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SUMMARY

The experimental studies presented here were uandertaken in an
effort to determine the stress distribution in two ecireular cylinders
intersecting at right angles and under internal pressure. The investe
igation was limited to tests of two specimens in the thick-walled
eylinder rengee.

The experimental analysis led to the following conclusionss

le The highest stress concentrations are located at an angle

5

of about 145 degrees from the erotch centerline, measured in the plane
of the intersection.

2o The eritical sitress causing rupture is the tangential stress
in the plane of the ellipse.

3. For the R/t ratios tested, the strength redustion as sugpared
with a straight closed cylinder is approximately 50%.

Lo It appears probasble that bending effects Por these thick-

walled cylinders are of relsitively minor importanca.



Part

iii

TABLE OF CONTENTS

Title

Introduction

Equipnent and Procedure

Results end Discussion
Conclusions

Recommendations

References and Bibliopgraphy
Formulas and Sample Caleulations
Tables

Figures

Page

14
15
16

17

Bel



Tables I through IX

Tables X through XVIII

Table XIX

LIST OF TABLES

Variation of Tangential and

Axial Strains with Variation
of Internal Pressure. Test

No., I.

Variation of Tangential and

Axial Strains with Variation
of Internal Pressure., Test

Noo, II

Relation of Load to p;%

Page

A-1

A-1C

A-19



LIST OF FiGURES

Page
Fige 1 First Specimen and Test Setupe. B=1
Fige 2 Closeup View of First Specimen Showing Rupture. B=2
Fige 3 Second Specimen and Test Setup. B=3
Fige 4 Clossup View of Second Specimen Showing Rupture. B=4
Fige 5 Detail Design of Specimen. B-5
Fige & Assembly Drawing of Spscimen. B=b
Fige 7 Positions of Gages on Specimens. B=7
Fige 8 Gage Orientation on First Specimen. B=8
Fige 9 Cage Orientation on Second Specimen. B=9
Fige 10 load vse Tangential Strain. Test Noe I B=10
Fige 11 Load vse Axial Strain. Test Noe I B=ll
Fige 12 Iload vse Tangential Strain. Test Noe II Be12
Fige 13 Load vse Axial Straine Test Noe II B=13
Filge 1 load vse. Tangential Strain. Positiom Noe 1 B=1ll
Fige 15 ¥ ¢ » " o« 2 B=15
Fige 15 L » * ’ * 3 B-16
Fig. 17 " " " " " Lt B-17
Fige 18 « v » ¢ L B=18
Fige 19 LI " ’ 4 L B-19
Fige 20 L 4 " " 7 B=20
Fige 21 L u ¢ " "8 B=21
Fige 22 # # # # # L B=22



Fig. 23
Fige 24
Pig. 25
Pige 26

Figo 27

Figo 29
Fige 30
Fige 31
Fige 32
Pige 33
Fige 34
Fige 35
Fige 36
Fige 37
Pige 38
Fige 39
Fige 40
Plge 41
Fige 42
Fige 43
Fige Lk

Fig@ !!{_5

load vs. Axial Straine.

L] L]
# 8
] #®
L} [
ft ]
# ]
W L]
L] ®

L]

L]

vi

Principal Strein vs. Axial Position,

Tangential
Axial
Prineipsl
Tangantial
Axial
Prineipal
Tangential
Axial
Principal
Tangential
Aximl}
Prineipsl

Tangential

4

[} #
# @
# L]
@ #
# L]
# 0
% @
L] #

* ®

# ]

# #

L] #

] ]

Pcsition on Intersecticn, Test I

L] %

# %
# #
# L
# #

Fosition Noe 1.

2o
e
be
50
6o
Te
G
9.

Test I

#

a

B=25
B=26
B=27
B-28
B-29
B=30
B=31
B=32
B-33
B=34
B-35
B-36
B-37
B=38
B-39
B=40
B4l
B=42
B=43
B=ii}y
B-45



Fige 46
Fige 47
Fige 48
Pige 49

Figc _5@

vii

Axial Strain vse. Axial Position, Test I1

Prineipal * * FPosition on Intersection, Test II

Tangential® * " # * *
Axial ® ] # ] E #
Sketches of Breasks in Welds, Tests I and II

Page
B=46
B=47
B=48
B-49

B=50



viii
BAPIANATION COF SYMBOLS

E Young®s Modulus of Elasticity (assumed = 30 x 1@6 psi)
R Strain gage reading

b Strain gage constant («200)

D Internal pressure = 1lbse/sqeins
€, Axial strain - in./ine

€. Radial strain = in</ine

€ Tangential strain = ine/ine

€y |Principal strain - ine/ine

O q Axial stress -~ 1bse./sqeine

o, Redial stress - 1bse/sgeine

O Tangential stress = 1lbse/sqeine
T2 Principal stresses = 1bs./sqeine

7, Poisson®s ratio =~ (amsumed = 0e3)
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INTRODUCTION

This investigation was prompted by certain problems which have
erisen in systems employing high pressure pipinge The conatruction
of dueting for high speed wind tunnels invelves eylindrieal intersec~
tions of large diemeter snd similer problems, though on & smeller scale,
mey be found in verious industrisl spplicstions. For piping which is
highly stressed tengentislly it has been the practice to furnish heavy
ribs or cther devices to teke the bending stresses of the elliptical
intersection. This procedure ignores bending stiffness of the pipe
itgelf and some doubt hes erisen as to the actusl necessity for such
ribs. Further, in some cases there was evidence that the reinforcing
might in reality be harmful to the strength of the joint.

The tests presented here sre steps toward a complete investiga=~
tion of the problem. Some tests of this nature were made preliminsry
to the design and construction of the 20-inch supersconiec wind tunnel
of the Jet Fropulsion Leboratory (CIT) (Refe 1)« The specimens tested
in that project were of various shapes, materials, snd Radius/thick-
ness raticse Por the present approach to the problem it was decided
to reduce the number of verisble parsmeters to just one--the wall
thickness. The steel to be used, the internsl dismeter, snd other
specifications were held constante For this series it was originally
planred to make tests op 90-degree elbows of at least four wall thick-
nesses, but difficulties in the manufascture of suiteble specimens and

time limitations forced a reducticn ip scope t¢ only two specimens.
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4 sesrch was mede both in applicables textbooks and in the meny
engineering publications for previous work, either theoreticsl or
experimental, on this subjecte Considerable informetion wes found
on pipe bends, pipe elbows, and the like, but nothing on sitresses
to be found et or nesr & welded cylindrical interseciion. This probe
lem is of & type possessing mixed boundary conditions and ss such is
very difficult to solve from s purely theoreiical approsche

The tests whose results are presented herein weve conducted in
the Structures Laborstory of the CGuggenheim Graduaite Sechool of Asro-

nautics, Californis Institute of Technology.



BEQUIPMENT AND PROCEDURE

The test specimens were made of eight-inch National Extra Strong
welded steel pipe, ASTM Spec. 53=47. This steel has a yield point of
33,000 psi. and ultimate strength of 48,000 psie The plpe was first
machined inside and out to remove any eccentricity and to obtain s
uniform well thickness. Inside diameter was held conmstant for both
specimens end was 7.68 inchese The wall thickness of the first spes-
imen was Oeff inch and the second was 0.3 inche

After machining, the pipe was ecut and welded so as to form a 90-
degree elbow as shown in Fige b Care was taken in machining of £ exe
cess weld metal in the joint in order to have smooth fillets of small
radius so that the finished product would apprroximste as closely as
ressible & cylindriecal intersection machined from a single billete
Standerd eight-inch pipe ceps were welded on the ends asnd thresded
studs welded in these caps. The studs were drilled and tapped to pro-
vide pressure connections and were threaded tc receive lugs intended
for use in applying either tension or compression sercss the ends by
means of a turnbuckle. The turnbuckle was not used, however. Complete
detelils of manufacture and assembly are shown in Figse 5 and 6o

Pressure was applied by meens of & Blackhawk hend-operated hydraulic
punpe Pressure weas measured by a standerd high pressure gege. The ver=
iable resistance wire strain geges used were BsldwineSouthwark A=8
rectengular gages and AR<7 recteangulsr rosettes. The loecation and

orientstion of these gages is shown in Figse. 7, 8, and S Other equip=

ment included a poltenticmeter and Whesmtstone Bridge circuit, a switeh
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penel, b-volt battery, and the necessery wiring and plumbinge The
specimen was pleced on wooden block supports spaced approximetely 6
end 16 inches from each ende

The seme procedure was followed in both tests. Within the elastic
limit the following procedure was observed:

(1) Zero readings were taken on all gegese

(2) load was spplied and load resdings teken.

(3) Load was removed and a second zero reading taken.

(4) Inereased load was applied, readings taken, followed again

by zero resdings, etce

After the elastic limit had been exceeded, zero readings were

taken only after the load readingses The reason for this can be seen

by considering the curve below.

Assume thet under the applied losd, the metal at some given posi-
tion reaches point *a* on the stress-strain disgrame. This is below

the elastic limit and when the load is removed both the stress snd the



strain (Ep return to zerce Now if s sufficiently high load to cause
vielding is applied, scme point *b* on the curve will be reached. When
the load is now removed, the line bo® will be followed ending at zero
stress but with a permenent set o-o'ec This permsment set ean be come
puted by ecompering strain gage readings st o and at o'e The strain
at point ¥b% cannot now be referved directly to the zero strain at o
but must be referred tc the new ¥zero® at o's Doing this gives the
value of A€ and adding this strain inerement to the permanent set o-o®
gives the total strein € at point #b¥.

Thecretically the line bo' of the preceding diasgram is parallel to
oge In order to check on the relisbility of strain gage readings beyond
the specimen elastic limit, this perellelism was utilized by teking

readings at points 4 and e on the way up to point &,

the next higher load reading sbove be Since stress was not measured

directly, & stress versus strain curve could not be plotted. Points
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4 and e were plotted on the load versus strain curves where the ssme
reasoning as sbove appliese Therefore it was assumed that if points
o' ds e, and b on the losd-strain curves plotted a straight line
parsllel to oa, the strain gages were giving useful readings.

Punch merks were made in the stud in each end cap and & tramel
bar and points used to measure the distance between the punch marks
both in the unlosded condition and for each loading applied.

At the higher loedings where considerable yielding occurred
it was necessary to meintain pressure constant for some time until
a condition of equilibrium was resched end readings held substan-

tislly constante.
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RESULTS AND DISCUSSION

The results of the two series of itests have been plotted on
curves of loading versus tangentiel strain snd exial strain for the
several strain gage locationse The axial and tengential components
were plotted since these were the strain components actually measured
and also to facilitabte compariscon with the curves applying to &
straight tube and the curves derived from previous tests on specimens
having larger R/t ratios than those used in the present investigation.
The principal strains and the prineipal axis orientation were computed
within the elastie limit end are included in the tables. The meximum
pressure held by the first specimen (0.4* wall) was 3350. psi. The
maximum pressure held by the second specimen was 2950. psi.

The results of the two tests as shown in Tebles I - XVIII and
Figse 22 and 27 show that the axial strains at position #5 are only
very slightly smsller than the tangential strains at position #9 for
all loadings under the elastic limit. Above the elastic limit, how-
ever, the tangential strasins in the erotech increase much more rapidly
than do those at any other point measurede For the locations invest-
igated in these tests then, the eritical strains occur in ithe croteh
and are the tangential strainse.

The type and location of ruptures obtained in the two tests were
glmost exactly identical as can be seen in Figs. 2, 4, and 50. In
each case the failure was & crack perpendiculasr to the line of the

weld at a distance of 13" up from the crotch centerline. In both

cases eudible eracks and snaps were heard at irregular intervels eas
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the internel pressure was inereasede In the first tes% these nolses
started at a pressure of about 2600 p8i and were aceempaniéd by the
appearance of fine, halr-line cracks in the weld and perpendicular
to the line of the weld as shown in Fige 50. In the second test no
such crecks appeared, but roughened siress lines approximately pera-
1lel to the weld appeared in the parent metal near the welde

In specimen #2, cracks between the parent metal and the weld
metal started widening perceptibly at loads below the elastic limite
As in specimen #1, however, when rupture finally occurred, the break
wes in the weld and at right angles %o both the line of the weld and
the initial cracks. Since the two breaks were sc exactly similar,
it seems gquite possible that a point of stress concentration existed
between positions #6 and #9. This possibility should be investigated
in any further tests of this nature. Further evidence of this high
stress srea was given by the extremely high strains messured at po=
sition #6. The tengential gage in the croteh feiled fairly early,
bub up to the time of failure indicated strains even higher than those
at position #b.

Rosettes 1, 2, and 4 all were located some distance from the
weld. (Fige 7) The test results from both specimens as plotted in
Figse. 10 and 12 show that the tangential strains did not become large
until high loadings were applied. When these strzins did begin to
increase, the megnitudes of the sirains and the rates of increase at
these three locations remained quite close to sach othere The axial

strains show no such uniforuity but all remained reletively smell as



.
S

=
S

- 0 Q)K Z =p
— GLrWRE Y
r

th 1

e

P

o
H
<
f
L
[87]
[@2N
o
'
"3
3]
m
[}

ii: 6&7: <1392 %

m
~
~
I
o
(Ngl
(o)
#
N
{]
@
e
L0
3
-
4

ninetye

S e

BULTLCLE

@
meyd
St d

oo




~10-

regults are of an unknown degree of aceurascy. It is probsble that
the close agreement of the curves for the two test specimens at each
location would not have been obtained if the gages had become unre-
liable at the high loadings. In order %o check the gage action at
the higher loads, intermediste readings were taken between the un-
loaded condition and the high loads as previcusly explained in *PRO-
CEDURE*e These points as plotted in Figse 16, 19, 22, 23, 25, 27,
28, and 31 give a straight line parallel to that obtained within the
elastic region and the gages were therefore assumed tc be giving
useful readingse At some locations gages were broken under high
loadingse This fact was immediately apparent due to the inability to
obtain & balance in the bridge circuit.

From the strain readings taken, stresses at the various locations
were computed within the elastie region and recorded in Tables I-XVIII.
Since the strain geges can measure only two-dimensional strains,
stresses were computed using itwd-dimensional theory. The third-dimen-
sional strains while known %o be present could not be accounted for in
these tests. When yielding first occurred anywhere in the specimen,
the resultant permanent deformation imposed residual stresses through-
out the specimen when the load was removede This was shown by an
apparent permanent set indlicated by all gages at approximetely the
same loading even though local load stresses had not risen sufficiently
to reach the yield stress of the metale This is the reason why all
the load=strain curves deviate from a linear relation at about the same

losding. Above the alastic limit the strains measured cannot be
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transformed to other axes since the usual trensformation ecuations are
invalid outside the elastic range. Considerable work is now being
done towerd developing stress and strain relations for use in the plas-
tic region (Ref. 2), but no attempt was made to apply any of those
theories heree

The curves plotted from the results of the tests on the two spec-
imens agree quite c¢losely with three exceptionse The tangential strain
curves at position #8 diverge, and the axial strain curves for positions
7 and 8 also diverge. The reason for this divergence is not known but
may be due to the change in thickness ratioc. TFurther tests on specimens
of various R/t ratios would indicate whether the divergence is a trend
established by the change in wall thicknesse

For the wall thicknesses used in these tests it is believed that
gravity effects were of very minor importance. In any further tests
ugsing thin-walled specimens of similar dimensions it would be bstter
to provide supports which distribute the load uniformly along the length
of the specimen rather than supporting it at four points as was done
heres

Considering the fact that first yielding ocsurred at approximately
S47Z of meximum load in the first test and at about 427 of maximum load
in the second test, use of the theory of limit design in actual construc-
tion is indicated. At the same time the large difference in vield loads
observed compared with the theorstical yield load for a straight pipe

should be considerede.



Sfecimen I: eu'elc/— ser. pipe = 32 88./75£,
PyieH~actaal = 1800./’5:'_

Specimen II; g,-e)‘/_ Szr.pipe = 2,439 psc

eh‘elJ-acrual = Ll 2oo psc

This shows a reduction in strength of 457 for the first specimen,
and 51% for the seconds

A measurement of the intersection cross ssction shape was made
after rupture in the tests described in Ref. le The original ellipt-
ical cross section was found to have been deformed into an sgg shape
with the greateat outward devistion located approximately midway be=
tween the aroteh and the 50 degree point of the intersecition. This
zontour is typleal of deformations suffered by such interssetions and
was observed in the present testse

Figse 32 to 49 were plotted to show the measured strain distribe
ubion both aloug the orllinlor axis and along the elliptiesl inter-
sections Examination of these figures {(for instance Fige. 39 end Fig. 40)
shows that sxial sirains are highest at position #5 and tangential
straing are highest in the croteh. All strains are relatively low at

oadings. There are relsfively high
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stress concentraticn in a right engle cylindrical intersection under
internal pressure cceurs at an angle of sbout .5 degrees from the
croteh centerlire measured in the plane of the ellipse.

o

itlcal stress causing rupbure ig the tancential stress

B
o

i3
@
@
?‘5
d

in the plane of the ellipse.
2« Por the R/t ratios tested, the sirength redustion as come
with a straight closed cylinder is approximately 50%.

ge It appears probable that bending effects Por these thick

In

walled eylinders sre of reletively minor imporitsnce



the tengentiel stresses ln ihe plane of the

ellipticel inlersecilicn should be made.

stresses

gages or

S

- @

strains

be made of the varistion of these tengentisl
through the wall thicknesse
Anglytical studies of rending effects and shesring siresses

1,

- further experimental work, the critiezl sres as de-

in this investigation should be thoroughly examined by straln

other meands

sodo
B
Sreod

ffering axi

j-2

Further experimental work should cheek on the ¢
-4

observed in the two specimens on the cubtside of the elbowe
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REDUCTION OF STRAIN GAGE DATA

The test gage mounted on the specimen and a quumy gage mounted

on identical, unstrained material are included in a Wheatstone Bridge
Dunmy Test circuit. The opposite sides of
gage gage

the circuit are two precision

resistances of magnitude Q.

Under load the potentio-

meter is varied so that no cur-

A

L? rent flows between points A
and B, We wish to determine

the relation between the voltage V, across AB and the unit strain,

€, in the test specimen,

From the circuit diagram, we determine that

I,(2Q) = E I, (2R+4R) =3B V=10 - IR
Hence -1
v=2._ER__ AR[ + ] £ AR
2 2R+4R ~ 4 R

To eliminate the ratio AR/R, the following relation for resistivity
of a conductor is employed.,

R=K

&

where K is a resistivity constant, L the length of the conductor, and
A its cross-sectional area, Then

In R= lhEk+Ini-Ina
Hence

R L A
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DA . Ar AL r ig the radius
o= L P SE o3 \
A “ r 4 L re of the croszs ssebioc
Therefors
%: (1 +2W)E

V is the Poisson's ratio for the strain gage material,

Substituting directly into the sgustion for the voltage resding V,

sPIE

7
Hence v = 2‘

(1
‘% N ——————
O+ 2P e

This equabtion is usvually employed in the form

€ = 4 {mills volts)
{gags factor)(battery reading)

. e s s , 0 oS
where € is obtained in inches per inch tikes 10 ~.
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Within the elastic region the average of zero readings taken before
and after loading was used in getting the gage readings. Application of
gage Tactor and battery reading gave appsrent strains in the case of the

rogettes, so these readings were further corrected as follows:

o ©)

@ y
€& y < Ri " ggs
462 = 1602 R, = —(Rl+33)
/ O/-_
9 = s l
A€ = By -iR

9,

b = =200 where b is a factor furnished by the manufacturer for

each gage lote
Having the strains at a given point, the axial and tangential

stresses were computed from the usual two-dimensional squations:

aﬂ_ //5/2

£ (& FuE ] G = oz 6 rE,]

Sty 2

These stresses could be computed only up to the load where yielding
first oscurred at any point in the specimen.

To compute principal stresses the following equations were used:

& -y J(7+BE)
A e 2 THLTE
“Z 277A%*7f4}£47 %/ (7 Ay -8) J/

where j, =/ 5*’262(/
i’
K +K5-24,

ten 24 = -
£ -3



Having the prineipal stresses, principal strains could then be

eomputed.
/
é; = =T - 4T, )

Principal stresses and strains were computed only within the
elastie region.
For test number one it was necessary to transform the messured

g and 7 to get the tangential strains dues ito the

(e

strains at position
orisntation of those two gsgesse (Fize 8)e¢ Thisz was done by using
Mohr's eirclee The transformadion was performed only within the elas-

tie region.



A-/

8T28°9 TITE°T
0TS 9 OYET°1
LETT*Y 6ETH*
yeoT e 209¢°
0886°  €£962°
geeg”  geeet
8EvL® 1982’
8l 1892
o799 €902’
0147 AN XA
€L8L: &2t
ee0L® Leee
6ozL®  qloe*
€ovLs  yoLT®
88EL® OMT*
LI9TE® YTYT°
0T0E*  O%eT*
968C°  862T°
9gez®  080T*
968T°  $980°
ATYL®  2990°
SETT®  9tw0*
*Juey  TOTXY
€“«— 3 —>
€42 sedep

JUNSSHYd TYNHELNI 40 NOLLYIHYA HIIM SNIVHLIS TYIXY ONY TYILNEDNYL

(0L * yout Jod sayduUT UT WATI suTRIg

i
i
i

1 ]
PP
i t

1
b
1

§
i
i

OY8TT 0084 -

o7eTl  O0YL -
0E80T OYIL -
0£68 0169 -
00T seLy -
ozes 055¢€ -
oLty 09%2 -

*3us], TBIXY  *oulad
“— O ——>

e

- Z86L*
- LEE9*
- £009°
- gG6e”
- Z1igy*
- A Xy o
- Y8iry®
- 9GEY”
- yee
- £8yTe
- 918Y*
- LO6E*
- ﬁwwm. .
- 0gE
- vEE”
- ik i
- oToE*
- 968¢C "
- 98¢2"
- 9681"°
- 6TH1"
- GETT”

*OUTId *3uwy,

e
o12°
S7A A
7280°
6912
8TOZ"®
£94T*
TLST®
LEYT®
£€290°
32>
€69T°
99T°
9T
a8vTe

TRy

-—V——

T# uotr3Isod

I #19vL

- oLéL®  TTye*
- 9TLI*  HTe*
- €665 9602°
- g16€®  %080°
- Togy® gETe*
- Zehrt €661
- iyt THET®
- €92y 098T°
- LEEE®  OZHT®
- osYT® 9T190°
- L08%*  6081°
- 668€°  wI9T*
- 998t L2IT*
- TGeET  IST®
- GgeEEs |WT’
- 09TE®  B6ET°
- £00€ * GeET®
- 068e®  y82T°
- 8€2°  890T°
- 2681  9980°
- 9TYL®  9%90°
- CETL®  0OE%0°
*3us], TeIXVY
< bei >
JO NOILYIHVA

‘ug*bg /°qT UT $9880I35 PUR SOINSFBI]

092t
000€
0082
0092
0052
ooy
00€2
0022
00LT
0sL

0912
0502
0002
0061
008T
00LT
0091
00451
092T
000T
0%

00%

*gsgaxd

I 388]



A-2

61E7°6
0€98°L
92654
6LL8*E
TooL 2
y991°2
88ES° T
6798°
y9eL®
(%4
918°
g9€9*
6209°
geege
66y
£097°
€otiy”
1390, o
zote”
692
6061°
6TET’

*3us],

— 3

0] oy A
£ToY -
12 T AR
08L0°~
290"
.10
88T0*
2oc0°
LOT0"
7EZ0° =
1610°
6L£0°
8r70°
21%0°
Yso*
#960°
£450°
96450
0870°
8T€0°
2o
8810°

18Xy

}

00LST
06371
026ET
OvETT
LLT6
o799
91342

*3um],

LOLE
0692
6831

1812y

6UST
275 48
Y96ET
ZEETT
6816
€59
orsy

*OuUTIg

h

94G %y se8up

”’

0T~
¢1~0
6£~0
e

e

- 0296°  90%T*

- 89€8°  BLET®

- 8899°  602T°
- gry9°  L860*

- L8SS*  9060°

- gTye*  18LO°

- (£2% AN L 77N

- 99g*  T2L0°

- £Eoy  0990°

- e 6020°

- 00£9*  #€90°

- 22EG  LTLO®

- ¥T29°  0L90°

- bL6Y*  2890°

- ot8Y*  %090°
1097  €09%*  #560°
oty EOEY*  €450°
8GO  ESOY°  9650°
90€E*  2ofE*  O8YO°
0692°  #692°  8l€0°
606T° 606T° #420°
cTEL*  6TET”  88T0°
‘oupld  *3usl  TRTXY
< 3V >

2 uotytsod

IT &19YL

T109® €196° 89ET°
9y TGE8*  OLET’
BLES W9 OLIT®
It o9 G960°
890E*  €89%°  8L80°
cE6CT TTHS® YsLo®
LGE2* 8T¢Y*  8TLO®
90TE*  €%99°  €690°
6072 00%y*  8290°
geOT* OTvZ*  LATO°
162 L62S® 8090°
g6z 6TES®  0690°
982  1T2¢°®  ¥%90°
9L 9LEY*  L990*
6192  LogY*®  08%0°
0TS92 009%°*  TE90°
09eZ*  00Ey*  2260°
w6T2*  OSO%* 9.50°
0BLT* 00EE*  #.%0°
68YT° €692° S0£0°
2GOT® 806T° wE€e2O0*
9690° BIE1* 18T0°
*8vtq  *Susl  TBIXY

€ & >

052t
000€
008z
009¢
002
ooye
00€2
ooee
O0LT
osL

0912
0502
0002
0061
008T
00LT
0091
00¢T
092t
0001
0L

004

*ggaad

I 3s8]



A-3

TI6T 9T 9LE6°2-
€06L*ET €992~
989L°0T 0618°T-

BT WELET—
8rve*e  £9€0°T-
SELT'S  8920°T-
8818*Y  0066° -
BLEES  IHEQ° I~
LLSZE  YO9L® -
961T°S  E4%L°* -
99L2°T 96ty° -~
g8ya* zise” -
8089°0 89%0° -
8TY9°0  0LED® =~
8967°0  £4€0° -
6LOY°0  £920° -~
2L2E0 9H10° -~
&7e2°0  9ST0° -
VT°0  6TI0°0~
*3ue], TBIXY
< > >

64g4L sodep

- - - - - - - DN DN TIET® -
- - - - - - - 0s€9° DN 08TL® -
- - - - - - - rbge DN ™e0* -
- - - - - CECT T 2€80° ~ €68%° LEETL°T 6880° -
- - - - = 9€G0°T 8090° —~ 6EEH°  6£50°T T1990° -
- - - - - 0866 GEH70° —~ QGEE°  2TBEA'O0 S8Y0° -
- - - - - €996° ¢820° =~ €L9E°  $996°0 €£€0° -
- - - - - €9€8° 9¥BO° -~ ZLIE® LSE8°0 8880° -
- - - - - 8209° 2250° - 99€Z*  TEO9°0 2950° -
- - - - - y8ye* 49T0° ~ LOOT® 98YZ°0 9LT0® -
- - - - - Yl9L® OT90° —~ TH6Z®  LILOL'O 8Y90° -
- - - - - Y699° L1990 -~ TOTZ*  L6S9°0 0090° -
- - - - - €62L° G090° ~ TIGE® 962L°0 TH90° —
- - - - - 201¢° 6T00° oToZ* 20T9°0 LOOO® -
- - - - - H2ZT9* 06£0° = LIEZ°0 9TI9°0 T2H0° -
00L8T SE2H 09LBT TO-98 9€89*  8089°0 8970°0—~ TZZ2°0 OIRG°0 L8Y0® -
009LT SETH TOGLT LG—58 9e®  8THS°0 OLEO*O~ 8602°0 OZHS°0 LEED® -
0909T GLLE BTTIT 82~4¢8 TOOY*® 896%°0 €HED'0~ GLST°0 O0LAY°0 89£0°0—
002ET 002t 98ZET LI~L8 LITY®  6LOY 0 £920° ~ LBYTI®O0 080%°0 €L20°0~
0990T 09L2 $E90T 90-98 682C°*  ZLZE°0 YHI0* ~ OT°0 ELZE*O0 T9T0°0O~
G65L  €18T T29L #S=98 29€2*  6YEE*0 99TO0°0~ OT60°0 09€2°0 I9T0°0-
gzos  TSTT 0S¢ 6G~98 99T T991°0 6TI0°0- £€290°0 99T°0 LIZT0°0O-~
*3usl TeIXy *outad @ *outad *Susl TeTXY *Seyq  *Sugl  TRIXY
— LD — < 3V > € b7/ >

£€# uoTyrsod

IIT 379Vl

(4%
000
0082
0092
0092
0oYe
00€2
0022
00LT
0L

0512
0502
0002
006T
008T
00LT
0091
00¢T
0521
0001
osL

009

*ggaay

I 3s9]



A-4

€8LS°8 19z
1966°9 81E1°T
LE6T G 69€9°T
96T6°C  6960°T
g9zEE  T906°
0S9L°C 8yl
g920°T  LéTh*
098E°T G2LT®
96£T*T SYIT®
h@mm.o coLo”
Ge%eT 0oLST®
1€98°  THT*
€LL° GET”
6919 29T
£€€89° 2991
8eee*  LLST®
geees @SSt
968y HLIT
Zeée* 9101
vl L0
9gTe®  9Ls0*
Y891 LLEO®
*3uel, I9IXY
«— 3 —>

CT*TT*0T se8ep

08L*6T

09901

¢S90T 8291~

OTL*8T 06TOT 2€96T #C~LT-
osZtLT  o2Le 9ETBT H#E-9T~
OT1*HT 062L 808YT Ch~OT1~-
0E9*TT  oSLS SYTET £0~LTI-
st 090y €oEg  22-02-
065%¢ G082 9T6S T1S-LI-
*Busl TeTXY oUTI @
< o) >

- £L98"
- @;\ g .
- TZRL
- £50L°
- e
- £809°
- 18LG*
- %599
- 6ETS
- osee*
- 8629 *
- 9
- 219
P $8 .
- 8y8e *
G069°  B29S*
1199 8225
L929°  968Y°
vl ZREE”
£EGE® wiTE"
€z ogTe

ETLT®  v891*

*ouTId *Jur]

€L9€"
Lote”
Lo6z*
eoLe”
Toge”
sgTe”
098T*
LL6T®
LosT"
T990°
yeeT”
69LT"
891°
629T°
8ay1*
LLST®
82eT”
yLTT®
9T10T"
794L0°
9Ls0*
LLEO®

TOTXY

“——>3V——

## uotitsed

AT E149YL

LESI®  66¢8* oLoce
€E€QO°  OELL®  892€*
$299°  o0TL* €6
89€9°  ovOL® L9
0TZ9* 26£9°  69%2*
YILS® 2L9t 91
SOEG®  2LLG®  TesT*
0665°  #899°  wET*
Geo%°  2ETS TSN’
LG0Z*  L8gZ*  0$90°
8LBG®  6829°  €ABT"
oG €€T9*  QELT®
6£95° H9T9*  099T*
0LEG®  OW09*  GEST®
goT¢* TH8Y*  6HT®
0C8Y*0 0299°0 6é%S1°0
0C9%* 0TS 05T
oYyt 068%°  OSTT®
LOYE®  LLEE®  9660°
2o82°* 0lZE*  shLo*
0LOZ*  €8T2* $950°
TwT* 281" 69€0°
*8vyq *8uBl  TBIXY
< b >

0s2E
000t
oose
0092
0052
ooYe
00€e
le74
00LT
0L

091
0502
000T
0061
0081
004LT
0091
00s1
0¢2TT
0001
0L

00%

*ggaxg

I 3s8]



A-5

9099°€  S09L°0T
9896°2 +#816°8
T09%7°2 #9%8°9
02881 €100°¢
LYOL°T OfTZ*v
LBEET T929°C
890T°T 9896°C
29L9°  6226°T
8629°  TOL9°T
T W2t
L6S9°*  6£88°1
9987*  SGp T
o1s%*  0BZE°T
Ty L20T°T
iyt CLég”
€Wl OLGL®
g8y 9T2L®
LBEE*  8699°
06TE*  ELMS®
59z £0Sh°
OLET®  9¢te*
€621 0T22°0
*Busl, TIIXY
-« 3 —>

GT*yT¢T se3eD

LT6TZ  TI8E6Z  96%0€ ZE~G9
08802 8YLLZ  6L6SE 6199
OYEAT  #E€992 #1892 €499
Z68GT  9LOTEC  966TC 91-99
8GTET 90ELT  OLOST TE-99
8eL6  9TSRT  STHET T0-L9
0%9  #.%8 Y88 Gv-99
*Susl TBIXY *oUTXd B

- G606° 9961 T
- OLLL® 081T°T
- 6289° #880°T
- 6229° 0860°1
- 890L° T6£0°T
- q199° LOL0T
- 00LG® 0Zh6*
- YOG 6086~
- L8TY" YOLL*
- 1T81° 602€E*
- 98H¢ 2096°
- €es” 2606°
- G1TS” £868°
- 68y 2098"*
- 669%* 9108°
8ec18° 2% ALGL0
Y69L°  98TH* 9T2L°0
O2TL®  L8geE* 8699°0
wERG®  0BTE" ELhG”
€8l G992°0  €09%°
geeE®  QL6T'0  9%¢€°0
ez  €6C1°0  0TZZ*0
*‘outxd *Suel  TeIxY
< 3V >

¢# uotryieod

A 1YL

9€90°T OY06°0 929T°1
6290°T €0LL°0 TLSO°T
g890°T  GLI9°0 ¢890°T
OT90°1T GLI9°0 €£890°1
6220°T 0T69°0 8OTO°T
Z620°T TYBY°0 9200°L
G600°T 6EY99°0 8%96°0
I8E6°0 99€S°0 0426°0
692L°0 0STY°0 #9TL°0
960L°0  G6LT°0 €2IE*0
9LEG°0  BEWS°0 €#26°0
TO06°C  €029°0 #¥88°0
LO68°0  8909°0 8€L8°0
8EY8°0  E8Y°0 2UI8°0
696L°C  8EGY°0  L6LL®O
089L°0 OLEH°C OLEL*C
O7TL°0  0STY*0 020L°0
0699°0 #98E°0 $199°0
0Z¥9°0 €9TE°0 H2ES°0
o7 0 €€92°0 08Ev° 0
9RTEC  GY6T°0 $9TE°0
OLTIZ*0 882T°0 0YTZ°0
PTaM ©3  DPISM 181XV
TemIoN  Juoly

¢ b >

0gee
000¢
008C
009¢
00s2
oo%e
ooee
ooee
004t
09L
09Te
090T
0002
006T
0081
004t
0091
0091
0921
0001
0L
00%

*Sg9xd

I 399]



A-6

6790°2T SEéLT
6786  %1L6*T
el L  8TLS°T
€992°9  €9EeT
TS  Hl88°T
V8 €  MIC°T

6606°T  OLéS*®
82EL°T  0509°
LTz T gt8s”
L998°T  €909°
99.L8° 788C°

60C0°T  Leg2*
6E€8* £880°
8869° Zeeo”
660L° 9C10°~
ocLo® 6500° -

wE€X9*  $600°-
6809°  1010°~-
€9Ty*  02T0°-

#90€° ZT10° -~
aroz* T600°~

*3us], TeTXY
«— I —

8T'LI*9T s8dep

—

0199

- - - LITET
- - - €9TE T
- - - [4: XARS
- - - 87L1°T
- - - 8901°T
- - - 8800°1
- - - 69%6°
- - - 8108°
- - - L6
- - - Lye6®
- - - T648°
- - - gegs”
- - - T008"°
- - G
Ty0eT TI-LT 298L®  660L®
08LEZ Q2-LT O©SYL* 0Tlo°
2T0e2 HT-LT LOE9°*  %t29*
OT6LT €0-LT L299°*  680%°
SCOPT YC-LT GT9%* 69T%°
T690T Ly-9T TLEE®  #Hg0E”
0L69 82~T 08T2° &GvoZ*

QUTId & | *outnid *3ue]

90TE "
006¢€*
VAN
11 % A
eeLT”
oeT”
c890°
eryo°
€6z0°
8L00°
90€0°
9600°
6600°
£€00°=
6800°~
9CT6°~
6500~
$600° =
1010~
0CT0°~
cTtio’-
T600°~

181Xy

6LLE" DN

9THE*  BYIE°'T
T60€°  LETE®T
8loz* TLEZT
STHYZ®  OVLI'T

yeze  Z9OT°T
8G6T*  $800°T
609T°  Lové*
82T LT108°
Lys0°®  Lséz®
299T°0 94260

YERT1°0 T998°0
80ET°0 9$€98°0
711°0 TO008°0
2L0T1°0 $6L°0
L860°0 O00TL*0
6560°0 0CL9°0
€LBo*  G€29°

LTLO®0 060%°0
#990°0 OLT?°O
80Y0°  gS0E*

62y0°  0g02°

*3e1a *3url

90TE"
HESE *
81t
Tee:
wl9T*
161T°
290" "
G6£0°
137/ o
£900°
0920°
€£500°
9500°
mSOo’
9¢T0* =~
2910 =~
£600°~
9210~
9ZTO =
™1o°-
LETO =
T010°~

Ty

S~

YV AXA
0012  0%%9
Ol®0Z 0489
0699T  00LY
CPIET  OfLE
0966 099¢
0999 GeLT
*Sue] TeIXY
< o)

> «—— IV

of uotitsod
IA J18YL

A 4

< e

e

0see
000¢
00ge
009¢
0042
ooye
0cE?
ooece
00LT
094

0912
0902
0002
0061
0081
004LT
0091
00¢T
052t
000T
0%L

009

*g288ad

I 3s8%



i~
<

7Ty T~ L6T8®
GLEE*T- G9EL®
¥T80°T~ £199°
#GER~ EEEG"
bTeL= ELEY"
6TEI*~ BEGY*
80LS°~ T09%*
60Ty7*= 90Ly*
Yot - KELE"
LBOE*~ 2042°
8LOY = E€09%°
6eTE~ GEw”
990€*~ 2Z90%*
GLIZ*~ 6IME"
6681~ T90L*
SEVT = HEG2Z®
Sy Te-  LEve®
9gET*~ 8eET°*
6201~ ZLLT®
6080°~ CLET®
R099°~ 6901°
T8€0°~ 9TLO°

*3ugl TeTXY
«— 3 —

.

1881~

Y€66

LS6T=  TO6L %16
LTAT- &%l 1898
6LET~  L28Y 6LLI
TEA~  €86Y w6599
OLl—-  8ISE 060
66E~  blyZ €28
*3us] TeTXY  *OUTIg
< ~0D >

T2*0C*6T s938h

- - TA60*~ LéLH*

- - el - 22LE®
- - GEYT ~ TUSE”
- - €T - TIME"

- - BLGT*~ OHEE"
- - G6ST*—~ +HOEEL*
- - 0ZeT - L6TE®

- - T2OT*- GYeE"
- - 4860°= THeZ*
- - £290°~ %£01°®
- - YI9T -~ GETE®
- - 00$1°~ OT0t*

- - €91~ LTIB2Z®

- - GeeT = €gl2*

- - cEwT - 8092°
0E~49- BOGE®  SEHT = HEGE®
QE~79— SOLE*  THHT = LEWC®
Th=r9—- 902E*  ORET’—~ B2ET°
00~9~ 8RYZ*  620T°~ CLLT®
90-29~ 6TOC* 6080°~ 2LET®
G9-£9~ Te¥T° B090°~ &90T°
90~£9~ ¢TOT* TIBEO°*~ 9TLO®

@ *outad *Susl  TSTXY

L# uoryIsod

IIA JTEYL

008¢° TOT*-~ L8ZH*
BETG® CLET - 0F9C°
989%°  BIYT*~ 98YL°
TIEY®  #HST°—- (O8EE€*
60Ty  86ST*~ 892E*
gy0%*  YI9T°~ g2Zt*
068t 99T~ €Z1e°
9zZ8t* THOT - GLIE®
H6e® 6650°~ TTYC*
0Z2Z1* 66%0°~ TIOT®
8ZLET  2E9T°= #H90L°
Ge9t*  I89T°~ TH6C®
GEe 0991 =~ EGQLZ*
HEET  ZHGT~ 0692°
98TE*  BOYT*~ 6&H9C°
0062*  2GHT°=~ LLyZ*
08LZ°  OOKT°*—~ 28EZ®
CEQT*  HHET* 9LZe*
2802  OHOT°*~ ZELT®
ASLT*  SI80°- OYET*
€921 ¢T190°- SHOT*
8§980° ¢8€0°~ 00.L0°
PIsM ©3 PTem  TOTXY
Tewxoy 3uoTy

€ bal >

0gee
000¢
0082
009
009¢
oo%e
00€2
ooee
00LT
054

0sT2
0502
0002
006T
008T
00LT
0091
0091
0921
0001
09L

00¢

*gga.td

I 89



A-8

9230°2~ 0882°T

6UL T- OT°T
0512 T~ $8€6°
2168~ LyeLe
€298°~ ML
0209°~ LEWS®
9= +8Ty°
995€°~ PYIE®
65620~ 1992°

LT = GLEC®
098t~ 860€°
Z8LL s~ 62Ee”
€oLE~ y812°
ez~ 691°
0892°~ 610T°

c0TL~

.8~ L8~

o822 = 6T70°

0012~ 266C°  #LG9-— 916~ oT6~
996~ 8TZ0°*  GE€29- 91T~ 91T~
gl9T*~ BTI0* 70,4%) PTI~ 29921~
€921~ 8TI00° 8YyIy- C6TT~ 061T~
GLBO°~ H500°  2EST- 989~ 989~
£T90°*~ 8900°  $961- STy~ STHy—
*Jue] TBIXY *3uwy TETXY  °OUTIg
«— 33— ——— D —ny

genze sedep

@ COO0OQOQOO |}

- 8TE*-
- bysEc-
- 8Tee "=
. vaM.I
- 6geec~-
- Z60E *—
- veT -
- 2092~
- cooe -
- G280~
- 1682°~
- 9692~
- 692"~
- £992°-
- GThHZ -
6Ty0° 0BeZ ~
TLo* 0012°-
8T20° 996T°~
8TTO* &L9T°~
8T00° €921°~-
#500°  §L8O°~
8500° €190°-

*outad *3um],

€Lz
g8t
TovT
oIT°
oot
€060°
68L0°
990"
€820°
€000°~
02L0*
0790°
L6S0*
#l40°
LTH0*
6T70°
25€0°
f120°
g110°
100"
%500°
8900°

TeTxy

«— 3V —>

8# uopasod

IITA 37491

- gTeE -~ €Lz
- 679E°= 998T°
- SIEE*~ TOYT®
- gyee s~ TOTT®
- 692~ 0901°
- 620€°—~ £060°
- 2HEZ° =~ ARL0°
- 092°~ 9790°
- 0002~ €820°
- G2R0°*~ €000°~
- 168~ 02L0°
- 9692°~ 0¥90°
- 9692 = L6S0°
- 152 TALIR 7% (o}
- gz = LTv0°
- 0822~ 6TH0"*
- 00T2*~ 29€0°
- 996T°~ 8T20°
- GL9T*~ 8TI0°
- €921~ 8T00°
- QL8O =~ #500°
- €T90°~ 8%00°
*3e1d  *Bu8y  TOTXY
< o >

092t
000¢
0082
009e
0052
0o%ye
00€Z
ooce
004T
0L

0512
0502
0002
006T
0081
00LT
0091
00¢1
052t
o0at
094

00%

*ssaIg

I 389]



A-7

ey9° =

- %602°~ - - -

- 8liry* - - -

-  6YT0°1 - - -

- 0£9T°T - - -

e 2 d A - - -

- LEGH® - - -
6L6E"D  TT6G* - - -
0€LZ*9 CIRG* - - -
0L8L°S TOZS* - - -
69€9°9 G665° - - -
gy TEIE* - - -
8EBLE €992° - - -
6ET0C EWBT* - - -
8900°T 9H21° - - -
oZI8* OTET* 0908C 0%€2T 05082
08¢L*  sEzT* 00292 09STT 00292
0869° O%ET® 00€Y2  OZETT  O0EWZ
0TLG®  8LIT® 00002  GE%6 00002
ogy* ¢890° 0099T OO 0094t
062E°*  9%90° 00STL  98€¢ 00$TT
ghezZ*  89MD° 098L LE 098L
*3us], TeIXY °3usl TTBIXY  °oupad
<« 3 —> “— -0 ———

21 8888DH

- SLTO"
- 900T°
- +\.\WH.
- /9T
-  609T°
- EleT”
- L2Z80*
6T90°T AT
0LTIB* 8%60°
OTEE® 9%E0"
608T°T OYTT*
LEOT"T #80T"°
2I60°T 861"
98L6°0 99ET*

bN  SLT0°
DN 9o00T1°
DN ¥HOT
DN 4991
DN 6A091°
DN ELET®
BN LZgo®
4T90°T BATT®
0LI8® 8960°
OTEE® 9%€0°0

608T°T OYTL°0
LEOT'T #80T°0
2960°T 86TT°0
98L6°0 99ET*0

- 2098°0 THT* - 2098°0 T™Y1°0
0218°0 OZI8*0 OTET*O - 02T8°0 OIET"0
089L°0  089L°0 SE2T°0 - 089L°0 S€2T°0
0869°0 0BEI°0 OYET*O - 0869°0 OYET°0
02LG°0  02LS°0 8LIT°O ~ 02Ls°0 8LTIT®O
97°0  095%°0 $890°0 - 095%°0 9890°0
062€°0  062E°0C 9%90°0 - 062€°0 9%90°0
GyTZ° 0 Y20 89%0°C - G20 89%0°0
*dutad  *Busl TeTxXY °3g1q  *Bun] TeIXY

«— 3V > < ¥ >
6# uoT3Tsod

XI E149YL

052¢
000¢
008
0092
00%2
oo%e
00€2
ooez
00LT
094

09T
0502
0002
0061
0081
00LT
009T
00¢T
092t
000T
09L

00%

*ssaayg

I 389



A-10

67T 2T T8 1

65€7°6
c009°9
1Ty
TT6L°1T
veeT’
19¢6° -
68¢c”
908¢ *
8lLoz*
é68CT”
8L6E®
9CEE
ji3:1%
Ge9t”
qoee”
989¢c*
YLET®
88cT”

*Fue],

#00L° 1
qlry*1
67€1° T
YLT13°
6962°
6602*
AN
(A2 TA
691
£160°
oLoz*
GOAT"
G6LT®
£getT”
T6ET®
Get1t”
$T80°
0L90°

Texy

*3usy

¢OT x yout Jed $ayouT UT USATH SUTRILG

LoLe -
098L -
99 -
2Ly -
08 ~

TeTXy  *ouTxd

3D — — D — >

€4z sedueh

e

FUNSSTYd TYNYALNI 40 NOLLYIMYA

- 67111
- 501
- 1606°
- 86TR"
- 8y09°
- Om.vxw .
- QL1
- gTes”
= 087 °
- geoe
- 9¢91°
- geey”
- TETY®
- eZoh
- g8
- qoee”
- ogae*
- YL6T®
- |8ET"°

*ou TId *Sus],

< 3V

Y062
08La"®
8992
£992°
6102°
ovLT®
0880°
ggee”
961°
69C1"
£TLO°®
0L8T®
GYLT®
LIOT
€991
T6ET”
99Tt
GZe0°
0L90°

18Xy

T# uotrytsod

N5
W

- DN 44 r
- GETL'T gveze
- SEG0°T LoLZ®
- 8LO6*  €TvT”
- geT8°  Teoe”
- gL 686T*
-~ TSy 8TLT®
- TLTZ®  6980°
- »18¢° oeee®
- Yély*  Ov6T*
- 6TOE*  HSeT®
- €91  SoLG®
- 9TEY*  8ysT*
- cETr* B2LTS
- 020 LSOT®
- LI9E®  GEGT®
- QEZE®  OLET®
- o892 HIT®
- OL6T® S$180°
- gRET” 0090°
*8us], TeIXY
€ Y >

HIIM SNIYHIS TYIXY QNY TYLLNIDNYL 40 NOILLYIYUVA

¥ °ON E79VL

‘up*bs/°qT UT SesgseI1Is PUB SAINSIBI]

ooge
o092
ooye
ooee
0002
0081
00Tt
002

0091
0071
006

009

00€T
09Tt
002T
00TT
0001
Co8

00%

ooY

*sgeaId

IT 388l



A-1l

LITH 2T $%ee°— - - - - - LTO6®  O28T* Q669° 8T96°  ZLLI® 008

LBAT 1T 9919° -~ - - - - - fT06°  HOYT®  BET9* 206 ATHT® 0ose
£E9Ts 0TI~ - - - - - L2LB®  60%T® 9€89*  QBL8*  GOET* oore
8L08*9 T00%°— - - - - - 60€L°  IITI* 896y €OEL®  621T° 0022
ToVE Yy ETHE* - - - - - #E€E9°  OTBO® 68O 0L€9°  +HELO° o002
€20L®  H8G0°- - - - - - #219*  ALO0°  68ZE* TTIG* €990 0081
w2l T10EC°— - - - - - 9TgE*  HTLO®  #8T2*  GTgE* 9620° 002T
0962°  OYho - - - - - - COLT®  GLTO®  601T° TOLT® 9910° 009

9009°  8%10*~ - - - - - 808Y°*  LI9Y0°  GTBEC  Q08%°*  €4h0° 09T
809%*  LB0O° - - - - - ¥8T7* E€THO® 8T92° 28TH¥*  26E0° oO%T
96LZ®  8R00* - - - - - WLLE* LRT0° THLTT  ELLZT  €5T0° 006

629T* T€OO*~ @ - - - - - LOST® 8YT10* TW60° 90sT° OYT0° 009

g96€°  9120* - - - - - OMEE*  G6E0"  99He*  wWeE*  GlLEo® 00ET
L6LE®  9%20° - - - - - 90BEL*  WEED®  8OWZ°®  HOBE*  SLEO* 0 TAN

89€* 20 = - - - - OTLE®  LLEO®  LSEC*  gOLE®  o6to° 0021
QLEE®  HTEO* o9YTT  80%Y YCSTL S~ 8OVE* QLEE®  HZEO® 2912 HLEE*  Loto* 001T
SH0E*  6620° IHEOT  666E L6EOT TI~G— oLoE® 8yOL*  6620°  BI6T° LyOE*®  +#820° 0001
9Lyt ov20° TOY8 e 0978 Te~4— L&Ye* 9LyZ*  Oy2o* HISTY  glyZt gzRo* 008
ge8T* 1I810° T3 yohe #€29 Th~G— TY8T® GTET* I8T0*  HI9TTI* #T8I* 2.LT0° 002
L6ZT*  S110° 26y LT 0%y g2-1~ 9621 LO6ZT® STT0°  ALLO®  962T° 2T10° 00

*3usy,  TeIXY *Bum] [BIXY ‘OURd @ ‘oud Sl TeTxy *Jeyq *Suel Telxy *ssoad
«— 3 —> < -0 > < v > < el >

94g ¢y sa3dep # uotyisod II 3891
IX &Iavl



A-12

- - - - - - -~ - - DN DN 7,80~
- - - - - - - - - o o 6LET ~
- - - - - - - - - LTT8® DN T2~
- - - - - - - - - 200L* DN 6081°~
- - - - - - - - - 91ee " DN ove1 -~
- - - - - - - - - €6y ” N €991~
98L0°8 9T¢0*2~ - - - - - ge%9°* T9S0°- €892° 8GO £860°~
GIGLL 2920°2— - - - - - #6T1E*  LB20°~ 2GE€T*  O9BTE*  €0E0°-
0TEY*8 LT60*&- - - - - - 6LE6® TGH0°~ 0SBE*  H8A6* 2O0T*~
891t gTeg - - - - - - 0STL® 9T90°~ TEBE* €9TL®  2990°~
01811 9%ée* - - - - - - Q6%%7°  #9E0°— 9OLT® 26y 980~
€.96° 9GLZ - - - - - - €9EZ"  YLIO*— 8Y60°* H#S€2*  98TI0°~
098E€°T LETE* -~ - - - - - O%799°  §9G0°=~ 9T €4G9°* 88CO°-
S6T0°T 60T2°— - - - - - £8T9°  #TG0°— ¢9€2° 98T9°  §$%50°-
80¢8*  L6ST°- - - - - - ¥E0C9* GO~ LB2Z*  9L09°* GlvO°=
TEEG  BTHO -  GZELT  Ev6E yeLLl ZT-98+ OTHS®  28€9°  6THO°~ 080Z° #8EG*®  Oh0°-
Y6LYrt  TIE0*~  YHST  evsE #099T €T-984 618Y°  ¥5Ly*  29€0°= 298T° 96LY* 98£0°~
Ly8E*  G920°—~ O2HET  TE6 69YCT 6108+ €98E°  Ly8E*  9920°~ GTGT* 8¥8E*  #820°=—
LélZ®  L6TC~  L206 LIT2 8506 HT-08+ TIRZ®  L6L2® L6TO= S60T° 86LS* TISO*~—
T96T*  GE€T0°~ +E€9 1641 99E9 2T0-084 TLET*  TO6T*  SET0°~ 29L0° YT SHTO~
*Busl, Telxy *Bu’sl TBIXY OUTId @ *OUTId *Suel TeIxy *Jetq *Susl  TeIXY
«— 37— «— L—_— € I —> « )] >

6‘8*L sedup

€# uopaysod
IIX Z19Y]

0082
009¢
oove
oozge
oooe
0081
0021
009

0091
0oY1
006

00%

00ET
092t
002t
001t
000T
oo8

009

00%

*sgoay

IT 989



A-13

1998°8T 26%6°9
LEEZ ET G928y

T616°6  96EG°E
09E0°L  %919°2
Y9187  #869°1
GoEy T €€99°
Lyoy® G601 -
LOLT® €E8T "=
LTS €S0 °~
TS G6LC*
YoLE® G690°
LEET” ¢810°
9825 * 8660°
IRAA LTOT®
er1e” ot
qaly” Lyot®
£rey” O60°
cIse” LyLo®
6892° 0850°
6181° GLED®
*3ue],  TeTXY
«— IF —

ZTTT0T gedny

1891 Qwﬂm
99TGT  $8EL
L2E2T  8E69
OLTh Wiy
PE9  9€0E
*Zum] TeIXY
“ e

=

-

## uotyisod

ITIX S314YL

- - - 71T0°T 8219°

- - - 2G0T 8Y6Y

- - - 08E6°  LLEW®

- - - qeco8” rA%: {2

- - - 6TTL” g1ee”

- - - qTlo* e1ee”
- - - Lyly® 66ET°

- - - Loye* 1990°

- - - LTe 8G6T"

- - - aZes° ceEHT"
- - - Y68€° £880°

o - - Lere: £L50°

- - - ANHG*®  O82T®
- - - T9EG” 6€TT”
.- - - (A% A% 881T"
Y2ZTRT 89~6T~ #9EG* gLy Lot
8THOT 0EL~02— 098Y* ETEY*  940°
CLEET OY—6T~ GTHE*  ST9E* LylO®
786  1-0g- LO62* 6862 0RS0O*
£l80 LG-4T- BEOZ*  6TI8T* GLED"
*oUTId e QuUTIg *3um] TeTXY
> —— IV

GELL®  6800°T 8L0OS*
6069° 0LTO°T LégYy*
vlo* 856 ofEw*
0E69°  9008°  TBLE®
L2Lg*  €OTL*  2Zgole”
Y189 HUO*  eLzZ®
8TEY*  Ohly*  GLET®
TLTZ®  w0hv2* 6%90°
T0LG® LOTO° L26T’
cOvsT 6IRG  YOYT®
TIVE®  068E* +980°
CLAT® S2I2°  29%0°
LITS® OLyS* 6G2T*
o6y GHEG ZTRT®
Lysye  9Zzgc 1T’
€Ly o8Ly*  €201°
L8Ow*  80Cw*  4240°
L92E  1T¢E*  62L0°
Trh2* 982  L9%0°
86T LIST®  99€0°
*3dey@ ‘3wl TeTXY
< e} >

4103374
009¢
oo%e
ooze
0002
008tT
00zt
002

0091
oY1
006

00¢

00ET
0521
00T
0011
0001
008

009

oleyg

*sgaad

II 289



A-14

8908°Y

00£9°*HT
¥6T8°2 LEGI*TL
QLIOT LGBL®2
Y9L0°T  LOSZ*9
6688° ZLOL Y
TI6E® €9TL°Z
LETS"  896E°Z
g80¢*  6200°C
g1ee” Glirr T
TS YTIB®
8780 TLES*
gyees  88y0°1
T02€° 89%6°
Y4 »106°
yeE  9Zed°
9zeE " 8OEI*
6092°  G%0%°
me1T gele’
%4 R 5o T A
*«3ue], TeTXY
< 4 >

ST*T*CT se3ap

-

-~

TLEBT
L8991
YRGET
66001
6E0L

*Jus]

— —>

-

06292
686€2
$T26T
Tt
0TOo0T

TeTXY

™

-

v

—

20ELZ 92Z~TL+ y9LL®
00672 wZ=TL+ 9299°

09651

CT~TL+H9€G"

T8YT 2e~TLY TYee”®

99€0T

*OuTad

4

20~2L - E8L2"

*ougId

8226
T1%8°
7LOL*
698G °
GHEG®
z6ge”
RLET®
NLYy*
TOEY*
7982°
REGT®
RCEE*
98¢ *
918t "
Vo
e
6092°
H6T”
aveET*

*3us]

50°T
€0h6°
I816°
qoT6°
96€6°
€799
|CEC”
60%6°
ROL8"
0695 °
LyoE”
6L
ALLL®
68G9L*°
9ZAI3°
80€9°
09 *
RELE®
A% [

T8txy

«~—3IIV—

ALY ®IEYL

G# uoraisod

8196° G€96° DN
0616° 9LT6*  BEYO°T
gRER* VLR 986"
LlI8* 820L° OYI6*
6E€E8° HTIBY®  9.06°
0E98*  REZG*  0EER°
6929°  6G9E" GZ99°
€9TE*  TIRT®  AZEE"
2988  ATLY®  98E6*
Y9T8*  RYTH*  LYI8*
LLZS* 9Z8Z*  9L4G°
a.l82* %42 0 6€0E "
HCL®  BRRE®  GYAL®
8YTL®  LZ8E*  O0LL®
GOTL®  8LLE®  0lSL®
O  AG%E° 6069°
ATAG®  GBTE®  2629°
bl wRZZC 2E0S°
OTGE*® €26T°  B/TULE®
e Ceelt gt
*3e1q *3uw], TerXY
& be >

ooge
0092
oo%e
0oee
oooe
0081
002T
009

0091
00% 1
006

00%

00¢€T
05T
00ct
00T
0001
002

009

ooy

*sgoad

IT 388l



A-15

- - - - - - - - - LGAT® oN £6.9° 008

- - - - - - - - - 1ol aYohd DN G99 0092

- - - - - - - - - AR DN 96 oo

- - - - - - - - - AR oy |TLE® ooe
QEST 9L 42162 - - - - - €88y 1T 90LZ® 028 oLey*1l zeoz* 0002
g979° 0T $9£9°2 - - - - - LEEET OWRT®  6A822° 8ZEET HLLT® 0081
€OTL°Y TOLO*C - - - - - G2OL® €EZH0°  TL® E£TALD €8E0° 0021
¥LILY 12902 - - - - - EAE*  EHZD* L0 GRAECD €220 olo]
86T HEET R - - - - - 0Z¢T T 990T* HEAT* SIST'T 8660° 009T
WLES T TLIS® - - - - - 906*  80TO°  ¥A0T® 906  £€900°°  OOYT
6008°  8]8T° - - - - - BI9¢*  ZLIO*~ TAY0*  AT99°  0020°— 006
26EGT  TGAT® - -~ ~ - - TO0E*  80TO°= #A920° 2OCE* €2T0°- 00%
9Gv0°T Hv6T° - - - - - #908°  9TIO*~ TLBO® $908° 99TI0°~ 0QO€T
6 OTT” - - - - - 6AOL*  BATO*~ LDBD*  00LL®  9£20°~ 0421

0£T16*  $L90° - - - - - gT9L® T020°= *%9L0°  9TSL"  6£20°—~ Q02T
TIBI®  EL20°=~ 82T TLAS ZETYE OT-BT4 €99L°  TIBY® €£20°~ 0L90° €189° L920°~ 0011
8819*  OY20°~ Y9102 B82ES Y612 60-8TX 2969°  88T9*  CO¥20°- 88%0®  68T9°  TL20°~ 0001
E06Y*  6020°~  L96ST T9TH OTELT O9~LT+ 695 €06%°  6020°— ZE70°  HO6Y°®  HEZ0°~ 008
Y19 ADED°—~  6O9TT 9942 EGYST GE-OTY L6BE HT9E*  60ED°- 99£0° 9T9E* LZEO°~ Q09
CI9Z* 6600°~ E€8I8 0912 w268 9T-BT4-€E€82° 2T9Z°  4600°—~ 8220° ET92°  2ZIT0°~ O0%

‘Jusl, TeTXYy ‘Susl TeIXY ‘Ounty @ *ouTId *Suel TeTXy °Seid *Susl [BIXy  ‘Ssedq
«——3F —> - 0D —> & k- Av4 > < Y >

SLLTOT 8e3ep 9% uoy31sod II 3881

AX TIEYL



A-16

ELAT '~ €2e5°T- -~ - - - - 0L0°  E¥B0*~ 9MGT*  OTLO®  LY80°- 0082

EVZOt~ HRET* T~ - - - - - SyT0*  OTIZT*~ €802°  #9I10° TIZI*~ 0092
w8~ 9920°1T- = - - - - To20°~ 2WTT°~ TZBT® ¢920°— TO2T°~ 002
ILT6*~ 298~ - - - - - 6LGO = ZHTIT*~ OY%1°  £L50°—~ 6ETT*- 0022
QLGL =~ LEAY*— - - - - - 6980°~ 680T = AT H%¥80°~ ¢80T~ 0002
LL&Y = 90fZ°~ - - - - - P2ZOT— 8YL0*~ 6LET" 020T°- £4L0°~ 008T
1692~ £950°~ - - - - - ¥080°~ LTH0°~ STIOT® TO80°*~ —€THO*~ 0021
LEge - %6200~ - - - - - 0AE0*~ 8YTO*= 60YD°  A8€0°— 99TO°~ 009

Ly82*— 4HE90°> - -~ - - - 000T*~ 86Y0°~ #HAET"  8660°~ E£A70°- 0091
99T~ L8LO*~ - - - - - CEOT*~ QEEO°~ #HECT* TEOT°~ €€€0°~ OOMT
G201~ THZO*- - - - - - 6L90°~ 9020°~ 8EAD*  8.90°~ €£020°- 006

90L0*~ O%10°*~ - - - - - 09€0°~ GOTO*~ 66%70° 69€0°- €0T0°- 009

LLZT = 9TEQ° -~ - - - - - T€60°~ TB20°~ A92T*  0€60°— 9L20°~ 00T
AITT*~ STE0°- - - - - - T980°~ €L20°—~ 9€2T° 0980°- 4A920°-~ 0S2T
¥80T°~ 8620°~ = - - - L680° = 9%20°~ 8TTT® 9680°~ 2H20°~ 00ZT

6E80°~ BYZ0°~ OL0E- 8HIT- Olsi= B9=BEL LYTT®  6€80°~ 8Y20°~ ZETT* SE€80°— H%20°~ O00TT
09LO*~ 820°~ O0ELZ~ E09T~ TAET= 89-5E4 9Z0T° 09LO°~ 8220°~ E€TI0T°  6GLO°— H220°- 0001
™V90°~ BLI0*~ 8822~ 02T~ KITI- 62=6L + 9£80°  T#0°- BLTIO '~ 2280° OY90°~ GLIO*~ 008
0 =~ HIT0*~ T8IT- Ly8~-- 298~ TZ=6E£4 9290°  9LY0°~ HIT0°~ #T90°  GLyO*~ 2ZTTI0°- 009
9EL0*~ 8900°~ WLTT~ LSG— g09- G9=8EL GEHO°®  OFEQ°~ 8900°- GH0°*  9€E0°~ 9900°~  O0%

*Bugl TeTXy *BuB] @YXy ‘oulid o *oupd °*Busy 1eIxy “Jerg *Sue] ToIXY  °Ssaad
«— 33— — 0 ——> «— 37 -> < & >

T2*02*4T 5838 L# uoratsod IT 283

IAX 37891



A-17

LEOG® TiE2 1~
0RG2*  69Eh°~-

20EL* 909L°-
20%0° A0TS°~
2EO0°~ 9L~
CORE®  CGhE
6L00°~ +4902°~
YT€0® TeYT*~
grZ0°~ GHTZ*~

ZELO ~ ST -
8890°~ L90T°*-

€99€~—
9~
0692~
BHH6T~
86ET~

*3us]

)

8920°~ 2490°=
£€80°~ OLET®-
eyge° =~ GGt~
8O- OLZL -
1090°~ €201°~
TvLO®~ WE60°~
L6SGO~ OLLO~
ZEYO ~ BLSGO°—
LOEO*~ 06£0°~
*Fua]  [eTXY
«—3 >
€2 B gz s93dep

«

TIAY ATa¥L

- - - - E1T0°= LETT- -  £1T0°~ 4L£T11°-
- - - - RO = LK1~ - 9LI0°— Liylt-
- - - - 2090°~ LTGT*~ -  2090°~ LZST°-
- - - - 0T90°~ 808I°~ -  OT90°— S08T°-
- - - - €ELO®~ SWAT*~  ~  E€LO"= SHBT*—
- - - - LBLO = LEIT°=~ =~  LSLO*~ LE9T°~
- - - - YGLO*= 8YZT*= -  HSL0°- SY21°-
- - - - T9L0*~ $€90°~- -  T9€0°~ GE90°-
- - - - €260°~ ALYT°- -~  €TA0°= 6LYT-
- - - - €960°~ SSTT° - -  €960°- GSTI°~
- - - - ¥L90°~ 8980°~ -  #%.90°~- 8980°-
- - - - €9€0°~ E4H0°- -  €GEQ°~ E4H0°-
- - - - 8T60*~ TLIT*~ -  8T60°~ TLIT"~
- - - - 9680°~ SHIT°~ —-  9680°~ SHTT*-
- - - - 9980°~ €80T°~ -  9980°~ €8OT*~
Ty~ - ~ T080°-~ 1080°- €20T°- -  TORC'— €20T°~-
Ti8e~ - ~-  THLO®~  THLO®~ HEAD=  —  THLO*- ¥E60°-
L6AZ= - - L6G0D*—~  L6G0°= OELO*-~ =  LBS0°—~ OfLO®~
geee~ - - ZEHO*=  ZEWO = BLGO° =~ =  TEYO = ALSO°-
6891~ - - LOE0*—  LOEO°~ 06£0°-  ~  LOEO°~ O06E0°-
T8TXY *ounld @  *outxd *3uwl [IXY 3@ *Susl  [BTXY
i o S «— 3V -y & e ->
8# UOTITS0d

ooge
009e
cove
ooz
0coe
0081
oozt
009

0091
oo%L
006

00%

00ET
052t
0027
001t
000T
002

009

oo

*ggaId

II 3s88]



A-18

a—

E6ETLY
LEES T
LOTE*T
v68° T
FelAa Al
€961°T
|ETL®
6159
gTe "
06LE"
6092°

*Fuey,

eLO0 T~
LSEL—
TTTL" -
A890°~
0%9L°
290 1
LEWZ 1
&ree 1
zLoE T
9e18*
({48
ggee”
Evdvat
1e8e
™02°
yLTT®
gzot”
06L0°
9890°
6LEO®

18Xy

«— 33—

YT B T s8d8pn

o

e

-

8COTL

qoeZe  T2Z86 -
889LT SLIL -
QUOET T899 -
8LES  TESE -
*3ue] IBIXY  *OUTId
- 0D ~>

- - - 9480~
- - -— Q,NQO ® e
- - - ETHO ®
. - - 7990°
- - - VYirAS
- - - €960
- - - GlLED”
- - - 86TT®
- - oY$0°T 98T1°
- - TLO9®  0680°
- - 1916 €850°
- - 9T06°  HLLO®
- - GLG8*  TT60°
- - g8I8"  €960°
- L BETL®  WLTT®
-~ 6199  6T69*  fTeTe
- BET8' BIT¢°  06LO°
- 06LE®  0BLE®  9890°
- 6092°  6092° 6LELO°
g coupd 3wl Terxy
€ v >

é# uotitscd

ITIAX E14YL

- BN 9980°~

- ON  O%y0°-

- N ETHO -
- DN 89%0°
- DN %990
- ON  #8y1°
- DN €990°
- DN GLEO"
- DN 861T°
- oY%0°1T 2811°
- TLO9® 0680°
- I8TE® €8%0°
- 9T06*  HLLO®
- cLgg* 1160°
- GeIB* €960°
- ETL  HLIT®
- AT99° €201°
- 8ZIs* 0ALC”
- 06LE® 9850°
- 6092 BLEC®
*3w1q *Furl  TRTXY
< ] >

008
00oc
ooy
ooee
0002
0081
oozt
009

0T
oo%71
006

00%

00€T
02T
00Tt
o011
000T
oce

009

oY

*sgoxd

IT s8]



5C0

750
1000
1250
1800
1600
1700
1800
1900
2000
2080
2150
2200
2300
2400
2500
2600
2800
3000

~
2250

A-19

TABLE NC.XIX

Relatlion of lozd %o p.%

= 996

2,84

pis

t . =
R _ 3.84
t .3

Test I

4800

7200

9600
12000
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15360
16320
17280
18240
19200
19680
20640
21120
22080
23040
24000
24960
26880
28800
31200

= 12.8
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2800
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14080
15360
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28160
20720
33280
35840
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Closeup view of first specimen showing rupturs.

2

Fig.



Pig. 3 Second specimen and test setup.
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Closeup view of second specimen showing rupture.

Fig. 4
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