 
Ulk*LUML -ROMS. CS * '.3454IFAhN= CUTA RAXT - C4 I 5. 2",

FO apOKIi.AT. K441E4-3-02) . * 1 .496#16

A= o 12m 1wo 03 * 1451065

Iam.!S1*x-oou ABU . WOO 4 ........ 1.433087

*9 VLUe 1 ?054S0

RT1E. FOR BENDINC. STR[SS RT15 FCR SPRINGING STRESS
BALLAST CONDITIONS RkLAALT (CNDI3NOS

0;'

STATISTICAL PAPANETENS STATISTICAL PANARERN

Owmam OF SARPL[ VALUts........... 35 sueIsE of SAMPLE VALUES . * IS?A41INPKTSC MESS VALuE. N1 ....I . Z.765 OF ANITNUOrc PEAR VALUE. P1 .: :: :: ::1.51505505 oEVlaTZ0N. S . 2.2443't STANDARIP PEVIATION. I . . 10901d1FFIEIEM1?* VANIATION. Pill .. I .232.00 CEFFI9ISNty Of VABIAIION. Pill... . 1.111-SCUNII S g~uss ~i.1 .IAA.00 COEFFICIESOF of 0555 EKWI SI3s..3 . * 1.537-00CUFFC.2I? .1 : : : : :CS. : 6.490-00 CNEIICIET Of ONClESS. RIiS.4 . * 1.31*46

S "I *EIALL Non%? ,l * iE OZ 51(000 CWEEAL OENT. C2 . . 5 .1545TISO (1111." NOoploT 3 Z ?446*04 THINS ((STEAL Nosa. cl . 1.8003
1 - - (EstOIL ,MOEnT. C4 . * 2.45040 F WNTO (ANSAL PORTENT. C4 . . .SAAOFU IN PSLAWT NS*CA.IACZ**2) . * l.A4 *0A FUS

T
N cup"KLMI. . .E1-. . .SS. 3.441.04

1160 " NO*mEp& ANNU" "'go* "1 03 1.a71 eOS MeNZ AD"? Use, fla . ..s.I.O.MMIN 5055.17 Ag0o., ZN.3 NI " 0.71 #O5 NMWN AgONY 250. 513 . . .4.4 . .JNIVTN NOKENT ADOUT 196N, P4 .M ...A . 7.941-06 FWIDTN POPINT A"U? Zile. Nd... . .

W"1.0 IZJ VALUE........
47~'1*O NAZIS* NALU . .

14.
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RMS FOR TOTAL STRESS
FULL LOAD CONDITIONS

STAT5STlCAL PAIAM:T[IS

I0ES wI SAMPLE VALUES 1 473
AhITZITIC . .VALUE. .l *1 • : • • 3.56.101
IA A....... . . . . a.431*01
COEFPICIENT Of VARIATION. 111S . . . . . . . 1.464300
(MIDPZU1ET OP $EEABE$$. 13I0..3 . S.*O•01.OO
COEFIClIIT Of C .sS* IIS*.4 * • 461i.00

S5¢11 €CiBTIAL I50~1T,0 ci . .. ... to
T wl CA.TAL -O• I•T. C2 S... .1*0.
ITS CETOAL 000110T. Cl . . . 7.34.*0.1
P5U512 CU1iALT * O1fT. C4....

SECOES 501 T aBOUT le, 2 * * * j -.a s0 3
TNi| 11 10~lI AB)OUT |1110. 53 •* * .37• *05 O
P011Y5 "WIWI ABOUT li, i 14 . . . . . . W.*0

:INiU VALUE , ,* ?,?.0
IAZSNUW VALUE[•.•*•"•• 1.517*02

RMS FOR BENDING STRESS RMS FOR SPRINGICNG STRESS

FUL LOAD CONDITIONS FULL LOAD CONDITIONS

0.50

- 00

r . K ,----. r 0.300

0 130 20G 0 30 200

STATITICAL PANANIVII S IT&TISTCAL PARAMETIER

woes11 of $APPLE VALUES ... ...... 473 NIM OF UWLE VAL.ES . . .... 47
IIIN"ITIt 11" VALUt1. a ...... 3.0964O& AIyTSNIIIC Mias VALUE. I1 .011
StAstaus DEIATIN. S ..... . . .. . 2.4l3-0) S= 9 V ATII11. . . . . . . . . . . . ,.1",fICSI ,LCSLIT Or VARIAION, pit$ . . . .I . . 1.26240 C BP111'S O VARIATION, p1,5* . . . . . . 154.w
CEoEalC51U1 Oc 5111p115, I*...• .?O TRUST of 1t11ml. %1S-3 . . . . . . l.50
COSIEP CSSIT OP |ICE*S. I41S.*4. . . ..•.2 0 *1 ZCSIUT Of EXCESS. R41S-"4 .* . . . . . . 1.6?*1

ICo* CCTIAL ONl, C. . . . . . . . . .6.216-02 1COND CETRIAL MOMENT, C2 ....... .13201
"M5t1 CEnTolL 509lT1, o. ...... .. .. ,$ . . .. . 3.6333464 6.,,
4"T" CNTR11AL llOtm, C4 . . . . . . . . re1ye C&TAAL "laT CA . . . . . . . . . 1,04
SUIT 11 CUULALA, *4 (C4"3*C2Z) . . . . . 646fm PS CILUT. E1KIt4c& ') . . . . . . .61413

%I[can "016111 ABOUT IeE. or . . .. . .. . 15 71403 ] &A0A 1 &sol), P? 5•......l*0
Till 013 £01 1I50. 53......1,074OT FIIDEI "I tol ""In+ noi , T . * Fees. 3...... as.&
FOU. ABOUT , l. ".W. . . .1.09940?1 PUMS FARM, As"?TIg * o, . . . . . . 1 0

5101551 VALUE.. .. .. .:.11-00 03.1531 "A:..................I4ERASSBIA VALUE.......... •* *" * •* l3'*e? #liSJSJ IALUE., ... ,... •, * .2*42.0,

AN II'1~ . 0



tN(RMS) FOR TO
T

AL IRESSC

ALL LOADING CONDIONU~S

0 3

0 2

STATISTICAL P3AAET[%$

MUMMER OF SAMPLE VALUES . * 1030
01(303 IIAI. *1.300

C WFIKIBOI 0f VARIATION. M11S . £ .213-00

C30It.MZI OP . . .ES. .I£..31.30-01

14050UTAL POP~I, C2 5 1.31-Q'
T aqw3 C9313A1. M0MEN1. C1 -2:363-0,
1061 all. 31 CENRA 313R1. C4 . . .3Z5.00
F WA CtANKM1, EA-CC-3*CZ*.Z) . . 1 .134-01

A Sat FEENFIE1 &Gl? tI to M10 2 . * 1.031

FOUN13 MOMEN1 43051 ZER0. K4 . * 1-30002

.l35l3 MAL.33 4:161:01
.m1w~d3 I053 00

LN(RNS) FOR BENDIPIP STRESS LN(RMS1 FOR SPRIM6IW STRESS
ALL LAIMING CONDITIONS ALI LOADING CONDITIONS

1.3

01i

C;I

I2 3 2 3

STATISTICAL. PARAMETERS STATISTICAL. PARAMETERS

0 ~N1iOP SAMPLEI VALUES .. .. .... 1030 flow Of 333ftE VALUES ...... .. . .1030
A3SIEUETIC ox* VAU.3. . . .. 0730 £0STd1ZC 313N VALUEI . .... .. .. 1.913-00
U.EAt v.,oMDM 34330313N 60 IAI30:,U.. .. .. .. 81101 . . .~ .3V1.0 ... . .. . . 0.10-01

£UPFDC63 Of VAATION 34111.. .. . . 3716.00 (@4PtKt@X1 Or VAsSAY1OU, *jigS. . . . . 0
CIEDFMZ :: E3E 1:E33, 1/. -6.......... 4-.1 WSf1a P EI~ S32 ...".,66

(Uft.'.g 033(3,3/34 . . 353-01 1291s" 40133 OP ESEI IAIS.i.....7.33",1

. .316. .IIA .0I1 l . . . . 4.61-0l allow CEISTAL 363ER1. C2 .. .. .. . 1.554-01
1111 Cc33(31. 303131, CI .. ........ .. 3.440-01 _t ATIL, 303(31. C3

P39 3131 6E1 II. . .I3S0 AL. 106(91 C4. . . .1610

COMPLAIN CW11 981 3190. i) 4i. . . .0t31-1 369.0331£3.8 Z01 3
$190pit ? U 191M. 92 9, .3. . . . . . 100 01669 3311r ANOUT 1120. 012. . . . . .. 4 0

331 WOO 3 330.81T 0130 at. P3 .. .. ....... .. 5.81 1"3 "man 30311 ZE3RO P03 1.110

a ia VAM.m .3 9 . .. .. .. ..... 3*j 111140 VALUE .. .. .. .
MARNO3VL3 .. .*1.01 ... . . . . . . ~ 3333 VALUE . . . ................ 4
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8k L AS T PNf N

.\c' KPU..

STATISTICAL PARA~tEUS

"aSnfS W SAA&L VALUES S?
I .THAIIC RA A VALUE, Aj S. 1.??!0*

SASAX IVA IW S* .970
COEFFSCIESNT OF VA ITSI, KK IS 4:00 1*00

CMICEU O SKUSS 3SS..3 _ 55"12'C
IUFZ(l. .F E.ES . . .. . 1 .1 3O

uIC~oU TIXAL CCE? IR * I~m-*'TIN*~ "fTi.AL KONEa.C -43:Z:3-01
to"IeTH CRuINAL mopK? C

mmo woost AsuT Zeno. RZ . * .. 1020

TAftOAD? VIRGP. . . * 3.7".01
5puT130. P4 . * .. 1374

N (RM't) FCR' SENDING STRESS -N (RM1S) FOR SPRING.ING SIR! ',
SkLLAST CONDI'lONS SALL ASr CCkD1 I C45

KUU22
2 3 5

LA 01 Kr m'~' G Kr(..

STAISTICAL. PARAPEVEAI S7AYW$TCk. PAPA"ETEIS

aUu SEa Sot 1K IFALUES.. . . . Sir *I OF *fAWHLE VALUES.. .. .. 5?
a IwOT Ic at"e VALUE qt . . . 3UO AUVATLC REA VA Al, . RI .. . .. OSA*0

CSIF13:11I6mIFVARSATION, Pit$S. . .. ........ .0 (CKF1MjoS(M1 Of VARSATION*it I/.. ........ 2.096-00
colopuauI OF SEWIMSS ET/s..S . . . . . .2Z0 ff5~ja 7.2E1"1K E

ofDMI0 IIss. KAJ12-4. .. .. . .SA6.36161 1,,1,1, CUFCITOFECS.4/..........'

SU~CIIRU WI, ca . .. .. .. 7.67"- WIE.WSR.Cl . . . 9560
,at" C.1.2 L $01M,? -4............5"'@
Fpvw? CERulA RIel. CA .. .. . . - 2.143.90 RSl.t............5524
VOMI cumoEA?, E4-(C4.T.cZ.2)... .761 #I CEfiAL MOMENT. C4 . . ..... :IIA0

ramS CIWIaW?". EaE.C4-3.C2A51...........s.Aot

ai 814 lne ADW ERO M2lS I............ . . S. .q slM REW~ Will5 SIlO. PR.. ... 176:00

PIAIW4 VALVE ... ...... V.221.10



N I RM ) FrR ITTAL ,T Rj

- ON I !

941 00Ig SAPIPLE VALUES . * 473
A Il IMEI IC MAS VALUE. ml 3.233. 00I199 IN V1 -Al199. S . . .1. .0.

C8'FCIE of AZAE PI/s * .403-00

$10P. CENTRAL MOMERi.ll ca.770

F OU .1. 4 . . . . . .,.C. . 9. 390-0 1

S Ica" "AlmI £9091 iced. I, t 8.97-01

o091 % ""guy A9OUI Ito, 0, ...A . . t49O

M lipUP VALUE S. .9 -1
RAPIEUP VALUE . . .. OI..S*500

NNC i ST RiSS LN tRMSJ FOR SPRI14GING STRESS
ON" FLL LOA0 CONOIT IONS

2.1

S'AIISIICAL PARAPI£as SIAI6TCAL PAtAPIENS

NUMMI of SAIMPLE VALUS s 47 MUNIPI Of SAPL VALUES . . .
,al 21lpE" IS END VAL , % .Ut m;.~9g AIZNII 1 NEAl VALUE. .1
S lAn a6119 S AIO, S % , . : . .A99. .*E. .IO.,.S8.244-000

CUEEI9 he VATIO.Il 4.153-00 1COR:: SEM7 OF VAIIIOW. PIS . . .. 5.I7.9.o
CUIJCEMT91119010.ESS.. ~COIcIE9I of SEEWNEtsi. K315-3 . . 5.1909-01

(U~CISO 110 ~5. T .ow-ol COMMEN2T Of KICESS. £AIS..4 . .-... .-.

EC--- .5?A .00? .T . . 3 .71"-1 &Ko CENTRAL m09191. C2 . * 4.799-CIin ib... 2'TEL 19 31 .l . . ....... 130 1 TMI* CEN~TRAL PNINT. (3 . * 1.070-C1
FPnev3 CNAMYA P019. A* Z7*O 0( CtIISAL 909191,l C' . 0.004-01"9~ E. m E 4.EC -. C..3 t.03 19J1TO CPMULANT, Ko-tC4-3.r7..) . * -3.875-01

sicolts 91953 ASI? Slm. P2 .
. . . . . . . 1.01 SECOND MOOMmAI ASOUI ZENO, l? .. .. .. .3.S7*SC

T99 %IN IMOR ANOUT ZEN 0* "T . . .3hao 139 ADS*SSEIE, 3 . . .99Few"WOR 4601 A t... ZE4O IA. .. .33?0z TITh" NMo"ENT A*oUT'tO P3 . .P4. . . . . . . 43*

'FREE -99.. . .. .LOi4 :511UP VALUE .... .. .. .. .. .1.466-01
UMMMVLE. . . . . iAio ANIMMI VALUE ........ . . . . . . 3.14
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SPR!NGING SHARE X SjPRINCING ',HARE SQUARED. X--2
At~ j ADING CONOI'flN.L ALL OADINC; CONDITIONS

SIATV11IICAI. PARAifTIS STAI[SYKAI. PARAMETERS

MASSE 9F SAMPLE VALUES . .............. 1034 Koae of IIAU VAUES . . . ............ 163
j*ITOIiC KAN VALUE. N1i. ........... S1t hAfIWINLIKC NUNM VAUW I .N.. . .. . . .85-41
STANARD rsAyuI. s. ............ 2.31"te STANARD oMArIOc. 9 £ .... 81

COETI1'1 F ANKtW.N R/S.. .. .. 1.11240 ~ vCOMMN OF VARION MIS.......
CiWV714I. OF 54CONSS. KW*&.3 ... . . .6.12501 mcwzacmyu OF 0HMacuic.. Au-.4.. ..... ... "~
W(Wtdr.SA OF ENCESS. 44,0S-.4. . ........ JUI COMICS.', O if M* 0409-4 ....... 6606

SECND CENTRAL MMET. C2. .......... 5.477-02 SECOND C'MCUAL ARRET, C2.............05"2
THIRD CITRA. RVE C3, . ........ .... .... 8.&N-0 THIRD CE 7 AL NGIVT. C3............ .69.44-42
FOURTH Cr 1UAL ROBERT, C4............1.56 " I FUWITO CENTRAL RON5NN C4 ... 1610
FOURV eVOIANT. %4.EC4-.3.C?.*2) . . ....... 3 FOUTH CSNULANT, 94*IC4-5C?08N... . . . . .... 3

SECOND V4NEWT £8011 ZENO. ........... 154 SECOND MOMENT ABOUT ZENO. OR. ............ 744-02
lom mmlAtlZERO. Ni............24 THIRD NORr T AlSOW ZERO. N3. .. ....... 6"

FoUT MOMNTI &BRUT1 lCUn.% N.. .. .. 1.140-02 FURTHN30MW £SOIM ZENS. a . . ......... 99B-42

EENDINC, .4R Ap R BENDING SHARE SQUARED, X8*.2 (I-x..2)
ALL INA ALL LOADINC CONDITIONS

20 2

0. I
STAISYA AAEESSAITCL'RMTR

NUMBR 9 SAP~tVOLES 03,M1~ V ANK VAUEJ

STAARD OIATI .I. 1:402-STTITWO PR.,Y

* ~ ~ WVSOr , NP Sur~l J".@ MI............4274 W 7~g or VARIATIN. ISI...........1.070.*~COEFIaEN If HE S. W3 3/S.........-.2.6NWP~EIi EUEE Ou -.- --. -- V9r
WWEF 0 -I E"O. 9 9-4 0...........67-49 EEbCII: OF IKK* ww -

SECOND CENTALM OMEN. C2 . ............ ia-02 SCOND CENTRAL M5T. CZ
THIM10 ,fR CUUI 0............S3 _IU. 2cio u? ............- ~
PN C NUL OT.CS................ FORT" CCMRAL. NINES. Co 4"

OR P75 C ANT . 5.(CNi.21.iI... .. ..... 1.683-63 FOT CouNIANT. m%44-S.-*A &41

SECOND "NW ASOUT ZENN, O. . .......... V.05-O SECOND R0? ABU ? w MRI N.. .. . . . ....
TOOSND MM:SI ASGT ZEAlI. N. .. ........ 1.660Isa uu NO 1 i........
PaNT, MORm ABOUT ZENO. . ............ 104"1 THID MOENT AlSO 212 0. I.. . . . . ..

,001 "MW ROOT MEN. OR .. .~ . . . *-
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SPRNGNING XIR qPRINGING SHARE SOUARID X--2

B ALLAST CONtDIINS HIALA', CONOI 'IONS

STAIISVICAI PARAMEtTERS STATIST ICAL PARAETERS

NURGE OF SAMPLE VALUES .* 55Y C *vN~ o ScAru wALUCS ........ .. is
ARITHMETI1C NEAR VALUE. "I * aIINWUI PEA" L .P .MC .l . L5.3 -1
STAIND6ND 0922A1109 I .46 STANDRD~ DEVRAIIIU. . .......... S9-o

CSCPFItl 1 V of SKCEorSS. K03 .3 COU I.64 T CIE6 o S6CWIN5S, 63 .. * : : 1 "6 i.2a6
COIF.CuEN OF EXCESS. 1k4/S..44: sB "3- it COUIOET 0. r ssS -I.., . * . S 5

S aIW ZNUALMOIf. C2 . . A .17"42 SECONID CENTRAL NORENT. C2 . *
SECO0 N 6.MMN.C CE IRAL.9 VN160 11TR. NOMENT. C3 . &.66"
THIRD~ CENTRAL MOSNT N .3 54P, CESIM 6M.C
FOURTH CEUIkALT WW"N.C3C?. to I3644 RUSMN MIRL MOT. .C4SC.2 * 199

SI00CO ooMENT, %"OUT zrw. m 3N.-se.a OCOUDT 9590 ULAN? 04EMO.3-Q2 . . * 1.914"S

SEC1NO IWNET AVIUT ZENR Z ... . . Z.330-01 SEC1190 O E W Di Z . la* 6.24
TRDm. 9 osoooo NztO. I, * ~ Ie. FOURTHS "OREM amJ SMO, NO . . 4O

MhzmmMg." 6ABOUZ p" 1.6-02 11WVU

R9Z2RUNW VALUE . "242961 KAXIWI VALE . . .... .105-ft

BLNDING SHARE. X8 SORIII-X..2) BENDINU SHARE SOUARED. XB..2-II-X..?)

BALLAST CONDITIONS BALLAST CONDITIONS

20 n

00 'c. Do

STATISTIECAL PARAMETERUS STATISTI1CAL PARAMETERS

FORM OF SAWPLt WALTS.................. . . ..... WPM Of SAMPLE VALUETS. . . ... ..
AITHIETI C MEAN V.E . . . . .R11 ANITMNIC PE.A" VALUE, "I
STAMOAM TEVATSO, S...............1694 STASNAR OCOIATRb 6.... .. . . . . . .....
CU=IIM NEAINTE. OFS ... 5.217-00 CGaVUIFIN OrFaxsm ~.......
CoEPPIClu or SKUES. pS.3.........em24 W~CIE" or a.iss......

Imc1m or Euccin6 9N1.9 . ... 44 13ar. or-3i.Ii...........

ILCAW CEUUAL MEN?. C2. . . .. 14 :EUR :EU :KT :l .. . .t?6
TWIN3 CENTRAL NOENT, C3 ............ 1.?12403 :::: sm1.C321802 SCNDCRMOWI.C2,
Pan CENTRAL 401,T C . .. .. .. . .u1=3-3 "Ulm Cuim umm* a 4
FOURTH CURIALMY, Wf4lC4.S-Ct.*2......... .1.94 FOURTH tENUU. MOWR.ENC

SECN MOMEN 60PUT MRlS, AN............67"14
19190 90CR AMOTZR.9. . . ~ sm99WA~ 60 N..........t64
FEXT 60WAg7Z.............5-1 ns fl If0,M...........671

N6-376 6"TW muss.R A-.............G9o6
MYam eawE...................f44 92996 VAI...........

M0SIMUU ~ ~ ~ ~ FUTI INTAWTZ WkW..................9994 If vr........... .. .. ....
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SPRINGING SHARI. X 'RINGING SHARE SOUARLD~ X-..
FULL LOAD CONDITIONS f UL L LOCAD CONflII IGN!,

4 I"

STATITICAL PARAVCTTVI STAuISTICAL PARARETIMS

NUVM 0' UAIL WYALULS . . .. .1 fR 2.&6041 VALES. .. ... 4A
441TW1C AU VALUE. 41.......2.860-01; 4"

ST~ 0LVAZ S . . . 1.0-01 8514THIC 1A VA. 1. . ... 6-66
S~fTANDARD DEB .161. S. . . .6S .. .. 1.9se.00 STANDARD .EV.A.O. ... .... . . . 1.4
OVEMM1(1 OF VA4u4(SS. KR3S.1 ... vie C CtICE1O VAIATIO IS...... 36=6
DIE ii i 'F EXCESS . 64/S..4... .o614 .g7126 .P .UUES .3S.3 . ... I

0CFVjII61 OF EXCESS. K1/S-. . . .. .. 2.577-06
SCOND CENRALME NT, C2 ... . . . . !.S42
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lfllmm VALUE . . . . , •0 N V% . . . . . .. . .. .. ,, '""o1*0

M XW WNO VALL i "IN14U" -V At

AS1TH~IIC fAN 546W. I * I.A44- AINTI WAL0K A~t H

STAGAR 0IIATON. * . 5153 SAMORO FVITIO, S* NEK4



B. 17

IF N D C ')'N A J I PN CI N CP LR IOD

rNDND

AV.SFRINGINC, PERIO3D. TS
F.JLL LOAD CONDI*TIONS

AV SPRINGING PERIOD. TS

BALLkST CCNDjIV3NS

Al I C



B. 18

DIMENSIONLESS BENDING PERI2O. TB/TI, !AU

ALL LOADING CONDITIONS

0 4

0

0

STATISTICAL PARAN!TTtNS

NUMBER OF -ALE
- 

VALU
E

S ....... 1030

AR1THRETIC REA" , q1.......4.1 16-0
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STARTAUS iIAIIOU, $. . . . . . . . 1•tI*OO ?TA'&IA O1VIATINI S. . . . . . ..*""00

'0fFICIINT of VARIATION, pis . . . . . . . .0 1 CoFCIEN1 OF VARtATI .N, al •l . . .I.....2.3,.4

COEfFI CII 0R$ NlSS. 131 " * " 1:5 00 COCF CILNI OF S913WESS, K3 lS"3 . .1.1-94

OfIF CIET at RIC$ ... ..IF • 00+0 COEFTIC:ET (W C fCSS. gS' .4. .. .. 1.2-09

11(ON1 CINT0 RO4 P0 . . . . . . . C . 0O SCQrAL PNWT C2....... .?RAS
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