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Dynamic Analysis of Foundations
for Heavy Duty Diesel Engines
N. S. V. Kameswara Rao

Proceedings: First International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, April 26 - May 3, 1981, St. Louis, Missouri

Professor of Civil Engineering, Indian Institute of Technology, Kanpur, india

SYNOPSIS

Coupled motion analysis of Machine~-Foundation=-Soil systems subjected to periodic dynamic

forces and mrments which are of general nature (both in amplitudes and periods) has been carried out
Free vibration as well as forced vibration analysis

using Pourier analysis and numerical techniques.

in all the coupled and uncoupled modes of the system have been presented.

The procedure is illust-

rated in the case of an eight cylinder heavy duty diesel engine generator assembly and results have
been graphically shown in terms of frequency ratios and maximum steady state responses in the all

the relevant modes of vitrations

1. INTRODUCTION

Foundations for machine assemblies can be dire~
ctly supported by soil medium if the soil is (a)
of medium to high strength (b) of low compre~
ssibility (c¢) is not made up or reclaimed and
is a natural formation. Otherwise such founda-
tions have to be supported by piles taken deeper
into the soil. Analysis of rigid machine~found-
ation assemblies subjected to periodic dynamic
loads and moments (each of a single period or a
combination of several periods) of general
nature {both amplitudes and periods can be very
general), directly supported on soil medium is
presented in this investigation. Equations of
motion of the Machine~-Foundation-Soil system
(MPS) and the response analysis have been dis~-
cussed. Coupled and uncoupled motions of such

a system subjected to forces and moments of
general nature are considered for free and
forced vibration analysis. Dynamic responses of
frundations for an eight cylinder heavy duty
diesel enzine power generating set manufactured
by M/s. Kirloskar 0il Engines Ltd., Pune, India
have been cormputed and are graphically shown as
an illustration.

2. GENERAL EQUATIONS OF MOTION
A milti-cylinder diesel engine with sign conve-
ntion is shown in Fig.1. A typical assembly of
diesel generator set is shown in Fige. 2. A
rigid frundation block supporting a machine and
resting on a homogeneous, isotropic and linearly
elastic, semi~infinite soil medium is shown in
Fig. 3. Point A is the combined centre of
ravity (G.G.) of the machine and foundation
%assumed as a rigid body) and the reference coo-
rdinates x, v, z pass through A (Fig.3). Point
B with coordinates Xpy Ypr 2p is any point of

the system. The displacements of B can be
expressed in terms of the displacements of 4,
the combined C.G., and rotations of the rigid
body as
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Fig.1. Multi~Cylinder Diesel Engine

uB"'uA—del’z*'zB \J(y
Vg E VAt xg W, oz Yy (1)
W = W, =X\t Ty Py

where

u,v,w are displacements and q’x’de’ \Yz
are rotations along and about x,y,z-axes
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Fig. 3. Machine-Foundation-Soil System

respectively.

The soil reaction can be resclved in general
into six components actins at the centre of
contact area (i.e.) three forces P, Py, P, and
three moments Mx’ M&, Mz’ Takines B, as the
centre of contact area, these can be expressed
as (Kameswara Rao(19775)

du
P_=»~c B

- =k
x XX 4

xR

(2)

o
"
1

&
"

ctyy
d\?z

Mz = - -

z c+/z
14+t 3
£t is and Cpx?
kyy ete. are the damping constants

- kx#z \i/z

the time variable,

where

cyy7 kxxy
and spring

constants of the ecuivalent single degree of
freedom analogues and are given by Kameswara

Rao (1977), Richart et al. (1970). The unbal~
anced forces and moments from the machine (or
from the wvarious units of the machine assembly)
can be reduced inte generalised forces and
moments acting of the combined centre of gravity,
A, of the machipe~foundation system, consisting
of three forc&an, Py, Pz and three moments

Hys ﬁy, ¥, along and abeut the respective coor~-

dinate axes. From dynamic equilibrium of the
rigid body, using ecuations ?1) and (2), the
general equations of moticen of the machinew-
foundation~soil system can be written in all the
six modes of vibration (Kameswara Rao (1977)).
All these six equations can be seen teo be

linear and coupled and unicuely determine the
Tesponses U,y V,, wA,qu,\yy, ‘Lz’ While
solutions of these six coupled eguations can be
attempted using the analysis presented in this
investigntion, these can be simplified consi-
derably by a proper choice of the foundation
dimensions. For example, if the foundation
block dimensions are chosen such that the centre
of contact area, B, lies on the verticsl line
passing through A, the combined C.C., thus
makine xg = O, ¥y = 0, these equations of motion

get simplified as.

2
4a Wy dw

P5? Yl ez WA T OB (a)

c12uA <1uA d‘(’y
i Tat? oot * Ky gt 2 (O dt +k§xk¥{)?P¥
b
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in which zg is the z~coordinate of the centre of

contact area with reference to coordinate axes
passing threugh combined C.G. (Fig.3), m is the
total mass, Ixyx’ It#y' I*#z are the mass

moments of inertia about x,y,2-axes respectively,
of the machine~foundation system.

It can be seen from equations (3), that equations
nf mrtion for translation along z-axis (vertical
direction) and rotation about z-axis are comple-
tely uncoupled (equations (3a) and (3£)). Acco-
rdingly Wa and q)z can be independently solved

from the soverning equations (3a) and (3f)
respectively. PFurther, equations (3b) and (3c)
involving u, and y are coupled., Similsrly

equations (3d) and (3e) involving v, and

are also coupled, Hence the translation of
point A (combined CG.G.) along any horizontal
axis (x or y—axis) is always associated with
rotation about the horizontal axis perpendicular
to the axis of translation (i.e. ¥y or x=-axis)
and vice versa. These are called counled slid~
ing and rocking modes of motion. Thus by making
Xy = Vg = 0 (i.e. making the system symmetric

X

in the horizontal plane), equations (3) are in a
considerably simplified form and are well suit-
ed for easier analysis. This symmetry can be
easily prescribed by the designer (even if Xp

and (or) yg are of the order of 5 per cent (or

less) of the corresponding dimensions of the
contact area, symmetry can be assumed (Barkan
(1962)).

3. SOME SOTUTIONS ®(OR RBSPONSES OF SINGLE
DEGREE OF FREEDOM SYSTEM

Some solutions of the classical single degree
of freedom system (SDF)(Kameswara Rao (1977)
Tse et al.(1963)) which are relevent to the
analysis of equations (3) are presented below,
The equation of motion of SDF can be written in
the usual notation as,

T2+ G5+ K2 = F(t) (4)

where m, 2, K,2,F(t) are mass of the rigid
body, damping constant, spring constant dis-
placement along the direction of motion and
the dynamic load respectively. Dots denote
derivatives with respect to time t. Solutions
of equation (4) for various cases are readily
available in any of the standard books (Tse
et al. (1963)), but only some relevant solut-
ions are reviewed below.

¢, = critical damping = 2Y x m;
% = gamping factor = ¢/e,
€, = undamped natural frequency = ngﬁ ;
C3; = damped natural frequency = &, 1--032
wy = resonent frequency in the case of constant
amplitude dynamic load {such as F(t) =
. 2
R = G -
F, sinot) a¥1-2%
® .= resonent frequency in the case of frequ-

ency dependent dynamic load (such as F(t)=
m_ e& sinwt) = W, 1—2%2

e
. _w o, . w . p = oD.
Frequency ratios: 1, = — j Ty o= Ty T
On a m
(%]
r = —— .
nr IR

where (V) = operatin
load P(%).

z = dynamic displace:rent of the body
=z, sin(dt~9), in the case of cons-
tant amplitude dynamic load

frequency of the dynamic

= Zop sin (W t~§); in the case of
frequency dependent dynamic load.
= . - o)
where zp amplitude 7 MP
FB 1

1/2
© @ )

m e
e m e
= . @ (2
Z... = amplitude = —— M, = -—e—-(—_ v
pr % T 7 @ 2
(5)
$ = phase difference = tan”

-1 2% (w/ )
1-(D /> )?

in which Mp and Mpr are called magnification
factors.

= tan

Periodic dynamic load of general nature

Any dynamic load F(t) which is periodic with
period T can be expressed in general as a sum
of several harmonic components (called harmon-
lcs) using Fourier series (Tse et al.(1963)),
as
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a o
F(t) = 2? + Z (an cos nwt + by sin nwt) (6)
n=1
s T 5 T
where a; = = S F(t) at; a= = SF(t)cos nutdt;
o )
> T
b, = = J F(t)sin n®t dt and @ =2n/z (7)
o

2,y ay, b, are called Fourier coefficients. n

ig referred to as the number of harmonic. If
F(t) is in the form of a function, integrations
in equations(7) can be carried out either exact~-
1y or numerically as long as F(t) satisfies the
standard mathematical requirements. If the
load data is available at discrete time inter-
vals, as is the case of many engine assemblies
such as diesel engines, numerical integration
techniques have to be necessarily resorted to.
1f once the load is thus converted into harmonie
components, as given by equation (6), the solu~-
tinns presented above for harmonic loads can be
directly adopted and the steady state response
of SDF can be obitained using the principle of
superposition as

- K|72

412 . og a, cos(nwt-§,)+b,sin(ndt “¢n)}-‘

=1 ne2 2. ,23n0,2 j
1- £any
Qﬁ;) + ( o ) (8)
I 29n @
where ¢n = tan—1 0;;§
n
1—((—;—;

1f sumning up the series (equation (8)), care
must be taken not to ignore the important_har—
monies (not necessarily the first few) which
may contribute significantly to the response.
This can be ensured by summing up the geries
beyond that value of n (sav n = ng) for which

the denominator in equation (8) may be very
small or zero from which ng can be obtained as

) 2 p)
(2r§ - 4072 rﬁ) + {}2r2 -4 < rﬁ) —4ri
s 4
2Ty (9)

= @
where ry = /GDn-

If any of the quantities under square root in
equati~n (9) are negative, ng can be taken as 1.

However, the summation of the series (equation
(8)) sh~uld be carried cut beyond n = ngs un-

till the series converges as may be stipulated
by an apyropriate convergence criterion,

If the dynamic load F(t) is of general nature
with two or more periods, the solution for each
period can be obtained independently as explain-
ed abnve and the total solution can be obtained
by superposing these solutions obtained indepen~-
dently for each period.

4. RESPONSE ANALYSIS OF MACHINE~-FOUNDATION-SOIL
SYSTEM

Machine~Foundation block, being taken as rigid,
will have six degrees of freedom,three compo-
nents of translation and three components of
rotation. The equations of motion in all these
six degrees of freedom are given by equations
(3), solutions of which will yield the responses
at the combined C.G. of the machine-foundation
block. Then the responses at any other point
of the rigid body can be readily obtained from
equations (1). Solutions of equations (3) are
presented Below.

(i) Vertical Tranmslation (motion along z=-axis)

The equation of motion is given by (3a), which
can be seen to be in an unccupled form similar
to that of SDF (ecuation (4)). Hence all the
solutions presented in section 3 can be directly
used by replacing @, C, X, Z, F(t) by m, Cppt
kzz, W fz (given by manufacturer or can be
obtained from the engine data (Richart, et al.
(1970)). 1In particular, the frequency ratios
and the dynamic response w,s can be computed

from equations (5) and (8) respectively. (F,is

usually periodic but of a general nature as in

the case of diesel engines (Appendix~I))

(11i) Rotation about the Vertical Axis (torsional
motion about z-axis)

The equation of motion is given by equation (3f)
which also can be seen to be in an uncoupled

form and is similar to that of SDF (equatirn (4)).
Accordingly all the solutions presented in
section 3 can be directly used by replacing m,

G, K, Z, F(t) by m, ¢ 2 kxpz’ \#z’ M, respect-
ively. 1In particular, the frequency ratics and
dynamic response 5 Can be computed from
equations (5) and (8) respectively. (Mz is

usually periodic but of a general nature

as in
the case of diesel engines (Appendix —I)S.

(iii) Translation along x-axis coupled with
Rotation about y-axis (coupled slidins
(along x=axis) and rocking (about y-axis)
motion)

As mentioned in section 2, equations (3b) and
(%c) describe this coupled motion._ This_type
of motion can occur either due to Px or My or

due to free vibrations. -§¥ and N are usually
periodic but of general nature, as in the case
of diesel enzgines (Appendix —IS.

Free vibration analysis

(a) Undamped, Free Vibrations

Omitting damping terms and foreing functions in
equations (3b) and (3c¢), and following the un-
damped, free vibration analysis of coupled
systems (XKameswara Rao (1980), Tse et al. (1963))
the undamped natural freguencies can be obtain~
ed as
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2
+
((On)1 o = r_n_l_c.\{y +kx-x(sz I‘Py) in which 2409 2qpr Zop b10’ b1n’ b2n are the
?

2m I‘Py ) Fourier coefficients which can be obtained using
2 the Fourier analysis knowing Py and My as defin~

- 5 2 . . R, as
- k ed in equations (7). Solutions of equations
* Vr;kg*y+kxx(mz3+l‘¥y) 4mIQYKkXA$X (3b) and (3c) can be sought in the ferm

(10) u, = ==+ T (44, cOS Nt + 4, sin ndt)
The enrresponding frequency ratios can be exp- 2 n=1
ressed as
B oo
= . = D — 10 .
Tnq = CD/com, rho = /D5 (11) "Py = = + n—E-1 (B4, cos n@t + By, sin n@t)
where (O is the operating frequency. (15)

Substituting equations (15) in equaticns (3b)
and (3¢) and using the orthogonality of harmo-
nics, the coefficients Ao A1n’ Aoy By B1n’

By, can be obtained for all values of n equal

(b) Damped, Free Vibrations

Omitting the forcing functions P, and ﬂy in
equations (3b) and (3c) and following the

damped, free -vibration analysis of coupled sys- to 1 to = from the following matrix equations
tems (Kameswara Rao (1980)), the characteristic (Kameswara Rao (1980)).
determinant in terms of the parameter's'(from
which damped natural frequencies can be computed) X 7 X A
can be obtained as po B Txx 10 210
2 = (16)
2 Zpkey Ky yt2pKey B
ms Heop Stk Znlegys + kyy) Yy 10 byg
2 2 2 -
Zp(Cyqy s +kxx) Ty,s+(e |, +zSc. Js+k, +zs K | =0 2 2
B\ xx - .
Yy Yy “B xx Yy 9B Txx mn ook ncbcxx ZpKyy nwzye
2.2
(12) -nwe ~-mn < W “n Oz.c z.k
Solving the resulting quartic egquation in s, xx +kxx BTxx B xx
damped natural frequenciles exist only if the
four roots of s are complex conjugate with neg- 5 o
ative real part, the complex parts giving the szxx nCDchXX —I+ n-w na)(cy +
damped natural frequencies 0)d1 and GDdZ' If - 1 y y
they exist the corresponding frequency ratios é*y Zn cxx)
can be expressed as +sz
= (D/ N . = w )
T w y T /(D (13) 2 2
a1 a1 42 a2 —n(DzBCXX ZBkXX —nw(c*)y -I‘#y nw
where (GO is the operating frequency. 2
L +25 Cyy) +k¥v
Forced Vibration Analysis 2-
+z7:k
Referring to eguations (3b) and (3¢), solutions Bxx
are presented below taking the foreing functions
Fx and My to be of general nature but of the A 'Aa
same period (this includes the case when either n 1n
P or My may be zero). Solutions for forcing
x A2n 8on

functions of general nature but of different _ (17)
periods, can be obtained by repeating the analy- T4 b

sis presented below (for the case when Py and B1n 1in
ﬁy are of the same period or frequency) for

each period and superposing all such solutions B2n b2n
to get the total solution . 9

Since the forcing functions are taken to be of Knowing A49s Aqps Apps Bygr Byps Bpp,  the
general nature but of the same period,_ T (and _ stendy state responses u, and *’v can be
hence the game frequency &= 2n/¢ ), Py and M

. computed from equations (15).
can be expressed using Fourier series (Tse et

al.(1963)) as However, in swiing up the series given by
a0 o equations (15), care must be ta?en not to
s = s : ignore the important harmonics (not necessarily
Py 2 + n£1 (a1n cos nWt + ay sin not) the first few) which may contribute significant-
ly to the components of motion. This can be
b . ensured by summing up the series (eguatinns (15))
= 10 T (b1n cos n@t + by sin net) beyond that value of n (say n = ng) for which

y 2 =1 (14) "the coefficient matrix in equations (17) becomes
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sineular or value of the determinant becomes
very small. Accordingly ng can be obtained as

bq + ¥ P1 - 4P2

Bs = > (18)
2
k + z
where py = 15 24 B Kax . Koy :
) I*y m J
k k
Py, = _’9_‘__‘3’.% (19)
mI+yw

If pf ~ 4p, in equation (18) is negative, ng
can be taken as 1, The summation of the ser-
ies (equations (15)) should be carried out
beyond n = ng, untill the series converges as
may be stipufated by an apvropriate convergence
criterion, thus giving the coupled responses
u, and \Yy'

(iv) Translation along y=axis coupled with

Rotation about x-axis (coupled sliding

(along y-axis) and rocking (about x-axis)

motion)

The relevant equations of motion are given by
equations (3d) and (3e) and the analysis is

just similar to the coupled motion analysis
discussed in the abcve subseetion (iii), Accord-
ingly, following the same steps indicated in

the above subsection, the final solutions can
be obtained by replacing x,y,u, zg bY ¥y X, V,

~-Zp respectively whereever they occur in all
the equations of subsection (iii).

5. RESULTS

A computer program has been developed incorpor=-
ating all the aspects of the analysis diacussed
in the present investigation and some results
have been presented to illustrate the same.
Computations have been carried eut for the eight
cylinder diesel engine (turbocharged) power
generating set manufactured by M/s KIRLOSKAR
01T, ENGINES LIMITED, PUNE, INDIA. The assembly
is shown in Fig. 2. Some relevani details of
the engine, generator set assembly, dynamic
forces and moments coming from the engine are
given in Appendix-~I. Foundation block of the
shane of a rectangular parallelopiped with
dimensions a,b,c (along x, y, 2z respectively)

is considered. While a and b are taken as

2,00 and 5.985 meters, two values of thickness
¢ are considered for the analysis, (i) c=1.5
meters (ii) ¢=0.3 meters. The unit weight, <
and Poisson'g ratio, ¥ of the soil are taken
as 1700 kg/m” and 0.3 respectively. Results
have been obtained for a range of values of
shear of modulgs of the soil, G bekween
0.1 x 107 kg/m2 to 1.0 x 107 kg/me (medium to
dense soils). Frequency ratios r, and rg

and maximum responses in the wvarious modes of
vibration have been presented in Figs. 4 and 5.

@M Rotation about zaxis
(W=419 radians/sec)

2001
®‘\ @ Rotation about z-axis
\ (wW=52-4 radians/sec)
| v @ ™y or T4y |Coupled sliding
\ @ fny OF fyp (along X-.Cl)(iS) .
\\ and rocking motion
(about y-axis)
1201 \

Damped natural frequency ratio 9
&
O
2>

0-0

£ 160F
K]
o ®. —— C=0-3 meters
) \ --=-C=1-5 meters
< i \
$
o \
> \
e AN
2
o
c
e} -
O
jeR
£
o
e}
[
> 00

0

Shear modulus ot soit G hwkg/mz

Fig. 4. Variation of Frequency Ratins with
Shear Modulus of S»il

As is eyident from the dynamic load data of

the engine, (Appendix=I), only the three modes
of vibration of the machine~foundation-sail
system are of interest in this example namely
coupled sliding (along x-axis) angd rocking
(about y-axis) motion and the rotation about
zZ-axXis. Here also, the dynamic moment about
gZ-axig coming from the engine has two compo -
nents with different periods (i.e.) the one due
to M,e with a frequency of 500 cycles per

minute (W = 52.4 radiana/sec)and the seco
: nd
due to Fyo with & frequency of 4000 cycles per

minute (= 419 radiang/sec). As can be

from the Appendix-I all the dynamic forczge:nd
moments are of a general nature and hence the
program carries out the analysis using Pourier
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Fig, 5. Variation of Maximum Responses with
Shear Modulus of Soil

geries in all the modes of vibration as descri-
bed in section 4.

6. CONCTISIONS

The versatality of the analysis is brought out
by illustrating the same in the case of a typi-
cal diesel engine installation for power gene-
ration application. From the results presented
in Figs., 4 and 5, it can be scen that the thick-
ness of the foundation block has higher influe~
nce both on the frequency ratios as well as on
the maximum responses at the combined C.G.in

the lower range of values of shear modulus, G
than in the higher range of G values. However,
it can also be seen from these figures that
increased thickness of the foundation block

does not necessarily 1lmprove the dynamic perfor-
mance of the system. The analysis presented

is quite general and can be used successfully
for evaluating the responses of machine~-found-
ation-so0il systemes of general nature.
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APPENDIX~I : DETAILS OF THE MACHINE ASSEMRLY
AND DYNAMIC LOAD DATA

The following data is provided by M/s. Kirlos-

kar 0il Engines Limited, Pune, India.

Encine: Eight cylinder (Turbo-charged) diesel
engine manufactured by M/s. Kirloskar
0il Ensines Limited, Pune, India.

Revolutions per minute (r.p.in) = 1000; Brake
horse power = 372.

Static weights and e¢oordinates of the C.G., of the
various units of the assembly with reference to

Xg Yg» Zg axes (Fig.1 and Fig. 2).

Sl. . . x y z

No. Unit We;ght meters meters meters
1 Diesel engine 3603 0.0 0.0 0.3
2 Alternator 2445 0.0 2.545 0.0
3 Base plate 1500 0.0 0.125 ~0.421
4 Foundation 2400abc 0.0 0.425 *

block
(size a x b x ¢)
* 1)~-1.546 for c=1.5nm

1i)-0.946 for ¢=0.3m

The dynamic loaqs and moments coming at the
Ce&e of the engine F,, Mye’ M, e (as per the

convention shown in Fig. 1) are given below for
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various angles of the ecrank shaft for one cycle,
after which they repeat. XKXnowing these values
and the coordinates of the C.G. of the engine
with reference to x, y, z-ax€8 passing through
the combined C.G. of the machine and foundat-
ion, the forcing functions at A, the combined
C.3. (Fig.2), < Py’ Py My, My, M, can be
easily computed which are used in the analysis
(Section 4).

Fye (dynamic load along the x-axis in kg. act-

ing at the C.G. of the engine as shown in

Fiz. 1) is given below for various crank angles
in intervals of 5 degrees starting from O degrees
to 90 degrees after which the cycle repeats
itself. Hence frequency of Fg.,(D = 419 radiang/

sec (4000 cycles/mimute) and period T = en
= 0,015 sec. w

~375, =685, =1031, 1398, -1658, =-1745, ~-1663,
~-1483, -1216, 928, ~648, -429, ~242, 73, 41,
101,49, -123, =375.

M, ,(dynamic moment about the y-axis in kg. meters
ag%ing at the C.G. of the engine as shown in
Fig. 1) is given below for various crank angles
in intervals of 5 degrees starting from O degrees
to 90 degrees after which the cycle repeats it~
self. Hence frequency of Mye,u)= 419 radi ans/sec
(4000 cycles/minute) and period T = 2n/>
= 0,015 sec.

~23.3, -81.2, -141.3, -207.2, =253, =-267.9,
-253.1, -221.9, =177.9, =132.8, -89.3, ~55.7,
-27.1, 2.8, 26.6, 42.3, 39.4, 13.2, -28.3.

M, (dynamic moment about the z-axis in kg.

meters acting at the C.G. of the engine as shown
in Fiz. 1) is given below for vurious crank angles
in intervals of 5 degrees starting from O degrees
to 720 degrees after which the cycle repeats it~
self. Hence frequency of Mze,co = 52,4 radi ans/

sec (500 cyveles/minute) and period & = 2n/@=0.12 sec.
-51.5, 201.4, 480.7, 777.7, 1006.3,
1122.3, 1122.7, 1052.6, 924.3, 790.3, 660.1, 558.4,
478.1, 414.9, 372.5,341.5, 337.4, 361.0, 403.3, 4
460.5, 527.6, 602.1, 659.3, 684.7, 684.5, 673.6,
662.6, 6745, 68%.3, 691.9, T701.9, 726.6, 730.6,
697.2, 583.2, 379.4, 118.7, 182,1, -509.4, =854,
-1117,3, =1252.4, =1252.5, =-1165.3, =1006.3, =-836.1
6676, =53T7.3, =430.6, =33T7.4, ~26T7.7, =213.7,
-195.3, =215.4, =258.8, -317.5, =384.6, =455.1,
4-89.2, —465.4-, —38807, "28806, "155, 105, 15501,
269.6, 373.6, 478.3, 542.2, 551.6, 448.4, 222.5,
-83.3, 443, -852, =1281.1,-1503.5, ~1750.3,
~-1721.3, -1586.8,-1362.3, ~1125,2, -893.4, -713,
‘565-51 "4-4103, -35705, "304-09, -31905, 40504‘,
-539.3, ~707.1,"893.9, =-1105.5, 1257, =-13%313%,2,
-12383,2, -1207.8, -1100.5, =1008.3, -923.2,-846.4,
-789. 3 =753, ~T15.6, ~660.5, =565.3, =423.3,
254, -64.5, 1:8.1, 350.6, 520.2, 623.9, 653,93,
631.1, 56809’ 90107, 4-34-03, 382.8, 34‘3.1, 311,
282.8, 250.4, 213.7, 171, 123.4, T70.3, 13.3,
-48.3, -107.9, -15301, "210, "24-5.7, "'283, -33509,
’38804u "'42401’ —461.1, —505'3, -527'3’ '51410;
430,53, ~26€.9, 5145,
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