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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 3184

BUCKLING OF LONG SQUARE TUBES IN COMBINED COMPRESSION
AND TORSION AND COMPARISON WITH
FLAT-PLATE BUCKLING THEORIES

By Roger W. Peters
SUMMARY

The results of buckling tests of long square tubes loaded in com-
pression, torsion, and combined compression and torsion are compared with
theoretical compression and shear buckling curves and with theoretical
interaction curves for the buckling of simply supported flat plates., A
compression buckling curve previously compared with experiment is again
shown to be in good agreement with experimental results; the shear
buckling curve derived from compressive stress-strain date by the secant
modulus method is in good agreement with experimental results; and theo-
retical interaction curves previously presented are in good agreement
with the results of the combined-load buckling tests. The direction of
the loading path is shown to have little or no effect on the shape of
the interaction curve.

INTRODUCTION

Extensive theoretical and experimental research has been conducted
in order to evaluate the elastic and plastic buckling stresses of flat-
plate elements loaded in pure compression (see refs. 1 to 7). The problem
of the elastic and plastic buckling of flat-plate elements loaded in pure
shear has been treated theoretically and limited experimental data are
available to wvalidate these theoretical predictions (see refs. 7 to 10).
The problem of the elastic and plastic buckling of flat-plate elements
loaded in combined shear and compression also has been treated theoret-
ically (see refs. 11 to 13), but experimental comparison is available
for the elastic case only (see ref. 1h).

The purpose of this paper is to compare the predictions of the
theories for the buckling of long flat plates with the results of elastic
and plastic buckling tests on long square tubes loaded in pure compres-
sion, pure torsion, and combined compression and torsion.



2 NACA TN 3184
SYMBOLS

b width of plate

E Young's modulus of elasticity

ke plate buckling coefficient in compression

kg plate buckling coefficient in shear

L length of specimen

Re ratio of compressive stress when buckling occurs under combined
loading to compressive stress when buckling occurs under
compression alone

Rg ratio of shear stress when buckling occurs under combined
loading to shear stress when buckling occurs under shear
alone

t thickness of plate

e plasticity reduction factor in compression

g plasticity reduction factor in shear

€ compressive strain

v Poisson's ratio in elastic region, v = %

G compressive stress

T shear stress

Subscripts:

er critical buckling stress

cy compressive yield

TEST SPECIMENS AND TEST PROCEDURE

Test specimens.- The buckling specimens were cut from ten different

sections of drawn square tube of 14S-T6 aluminum alloy having a nominal
wall thickness of 0.156 inch. A sketch of the cross section and a table

R

e e
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of the dimensions of the tubes are presented in figure 1. The nominal
thickness of the square tubes used in this investigation is continuous
around the corners of the tube, whereas those used in reference 2 had a
smaller outside corner radius which added material at the corners of

the tube. These tubes also differ from the built-up square tubes used
in reference 14 in that they have no corner angles to reduce the wall-
to-wall continuity of the buckling nodes. Inasmuch as the measured wall
thickness showed a variation, the thicknesses shown in figure 1 are mean
thicknesses based on the cross-sectional areas and the nominal widths of
the specimens. Measurement of a number of tubes showed the actual width
to be the same as the nominal width within the limits of accuracy of
measurement. The cross-sectional areas were determined from the weights
and measured lengths of the specimens. The nominal length of the speci-
mens was made approximately nine times the cross sectional width to
ensure behavior as a long plate, The ends of the specimens were machined
flat, square, and parallel. The specimens were bolted to male fixtures
consisting of an integral end plate and snug-fitting plugs. Doublers
were necessary at the ends of the smaller tubes which buckled at high
shear stresses.

Material stress-strain properties.- Compressive stress-strain tests
were made on longitudinal single-thickness specimens taken from each of
the stock lengths of square-tube material from which the buckling speci-
mens were cut. The average longitudinal compressive stress-strain curve
determined from these tests is presented in figure 2. This curve is
the average of 182 curves, 90 percent of which fall within a +5 percent
scatter band at the compressive yield stress.

A limited number of compressive and tensile stress-strain tests
made on longitudinal and transverse single-thickness specimens taken
from one stock length of square-tube material manifested yield strengths
which were very nearly identical. This fact plus the results of isotropy
tests on similar material reported in reference 2 indicated that exten-
sive isotropy tests were not necessary in this investigation.

Buckling tests.- The buckling tests were made in the combined load
testing machine of the Langley structures research lsboratory. (See
fig. 3.) The buckling loads for the four walls of each tube were deter-
mined from autographic load-displacement curves in a manner similar to
that described in reference 2. The buckling load for each specimen was
taken as the average of the buckling loads for the four walls.

Pure torsion buckling tests were made on specimens of each size of
tube to provide additional experimental verification of the theories for
pure shear buckling and to determine the pure shear end points for the
experimental interaction curves. Similarly, pure compression tests were
made to determine the pure compression end points.
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The combined compression and torsion tests were made along the
three typical loading paths shown in figure 4. Loading path A is a
radial loading path in which compression and torsion were increased at
a fixed ratio in accordance with the assumptions made in reference 12.
Loading path B is a rectangular loading path in which a pure compression
load was applied to a value less than pure compression buckling and,
with this compression value held constant, torsion was applied until
buckling occurred. Loading path C is a rectangular loading path in
which a pure torsion load was applied to a value less than pure torsion
buckling and, with this torsion value held constant, compression was
applied until buckling occurred. In the radial loading tests, displace-
ments were recorded autographically with either the compression or
torsion load as the abscissa. The load (torsion or compression) not
used as the abscissa was recorded as the ordinate to provide an auto-
graphic record of the loading path. In the rectangular loading tests,
displacements were recorded against that load which was being increased
to produce buckling, that is, torsion in loading path B and compression
in loading path C.

RESULTS AND DISCUSSION

Pure compression and pure torsion buckling.- The results of the
theories for the plastic buckling of flat plates are usually expressed
as

Core = 1] kcnaE
cr T e
12(1 - v2)(b/t)2
or
Kk _n°E
Ter = .

" 2 - v2) (b/t)2

in which 1, and Ngs the plasticity reduction factors, are determined

from compressive stress~-strain properties. Accordingly, the pure com-
pression and pure torsion buckling dats are presented in figures 5(a)
and 5(b), respectively, by curves of Mo plotted against Oor and ng

plotted against T,. which were computed according to several theories

of plastic buckling. For the solid-line curves, the plasticity reduction .
factors were computed 1n accordance with references 5 and 9 by Stowell.
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The dotted-line curves were computed in accordance with reference 7 by
Bijlaard. The dashed-line curves were computed by the secant modulus
method suggested by Gerard in references 6 and 10.

Comparison of the experimental points for compression buckling of
the walls of a square tube with the theoretical curves of the plasticity
reduction factor indicates that the theory of reference 5 most nearly
predicts the compression buckling of simply supported flat plates.

Comparison of the experimental points for the buckling of the walls
of long square tubes loaded in torsion with curves of the shear plas-
ticity reduection factor for simply supported flat plates shows that the
results obtained by the secant modulus method presented in reference 10
are in good asgreement. In obtaining shear stresses from compressive
stresses for presenting the predictions of references T and 9, the factor
of 3 was used as was done in the derivation of the theories presented
in those references. For presenting the shear secant modulus method of
reference 10, the same relationships as those used in that reference
were applied. It should be recognized that the curves of the shear
plasticity reduction factor are dependent on the relationship used to
determine shear stresses from the compressive stress-strain properties.

Combined compression and torsion buckling.- The results of the
combined-load buckling tests are presented in ratio form in figure 6
where they are compared with appropriate theoretical interaction curves.
The square tubes represented in figures 6(a) and 6(b) buckle plastically
in both pure torsion and pure compression; those represented in fig-
ures 6(c) and 6(d) buckle plastically in pure torsion and elastically
in pure compression; and those represented in figures 6(e) and 6(f) buckle
elastically in both pure torsion and pure compression. For those speci-
mens which buckle plastically the test points are solid; for those which
buckle elastically the test points are open. The number of tubes tested
to determine the pure compression and pure torsion end points is indi-
cated by the small number adjacent to the end point.

The theoretical interaction curves for the plastic buckling of
simply supported flat plates (figs. 6(a) to 6(d)) were plotted from a
trial-and-error solution of equations (Al3) and (Al4) of reference 12.
The pure compression and pure torsion end points for these curves were
determined by letting the values of torsion and compression equal zero
in the solution of the equations in reference 12, equations (Al3) and (Alk),
respectively. The actual values of the stresses computed for the theo-
retical end points were not necessarily equal to those obtalned for the
experimental end points., These theoretical interaction curves appear
to be slightly conservative when compared with the experimental buckling
data for the walls of a square tube.
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Also presented in figures 6(a) to 6(d) is the circular arc described
by the equation

2

Ry

2
+RS =1

This circular arc provides a good approximation of the theoretical
interaction curve, particularly in the completely plastic buckling case.

A theoretical interaction curve for the elastic buckling of a long
square tube was computed by an energy method in reference 13, This
interaction curve, derived on the premise that the possible buckling
patterns are restricted to those that give continuity of the nodes
around the tube, is in excellent agreement with the experimental results
of figures 6(e) and 6(f).

Also shown in figures 6(e) and 6(f) is the parabolic interaction
curve for the elastic buckling of a single long simply supported flat
plate presented in reference 11 and described by the equation

2

Rc""RS =1

This curve, derived for buckling not restricted by nodal continuity,
lies below the test points for the elastic buckling of square tubes.

Comparison of the test points in figure 6 for the three different
loading paths reveals that the direction of loading path has very little
effect on the shape of the interaction curves.

CONCLUSIONS

Results are presented for the buckling of long l4S-T6 aluminum-
alloy square tubes loaded in compression, torsion, and combined compres-
sion and torsion. Compearison of these experimental results with theo-
retically determined compression and shear buckling curves and with
theoretically determined interaction curves for long simply supported
flat plates warrants the following conclusions:
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1. The plasticity reduction factors for the compression buckling
of simply supported flat plates derived from compressilve stress-strain
data according to NACA Rep. 898 are in good agreement with experimental 1
results.

2. The plasticity reduction factors for shear buckling curves
derived from compressive stress-strain data in accordance with the secant
modulus method are in good agreement with the experimental data.

3. The theoretical interaction curve presented in NACA TN 1751 for
the elastic buckling of a long square tube is in excellent agreement with
the experimental results.

4. The theoretical interaction curves computed in accordance with
NACA TN 1990 for the plastic buckling of long simply supported flat
plates are conservative for predicting combined-load buckling of long
square tubes,

5. A circular arc provides an adequate interaction curve for
combined-load buckling of long square tubes which are completely plastic.

6. The direction of the loading path has little or no effect on the
shape of the interaction curves.,

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 23, 1954.
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Figure l.- Cross-sectional dimensions of square tubes.
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Figure 2.~ Average longitudinal compressive stress-strain curve for

drawn 145-T6 eluminum alloy.
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Figure 3.~ Test setup in the combined load testing machine of the
Langley structures reseerch laboratory.
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Figure 4.~ Typical loading paths for combined compression and torsion
buckling tests,
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Figure 5.- Buckling curves for simply supported flat plates of

14S-T6 aluminum alloy.
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and compression loading.

NACA -Langley ~ 5-5-54 - 1000




VIOVUN

¥81¢€ NI VOVN
‘M 1580y ‘saatad

(e1°2°9) Lyonseld
- sanjaadoad ‘syertorey
(gL'c¥%)

1B3Ys - reanionaie
‘sas891S pUE SpeoT

F-L-e¥)
UOISJIOL, - [BINIONIIS
‘S98S3IIS pue SpeoT
(21°¢%) uots
=saxduwo) - 1eanjonaig
‘sassaa)g pue speo'y
(T1'1°¢°¢°p) pauays
-uf] - yEld ‘sajerd

(x940) SOIBUTYSEM ‘VOVN Wol) J[qeuieIqo s3jdo))
3y} ylim juswasade pood uy are pajuasasd Kisnotaaad
$3AIND UOTIORISIUT [EI1J3I09Y] PUR {S3[NSAI [ejUawW
-119dxa YA jusmwsaade pood ut s1 poyjaw sninpowt
JUBI3S Y 4q BIEP UTBIIS-SS3LIS 2A18891dWOD Wwoay
PIALISp SaAIND JUINONG TEIYS 9y} {S)NSas [ejUaW
~1radxa ym Juaweasde pood ur aq 03 umoys urede

ST juaurtzadxe yIm pasedwod Aisnoyaaad asins Buny
-Jonq uorssasdwod v *sajeld jey) pajroddns Aiduns
Jo 3uIponq aY) I0J SIAIND UOKIDBIIIUT [BOIDI00Y]
1M pue S9AIRD JuIpong Jeays pue uorssaxdurod
Tearjax0ay) Yitm pasedwos ase uorsioy pue uoyssard
-u10) paulquIod pue ‘uorslo) ‘uorssarduiod ur papeor
saqn} axenbs 3uol Jo §1893 Buryong Jo sINSAT YL

(#81£ N.L VOVN)

‘ojoyd ‘-siderp *dgr “pger AW "sI9jed ‘m

19304 "SHTHOTHL HONI'TIONE FLV1d-LVid HLIM
NOSIHVANOD ANV NOISHOL ANV NOISSHHJINOD
JANIGINOD NI STANL FUVIOS ONOT 40 DONI'TIONG
*SOTNEUOIAY J0] INTWWO) KIOSTAPY [BUOTIEN

$8IE NL VOVN

¥81¢€ NL VOVN
‘M 1830y ‘saajed
(e1°2°9) Aonserd
- sanradoad ‘syerrazew
(5°L°¢"¥)
JBAYS - TRINIINIIS
‘89859138 pue SproTy
®°L'ev)
UOISI0Y, - [BINIONIIS
‘59859135 pue SpeoT]
(Z'L°¢°¥) uors
-saxdwo) - reInionIig
‘S9sE8aI}S pue SpeoT]
(1°1°8°¢°%) pauadjjus
-un - 1e(d ‘sareld

‘I

S

Taw T g A

(x3a0) UOINUTYSEA ‘VIVN TO1] J1qEuTeqo $3100)
2y} Yy Juawdadsde poo3d ur 31 pajuasasd A1snowaaad
83AIND UOIIDEIIUT [ED119109Y) pue S3[nsad [Tjuom
-11adxa yijtm uamasade pood ut s1 poydW sninpowt
JUed3s 3y} £q EIEp UTEI}S-8831]8 AAlssaadwod woay
PAALIap 8aAIND Jurionq JEIYS 3Y) ‘S)NSII (eI
-113dxs yjIm Juawmaaade poold ur aq o) umoys urede

81 juawitradxa i paredwod Asnofaaad aamd Jury
-}onq uorssaadwod y °sajerd jey pajtoddns Liduns
Jo Buiong ay) X0} SIAIND UOTIOBIIJUT [EI11D109Y)
YA pue saasnd Surriong 1eays pue uorssardwod
1B0139.109Y) yim pasedmod are uois10) pue uorssaad
-uod PauiquIod pue ‘uoys.to) ‘uorssaadwod uy papeo]
saqn} arenbs 3uoy Jo 81833 Burong jo symMsax ayL

(#81¢ NI VOVN)

‘ojoud ‘‘siderp "dgy “pgel AEW °'sialed ‘M

J830d °SHIHOZHL ONITHONG FLVId-IVid HIIM
NOSIHVAWOD ANV NOISHOL ANV NOISSTHdWOD
dINIFWOD NI SFANL IYVNOS HDNOT 40 HNITIIONL
“SOTINEBUOIIY JO] 33TWWO.) AIOSIADY [EUCTIEN

§81¢ NL VOVN

A




uoyitysem ‘YOVN W0} qeneqo s3jto)

“aAInd uororaadjul 3y jo adeys ayj uo 309339 ou
10 31T aaey 0} umoys st yyed Surpeol Y} Jo UOLIIBIP
ayl °s399) JUINONQ PEOj-pIUIqUIOD ayj JO SIS

$¥81€ NL VOVN

uOIIIYSEA ‘YOVN WoI) JIqeureqo sasdo)

*gAJnDd uoIIORINU] Ay Jo adeys ay} uo 3235]9 ou
10 a3 3aey o) umoys 81 yred Surpeol Ayy JO UOTOAIIP
ayl °s159) SUINONG PEO-PIUIGWIOD 3Y) JO BIMSIL

¥81¢ N.L VOVN

|

!
;
4
3
1
H
i



IR

¥81€ NL VOVN
*M J930Y ‘sidpd

(€129 Lyonsed
- sanradoxd ‘stertayepn
(§L°€¥)

Je2YS - Teaniongig
‘Sassatlg pue Speoy

F-Leyp)
UOISIO], - [eanIOnIIS
‘sassang pue speo
(ZL°¢e%) uots
~-saxdmo) - reanionis
‘sassaaig pue speog
(t'1-¢°¢'y)  pauapys
-ufl - 184 ‘sareid

1

S

(1240) dojdupysesm ‘VOVN wolj a[qeureiqo sajdoD
3y} M Jusw3asde pool ut aae pajussaad Alsnomaxd
$3AIND UOTIORISIUT [BI112.103Y) PUE {S)INSaI Jejualn
-119dxa yim Judwaaade pood Ut ST poyjdw snjnpout
JUeD3S Y] AQ BIEP UTBAIS-SSIIIS IAISSaIdUIOD WiO]
PIALIIP SIAIND JulIRONG JBIYS Y] {SNsaa [RuaW
-1zadxa yns juswresade poo3 ur ag 0) umoys urede

ST jJuaurt1adxa yytm paaedurod L1snoraaad aaind Juyg
-}anq uotssaxdwod ¥ ‘sajerd jeyy payroddns Ajduxs
JO BuITHONg Y} 10 SIAIND UOTIIBIIIUT [EIIJFI09Y}
UM pU® S3AIND JuIong Jeays pue uorssasduiod
1B0113.109Y) Yjim patedwod axe uorsao) pue uoissaad
-W0) PauLquiod pue ‘uorsIo) ‘uoissasdurod ur papeoj
saqn) axenbs uoy jo 81893 Surpyonq Jo s)nsaT SYL

) (¥81€ N.L VOVN)

‘ojoud ‘-saderp ‘dgl  “pG6T KB  "sxaldd "M

19804 ‘SHIHOFHL ONI'THONG TLVId-LVTId HLIIA
NOSTHVAWOO NV NOISHOL ANV NOISSTHdINOD
QANIINOD NI STAAL JUVADS DNOT 40 HNITNONd
‘SOTINEUOIDY JO] I3IWUOY) AI0SIAPY [RUOTIEN

¥818 NI VOVN

P

$81€ NL VOVN
*M 1330y ‘saaed

(£1°2°9) Lyonseld
- sanjradoxd ‘sterrarewy
(s°L¢°%)

JBIYS - TBINIONIIS
‘59883138 pue SpeoT]

L-ey)
UOISJIOL - {BJn}onais
‘s98SaI}S pue speoT]
(Z-L¢%) uors
~saadwo) - [BIn}dNIS
‘s9S5a.1)S puE Sprory
{(1'1°¢°¢°%) pauayns
-ufl - je1d ‘soyeld

T
1

T

(1240) uoIBuryses ‘YOVN Woss Jqeuieqo $9jdo)
au} Yy Juawaaade pood ur aae pajuasaxd Lisnotaaad
S2AIND UOTIOBIIUT [BI1JOI03Y) PUE ‘8JNSII [EjUIwW
-11adxa yym juawaaide pood ur s1 poyw sninpow
Juedas 3y} 4q BIEp UTEIIS-S83118 2AISSaIdWOD WOL)
POALIaP S3AIND JulyOng JEIYS Y] {SIINBII [RuIW
-113dxa yum jusweaide pood ur aq 03 umoys urese

ST Juawrradxa Yyrm paseduwod A1snorasad samnd Juny
-3onq uoissaxduion v  °sajerd jeyy pajroddns Kjduns
30 BuliONg 3Y) J0] $IAIND UCTIOBIIUT [BIIFAI03Y]
YA PUE S3AIND Jurpyong Jeays pue uorssasdwos
1B0118.103Y] Yt paredulod axe UOISIO]} pue UoISsIId
-Wod pauquIod pue ‘uoIsIo) ‘uoissaxdwod ut papeo]
saqn3 asenbs Juol jo 81893 Burpyong jo SINS3I YL

. ¥81¢ NL VOVN)

‘ojoud ‘-siderp *dgr  “p6sI AeW  "sIa)ed "M

1930y “SHIMOTHL DNI'TIONE HIVId-LVTd HLIM
NOSIHVAWNOD ANV NOISHOL GNV NOISSTHAWOD
ANIIINOD NI STANL JUVAOS ONOT 40 ONTTINONH
*SOTNBUOIAY JOJ 29O AXOSIAPY [EUOTIEN

¥81€ NL VOVN

0

¥81¢ NL VOVN
*M 3980y ‘sxajed

(e172°9) fonseig
- satjxadoxd ‘sierrarei
(°L°¢°p)

Ieayg - reanjonag
‘sassagIg pue Speory

¥°L°¢F) )
uoISI0L - IBINjOnI)S
‘s3sSAIIS pue Speo]
(z-2°¢%) uors
-saadmo) - [eanjonag
‘89589018 pue SpeoT]
(1°1°¢°¢%) pauazys
-uf - 1e1d ‘sajeid

(x3r0) uolBUYSEM ‘YOVN WOoaJ [qeureqo s31do)
ay3 yIIa juawaalde pool uy ate pajuasard A1snojasad
S2AIND UOTIIEIIUT [BO1III0AY} PUR {SJINSAT Jejuaw
-113dx® yIm Juawaade pood ut sY poYJeW SnMpow
JUEI3S Y} Aq BJEP UTBIIS-SSATIS IAISSaIdWwoD Wosy
PAALISp $3AIND JUINIONG JBAYS BY3 (S)NSai [RjUdW
-1xadxa )im juawosrde pood ur aq 0} umoys urede

s1 juawrradxa WM pareduiod Aisnoraaad aand Jurg
~-}onq uorssaxduroo y -sajerd jey pajroddns Lidurs
JO 3uTI¥onq 9y} J0J 83AIND UOTIIBIDIUT [BI1I2I03Y)
YA pue $3AInD JuIyong Jeays pue uoissaxdurod
180133109y} Yy paxedwod axe uorsao} pue uorssaad
-Wod PAUIqUIOD pue ‘uois.10) ‘uoissadxduod uy papeol
saqn} agenbs Juor jo 831833 3uriyonq Jo SINSax YL,

(¥81€ NL VOVN)

‘ojoyd ‘-saderp -dgT “pG6T ABW  'siajpd ‘M

1330y “SHIHOAHIL ONITHONG HIVId-IVIL HLIM
NOSRIVAWNOO NV NOISMOL ANV NOISSTHIWOD
AANIGNOD NI SAANL AUVADS ONOT 40 ONIINONG
*SITINBUOIBY 10] 331)TWUO0)D) .».nowﬂbm.@ 1euotyeN

$81¢ N.IL VOVN

R T s tE ST LT

oS/

$81€ NL VOVN
‘M 3380y ‘saajed

(€1°2°9) fiouseid
- santadoaxd ‘syerrajeiN
(6°L°e°%)

Jeaysg - reanjdonng
‘53882138 pue speory

FLe'p)
UOIS.I0], - [BINIONJIIS
‘sassaJS pue speoy
(Zre9) uors
-sa1duIo) - reRINnIdNIS
‘S3SS91]S pUE SpROT
(T1°gep) pauapys
-uf - je1d ‘sareld

n
I

1

(1340) UBUSEA ‘YIVN WoJ; 3qeueno SaNdo)
3y Y4 Juawdasse poold ur axe pajuasasd Lisncraoxd
S3AIND UOTIOBIAUT [BOIIDIODNY] PUR {8)IN8al TRuduN
-11adxa yjim juausaxde pood ui ST poylow snmpowr
JUed3s 3y} £q ¥)ep UrLIIS-5521)S 3A1S5aIdwWod WOy
PRALIAD 83AIND JUIONG IBAIYS SY) ‘SINSII Tejudnt
~1xadxa yym Juauwradade pood ur aq 0) UMOYS nrEde

s1 Jjusurtaadxe yim paxedurod Aysnoraaad 3AMD Juyy
-jonq uoissaxdwod v *sajerd yey pajroddns Ljduns
3O 3uIpyonq 3y} JOj SIAIND UOIORIIJUL [EITIIX0IY]
YII4 puE s9AInD Juiyonq Jeays pue uoissardmod
1821123091} yiim paredwod ase uoIsiI0) pue uorssaxd
-0 PIUTqUIOD pue ‘uoisio} ‘ucissexdumrod ur papeof
saqn} aienbs 3uol jo 83593 Buriong jJo sINsaI YL,

(815 NL VOVN)

‘ojoud “-saderp -dgy “pg6T AEW <sIajad M

12804 ‘SHIMOIHL HONITHONEG ALVId-LV1d HIIA
NOSIIVJINO0D ANV NOISHOL ANV NOISSTHdWOD
dINIFNOD NI STINL FIVADS ONOT 0 HNTTIDNG
*SOTINBUOIAY J0] N0 AIOSIAPY TRUOTIEN

¥81€ NI VOVN

H
:




uoyBulysem ‘VOVN o1} a[qeureqo s3jdoD

*3A4ND UOIIOBIIUT 3Y) Jo adeus ayj uo 359519 ou
J0 31N 2A®Y 0) UMOYS st yjed Surpeo] ayy Jo uoIddaIp
3yl °s159) SulIyINqg PEOT-PAUIqUIOD 3Y) JO £}INSII

¥81€ NI VOVN

uoBUIYSEM ‘YOVN WOIJ JIqEureIqo S31d0D

*3AIND UOTIOEIAUT Y} Jo adeys ay3 uo 30319 ou
I0 9NN 2A®Y 0) umoys st yjed Surpeo] ayj jo uondaLIp
aylL °s189) SUI{oNq PEO[-PIUIqUIOD JY) JO 8INSIX

$81¢ N.L VOVN

PR

vodujyses, ‘YIVN Woij IGENTEKO $31d0D

*9AIND UOTIORIAUT 3y} Jo adeys ayj uo }daj)a ou
J0 12 2ABY 0] umoys st yjed Surpeo] 8yj Jo UoIIAIIP
ay), °s$3189} Suronq pPeol-pIUIqUIOD Y] JO SINSII

¥81€ NI VOVN

uOBuIySEM ‘VOVN WOl J[qeuTeiqo saydo)

"3AIND UOTJIBIAUT Ay} Jo adeys ayj uo 353yje ou
JI0 91N 2AeY 0] umoys st yjed Surpeo] ay3 Jo UOLOIIIP
ayl *s189) Juryonq pEOI-pPIUIqUIOD 3y} JO SIMSIL

$81€ NI VOVN




