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INTRODUCTION 

In ‘b'P*“ decade, the U. S. Navy has constructed several Very Low 
Frequency (VLF) antennas throughout the United States: the most recent 

ZIT'6 “/““P011*’ and Lualualei, Hawaii. FoTtLle 

radial008* <* COnsists of th* to«er and portions of the tophat 
radial guy wires in contact with the tower. The base insulators were 

tier ^ethïaPeî’ CrraalC tyPe and Were arran8ed in three tiers; each 
tier had three insulators arranged in the shape of an equilateral trianale 

Numerous internal cracks were discovered in most of the base insulf- 
tors already placed beneath the towers at Annapolis and at Lualualei 

Consequently, the transmitting operation at both sites was immediately 

suspended. A ad-hoc VLF Study Group, assembled by the Naval Electronics 

System Command NAVELEX), determined that the base insulator assÀlTiel 
were not suitable to carry the full voltage load,a and this group later 

found the assemblies had material defects. It was decided to rellace 
the cone-type insulators with post-type insulators. P 

As part of the basic insulator research, the Civil Engineerine 

Laboratory (CEL) was authorized to take strain measurements of the* 

existing and replacement base insulators during the raising end lowering 

of the east tower at Lualualei. This report describes the testing 8 

tvofínH îïîLîï? resulting measurements acquired from the replaced cone- 
type and installed post-type base insulators. The objective of this 

task was to determine the efficiency of the structural load-distribution 
arrangement of the base insulator assembly (BIA). 

DESCRIPTION OF THE VLF EAST TOWER, LUALUALEI, HAWAII 

ls '•SOO-ft high, ls guyed at 8lx level8 (see Figures 1 

(Fi.™ 1? th"e tlers o£ ‘•“PP cone-type ceremlc base insuletors 
( gure 3). The first five guy levels support the tower in three direc¬ 

tions with bridge strands of various diameters. At the sixth level the 

upper half of the guy wire is made of Alumoweld cable, and the lc,er 

half is made of bridge strands; there are 16 top radiais. The three 

Î/2 r ó ?,V,he ÍTr are trIangular ln Pla" “<1 ishricated from 5- 
1/2- to 9-3/4-inch-diameter solid round bars. The material is of Moh- 
strength, low-alloy steel with a minimum yield point of 45,000 psi. The 

^uUgh uhe ln8ulators are to be “sed at VLF frequencies of 10 to 
30 kHz, they are tested by the manufacturer at 60 Hertz; adequate 
test facilities are not available. M 
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■«Jority of the horlxontel chords are made from two angles 4 x 3 x 5/16 

u feet 7 inches? îîui^Â.“^ íríh^TtÍ.’ríTcí““1’' 

Ín*U|*í0r8 ’T1* l0CÄted and were lat«r replaced by two tiers of post 
Insulators (nach replaceuent tier has 8 insulators. Figure 4) P 

th. t^tÂíar““ 0f th* run fro. 
í«.r «^Í. ;L Imildlnj about 1/2 ^1. .„y „d .ttached t0 the 
“T* * th* fourth guy level; this caused s “kink” at this level uith ^iSírsít^“,*1 i“he* (Fi«“r'5)- di:;iic.L:~. carefully monitored during the raising and lowering of the tower. 

BASE INSULATOR INSTRUMENTATION 

Lapp Cone Insulators 

t0.rai>1“8 the tow«* for the base insulator replacement the 
middle tier of the Lapp cone insulator was instrumented with strain 

Rosenthal-Stemag Station Post Insulators 

rha. 4.Pri0r t° ■fv1“« the station post base insulator assembly beneath 

typ. Ä. .ÍTr^ían“"1“"?8 T' th* ““<• 
Figure 7 îîe fi?L 5! PP n' 1°,ul*t<,rs at the locations shown in 

.Ä-.üirh“i“ Z'lZH IZTH 
concentration was minimal. Strain cages 25 26 anH ?7 C of18tral" 
.idheight on leg L. hetween th. ahadVfor c^pííi^! Îitr.^Âgeâ' 

iLrtir^síÂ Jr1“8,ge 28 “*s pi'”d on the ih'd « 

LOAD MEASUREMENT 

Tower Load 

th. Inch21*8 

in FwT B^«th ï? í°"ír ï“ ■Upf,0rt*d ^ the stanchions as shown 
callo /snn t- ch of the three stanchion columns were two load 
rendir t ^ ^ were hard w^ed to a paper tape 
recorder to monitor the weight of the tower as it was raised The inarf 
cell measurements were recorded on the console shown in Figure 9 

2 



Figure 1. VLF east tower, Lualualei, Hawaii. 
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Figure 7. Locations of strain gages, BIA, Lualualei. 

9 



Figure 8. Stanchions used to raise tower.

V. *.

Vw m r ^m5
5

Figure 9. Console for monitoring load cell and anemometer.
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Wind Load 

In addition to the weather forecasts to determine If t-h» 

CoVorl^S^TT- f,bric*teí "y K*"*1 Scientific InetrÜtHn' 
Corporation, and the vane are described below: 

Item 

Vane 

Thref-cup Anemometer 

Model Nc. 

TD 103 

TV-114 
SN1049-17 

SN1049-174 

The magnitude and direction of the wind were disnlaveH rm , 
the left in Figure 9. Oisplayed on the console at 

TOWER RAISING AND LOWERING OPERATIONS, DATA ACQUISITION 

Raising 

end rft,ken °,f the L‘Vr co°' bee. „.ten 
a was transferred in increments to the stanchions and load cell th- 

n gage readings taken at each load increment are tabulated in Tahl» 

ÍZVhe base 
Lowering 

tb. Sï ïoTnt^: tt ITZTof 

and th. readings wer! rlr"d 

st'ií'gií í«£™8tí™.«de ;:“âî:n2 ‘i;!'*"!“" 

other gages measured vertical compressive strains î î , 
the tower on the BIA was 2.699 kips. 8traln8- The total weight of 
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Tibie 2. Summary of Strain Gage Readings for New B1A Under the 
East Tower. Lualualei 

(Average Strain. eâV| - 344.2 jiin./in.) 
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Figure 10. Strain versus total load on Lapp cone insulators at 
Lualualei. 
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Figure 11. Load versus strain in leg 1 of BIA at Lualualei. 

mm m 

I 

I 

i 

''I 

4 

1 

1 

I 

i 

15 



EXPfcR MENTAL RESULTS AND DISCUSSION 

Lapp Cone Insulators 

showsFthaththe°Mxi¿^dand nín^muklPS ^ ^ C°ne in8ulators» Table 1 
-su uin./in./“^^ ^:v:rp^rivïK8trains were -^°64 and 
leg, the values were calculated to 06^800^-789 ^nd^Sfi?e8Ch 
respectively, for lees 4 5 anH « tu U* 709’ and ®67 Min./in., 

irom the average value of -818 Min.’/inh€wase-28e-4eVÍaíiST°f eaCh 168 
indicating that the tower load was oui¿* mif«’ 4’ I* "«Pectively, 
insulator assembly. However th* h a ® unif°r,n on the Lapp cone base 

"‘■-''í"- fc°” th. .ver.gr„as TouTllT COmpreS8lve 

Of the BIA was lapp?oxWelJnon1theeiine1ddlCate»,that the neutral axla and 2. oximately on the line drawn through strain gages 1 

for in.^LíL^xiío^ír ;rula;or “*• ^ ^ 
elewnt «..lysis [11 °f th* to“er' • 
vortical icsd of ! ,Oo““Cv.fsp^leTõo rÏTÎ 'V'*™ '2' A 
Insulator an assinaed modulus of E - Ifll psi and a p C*P‘ For th' 
waa used. The interface between the 1 ^ î Poisson ratio of 0.23 
assumed to be bonded. The size and di d C?PS “"í th* lnsulator was 
indicated in Figure 6. dimensions of the insulator are 

44 andh48r(Fig«eS12) ^^5^^^^^^0^6208 í“ /?C Center °f elenents 
Extrapolatinß these stresses to the or 620 ^in*/in*» respectively, 

to nodal point 60 (Figure 12) a value of °f the COne in8ulator 

(Figure ,3) for a totîHoad of 3 5Í5 kLs thï i ^"L.18 °btained 
for comparison with gages 1 to 6 * A hi»her hí 18 SíOWn ln F18ure 10 
lousr modulus of alafticit, is !sad C?«ks i^thTi 0btal"ed lf « 
contribute to some déviation of the compared dût! ln*ul*tor 

By extrapolating the computer strains in theet e 
tion the surface hoop strain was computed to le 96 IIT,7^1 dÍreC’ 
experimental strain at this > l & 96 win-/in‘ The 

mately 100 yin./in. under a load of 3 000^ips“ 10> Wa8 approxi‘ 

Rosenthal-Stemag Station Post Insulators 

raised^tower"! ^ ^ ?laCed benaa^ the 
described in Table 2. The strain^ao^ °? the JIA ln incre,nent8 as 
-gainst load, as shoin In F^“e i? * °f leg 1 are plotted 

Mfg. Co. (CEMC0)^at°Lehigh UniíeÍsityPÍ2Í0inedhiyhCOhtlneUtal Electronic8 
between colunms and insulators ^s íesi íhañ ïSî ^ ^ dl8trlb^ion 
äverag-» strain value, the variation for tîe field^ the 
a maximum deviation from the average value (344 Jií? L? iT 
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Figure 12 

T". 

17 



© 

Figure 13. Vertical strain distribution across wall of 
Lapp cone insulator. 

Reference 2, the average strain for the lower tier (for a load of 2,500 

ps) was 400 win./in. If this strain reading is extrapolated to the 

total field test load of 2,699 kips, the value becomes 431 kips. The 

field test results are, therefore, about MOO)(344/Í31)-80% of the 

Laboratory test results. This difference is not too unusual considering 
that the field test was conducted late in the afternoon causing the 

insulators to cool off rapidly when the sun went down. Other unknown 
factors could also contribute to the difference. 

u I?/x«Í8Ure,11 the avera8® value from strain gages 25, 26, and 27 is 
about 600 yin./in. This is almost three times the values of the strains 

recorded at the bottom of the insulator cn the straight vertical section 

and seems very excessive. The tensile strain value of strain gage 28 
also seems quite high. No explanation is offered. 

To obtain some idea of strain ratios of the curved portion between 

the sheds and of the straight vertical sides at the bottom of the insula¬ 
tor, a finite element analysis [1) was made of the model shown in 

Appendix A, Figure A-1; the applied load was 100 kips. The usual computer 

graphic output information is shown in Figures A-2 through A-13. Figures 
A--, A-3, and A-4 are the material properties, the node point numbers, 

and element number plots, respectively. The stresses and strains obtained 

from the center of the element for element numbers 50 to 65 are plotted 

in Figure 14. The average stress for the 100-kip load is 1,697 psi; the 

18 



ratio of the extrapolated vertical stress value of 2,720 psi at the 

r697CÔ.Î a,Ulîî°r betW*en the êhêáB and the -verag. value of 
.es/ psi, is 1.6. The computer surface strain value was 176 pin./in. 

Íítwôní118 thi> valu® t0 ** equivalent load of 2,699 kips gives (2 699 x 

bo. ™°oV, ’W1"- ,A *lmlUr 11101 of ó«r”h. 
1 67^0^ i n ;t0r 20 to 25> »l»«* • surface .tr... of 
of 2 699 ki« !C%*tr*ln “i Pot “ equivalent load 
971 .’..- /í ' ’ !hí •Uri*Ce ,tt4ln U Increased by the factor to give 
nlo /£ ,; ! comparable to the .».tage field teat atraln of 344 
Pin./in. It must be remembered that this run was made for a modulus of 
elasticity value of 15 x 106 p.i and a Poisson ratio of 0^23. hanging 

?°dulu8 0f ela8ticity to another value will have an effect on the 8 
resulting stress and strain values. Also, the accuracy of the finite 
lement analysis solution depends upon the size of mesh used; i e. the 
aman» the air. of the »nah. the »or. acerata the .olutl'n b.c'«. 

xne strain readings at the maximum tower load of 2,699 kips were 
used in the program presented in Appendix B to determine the thrust and 

^««'ríaí^r1^1 leg8< FOr thlS Pr°8ram’ th«e independent 
« .8 f rea?ing8 90 degrees apart on each leg of the BIA are required 

of 482 8 Fr*8ented in Tabla 3 indicate that the maximum thrust 

was 97*5 P:k;pTrr-d n 1#8 5 * th* corre8P°nding to this thrust 

SUMMARY AND CONCLUSIONS 

of rhlh? 8traln “eesurements of the Lapp cone BIA made during the raisin* 

th. ÏÔJT1 *îd J” the Ro8enthal-Stemag (R-S) station post BIA durin* * 
the lowering of the tower were obtained at the Naval Radio Station 

durl"8 Fhe 8u®®et of 1974. Results of the measurements'show 
that the tower load was distributed almost equally on the Lapp cone BIA 

ï“ *CCe"trlC »»«> l»c 10*4 V« Pieced on the R-SpoecSu 
e.lo of the averege strain gage Deeeurements fron the Lualualel 

toi.th* *v*r*i* “''.In gag. neaeurenents fron th. CEMCO 

«i; îi 7 ?St “ th‘ ,,ottom of th* 11“ ln.vl.tor. we. 
*??“' “J; Jh* “Î1“ *«*1" deviation from the mean va. about +521 
which Indicated a load eccentricity on the new BIA. ’ 

Finite element computer analyses were performed for both types of 
insulators to supplement the experimental data and to give indications 

of ‘vrbÆJÂr10 “d “ th° i- ‘»ä.. 
iion:;r.^,:í1^t:rí:tt^trh:p^iT^f.:í*j^fí-!yib“- 

«nri c+I Flnlta «leoent analyses were performed on individual Lapp cone 

fííld “Sectil; «d”!'0 8;PPOrtdthe 8tr,in gage data t-lcen L the iieid. The vertical and circumferential stresses showed good correlation 
between the theoretical and experimental values. correlation 

StemJ’noIÏ*«!^?8; concentration f«*°r between the sheds for the 
Stemag post insulators was calculated to be 1.6. 
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Computer Plots of Station Post Insulator 
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Summary of: 

Circumfartntial Stran and Strain 

Computar itran (al 144) - +334 pai 
Computar «train (al 144) - +22.8 x 10-6 in./hv 
Computar «tra«« (al 66) - -238 pal 
Computar «train (al 68) - +20.6 x 10-8 in7in. 

Vartical Strnn and Strain 
Crcm-«octioni<l araa 

A* 33 ■ 88.901 in.2 
V43 * «1663 in.2 

Avaraga «tra«« 

f4J3 " -14)97 pti 
*4.43 “ *1-«21 P*< 

Computar «tra«« (al 66) - -2,260 p«i 
Strett concantration - 2,720/1,697 - 
Computar «train («I 68) - -147 x 10-8 injin. 

Nota: Sat Figura A-7 for location o» «lamantt. 

Figure A-1. Mesh of Geman Insulator. 
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Figure A-2. Material property numbers. 
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Figure A-3 Nodal point numbering scheme 



Figure A-A. Element numbering scheme. 
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Strain 

(in ./in.) 

l-SOxlO"04 
1.18 X10-04 
1.06 X10-04 
9.24 X10-°6 

7.96 X10-06 
6.67 X IO-06 
6.39 X10-06 

4.11 X 10-06 
2.82 X 10-06 

1.64 X 10-06 

Figure A-5. Vertical strains. 



Contour Strain 

No. (InVin.l 

1 1.48x1 O'06 
2 3.78 a 10-08 
3 6.08 X 10-08 
4 8.38 X10-°8 
6 1.08x 10-08 
6 1.28 X10-08 
7 1.62X10-08 
8 1.76 X10-08 
9 1.98 X 10-08 

10 2.21 X10-08 

Figure A-6. Circumferential strains. 
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Figure A-7. Expanded mesh, element numbering scheme. 
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Figure A- 8. 
Expanded mesh, nodal point numbering scheme, 
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Strati 

(ptil 

2.94 X to02 
2.53 X 1002 
2.11 X 1002 

1.69 x10o2 
1.27 x10o2 
8.60 X1001 
4.42 X 1001 
2.51 X1000 
3.92 X 1001 
8.09 X 1001 

Figure A-9. Expanded mesh, radial (horizontal) stresses. 
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1.666 

Stras 

toi) 

2.02 x10o3 
1.82 x10o3 

' 1.81 X1003 

, 1.41 X 1003 

1.21 X1003 
1.00x10o3 
8.02 x10o2 
5.9C X1002 
3.93 X IO02 

1.89 X 1002 

Expanded mesh, vertical (axial) stresses. 
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Contour 
No. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

IC 

Straw 

(pai) 

2.76 X 1002 
2.14 x10o2 
1 64 X1002 
9.32 X 1001 
3.26 x10o1 
2.81x10o1 
8.89 x10o1 
1.48x10o2 
2.10x10o2 
2.71x10o2 

Figure A-11. Expanded mesh, circumferential stresses. 
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Contour 

No. 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 

Strain 

(in./in.I 

IJOkIO-04 
1.19)110-04 
1.06* 10-04 
9.24 x1o-06 
7.96* 10-06 
6.87 * 10-06 
6.39 x1o-06 
4.11 * 10-06 
2.82 x1o-05 
1.64 * 10-06 

Figure A12. Expanded mesh, vertical (axial) strains. 
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Contour 
No. 

Strain 
(in./in.) 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

1.48* 10^6 
3.78* IO-0® 
6.08* 10-06 
8.38* 10-°6 
1.06* 10-06 
1.29* 10-°6 
1.52 kIO"06 
1.75 x1o-06 
1.98 x1o-06 
2.21 x 10-06 

Figure A-13. 
Expanded mesh, circumferential strains. 
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Appendix B 

Program DRPIE To Determine Axial Thrust and Moments 

From Strain Gage Readings in BIA 

(User’s Manual) 

by T. K. Lew 
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In the development of the program, compressive strain Is assumed to 

be positive. After the strains for the Insulators are read in, the 

average strain for each insulator is computed from the expression: 

SA - 0.5 (cl + c3) (B-1) 

Then, the program determines the direction of the principal bending with 

respect to the local x and y axes and angle 0 in Figure B-1. The logic 
used Is according to the following cases: 

a. If (el ■ e3), the principal bending is about the local x-axls 

b. If (c2 - SA), the principal bending is about the yaxis 

c. If (e2 < SA) and (cl < SA), the principal bending direction makes 

a negative angle, 0, with respect to the local x-axis 

d. If (e2 < SA) and (cl i SA), principal bending directions make a 
positive angle, 0, with respect to the local x-axis 

e. If (SI > SA), principal bending direction makes a negative 
angle, 0 

f. If (SI £ SA), principal bending direction makes a positive 
angle, 0, with respect to the local axis 

The angle 0 is determined from 

e - -'(li) 

for cases c and e, and from 

for cases d and f. 

The bending strain for cases c and e is computed from 

DS - 0.5 |(i?/sin 0) + (SI/cos 0)] 

(B-2) 

(B-3) 

(B-4) 
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and for casas d and f fro« 

DS - O.i [(S2/COS 0) f (S3/COS 0)] 
(B-5) 

The final bending angle TF is computed by adding 0 
ence angle TR for the insulator; i.e.. 

to the input refer• 

TF - TR + 0 

Thrust in the insulator is computed from 

(B-6) 

T - E(A)(SA)/PF 
(B-7) 

where 

E - Young's modulus of elasticity of insulator material 

A ■ Area of insulator 

SA - Average Strain 

PF - Strain concentration factor of insulator under axial compression 

Bending moment is computed from 

m . (E)(I)(DS) 

(C)(BMF) (B_8) 

where 

E - Young's modulus of elasticity of insulator material 

I - Moment of inertia of insulator 

DS ■ Bending strain 

C ‘ ^^““.ír0"uC!°e" 0f 1“,"l*tor to th« surface of luaulator 
between the sheds j 

BMF - Bending strain concentration factor of insulator 
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The maximum and minimum bending stressen in 
mined from the insulator is 

fmax " (SA 4 I DS I ) (E) 
min 

where 

Average strain 

Absolute value of bending strain 

Young *s modulus of elasticity of insulator material 

.« pí««Tí"oS:oír“£or the ,bove deriv«io" “d 

USERS GUIDE FOR PROGRAM DRPIE 

The following data cards are required for the program 

1. Title card (12A6) 

cols. 

1-72 
Identification information for strain data 

2. Insulator 

cols. 

1-5 

6-15 

16-25 

26-35 

36-45 

card (15, 4F10.0) 

NINS - No. of insulators in test 

UIA — diameter of insulators 

E - .Young’s modulus of elasticity of insulators 

PF - axial strain concentration factor 

BMF - bending strain concentration factor 

If PF and BMF are left blank, the program 
sets them “1.0 

3. Strain data cards (15, 4F10.0) 
NINS cards required 

cols. 

1-5 J - insulator identification aumber 

6"'5 (Jiñ./Í")n fr0" Stral” 8a®e BO- 1 on ln’“lMor 

deter- 

(B-9) 

manual 
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16 25 /V ^raín fr0° Strain ga8e no- 2 on Insulator (uln./ln.) 

26-35 - e3 -Strain from strain gage no. 3 on insulator 
(uifl./in.) 

36-A5 TR - reference angle (degrees) 

f“° ^c“i;.Tired at en<1 °f data de<:k re’“ir«* 

Tha Tíe ref®rence angle and final angle are illustrated in Figure B-1 

the fïÎaî aïgîe TF ^ bending moment in each insulator, as indicated by 
oÍ Ík Í1 JF’ S measured with respect to the global XX-axis The 

sign of the bending moment is determined by the righ? hand rule ' 

T»w direction of the bendin« 

moment it indicated by TF 

end the sign of the moment 
(RHR). 

Figure B-1. Reference and final angles. 
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c 
c 
c 
c 

DhPiE UNHUlfc.JTPtt|,UPtbaI^HUl*T«Mtb»nUTHUi) 

K-CHAkICAL HH(3PtrtlItb Fun INSULAlOrt 

l>lMFNblUF* hktHl¿) 

1 IFAD (^fltUL) FiEU » wl t\Ç « ul/i f E f Pk tHMk I. < • A . . — lOwi. FCPMAi tlíAfcf/IS.^ni,.,!) 

IF ÍNINb.eCi.ü) SloP 
IF IPF.tÜ.ü.i FF & J. 
If (UFF*F(*«o• ) MHk * I . 

hMlE (btSoou) FiU.*HihS»ulA,tiPF »«r»F 
201r FCHhaj Mhl,l?Ab/ 

I iMbfjOPNt» UF INSOLA I OKS 
¿ 1 NO »jlHO1afF T tH UF IF SOLATON 
3 1 Ol«»J(>HVCU|\(ijtS NuiiOLOS 
<• 1 HO* JONAA I aL SIHaJN COMJ. FACIUH 
b J«0»3f;NHENuU*O SiPAjK CO'C« FaCILR 

■Ils / 
c F 15.A/ 
* F15.A/ 
* fib.A/ 
* F lb***///» 

CCMPOit SI IfFFF.SS FhUFLM II S 

C = U]A/¿ » 
F * 3.lAlb9¿65 * It*»?) 
>1 * J.UIb9?6S * »olA*«4)/fti». 

►-RI It (t> «2 oil) 

20i.| FONMmí UFü,l2J*2hU.HX.2HF¿.«X*¿hC3t,.íH fltF ANGLE» I9H FINAL ANG. 
I SX,6hThpUbl *9X*t>NMOcFMl *WA*6hSlbNAA*9A»6»*SIurtIN//) 

ne bu», i » j»MNs 

f'FAO (!>«lôoi) J*t 1 «t¿.E3* IP 
lOt] FCHMAI (IS.aFIO.O) 

* cl*l.E-0fc 
S? « L?«1.E-C6 
5*3 * l3*I .E«üfc 

Sa » t.b«(bi*S3) 
SSJ » SJ - SA 
552 * Si - SA 
553 * S3 • SA 

1F (Si.Kj.Sj) GU IU lj 

IF (SL.tu.bA) GO 10 ¿V 
GC lu 3») 

... 

U L'IF « 
IF (Si.Gl.SA) ÜÍF = iF| • 
1F s |H ♦ u IF 
OS b AHS(SSr) 

■ t « i» « «W (B^ » Cl 



WAO Jtt iftt'EJf lb 
10v 1 ►CkHAI (I5»4»F)0*(>) 

M * LI#î*E-Gfc 
S? * Li?*l.fc-C6 
S3 * L3*l.t-0fc 

c 
Sa « ,.b*(bi*S3) 
SSI ■ bJ • SA 
ss¿: » bc • sa 
SS3 ■ bJ • SA 

c 
iF (S|«F(.>«b3) OU II) ij 
IF (S¿.tU*bA) ÙO H) <»r 
OC lu 3v> 

C 
H t'IF « »>• 

IF (SgtbltbA) UfF s 1A| . 
IF * IH ♦ U|F 
US b »bb(bbr) 

IJ UK « t • Lb • «I / (h^F « C) 
1 » <t#A*S*)/FF 
SKAX »t* (SA ♦ LS) 
SMw * t « (Sa • bb) 
C’O TU <•*» 

C 
cli 1F (bi.ôltbn) hIF b |.# 

IF (SjcOltbAl UIF * * I Hi< • 
IF b Ik ♦ ♦ blF 
(•S b *Hb(bb|) 
OC 10 II 

C 
b<* IF (Sc«LT*Sa) 00 10 Si. 

if (bj.ui.bA) oo io ai 
a? iF-fclA B Al AK? (Sb3f bbc) 

OS B t.SBUSSi/CObl IHF.TA) ) ♦ (bbJ/blMlhE TA) ) ) 
OS b Abb(CS) 
1F ■ |Fi ♦ (S7.c05/7^*1HE1a) 
IF ( 1 rE I A.L I • r * ) IF » Tf. ♦ ibl>. 
1F (îhfclA.bl.r.) IF b JF - JB^. 
OO 10 )i 

C 
31 Ct'MîlMit 
33 IFUA * A I an? (SS?f Sbl ) 

1F b |H ♦ 90, 4 (t>7*c?9S779MntïA) 
DS ■ i,.b • ( (Sb?/blMTHtlA) ) ♦ (bSl/CObtïHfclM) ) ) 
US * «Mb(CS) 
OC 10 1) 

C 
St IF (Sl.LT.bA) OU 10 33 

OC 1Ó 3c 
Ç 

♦ O AFlîE (Otilio?) J*E 1 *E¿ .F.3. THvIF 11 »HM» bMAX 
20i/c FCkmai (15»jFU.(;*L'Mü.l*HFlb.i)) 

C 
5**w COoïlM*t 

C 
OC lu I 

c 
EFÜ 
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